1 METHOD FOR MANAG NG A PLURALITY OF ELECTRONIC CHI P TOKEN READERS AND
EQUI PMENT UNI TS FOR CARRYI NG OQUT SAI D METHOD The present invention rel ates
generally to the field of chips incorporating an electronic mcrocircuit
and contactl ess radi o-frequency readers of such mcrocircuit = chips, these
readers, also known as RFID (Radio-Frequency |IDentification) readers,

bei ng adapted to operate in read node and/or in wite node. 5 Mre
particularly, although this is not Ilimting on the invention, the latter
finds its application in the field of casinos or gamng rooms for managing
a large nunber of ganlng chlps also knomn as ca5|no ganlng chlps
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for exanple 1 value is not 1im
reproduction. Certain chips incorporate an eiectromc circuit {(electronic circuit and

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 Iimting the invention
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
m-crocircuit within the field of the correspondi ng antenna and receives

and processes responses therefrom certai,n readers being able to nonitor a
plurality of antennas in turn. In practice, a central reader control unit
managing a plurality of readers is used. The benefits of introducing
mcrocircuit gamng chip readers into casinos 10 are encouragi ng operators
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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 andfor return communications between readers and

microcircuits.
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30 To this end, the invention proposes a method for coordinated managerﬁent
of a plurality of contactless radio-frequency readers of gaming chips incorporating an
electronic microcircuit, wherein a current transmit/receive cycle TxRx 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




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 time interval and to group the receive operations Rx in a
second time interval with no overlap 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 other hand, enables
a plurality of readers with antennas that are close toget her to operate
simul taneously, the final tinme saving for processing a batch of gam ng
chi ps shared between Nx readers active si rrultaneously, conpared to
processing that.batch wth ader i readers
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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
L 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 T¥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




4 Dbetween the durations TxL of the Tx/Rx cycle command instructions to be
transmtted by the corresponding two readers, up to the execution
instruction associated with the shortest duration TxL. A process of the
above kind structured in the above manner may be 5 inplenented by hardware
and/ or software solutions, as will becone apparent in nore detail
hereinafter. Mreover, it is desirable or necessary to di sconnect the power
fromthe antenna for reasons of power saving and/or of returning the
mcrocircuits of gamng chips disposed in the field of an antenna of a
reader to a standby state. 10 Di sconnecting and reconnecting power to the
antennas can cause interference, in particular to receive operations R,
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t he synchroni zat i Qo p&gw&g"&gﬁgge{%: the real and/or sinulated durations
P multiples o %e

TxL take the formo [ : Ne period of the carrier used 35 by the
readers. - 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

—
i

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
concemed 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

simulated durations TxL take the form of multiples of the period of the carrier used

35 by the readers.




5 The synchroni zation process i s advantageously effected by a

synchroni zation circuit in accordance with a synchroni zati on cycle CS

i.ni-tiated either by the first request for authorization to execute a real

or simulated Tx/Rx cycle submtted by a reader follow ng a request froma

central control unit of the reader, or 5 automatically at the end of the

| a5t receive operation Rx of real Tx/Rx cycles <corresponding to the

precedi ng synchroni zation cycle CS or, ifPthere is no real Tx/Rx cycle, at

the end of the sinulated transmt operations Tx. The synchroni zation

process of the above enbodi nent of the nethod of the invention really
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I'n another,pptional Jput Eu%gé{cﬂx%ﬁtg&oy\% Pﬁ@ﬁﬁoé‘rﬁf AL if‘l\%‘ﬁtiﬂ?tﬁgﬁg tfd iBCactive
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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 dstermination 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 timebass.
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).
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According to a further optional but advantageous variant of the nethod of
the invention in which it is intended to be used wth readers having the
function of detecting and managing collisions at the |level of simnultaneous
responses of a plurality of mcrocircuits to the same command instruction
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not exist; hendatiidationet asdig witiofa gnmmseﬁahgumbmhnalﬂ)ld iheimesory 39 its own

Di t . ! I
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associ ated wi tthys %Wé q05‘§'8l’3 @G”GWH%F‘?%EF'HQ §’°Hbd'ffl9“‘fyh"é'aﬁ'8$ é"(‘,ﬁt wiue of the ¥ t he
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each 1 eadejo anferl) idd elifiER] Fof BRSLEMATRind HisP @R8N DBRUCRARRS"

ant ennas, shapes an I SPOSI t INe) ant ennas J)
di ssi pat ed et‘?‘?mp? of thts processm IS obtaining confirmation by targeted mterro atzons of

certain serial number fields of the number of the gaming chip originating the
response, even if that means gliminating the incriminated gaming chip by "silencing"
it (inhibiting the receive operation Rx), if the latter is not one of the gaming chips

25 locked for. This embodiment very significantly accelerates the management of real
collisions and chip reading and/or writing times. It is 1o be noted that each false
collision increases the reading fime unnecessarity because of the resulting attempts
to discover serial numbers SNR that in reality do not exist;, hence the necessity of
avoiding such colfisions.

30 Discrimination between “"strong” and "weak" callisions 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).




The sharing threshold i s advant ageously sel ected to distinguish between
real collisions, "strong" collisions resulting from sinultaneous responses
froma pIuraIity of mcrocircuits separate fromfalse collisions, and
"weak" collisions resulting in particular from el ectromagnetic
interference external to the readers or interference 5 between readers with
antennas in close proximty during sending of the responses Rx. The
invention al so provides a synchronization circuit for a plurality of
contactl ess radi o-frequency readers of chips incorporating an electronic
mcrocircuit adapted to inplement the nethod according to the invention
described above in all 10 its variants, the circuit including

m cr opr ocessor - basednpsbagshrrgheldiie agyantagesusly galpeted to 6“38‘!‘9% bgbpgen
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of said ptbcetssvargnisnitite grrcu:thecllg;rmgslarmquegwrhas%ptoceﬁm umit et iHn al so
provi des a conjgmg trebetﬁseffe@ﬂtr%' Wn@%ﬁiﬂé&bbnrﬁﬁhd{s\ﬂéésb@atbaa&iﬂhr an aﬁersacatmmf

chi ps incor por?]u[gap{ég t?ﬁs??sh %rﬁgr?nlgﬁteghgz?g% a !teltr%aaa%? %fesalc} ura o?pe%%rst he

met hod accor di ront Zati on
circuit as deTaq thiseenHethe ipraspering, unitheslydea hamdwirecanddiofiyarel r@%ﬂ@S@P@*ﬂm itto

swi t chi ng neané(egtgém%vgyhg{abmgm.oﬁp@e@@n internal tinebase to the tinebase of
P OCes T NG UM b i B ob BTl Padh e SyPARHARS, BrGRIL BGIAESS worang

radi o-frequency rea Pe? red HeERS i NG oratmqIF
% the

el ectroni c m caueriomsusly, fat axrrede s9 thah| @ﬁfh?tm@tﬁ@d ?i%ﬂ!sﬁb"‘ﬁ tﬁ%&ﬁdﬂiser

