W684 32/15 1 DESCRI PTI ON READI NG METHOD, RESPONDER, AND | NTERROGATOR
TECHNI CAL FIELD The present invention relates to an identification néthod
and device for identifying responders by transmtting and receiving & /15
signal 5 between an interrogator and a plurality of responders and in
particular, to a method and a device for performng identification by
control ling congestion of a responselsignal fromthe interrogator and the
responders. 10 BACKGROUND ART Tﬁ? égigf% description references the
foll owi ng docunents. The docunent's referenced by their docunent

plural i1y, E?C“”?{&‘&#&%%%%@%%@#%ﬁ@%@%%%g Cea of he

i nt errogator, necessary to identify response signals fromthe
responders. Docunent 1 discloses a technique for 20 preventing cross talk
bet ween the responders. The technique disclosed in Docunent | is as

follows. An interrogation signal fromthe interrogator is received and t he

responder tr@asMds a-predeterm ned 2

The present invention relates to an
identificaticn methed and device for identifying
responders by transmitting and receiving a signal

5 between an interrogator and a plurality of responders
and in particular, to a method and a device for
performing identification by controlling congestion of
a response signal from the interrcgator and the

respcnders.

10 BACKGROUND ART
The present description references the
following documents. The documents are to be
referenced by their document numbers.
[Document 1] WO 98/21691
15 [Document 2] WO 00/36555
When a plurality of responders exist in an
effective radio wave area of the interrocgator, it is
necessary to identify response signals from the
responders. Document 1 discloses a technigue for
20 preventing creoss talk between the responders.
The technique disclosed in Document 1 is as
follows. An interrogaticn signal from the interrogator

is received and the responder transmits a predetermined



nunber of bits. The interrogator receives the predeterm ned nunber of bits
transmtted fromthe responder and returns themto the responder. Wen the
nunber of bits returned is identical to the nunber of 5 bits transmtted,
the responder transmts a predeterm ned nunber of bits subsequent to the
bits already transmtted and repeats the same process. Wen the nunber of
bits returned is not identical to the “number of bits transmtted, the
responder does not 10Q participate .in the identification process until the
next interrof&fPER SigraltSi-s ﬁgﬁéPJ€§¥HQQQQﬁﬁ%ﬁ?9ﬁfv?%iEh%rocess, finally,
only one responder nakes  identify its identificatio unber.. By repeating
this recognifﬁgﬁtﬁF588§§ e ImE QﬁxﬂﬁﬁﬁfWiiﬁﬁéhékoﬁSt%§ists,
identification of the responders is conplete. 1n Document transm ssion
and recepti ofi ©FEPFFSm erF%ﬁ”FFbQﬁFﬁ?Qé?éﬁ¥%ﬁ%%ﬁ%&P¢%Ftnt%%%?tg%? a
predet er m ned,uaber, and .acqor.dinaly. £ s Lechni aue - requiyss. a kogi cal
circuit for swi tching between ransm-ssi on and receﬁ%ion and control of a

menor y a%drﬁi‘%sc%lf%%%&iﬁgt%@,r!tﬁ'lge wgp%%%e@%iég nterrogation signal,

receptionbit return sig identification fallure report signal,

ide”tifiCati%@ed%%%&hﬁ%%%”dﬁ%%%ﬂ 5ﬁiwﬁ%9,s&%éé M Of Op&L al{on stages 25

acconpanyi ng'the commands, a flip-flop representing the state transition,

and a data CQNRALISON (GintGlitted BRCUMRRMC 2 Jise] 0s8% & techal quegha, which a
responder having a nenory for storing an identification 3

the number of bits returned is not identical to the
number of bits transmitted, the responder does not

10 participate in the identificaticn process until the
next Iinterrcgation signal is received. By repeating
this process, finally, only one responder makes
identify its identification number. By repeating this
recognition process until noe unprocessed responder

15 exists, identification of the responders is complete.

In Document 1, transmission and reception

to/from the interrogator are repeated in bit unit of a
predetermined number and accordingly, this technique
reqgquires a logical circuit for switching between

20 transmission and reception and contrecl of a memory
address counter requiring various commands
{(interrogation signal, reception bit return signal,
identification failure repcrt signal, identification
completion report signal), a plenty of operation stages

25 accompanying the commands, a flip-flop representing the
state transition, and a data comparison circuit.

Document 2 discloses a technique in which a

responder having a memory for storing an identification



nunber in accordance with the clock pulse fromthe interrogator transmts
the identification nunber. In Docunent 2, the responder as RFID transmts
an identification nunber in accordance with the clock 5 pulse fromthe
interrogator, thereby excluding a comuand in comunication and sinplifying
the transm ssion/reception nethod. DI SCLOSURE OF THE | NVENTI ON The
representative invention anong the 1013nvent|ons disclosed in this
application can be outllned as fol] The e are rovided an interrogator
readi ng a r@&&@ﬁﬁlhﬂl ARSI GE 8+ pUhﬁé? BYE 1Rt 9° aht°Theer esponder .
When a cl ock .pulse is nndg!ated to quency carfrier

hi gh, 15 f d
transnitted 0 He 3 onder FFom® t gh?%%h £b?a |h?%??59a?gP t here
are a first g§§egﬁphe@ tQ§1CH%§§x$%5se"“§%fﬁj és short and a second case

erva

when the clo de it conbr nt %F%he Tl ock pul se of the

first case an Eent| %H'%Fﬂ%ﬂﬁéﬁfg tgg%éﬁﬁfwglnt £§8§ nder controls

readi ng of the 5 I'cation nunber from oga or | EF

e PTI?I ?: Lo E!t% %dgét% :j!sqgé%%a%rams ow %g o P e atte

i nterval imnation circuit configuration

of 4 a counter, IBapry, ea@wﬁl%%@'&%tamﬁ%na% Fig. 31is a
he

di agram showi ng 1 nsi de of
transmission/reception method.

DISCLOSURE OF THE INVENTION
The representative invention among the
10 inventions disclosed in this application can be
outlined as follows.

There are provided an interrogator reading a
recognition number in & responder by radio and the
responder. When a clock pulse is modulated to a high-

15 f{frequency carrier and transmitted to the responder from
the antenna of the interrcgator, there are a first case
when the clock pulse interval is short and a second
case when the clock pulse interval is long. By
combining the clock pulse cf the first case and the

20 clock pulse of the second case, the responder controls
reading of the identification number from the

interrogator.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is a diagram showing a clock pulse
25 interval discrimination circuit.

Fig. 2 is a diagram showing configuration of



responder according to the enbodinent. Fig. 4 is a diagram show ng nenory 5
configuration of the responder according to the enbodinent. Fig. 5is a

di agram showi ng a counter and nenory configuration according to the
enbodiment. Fig. 6 is a diagram show ng reading fromthe 10 responder
according to the enbodinment. Fig. 7 is a diagramshowi ng retry of reading
according to the enbodinent. Fig. 8 isfa diagran1shomﬁng a case requiring

congestion control . 15 Fh& i,s a.dia ran1.homhég er tlon flow of the
responder ac@ofdifg o H%ﬂﬁﬁﬁ?ﬂﬁ% "Sr MO Fig. 10 is
a di agram showi ng a prolocol according to t he enbodlne L. O.Fig. 11 is a
di agram showing a flip- %IOp accor&fj éﬂ7 fﬂb “enodi Hent %5 thﬁz is a

dlagran1shomnngp§§dg& EEQ% éj?L%or ng. 4 Q 3; qﬂgﬁdlnent Fig. 13 is a

dlagran1shomnng a ‘nmenory s accor e enbodinent. Fig. 14 is a

di agram showi ng a cloc%.gulﬁelglg fﬁﬁ“ékﬂéﬁa“(ﬁQ(ﬂéﬁgg according to the:

enbodinent. Fig. 15 1is dlagran1s ng intern nfiguration of the

i nterrogator . kirgqulB i $na i AGLAPSHAMAG A LRRIAL O the

embodiment.

Fig. 5 is a diagram showing a counter and
memory configuration according to the embodiment.

Fig. 6 is a diagram showing reading from the

10 responder according to the embodiment.

Fig. 7 is a diagram showing retry of reading
according to the embodiment.

Fig. 8 is a diagram showing a case requiring
congestion ccntrol.