Ih nvent i 8n in C%Mélﬂﬁrid)fabw tolt masymbmwﬂemgénm?gmddcmd oﬁﬁonrﬁetﬁlli nedne

er ei nabove, the,re ware and software nmeans enabling it to
ef f ect synchro?ﬁ }rg' ngeer m%#é?'geé‘?%ﬁiﬁral ity of readers, the coordinated
managenment of read Téﬁdﬁ@faoﬁﬂrﬂé‘ adygntageoyly [Reludpsmeang fof denyitipiexinafata ar i ant
control | i ngo comarraiidsion linds 8dm preweddet) and/ or di sconnecti on of power from

the antennas and/ or T'hQ iI'lttéﬁaé/earcir&lﬂt o;lti'onally 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 controlling connection of
35 power to and/or disconnection of power from the antennas andfor in the variant




8 enploying the accel erated col lision managenent process. The invention

al so provides a contactl ess radi o-frequency reader and/or witer of chips
incorporating an electronic mcrocircuit adapted to inplenent the nethod
according to the invention in all its variants, including a plurality of
readers as 5 defined herei nabove connected to a synchroni zation circuit as
defi ned herei nabove and nanaged by a m croprocessor-based central control
unit. The invention also provides a contactless radio-frequency reader
and/or witer of chips incorporating an electronic mcrocircuit adapted to
i npl ement the nethod according to the invention in all its variants,
including a plurality of readers as 10 defined herei nabove using adaptation
of the cl ock simpyingdhelasopfeciied ndiideh lgndgement proaelsase of a synchroni zati on

circuit as defined {?ﬁé GRS Siso grg\ﬁcfesfg%% g@'r}gdr?‘f’r\éalfr@r‘@ﬁqéao% dhlbir
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20  synchronization circuit in the context of implementation of a variant of the method of
the invention featuring predetermination of the number of readers of the piurality 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 fimes 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 cireuit for changing a reader
from an ‘independent reader’ mode to a 'synchronized reader' maode.

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

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




9 diagrammatically in Figure 3 includes, by way of non limting exanple, a
plurality 12 of readers conprising three readers L1, L2 and L3
respectively identified by the reference nunbers 12a, 12b, 12c. Each
reader includes a respective antenna 13a, 13b, 13c associated with the
tabl etop 14 of the sane gam ng table or cashier table 5 for defining
corresponding reading/witing areas in which are placed gam ng chips 15a,
15b and 15c (in the formof plates or di<cs) incorporating an el ectronic
mcrocircuit, either flat and individually (gam ng chips 15b) or stacked up
(gam ng chips 15a and 150) the stacks containing 20 or nore gam ng chips.
Again by way of non-limting exa the three readers 12 12b and 12c

10 are of the W/E@(S“P@&HNW Léeag&“&@st by way oo igHingeeae afpf”é?h%’cgm ng
Partners | nt efinaidephabmffsthg fheezhregaeansnigl, dl2i gnd he cegpectively Sdentified éy tiveoni ¢
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thereby. It is be not a varrant t
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its own centr athigsOrskiaal 156)] mwes(aemrmmamng}oorrﬁa'egemypdms there could be in
.total one synchroni z g%h%:} @%r r‘féqﬁw‘ﬁﬁg%%aﬁ'l?@dﬁlr ﬁhf%l%qeéd%?se’i‘zd q%ﬁaﬁ@%@t

._corrputers OH Each r in particu a reader
m cr opr oc el or aipRf (heMEGATwaY-witrideyicityne Wersien YFARERZ) feeamingBartness
shown) , used iRtpaitibhat SAB. EhéH gamgwhipngcdrdswata@hn@mcimm mivradirgait 18 with  The

three readers l2g.. 1 §955 Q?dag‘g'gqlfeﬁ&{ gt?ﬂ%ﬁér'ndey e atq’gdw\é{a%@e theypame;, ?:-f. tware

and confi gured Fdent'T cal oper'ating characteristics t he
t hree readers tggpondesfrgm h&ﬁﬂsi@@o%ﬁ@tq’%entl cal (except for the identity
specific to each reauerthreeThiadeishe2d, r2bsand J2orard oofiected cianBazB2 sertdhe

m crocir Cu]lé S %ﬁe che‘F‘geq b %aglé’aﬁ?c }gl{h §arﬁ@ﬁ33tic§mgﬂtgﬁ@qﬁ%g¥fhw 2Bhtral

nodul ati on ©f t current tenna associ e reader, which
i s detected byresfer et unk §raﬂ§ﬂittwgt pRINandsqtor FRapest and &5iRg 9389 FuPRIRG
recepti on Rx binsthe It Badewe rated thet, ires pommse tifat Gnndt isown, and avithouti depattiog a 30

command is effggh ec‘q!eh Qé’og[a g tﬁ&ﬁ\@'&ﬁxoﬁ’ eéa%ﬁtréaﬂﬁr H}ﬁ %@Iﬁs %ﬂ%ﬁﬁél%ﬂnt@l uhif®

antenna volta ? nece [ cuj t function
is supplied by(GoReuteRR hé?i @ampéq (tPetﬁ? C?%bam E’F‘?ﬁﬁ"%?yrlc:\@"'éﬂqc’r” AP
g
reader. Theor eadéers @i thredidbepmnderi 20inpstersd3H.dacheesdsr 12, I BieomiZerirpbideg ui t s
by modulating kel bluder mlcrgaﬁce%éo.%smdt shévi)andla dii 5 BdcGedor ol
The mCI’OCII’CUI s respond [}/crjm |nrg an |ntt r‘h
(not shown) sed in partlcula 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 fransmission Tx of a command fo the microcircuits by a reader
(12a, 12b or 12¢) is effected by strong modulation of the current of the antenna
associated with the reader, which is detected by microcircuits 18 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