15 Fig. 9 is a diagram showing an operation flow
of the responder according to the embodiment of the
present invention.

Fig. 10 is a diagram showing a protocol
according to the embodiment.

20 Fig. 11 is a diagram showing a flip-flop
according to the embodiment.

Fig. 12 is a diagram showing EB writing
according to the embodiment.
Fig. 13 is a diagram showing a memory state

25 according to the embodiment.

Fig. 14 is a diagram showing a clock pulse
interval detection circuit according to the embodiment.

Fig. 15 i1s a diagram showing internal



flow of the interrogator. BEST MODE FOR CARRYI NG OUT THE I NVENTION 5 A | arge
amount of RFID tags are distributed and they becone disposable since their
collection cost is large. Accordingly, there is a problemto reduce the
manuf acturing cost of the RFIDtag. In order to arrange a plurality of RFID
in 10 the effective radio wave area fromthe interrogator and increase the
effective radio area greater than the Size of the RFID nounti ng obj ect and
t he range of thﬁ. arr n%enth 'nter%al, th% RFI D shoul d have the congestion
control functPBAITEE2FA~hE pF@?ePnn IFTVERTGH,” by sinplifying the
transm ssi on/recepti on_neth i.n the.responder and the interrogator and
sinplifying the conges?ggﬁ ggnﬁ?o %ﬁgﬁbffbé%%Wﬁg%lﬁﬂn?Qﬁ1%%l?%e RFID is
mnimzed sofﬁgﬁtoft@geng er..af _¢hips (RFID tags) which can he cut out 20
fromone wafer i's’increase 0 SO asS 'to inprove the nmass production. Thus,
the RFID can have the congestion control function and the manufacturing
cost per piece can be reduced. For exanple, the RFID attached to a product

25 such as c?gg@egobgq@bﬁeéA@qu@@eO@qlh@@tﬁ%WEQQQRN@nd it is commercially
preferable that the RFID be di sposable. Furthernore, the congestion control

is indispensable 6 fopr MaRagi REPHRAUEt R & Rex fHHr diranspartdng,
w t hout openi ng the box. Accordingly, it is necessary 5
and they become disposable since their collection cost
is large. Accordingly, there is a problem to reduce
the manufacturing cost of the RFID tag.
In order tc arrange a plurality cf RFID in

10 the effective radio wave area from the interrogator and
increase the effective radio area greater than the size
of the RFID mounting object and the range of the
arrangement interval, the RFID should have the
congestion controli function.

15 In the present invention, by simplifying the
transmission/reception method in the responder and the
interrcgator and simplifying the congesticn control
function, the function of the RFID is minimized so that
the number of chips (RFID tags) which can be cut out

20 from cone wafer is increased to s¢ as to improve the
mass producticn. Thus, the RFID can have the
congestion control function and the manufacturing cost
per piece can be reduced.

For example, the RFID attached to a product

25 such as clothes requires a large collection cost and it

is commercially preferable that the RFID be disposable.

Furthermore, the congestion control is indispensable



to.reduce the RFID tag cost so as to enabl e di sposing

of

the RFID tag and

enabl e congestion control. Fig. 8 shows an exanple that a plurality of
‘responders 902 to 906 according to the present invention exist in the

effective radio wave area 901 of the interrogator 907.

F

g. 8 shows an

exanple of five responders 902 to 906. Details will be give later. 10 Even
when a plurality of responders exi st i®the effective radio wave area 901,

it i ible t d_out th f_each d
responder by ‘O PGt 6 i'Gok Tpul SEE (1l T Ut ©

and short clggk ul ses fromthe .15 interrogator..
responder, a Egﬁﬁﬁ

by operating each
S

als), i.e., long
hows a specific

e} ing thgd box ccoraingl FL%}i%QI? cessa .
NCEST SR Methédin £he I &% ogator ,*and & tohgest i on

cont rol method. g 10,shows A case when chip A and chi pyBexistyin the

each”chip’has 2-bit

effective radio area. reover, 1 n thi's enbodi nent’,

counter for 5%”2?}1{ ?ﬁ?? %@.-g vhen e ¢l f&%‘?lsg}é@tfﬁ%rf QM 4

starts, chip si nmul taneously e initi

a

$pintm¢ogmor

val ues of the page

nuber s peedet erni ned £9p, ¢ he cQUAl oS e Lt 5125 erhodigmenty, the page

nunber is 01 in chip A a
short-intervaksp-ehaekspubse

11 in chip he interrogator outputs a
10 anead QW 4ihey meME f -4 18, ¢ esponder.

t
However, the counter in each chip is not yet 00 and 7 each chip does not
transmt theiAREREY c60BLERE. 18 REE JTT dAtidd S G0N Rghvd herd NtErT agat or

j udges that the no

the interrogator 907. Fig. 8 shows an example of five

responders 902 to 806. Details will be give later.

10 Even when a plurality of responders exist in the

effective radic wave area 9201, it 1is possible to read

out the memory of each responder by operating each

responder by the two types of clock pulses

(modulation

signals), i.e., long and shert clock pulses from the

15 1interrocgator.

Fig. 10 shows a specific responder,

communication method in the interrogator,

a

and a

congestion control methed. Fig. 10 shows a case when

chip A and chip B exist in the effective radio area.

20 Moreover, in this embodiment, each chip has 2-bit

counter for simplification. When the clock pulse from

the interrogator starts, chip A and chip B

simultaneously set the initial values of the page

numbers predetermined for the counters. In this

25 embodiment, the page number is 0l in chip A and 11 in

chip B. The interrogator outputs a short-interval

clock pulse to read out the memory of the responder.

However, the counter in each chip is not yet 00 and



responder is operating and stops transm ssion of the short-interval clock
pul se and transmts a long 5 interval clock pulse. Then, each pul se
‘increnments the page nunber by +1. That is, the page nunber beconmes 10 in
chip A and 00 in chip B. Here, chip B sets an operation switching flip-flop
and transmts nenory data to the |nterrogator wi th the next short-interval
clock 10 pul se conlng when it ternlnates normal ly, the |nterrogator again
transmts a |l ong- nterv(ﬁ)r cl ock the counter of ¢ |pSA al so

becomes 00 affd“ chipEa T5Hhdit & %WliJ F HTe° %&a%%?%enEh A'afid chip B

can transmt nenpry data mnthout beln 1 e nd Lerrogator
rapi dly turné tﬁ@tﬁadg qgm%qﬁflong in é&% §{+§dﬁ(§% S t% ﬁe#g%y redUC|ng

the read out ije of the gonaestion contigl, i légl@nfwgﬂgrt of the

comuni cati on I’ rogat or an e congestion control 20

met hod in th%hr§§pqgg@g.&g t qxﬂggﬁﬁ_ IdﬁgﬂgféHgm The éefggﬁders 902- 906

denodul at es ul'ated si gna e I nterrogat or 907 d acquires the

two types of ;¢l-ock pulsehaying a long ore A shortsd MeLVatenfs anbasic
operation of ‘the responder, the 25 page number i's counted up by the clock

pul se havi ngagd NG 0GK, int.er viala@nds t hendanyy adisesspésogoynted up by
a clock pul se haV|ng a short clock interval (hereinafter, the clock pul se

havi ng the | arg c¢ligck &nd nterivalchid Iz be Hefer radid o aseas | oAg cl ock pul se
and the clock pulse having the short clock interval will be

operation switching flip-fleop and transmits memory data
to the interrcgator with the next short-interval clock

10 pulse coming, When it terminates normally, the
interrogator again transmits a long-interval clock
pulse and the counter of chip A also becomes 00 and
chip A transmits data. Like this example, chip A and
chip B can transmit memory data without being

15 overlapped and the interrogator rapidly furns the page
by the long-interval clock pulse, thereby reducing the
read cut time of the congestion control.

Fig. 9 is a flowchart of the communication

method with the interrogator and the congestion control

20 method in the responder of the present invention. The
responders 902-906 demodulates a modulated signal from
the interrogator 907 and acgulres the two types of
clock pulse having a long or a short interval.