10 resistance, magnetic coupling transmtting this nodulation to the
reader. Again by way of nonlimting exanple, the follow ng states
characterize the operation of the Htag type mcrocircuit 16. Of. The
mcrocircuit is out of the field of the antenna. 5 Ready. The microcircuit
has just been placed in the field of the antenna. In this state it accepts
only the command Set CC, after which it sends the serial nunber (SNR) to
the reader and goes to the Initial statelOlnitial. In this state the
mcrocircuit accepts the foll ow ng commands: SetCC - sane effect as in the
Ready state. 10 Readl D - the reader sends N bits to the mcrocircuits (1.5
N 5 31). The microcircuits in which the first Nbits of the SNR coincide
with the N bi trésigtancs, @dnetisoupliog ransnaitlindithig mobdatinntte the3aderbi t s of t he
SNR; the other m craghih®yivisy Ghohhindi Bﬁﬁﬁg ; - reader
sends 32 bits 19 @heg{%ﬁgcﬁ%ﬁcui t?ﬂﬁ%ﬁ gic?'otg?ﬁﬁl&ﬁ{ngm%ﬁégg%&%&g% e
coi nci des wi t IFPEIFEOR P Hilaa vpe icradishhd® by sending the data of its
confi gur at i on Ofhdge nicrocieswit isyouhnidthg Geld of thetdnnBel ect ed state; the ot her
m crocirculsts F@E&d}.ofﬁehﬁicro@?&ﬁj%aﬂ&? Beerrn&lif the flef drthe arbHaC it IS stat
nt?wrlt 3a[a and T he

mcrocircuit accepts t comrands r reading a I n
comand Hal t, a'}a?ctcg*?ts\ﬂﬂ VS'P‘F ?Qm'ai‘ﬂé’sseftgct ﬂféergm““g‘rift Se&’f’%i*@.seﬂg ngmben(SNR)#o t hi s
state the m crlbe::raadeliand@estmenﬁmmm to any command, thus enabling the
reader o ComMynlicfis Waldink iicrOGQAK alebEal oo cortigndill Y v to uit

t he state. Tt can

this statelstgreturnto g appén that a plurality
of nicrocircuit¥CGasamerEest apdiheReady soteihe sane tine fol lowing the
commands 36t CReadtD Rémdt@ier Bhmds ¢ diponstas madrotiteaits A% M@ Pahe GhibroSiraate
syinchroni zed, i QWHRAT thi . 0 | he | er is
operating in t]he hlﬁﬁ tgégtlgégitb *?%/gydpjgrﬁrrfg%Ié"n&tgﬁg/%tth%ﬁgﬁ%r }_gg%{c})% E?SHO%IZE”Di ts
for the Set CERYRIIMNICWAE 33D Ritsoph ber Rt e s dDiposismtaisg. to|the Ready

responses diffstateat certain bit positions, then collisions are said to

occur at the Qf¥id®SROFizagr %&?\tﬁﬁ%b S 10 tﬁEhﬁicFo%ﬁ’aﬁ% Oﬂqat rﬁ%};ol%{rﬁ_]r;}]dw@? es

these col | i_siaons means e anticollision _ ‘ee_ l e the
m crocircdt s cfﬁ“’@%s é‘%ﬁtth? ﬁ@s KopRd resPands by mendingatierdaiamal s eonfigwatierbnmand
HFReset to temagedn imemarly sshgoecto theV@alectadostatiehtheasiie iigrocitduits 3B to M0 USe
the command Setdgpeizpown to di sconnect power fromthe antenna during

eriods of inagtivity. 11 , :
P elecYeJ K\ this state the microcircuit accepts the commands for reading and writing

data and the command Halt, after which it goes to the Silent state.

20 Silent. 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 ReadiD. 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 respohses differ at
certain bit positions, then collisions are said to occur at the corresponding pasitions.
The reader detects and processes these collisions by means of the anticollision

30  algorithm.

To enable the microcircuits 16 to exit the Sifent 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. '




The three readers 12a, 12b and 12c are al so connected to a synchroni zation
circuit CSL 20 taking the formof an electronic circuit card carrying the
fol-l owi ng three mai n conponents: an ATMEL AT89C55WD ni cropr ocessor- based
processing unit 22, a Xilinx CPLD XC9672 interface circuit 24, and a Maxim
5 MAX202 serial interface 26. The m croprocessor 22 executes the

synchroni zation protocol of the invention. It also communicates, via the
serial interface 26, with a computer cohhected to the CSL circuit (in this
exanple this is advantageously, although not necessarily, the conputer
18), with which tests may be carried out to verify if all the 10 conponents
of the system (CSL circuit, readers_12a, 12b and 12c and connecting cables
17a, 17b and 17c) aFEeoBE?’eatﬁeﬁ@erﬁoﬂg%ctipy and  §79 |12Be2liRt EYeHENetPerd t hat
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sol ution is preeeatosgf Gosystensitigf edvrRIY¥hdog circuit integrated into the
M Croprocessor or aTeapaaticeiraftIadiag tirdioldviidy fuRgioRESET | i ne because the

| atter two,:30 option I ] 0. f ctly
on power u1p53because ﬁn’zﬁﬁ?ﬁﬁg ﬁf%@%g@egﬁﬁq‘%@ﬁ %@érg%%gﬁro%ragg trﬁegﬂ'{gée‘?eor e
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s powered up). Undef GlRfeLBR 1A% a ki idtP sbilihed b bividh GioRlthe0
present on these lines to generate a partial start-up of the 3
ni cr opr ocessor2®¥Hz Faayercy gﬁwett'ﬂ‘eﬂﬁi“cgf% QICIOROERPEPT o TESFIABEt I8 YsebbY t s
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125 kHz.
- it 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 subecircuit (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
soluton is preferred over using the watchdog circuit integrated into the
microprocessor or a capacitor associated with the RESET line because the [atter 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
reseis 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




but insufficient to activate the whole of the processor correctly, in
particular its watchdog circuit. Accordingly, the m croprocessor 22 would
not start when powered up with a delay relative to the reader. On the
contrary, the subcircuit 24 would comence to function at this time and
there would be no delay in it activating the 5 RESET signal of the
mcroprocessor 22. To enable the readers 12a, 12b and 12c to receive the 4
MHz signal supplied by the circuit 24 (mhere applicable after disabling
the internal clock divider circuit of the reader associated with the

m croprocessor of the latter), it is inportant to associate with each
reader a clock switching circuit, for exanple the swtching 10 circuit 28
shown i n Fi gubet Bsufitierthtoi sctivateeitle ovhdldhef Bid biopsssBe RbeesidURt parGoulAHE390

i ntegrated ci ' d e f ' | he
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i vi sion 3 signal supplied by the

I nt er nal p?ocggg%;rShﬁa[%fgﬂérj@%%rrﬁﬁ%gggzw), whi ch yields the signal at 2
Mz (line 34) thatT? foableahe readasesl2a0 1gemafdatls toheeceiue thert Nidx sighald ot her

'[Slh gnal sdr e?lﬁli sapbliE®by tia ensivioy (ﬂméabbm:a_sleﬁﬁteaaig%wﬁgﬁ-ieviﬂteﬂﬁﬁgla&ﬂ %Gité?]ﬂ- To
is end, the_.giFf . i he junper 38a are closed an e
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of the reader $ #sspciate piih gaeh teadei A ddek spitehirm cirasitt fratekxample thd ewitlininigder by
Sdi s i d![ ﬁ 1and clriugt 28i poah indtigdre gHahicl u;m@lsl &€6n the AHiRs S%ﬁfdéh(?uc%s §ﬁld§@033)
pdsses througk i ' re. s therefore, obtai ned on
Phe T e 24 ¢ Aubdief b it chati el Rdor i ion e SicPicliet ez ot

si gnal t hr ougindepRNdgMeadsr MAadrRA/ QA) al so has the object of ensuring 25
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bﬁcause thley raerealfpregessor Gf IRDRa8SMRRASH, wﬁibﬁifyi_eﬂfs thSighd) af QWP&C(ZWO 942 of 30
the central p ynchroni zatiop circyi t 20. , The
rothod of t ho T ke 143t Ridis 38 (BhoBn AR SALE AN Bihef HoRilt todifted Joroy
readers (thred&apuaitenastiops Ix and pecsiyg opowations Rppjloghis snédhe minglhdurfieri3éwi ng
manner. Eachanét@dumi®a@sa htbciaved k36 tRglBpérBabasspeAse to comands recei ved
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conprising z ert 8[3 apth 24 jp the present situation), the divider by 5 is idle and the signal at 4 MHz
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 38 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 12¢ 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 managément of the plurality of
readers (three readers) 12a, 12b and 12¢ is implemented in the following marnner.
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  After any such command, the reader underiakes actions comprising zero, one or




13 nore than one Tx/Rx cycles. For what it is worth, it should be
remenbered that the Tx/ Rx cycle proper of the readers conprises two steps:
the transmission (transmt operation Tx) of a command fromthe reader to
the mcrocircuits, followed by the reception by the 5 reader (receive
operation Rx) of the response fromthe mcrocircuits. In the particular
but non-limiting, situation of the readers 12a, 12b or 12c, the response Rx
fromthe mcrocircuits is automatic and ¥I®llows on alnost inmediately from
the end of the transm ssion operation Tx fromthe reader concerned. In the
case of a synchroni zed reader, a Tx/RX cycle is preceded by an 10
addi ti onal synchronization process that in particular precedes and
coor di nat es t heore theawseiTsixawcleper ati on Tx for the command relative to Tx

commands of the ot hsarwmad@mnh TﬂBﬁoQBJb@Qém%bér@H&d@Em ¢y&letp@or5%ﬂﬁﬂre

that no Tx ti interval o ose
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oper at i ons gRX.yghdr (X?ét‘éfve\/\@;ﬁéﬂ&nont R fovingé 'r@ébo%e tin SMEChcRRIFrGAE! | Y ocess
is to group nt.o ons TXx ndto
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ggord' nat ed hﬁvd?wafa%.artms%he @La@énfm@oﬂaméereédémo?cemég reader s éLZa 12?_ and
c are synchronized in such a nmann r ansmi rations
Tx of the active regh Scersieansqlsmchfq{lgeg C?q.r‘l 1h"?%ﬁ 367\%9 FoPretRste g%gc%] ve
oper at i onsIORx additibealispndorortizations arosess thet inTpastigular qescedes andnsberdieatee dhey

execut | ng a SB&%%Q%E %bér%ﬂor?)‘? |f<§‘r the cdpsfant badivaehernadr@ands! dtithd @ihleb/ each
reader 12a, 12b

ol at o« haSiE PERbIegt o 43S probeSds PITBHR TS s VBl e feade b5 1
as a 16-bit iri egmﬂmn;ﬁMangx tipe dnferaeli of anethert rieadear paniethds that tmalstroqd es  of

the period of ﬁ]&ﬁua%aﬁ okh"é &p%thlbﬁ% Tk Goéd ﬁat%teﬁérecm] mJ We§k HebablicAbrite t hen
communi cat1t%d Vi a

t, t
G310, " ar tor SARTALRM R 1 BoaQiroRelhe Kbt e SRAVERGh A5G bty i 1
has recei ved tihiosa B3RTe diteyvalithef franemitt dperatishs ¢k modite g@0p dde 9 sehendrtieder

execute the TxhRKarfwe |re§>e:vb Peratitiis f@}DWtﬁhb%ﬂerEb Hekwetl tﬁé astihd intehgiid. e
command to the m ation fromthe
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20, each of tthe redriese 12aatitly gnd J3c aroisyagivenized inssuchrmawnaegr thet ghdhe

interface gjr Ctkﬁrﬁsm@‘bpbbétiﬂiﬁﬁmﬁ of t:n‘e 4diive fr@deNinih OBk Csalictife, (H6WIng itgair e 1)
35 8 DATA 11 nersecélvne Epe?atlogg Cé&rto egln atrtﬁglstamglt{n?e(:t'l'hg process is implemented by
execufing a synchronization cycle CS described hereinafter.
Initially each reader 12a, 12b, 12c, activated by a command from the
computer OH 18, calculates the duration TxL of the corresponding transmit operation
25 Tx as a 16-bit integear 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 exacute 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 microcireuit.
To be able to communicate the numbers TxL to the circuit CSL 20, each of
the three readers 12a, 12b and 12¢ is connected io the interface circuit 24 by means
of the following logic lines (see figure 1):
35 8 DATA lines in the reader-CSL. circuit diraction;




14 1 BUSY line in the reader-CSL circuit direction; 1 REQJEST |line in the
reader-CSL circuit direction; 1 START line in the CSL circuit-reader
direction. If the higher byte of the duration TxL has a null val ue, the
transfer of TxL to the CSL 5 circuit 20 is effected in a single step,
using the 8 DATA lines to transfer the |lower byte. If the higher byte does
not have a null value, the transfer is effected in three steps. A byte
equal to O is transferred first; as thisqihs not a valid value for a
duration TxL, it tells the CSL circuit 20 that a two-step transfer is to
follow, nanely the higher byte then the |ower byte of the duration TxL. 10
The val ues assigned to the BUSY and REQUEST |ines by the reader 12a, 12b
or 12c concer neBU$E e ihitige ieaddrClameult bigection;! owi ng meani ngs: BUSY = 0,

REQUEST = 0 - tFQ%QGE@F'@ieﬂQﬁér QQ&-@@E% C@ég?&% in the current

synchroni zati on | hac Py = 1, REQUEST =1 - the
reader had j ustSTARhiTedp thedCetherquibvradenditastiot. TxL or a 15 byte that has a
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lines (see fi qruteeiheisthepomm@yle af ihe d!lrailommutl ng tthe START signals as a
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until 30 a ti rm@lumem@ussﬂmlthéﬁeaesﬁﬁs Jas@trQné?é}rédhﬁe .bﬁértby%eafﬂica“on of

the condition e system

| ocking up in %L%%Y p %{E@@E?-&Gﬂitﬁ ﬁ? e”@\’?’@hf’g t'lfe#@ﬁa'yﬁ}@abperatlon of one
of its conponents off@dnheceping &abpes of The GBogswanirasisaiohatiediitni20h & he CSL
synchr oni zat i @?nﬁ'lrtbrﬁﬂtlbn Zﬂ:l@cé dofifnencea @RS a 12 % deldie P B atll%sst'dﬂg%ff B at es
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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 untif 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