As a basic operation of the responder, the

25 page number is counted up by the clock pulse having a

long clock interval and the memcry address 1s counted

up by a clock pulse having a short clock interval

(hereinafter, the clock pulse having the long clock



referred to as a short clock pulse). By enploying tow types of clock pulse
having different clock intervals, 5 it is possible to sinplify the

comuni cati on nethod, the congestion control method, and confi gurat
the responder and the interrogator. Mreover, in the enbodi ment of the
present invention, the clock interval represents a tinme 10 interval
an L level and the next L level, i.e., ®the tine interval fromthe f
to the L Lgégl to %he next fall. The clock width is dgf

the H | evel

time length iR ESEREL ¥

fromthe H I
level. In th

in 20 the rés

ePSSt&E 5% 50 e & i e T nt 6P VAl Pt O Th

i on of

bet ween
all from
i ned by
15 fall

el to the | evel .to the rise from the L level to the H
BV Sudndy 0 18 Phe Uk T Vel Tana E et BF otk w dth
are used separately for contrgl. t.he operati SW i flip-flop is
BLEh L (0Tl NI, O L Lol SULEIL I Uy

operation sw

count ed up.

e ‘page nu counted

LRInG £ LB Rl L e el alate, o fde, TEIDLY, address | s

step 1 e responder” receives the rst clo

I
pul se from

the inter%og%ori-sml;%%s?m%t £ 2 G 0! ';‘fypl’gh%e 8 4 oG OTmSHOEd, In step

1002, the page nu

set as the inpiHld @bngwalyerd rdhe Loueloq, Thedags Munbe
defining the order of transm ssion of the

er (random nunber

plurality of Jegpender snd the interrogator.

10

15

20

25

Moreover, in the embodiment of the present
invention, the clock interval represents a time
interval between an L level and the next L level, i.e.,
the time interval from the fzll from the H level tc the
L level to the next fall.

The clock width is defined by time length in
the L level state, i.e., the time interval from the
fall from the H level to the L level to the rise from
the L level to the H level. In the flowchart of Fig.
9, the clock interval and the clock width are used
separately for control.

When the operation switching flip-flop is in
the reset state, the page number is counted up and when
the operation switching flip-flcp is in the set state,
the memory address is counted up.

In step 1001, the responder receives the
first clock pulse from the interrogator. The first
clock pulse may be long or short.

In step 1002, the page number {(random number)
held uniguely in each respender 1s set as the initial

value in the counter. The page number is a number

hel d uniquely in each responder is

f g b M 18n S Aupber 9
identificati on nunber when a



exi.st in the effective radio area of the interrogator. In step 1003, the L

|l evel width of the next 5 clock pulse is nonitored. The responder receives
‘the next clock pul se and checks whether the interval is |ong or short.
When the clock pulse interval is long (in the case of the long clock

pul se), control is passed to step 1010 and when the clock pulse interval 10
is short (in the case of the short cl oék pul se), control is passed to step

1008. In ste 010, th peratio smntchln flip-_f in the responder is
reset, i.e g?%é“bﬁ@et éFeICS Wﬁ@%ﬁ& %ﬁ§ﬁ &, %m% control is passed to

1004 h db
S15P, 15,1004, e e  RAORMUIDST B0t | RIS ISOUTLY et pented by
i ndi cat ed that tge goynter . %ggk§§% r@%ﬁcp%ﬁ%%? 3% Eﬂl%fr?%fgéihe bi nary

counter, cou f( 5 I'S per one bi't an

operatlon i's perfornedlgosggkh§%b% @Q%”tﬁﬁ%d@ﬂ 4T ack df;é%ﬁ né.qcarry IS

outputted. It is checke carry is outputted from t he ‘count er .

wien a cagry.i §.0gLpukt d tnen%t%rzetp%,Thfeh%e%e;%rn@éme%@ Le ng dlip- 25
flop is set by using the carry of step 1005 in"the responder. That is, count

up of the nmeppry addreSpuiise @ﬂ@blc%@ck\éh%e%e@artrmé 1% teubtput tied, control is
returned to step 1003 to wait for the next clock pulse. 10 Step 1007 waits

folr the next1ghgckrpyhsetandwhreni toks t1be gtk ofi rtithe+la 1l evell 9fy t he cl ock
PH S {in the case of the long clock pulse), control is
passed to step 1010 and when the clock pulse interval
10 4dis short (in the case of the short clock pulse),
control is passed to step 1008.

In step 1010, the operation switching flip-
flop in the responder is reset, i.e., the page number
count up is enabled, and control is passed to step

15 1004, where the page number set in the counter is
incremented by +1.