151 shown in figure 3 and the protocol for collecting the nunbers TxL
used by the CSL circuit 20 is shown in figure 4. | Wth regard to the
infinite oop of figure 2, once the CSL circuit 20 has been powered up, it
first of all collects the nunbers TxL fromeach of the readers of the 5
plurality 12, retaining only active readers, for which the nunber TxL is
gréater than 0 (step 201). As a function of the nunber Nx of readers for
which TxL >0, the CSL circuit 20 synchrbni zes three readers (step 202),
two readers (step 203) or only one reader (step 204). The program of the
CSL synchroni zation circuit 20 has three 8-bit logic 10 ports DATA(1l - 3)

which the CSL circuit uses to read the val ues placed on the DATA |ines by
the three readépyn imligura 3iand e aretocolfpe caliseting; the pumbers Job ward By thedi®L gat e
BUSY_REQUEST Wirc@ipd it shd@sintigureatad si nul t aneously the val ues on the BUSY

and | FEQUEST 11 nes GARNESKATh b ilfie IR SPRFRYStRe oILESPLAREABHEE skl O

synchroni zation circurt SO USes
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TxL and TxLSE eac Sy nc |on cycl e
CS. A 1' in tmircuib20 synchrpniges thigeSeddars gﬁen 2@, Mﬁdﬁadelﬁ%(stemawﬂ ef oy ong he
nunber TxL forrohde gtélhgmgader is finished. The synchroni zati on process
shown |nf|gure36 r.ei.nafter

h
referred to as the |Bﬁtp|r§qé%f5r3 tﬁ%ﬁ%%’ﬁ"ﬁi&’!"@%%%ﬁ‘“#?@ %ﬁs %‘ Z%tggf( Yhe csL
circuit 2010 bypoats OATEL bt Bwehighrtbe 68% cirerit Wbéwenadé'ﬁaweﬁm@cﬂ@mgwefﬁﬁm 1to
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t her eby mforﬁﬁg'ﬁ%ﬂﬁ? L&?S‘-{_Te@&ellﬁg?) S'?é?? %mgit?neﬁy%y% %J@Fs o?gh é]@%ﬁ?l on to
partici pat e i rREQEEST InssrconiectaditothediieeeedBrs.|1 f t he hi gher byte of its 30
nunber TxL has a nU'TheY)?d (of EHROC AL e¥hcBRbhizhtior iUt P0r8R0RESs tHaRidwarg t he

| ower byte l.acing,th ATA |ines (step 302)
and then b pI ag%ﬁes mIThelyroBC&q m%uﬁg%ﬁg'l’g c’l“\'(r%'e %@ﬁeg 303). After the '1' is

detected on tk@thf%ﬁlﬁj‘é@ttall"? A&L@f 3} tyehight stores dhegrumigess ﬁ-%‘l‘ﬁ‘s fromdhetiress r cui t
20 reads the vahgsgs:of the port DATA(i) (step 402); as this does not have a

nul | val ue, thaethgél-‘engyrt&ll'é-‘i‘xL@Eﬁf’F—%)i t in the |lower byte of TxL(i)
the auxiliary variable D.

20 The tables TxL and TxLSET are reset to ‘0" at the end of each
synchronization cycle GS. 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

25 of the CSL circuit 20, by an Rerative 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 synchromzatlon gircuit 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 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 it

reader (step 401), the CSL circuit 20 reads the value of the port DATA() (step 402);

as this does not have a nul} value, the CSL circuit places it in the lower byte of TxL(i)

35 and writes a "1 in TXLSET() (step 403), the TxL transfer thus being completed for




35 and wites a '1" in TxLSET(i) (step 403), the TxL transfer thus being
conpleted for 16 the ith reader. If the higher byte of its TxL is does not
have a null value (condition 301'), the ith reader places a '0" on the
DATA lines (step 304), and then places a '1" on the REQUEST |line (step
305). After the '1' has been detected on the REQUEST line of 5 the ilh
reader (step 401), the CSL circuit 20 reads the value of the port DATA(I)
(step 4 402); this having a null valueignd the two conditions TxL(i) =0
and TxLSET(i) = O being satisfied, the CSL circuit knows that the transfer
of a nunmber TxL on 16 bits nust follow To this end, the CSL circuit
places a '1" on the START line of the ith reader (step 405); in response
(condition SOEEmWNkhg-i h reader transfers the higher 10 byte of its TxL by

| aci ng that byt 0'
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- placi ng that bQZ)etrumha\rrrm DATA vBiuaemd (the by eORtioan dxlt(herd apl MSEQ‘ (ip=01" on
ltrﬁeRgthEﬁl :Pﬁﬁ (-,ﬁﬁs%ed 388)osLFGHcLip whdves thsreme %ranér 8% RSt T n te Ef{gz)
e of the t LheLBROE 1o M P dhe o 3L ot Bages 5 b 3 STAST ém% @ | ower
byte of TxL t ceadaaisterad®n)] In seaparsei(Eortdiion lH0ghethe Y teaddotansfas the higlmr
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byt e of TxL(i Xccaditiorn#9d)e theaCSL tirduit 2Tpl=8ET {He)va{ustod PAFBB) in thanhigherdotepdfet | ng
the TxL transtgqfigsp ks, aﬁd}héﬁre@ers me%Tmr mqeoaltrrg.mr@a%errohor&é&@ér bggins to

wait for pernission to se ocrrcurts execution
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whi | st mailft alawengytehe itsITxloby plaenREGUEHE dri the DAL/ [nesI6@p.30PEaM ﬁ'cenon i s
granted by the ek £iF eHitke ﬁe@mm fhe tepoﬁba? hEosNE thé " Qiefdbtel h thi!

reader (condi IS, ti Its ST
Fne to o FEtlESToigk oftie i Rk S8 sesi ey gfa*%egwﬁ?‘fré?keregp‘w?m The
reader then expeuif & Bberiis s MUulivakKeditdd perfesthn dessiblesfor trenfawmet biyte ofExL to

m crocircuitspapd of RAEVHIBE it e r@%@pmﬁe doekNh8t), CORPEGHIRRNd RRLGW 6 el TX/ RX
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signal s as a teosfering thedewerytaofnyber @nﬁq_li)enﬂ}olthaﬁ)&ngrmhéo|ptasesathewelupr ocess
shown in figureDATA®) in the lower byte of TxL() and writes a '1' 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', whilst 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 iine to '0’
(step 309), then places a 't' on its BUSY line (step 310), The reader then executes
30 its Tw/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 all the other




35 (collection of the nunbers TxL) has ended, i.e. after interrogation of
all the other 17 readers of the plurality of readers (condition 407"). If
any of the readers is inactive, 1i.e. with the signals REQUEST=0 and BUSY=0O
(conditions 401" and 401"), that reader is excluded fromthe
synchroni zati on process proper executed afterwards and the values Txl (i)
and TxI SET(i) are set to '0" (step 408). Finally, the synchronization 5
process proper conmences after the step 404 of ending the collection of the
nunbers TxL, once the double condition is satisfied that at |east one
REQUEST signal is equal to | and the three BUSY signals are equal to zero
(condition 407"). the command f OH, 18 necessit tes
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of a synchr orfigngt Eeaual{ ] é“‘tﬂ?elﬂﬂf@ﬂﬁpﬁ qlgna[ssare,gquab@rzlerq:q%%qquqgw?,t will be
obliged to wait for fthdeormaxid feas ke dohputdr OHE ecassitatel binathérdidRy ayclehi ch
this is notd Nyl s a
Del ayed Reset ?'rg Phﬁt h§s1 gc% %E%]?Fekﬁwg‘ﬁmﬂq?%E]Q:%m%@@\@?pa'rtﬁﬁ:lgh’éggader
does not riésetofithel” mst?rlnutmﬁesm@hmezaﬂom%'ae%é?fpi!awt@rcuzentéwﬁﬁé. on of
exiecution of the conm@Nebrigiainy tah eheCDURX Eyies Citulr8d tdxesecute the @ninhanelfrodel ay of

approxmately $@ diiolle? A0NE5 e P Baddr TErASh LS098 A5V Nk &P WthiiEn, M 18

to send a new heref ore not
mss the nextintoymiestam pﬁétqlféwt 8 é'l‘aé '*CEFS P?CWé”WH%lﬁ’E‘heﬂqyﬂ%‘r%§°%ot
Wi sh to send acyRRVCS cPUEBGEhmdrice Gaihotetieesdrtidifadon eather i"treadeesEtthd htteBUSY

line to V. 1§5 r%gew ngsccﬁ'l%g}lé hf?orr? Ppué&"lq ug?' éﬁ '?ﬁ"ét Q tn‘l% Qﬁicﬁﬁén %F a

connecting =~ power to an I sconnec 8 e antennas 13a,. 13b and
13c do not cosunairanigatipn e Chdnphichy Ise“d‘ PWEQ%'I“Q' i wilke %%’f?dga‘%{?'e
preferably al spe reyruybe @3, Fanere hee ituatorasrinl which éhis iBatedesinble cart @@riatve he CSL

circuit a sinu rﬁf)r?aq'ncyrﬁl Hﬁ sh%vn)T?nl:Iu&)és §"5é}é6@8 HaketdHE R in0Bs iRt of fhe gRdyenna

current to sta |1 ze hen' execut es

ncernin
current (comak- bpthisy ’ﬁﬁ‘l’%tﬂfe‘n@aﬁe’tq"&ﬁm fessb@ﬁﬁi%%#9§§%we?’a?@éifﬁt i on of
the START 30 gnedmpletion of8kecstjorcifribe baratamh frem itivaicamier H 08.cuhwitne et he

synchroni zat i ogg %’ ?f E}%x@é‘iﬁéﬁ mﬁl)é‘é!:cﬁldgsﬂﬁé tlrﬁél@el &?&Wes@t‘ie M&Jﬂer@l—l 14 he

BUSY lines comn ree rea er set to '0'".
This conditi oni9 anﬁlaé'le}"’rf@l}"i il ﬁt Y, 8?he reader V%hlch wﬂ therefore riot Fiss the
C 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 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 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 ail 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




35 situation in which all the readers are idle in that there is at |east
one REQUEST line 18 at '11'. The synchroni zation process depends on the
nunber of readers participating in the current synchronization cycle CS,
whi'ch is equal to the nunber Nx of non-null values TxL that have just been
transferred. The synchroni zation process in the case of three participating
readers 5 (Nx=NL=3) is described next (see Figure 2): The values of the
nunbers TxL are put into order. A three-gntry table READERS(1 -3) is used
for this purpose, the nunbers of the three readers (12a, 12b or 12c) being
witten into these entries so that TxL(READERS(1)) >_ TxLREADERS(2)) >=
TXL(READERS(3)). 10 - A'1" is placed on the START |line of the reader whose

nunber i's wi tat &h The syREADERBOA procesy deaepos oh e rt@nteeroﬂreagen’efmmcrpaﬁﬁglct I on

to execute the, Mc&e@yﬁha}rm:zattlﬁp@y&%ég hl%:l? Is evc@%lctﬁ ftﬁehx%{ngbregﬁl% S %PﬁﬁﬁL ati on

Tx to send the conman onge iTs hed) .
- There is thé’ﬁugsmwakweaﬁbwt@aﬁf&rre@o (TXL(READERS(1)) - 15

TXL(READERS(2))) tifrs syhehrgresation pedcebdan QR rdagd of Q%é%ﬁﬂiﬂ“ﬁ&ﬁ? réfetde
delay in %en\c; %%fﬁldgs&rb%%ﬁzf qefg%gte the Tx/Rx cycl'e of the second

reader relati - A'1 is placed on the
START line of the re&%wameéth@um@bem I xlardre toish intan ordREADERSE-2Ntry &bsond

reader | aunc hQIEADER‘S(ﬁ IhRr&et Sort ﬂh%np 6%' thef rﬂfmb%ré bf”ﬁe%ﬂé@'reéders (12a,

( TxL( READERS( ; 0 rrier,

cor r espondi ng 21)22) Phe 2Fel )é,ﬁgl H'"ge dr(tﬂ ‘?mﬁéels Tf“o(R%ﬁQg%%éﬁ? F Tx/ Rx
cycle of the tTPH—FEApﬁﬁﬁ@ﬂ) ﬁT’&(RWER}S@he second reader | aunched. - A 1'
i's placed1on the START'lid ;ﬁl@ce@fontth@S‘YRRﬂQﬁe W‘lﬁé?ed&kﬂ.mﬁdse'rﬁn%i khiitehh 25

READERS(3) ('t er r the BUSY
lines of all Hﬁ&ebeéﬁ%% 8?%9# &En@d%ts‘eidmg fhe 'ﬁﬁtirg‘:t@?i?ﬁx%\{\@eté %ffkf‘ﬁéd? A ee
readers are r de@freqdgr f@y which figetranghiiteeperstiop 1Tx to3yendritle TRMBER( Instruglorar e
reset to '0'. tdies IgHgesiEgmst leSdsrildlinkidgd)i N the case of two participating

of throe. In the castrdp & dHICR L Forciibarih sohAndert GRADERRELE - o
consi sts i gi W-RFARERS(B)AiRTessihgrrariof mfrdls garden comespondig [ta thef delayt e BUSY
line of the read@ng tie iBSnicton tolexeclite 3 TivRY HE oﬁf‘é@@cbﬁd"'?ea@ér r’él&ﬁvé gader to
"0, and r esettﬁé Rg rtegferﬁa%lﬂ S TxL( 1 - 3) and TXLSET(1 -
- 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
Q second reader launched.
- A'1'is placed on the START line of the reader whose nunﬁber 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 ',
- 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 sig_naf immediately, waiting [T] for the BUSY line of the reader to go to
"1, resetting the START line of the reader to '0", and resetting the tables TxL(1 - 3)
and TxLSET(1 - 3) to'0".




119 It is to be noted that the invention is not Iimted to a plurality NL
of three readers and may be inplenented with a greater nunber of readers
provided that the circuits and the software are nodified accordingly, on
the basis of the information given herei nabove, and provi ded that the
commands sent by different readers do not 5 significantly interfere with
each other. It is also to be noted that the invention is not limted to
contactl ess radi o- frequency reading anddr witing of electronic

m crocircuit casino and gam ng room chips, but applies to all applications
i nvol ving contactl ess RFID readi ng/ witing of tokens pI ates or electronic
m crocircuit cards k(§by way of non-limting exa access tokens or
cards, el ectronic vBigkebs ngied|thadhe ‘“Vé'ﬂt@")'s n N‘Pm'?eé’ tl"h’fbplpfﬂ}"ér{‘ﬂ'-i ginthieeni t ed
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cycl es Tx/ Rx odndtifeditd (46 inf a0RIRK cytie deydiebd aéuemado\tepogmupaﬁcmd Hon-
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time interval ssommargs to disconnect power from the antennas, the electronic microcircuits bemg

20 adapted to the readers, from the hardware and software point of view, in each of the
situations referred to above. '




2. Method according to claim1, characterized in that the transmt
operations Tx are grouped so that they finish at substantially the sane
time. 3. Method according to either claim1 or claim2, characterized in
that the 15 synchronization process includes: - a step of collecting the
durations TxL of the transmt operations Tx for sending commuand
instructions of the first awaiting Tx/Rx cycles of the active readers

(12a, 12b, 12c), and - a step of sendingghe active readers instructions to
execute the transmt 20 operations Tx for sending the command instructions
of the Tx/Rx cycles spread over tine and in order of decreasing duration
TxL, beginning with the reader assigned the conmand instruction of the

Tx/ Rx cycle having the greatest durati gpAIMg., the delay between one
execution instructign e [ i Lie t ween
the durations TxL o?‘ %ﬁ%@gcﬁ&ﬁ&g@%ﬁ%‘?é@ %%Hﬂt r?tg% r éj‘g't%fltgn(gi_)t %fe%bg??fg&%
transnitted byadihBeqsneenseng (1ga.t Ry, feaiddchivs (58 d SbhdSP R HiRg an
instruction aRSESHEIRFbWLIN1ENAheRAT 4 Ftentidntitdeceléloycié TxiMxibaaEeaCOr di ng

| aim 3 h i zed,l h - i d i,nel ud
CEENE SR L e e
power from t hdrangmitapeiatiordty ofitgansmitBiy) a epmonged instruglioe fiognthersadss o #@ sai d

plurality of maadarsits folbWes Dyl HTbédivEl bgdistioh RS oMthétrbdter QOPATRIS, 12c)
instructions of a. T

. Ix/.RX cycle to n active re r,,- the tine for.,the
antenna. curr entesinds e repoEse, rom W deietiayht 316 cnarRfned FE bAbiech
si mul at i ng 't héransmitreTsive cfclesh®x/Rr afdhe actvp aeadersoareBynchrprizgtytot greupstieRx 35
cycl e comand yigRshit UdrbhstTe it B9irst Gide\iftevBIaAto ghlbdnsRbive bgahiichd R e
being referred 21 t9 .her_eil nglf t.tg.r as ih P ul ated dura |ogs( xL, and the
i nstruction CA"BEPRGC FRPATFE W norPé’?r‘?p%fi‘?eeﬁn EOHSRS ed transmit
operation Tx, and - 2aitethedt aceordirg toocleireclut ehagartdrized rncthabnth€Atransmidl at i ng

an instructi onpbRtioRXBCAH §rodpbd Al thePRAHAt isOstahia®f thé sdmé Ixecycl e i n
whi ch the receive ope ul I, durati.on af

i Qn .5 has a d her ei er.referred
Lo s a i mil ated T8 Meteg egorcind AT SRR I ST R 2 8MUPRREEAAT HAk{S or
claim 4, dbar ayoewenization procerstindudes: real and/or sinul ated durations TxL
take the formof milbigpless ediebirg theduRBoRs TNEE theardrishfit dpeR@ioRy Tk her
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synchroni zat i d42%itéi2e). gad) in accordance with a synchronization cycle CS
initiated either by.,hespf b hdihg M aétive 0sadatd RSRIcE&IY Brexesute the transmit

20  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
between one execution instruction and the next being equal to the difference
between the durations TxL of the TwWRx cycle command instructions to be

25 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
30  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 {0 stabilize after the execution of an
instruction CA simulating the time TxL of the fransmit operation Tx sending the Tx/Rx
35 cycle command instruction to the active reader, said stabilization time being referred




execute a real or simulated Tx/RX cycle submtted by a reader follow ng a
request froma central control unit (18) of the reader, or automatically
at.the end of the last receive operation Rx of real Tx/Rx cycles
corresponding to the preceding 15 synchroni zation cycle CS or, if there is
no real Tx/Rx cycle, at the end of the sinulated transmt operations Tx.
7,” Met hod according to claim6, characterized in that all the readers (12a,
12b, 12c) that have transmitted request ¥ or authorization to execute a
real or sinmulated Tx/Rx cycle since the start of execution of the
precedi ng synchroni zation 20 cycle CS participate in a new synchronization
cycle CS. 8. Method according to claim?7, characterized in that all active

readers that thhsreinpfiertasdhesimulatadriuration Jxkcasdithgyingiyrlion GAiLPLEITRTYIT e al so
parti ci pa]E e : m]_e];g;ﬁg@ieag tgg)gmﬁifu}ém&mﬁit%e@wrh Ex,@Sdf 9. Method according to
any one of clains 6 to. aracterize ] G -
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onehof tge pr ?gﬁﬁgrﬂg?&ﬁﬁrgtﬁeadg?qiﬁ,g%,i@eq in 1t hat the clock signals of .
each reader o e ity of readers : . Loni ze
to the sane ti mebasgz H{@Odl\%ﬁﬂrgﬁ'gjgéw aré}a?‘?%‘masn tooﬁgc%%ﬁ‘a@t{eﬁ%e plﬁgtg%ﬁg

cl ai ms, adtpt exynctootization pextesd tshefiecigd s paghigizatine gt {20b i aFcorieieRt i ng
and managi ng Gl 4 sjreRsnidbtiohRfcie 88 iitated cipler By Malfits QLS fGreppoAisaBn e a
Cyel e char acteerded o o el B APRAGS 51 IR KIBUAT o deages? P

i npl ement t he foh laowintig cacic|usit 418 @f el repdaror srieTarisAimAt the ercafdthe st
detection of ageald i HeRMoRYRXI 6t Weat Ofx/Rx NEyERBL 6hird2pbmBRN th hbeV plededing’  or

"1" of a bjt of the response dt expecte t L s

det er mi ni nip t KRYNClonigyto n‘ameo?g"%gﬁherﬁa' unroegegﬁ'%(}ﬁg Iéy%{er iag?lﬁjengg% o ®inction
of the |evel ofimulatsdriteasmit ppeiationd Txt he det ect ed val ue of the response bit
concerned; - iteratiyahathd KERHIgNG ckthls, Sharaderi2a iy tHat bl ORUfead®s (i28] ons
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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
synchroni.zation 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 ail 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 a-ny 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 microci_rcuits to the same command




as to the detected value of the response bit concerned. 13. Method
according to claim 12, characterized in that the sharing threshold is

sel ected to distinguish between real collisions, "strong" collisions 15
resulting from sinultaneous responses froma plurality of mcrocircuits
(16) separate fromfalse collisions, and "weak"” collisions resulting in
particular from electromagnetic |nterference external to the readers (12a,
12b, 12c) or interference between readers with antennas in close proxinty
during sending of the responses Rx. 20 14. Synchronization circuit (20)
for a plurality (12) of contactless radi o- frequency readers of chips (15a,
15b, 15c¢) incorporating an electronic mcrocircuit adapted to inplenent
the method aca®strdition of @ TR/RK qytle, dibrdctaiza ia ted it igassbelata® with aRansadaptedzed in

ol e AL AL BARRL R OF FERL M iPblecl ) that 1

adapted to ef I'sS ass th an interface
circuit (24) 25 adap@"é@let%'ol@fﬁé&ﬁ?@'}/blt‘eﬂﬁ%eft%ﬂ"ﬂ“@tWW the walye Joeir s

(12a, 12b, 12c¢) opfa Bikiofl thaompqhset aha( ﬂn%)ex@écté@adnaé Jor fhat bibydeérhming el ON
circuit (2 ) GG %é’d!)rn‘glﬁélg' %mtégﬁ%l {i]o%r atﬁE%}Foﬁ ré Ié\he?%f rﬁnégr?aénﬁp %se Lgce

circuit (24) i Yicl ddes exin tran
fromthe readév%det@@edl\@lues,yfﬁmw@mnzabﬂ ewcemedm t (20) according to either

claim 14 or clai m 15perafRRmedc8sihg Eslisions Ldmi "strHiRy" tarﬁéﬁs%ﬁg(ﬁréc%%éd dn24)
i ncl udes nean%_befﬁtépelj vering to the readers (12a, 12b c) clock signals
t

synchroni zed ’lQerase of said processing unit (22). 17. Contactless
radi o-frequency reatdrMgthed, accetying1cplaiof 1¢hichara¢ietzed mSihat dgsrim®atjon

Img tcﬁ g gorz gtﬂog g b@ﬂ\ae%h estrdriyN iafid Wiv@él@cbbllaéibﬂst is (ob@ine@d%pﬁ% foﬁ eﬁéﬂ)}el%gﬁn(\t}u 2h Eea
mynchron: zat | ofbe| BearredRiSmas e s afsgoaiee in ST vl biedhlys
characterized asrﬁothleaﬂetactedhfableavé&@sgsppas&ﬁltcqnmrheﬂjes har dwar e and software
nmeans enabling it t@zefkdel SL0RMGOR ZRifirh Ok, Werldhdierzed nhwha# ithey sﬁarmg of

r eaders, the oor di nat ed a ad and/.or w i . Rx, in
e o " R ST R TR R RSt T bt asher e e
di sconnect’%on r@ffultpigm»’n $imgltanees espanseralon Erivralitg lof mm)mlahdz ﬁjrseparatem

vari ant - enpl Gwnnofddae @nerher adnad “Gekl"i Sdomgiorﬁ@nl%ﬁﬁl U inPT RS
Contactl ess ra

15c) i ncor por ae[ecﬁ'ama%&gfé'ﬁ%lq%%%@eerﬁe&?aﬁd trhg 1y de{i@gz a&%bp[]g@ ¥ g‘?'ﬁ%?’é%nt t he

met hod 10 acdghiengeaderamith gntenicds ip|clgserpr qx"t"ty duging iseading ofhibeiresponsash a

synchroni zatigg.circuit (20) according to claim16, characterized in that

it incl udez% clock SlI9.n§{rnc§|¥gn§z%ti]$nngircuit {20) for a plurality (12) of contactless radio-
frequency readars 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 effeqt 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 demultiplexing data transmission lines
from the readers.

30 16. Synchronization circuit (20) accordmg to either claim 14 or claim 15,
characterized in that the interface circuit (24) |nc!udes 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  13c) incorporating an electronic microcircuit (16) adapted to implement the method




means (28) for switching froman internal tinebase to the tinebase of said
processing unit (22). 19. System of contactless radi o-frequency read/wite
reader (10) of chips 15 (15a, 15b, 15c) incorporating an electronic
mcrocircuit (16) adapted to i npl ement  the nethod according to any one of
clainms 1 to 13, characterized in that it includes a plurality (12) of
réaders according to any one of clains 17 and 18 connected to a

synchroni zation circuit (20) according 28 any one of clains 14 to 16 and
managed by a microprocessor-based central control unit (18). 20 20. System
of contactl ess radio-frequency read/ wite reader (10) of chips (15a, 15b,
15c) incorporating an electronic mcrocircuit (16) adapted to inplenent
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plurality (12) of readers, the coordinated management of read and/or write cycles
5 TxRx, in particular in the variant controlling connection of power to and/or
disconnection of power from the antennas (13a, 13b, 13c) and/or in the variant
employing the accelerated collision management process.
18. Contactless radio-frequency reader (12a, 12b, 12¢) of chips (15a, 15b,
_ 15¢) incorporating an electronic microcircuit (16) adapted to impiemeht the method
10 acﬁbrding to any one of claims 1 to 13 in conjunction with a synchronization circuit
(20} according to claim- 16, characterized in that it includes clock signal switching
means (28) for switching from an internal timebase to the timebase of said
processing unit (22).
19. System of contactless radio-frequency read/write reader (10) of chips
15  (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 any one of claims 17 and 18 connected to a
synchronization circuit (20) according to any one of claims 14 to 16 and managed by
a microprocessor-based central controi unit (18).
20 20, System of contactless radio-frequency read/write reader (10) of chips
(15a, 15b, 15c¢) 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
' K : 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 16.