In step 1005, when a carry is outputted from
the counter, it is indicated that the counter content
has become zero. That is, in the binary counter, count

20 up is performed by one bit and after all one, the
operation is performed to all zeroc. When the all zero
is set, a carry 1is outputted. It is checked whether a
carry is outputted from the counter. When a carry is
cutputted in step 1006, the operation switching flip-

25 flop is set by using the carry of step 1005 in the
responder. That is, count up of the memory address is

enabled. When no carry 1s outputted, control is

returned to step 1003 to wait for the next clock pulse.



When the clock pulse wdth is narrow, control is returned to step 1003.
When the clock pulse width is 5 wide, control is passed to step 1011, where
‘a page nunber other than that of step 1002 is set in the counter, and
control is returned to step 1003. On the other hand, when control is passed
fromstep 1003 to step 1008, step 1008 checks whether 10 operation
switching flip-flop in the responder isUset. Wien it is set, the nmenory
address is increnented by +1 in step 1012 in Fig. 9 and control is passed

2P
to step 1009, where tRéSRumbEr &F ‘tie To%8sfditdéiats D phtR'ed® By "one bit .
After this, control is. passed.to _step 1007. 15 r i t. shoul d. be noted that
the flowis HHEltSFstEQeeﬁﬁgangﬁf§% né‘3ﬁ%”%ﬁéﬁ§ﬁﬁﬁbc%%ﬁ%%t?%%s%f step
1003 in Fig. may.be vice versa and.the branching  candition of step 1007
inFig. 9 na@gﬁg éﬁgecégF%aP gnwﬁﬁg%ré§b5ﬁﬁ€PWﬁaﬁﬁﬁk§9%i%?ock pul se of

20 short i”t?E%%Enehg%Fg%g%@“qaﬁgﬁhe%&%nWQ?kh%hc&ﬂ? lfgﬁiaﬁif$¢;¥%t0hi”9

flip-flop in"its chi the operation s I ng lop is

set, ey gahd 28.hs-out put beds A hey wise, Jhe clagk pul s, af the short

interval is i gnof ed. ince the respon the ‘operation - chi ng
flip-flop, whgppthe fhip-thap %%a%?bf he, nespondersdd ansm{s a nunmber in

accordance wth the clock pulse of the interrogator and when the operation

11 swi tchingfihicRryf | apdl SoR@t-oseti s the uriber 4 rangmissi on
On the other hand, when contrcl is passed

from step 1003 to step 1008, step 1008 checks whether

10 operation switching flip-flop in the responder is set.
When 1t is set, the memory address 1s incremented by +1
in step 1012 in Fig. % and control is passed to step
1009, where the number of the responder is outputted by
one bit. After this, control is passed to step 1007.

15 Here, it should be noted that the flow 1s one
of the embodiments and the branching condition of step
1003 in Fig. 2 may be vice versa and the branching
condition of step 1007 in Fig. 9 may be vice versa.

When the responder receives a clock pulse of

20 short interval, the responder checks whether the
operation switching flip-flop in its chip is set. When
the operation switching flip-flop is set, memory data
is outputted. Otherwise, the clock pulse of the short
interval is ignored.

25 Since the responder has the operation
switching flip-flop, when the flip-flcop is set, the
responder transmits a number in accordance with the

clock pulse of the interrcgator and when the operation



is.not performed, thereby preventing the sinmultaneous operation of the
responders to cause congestion of the nunber transm ssions. 5 Wien a plenty
-of radio ICtags exist at randomin the effective radio wave area, the
possibility of conflict of the page nunbers beconmes high. Wien a plurality
of responders have the sane page nunber, the operation switching flip-flops
are set 10 at the sane time and the nuhber is sinultaneously transnmitted to
the interrogator. Since_the interrogator receives the nunber fromthe
responder s b?WlFHQlPBgE&éP ERCPLRE EfforSdet et S bde BHTT™ T 1He  nunber
does not becone_a nor ma e 15 interro receives it as an

error number *SFBPt KFS! Ofﬁg ?e35868 V Kas'a Iﬁ?aﬁﬁ?@fﬁpul F Huirber s and

when the first page number. set _in t counter is |dent|cal to the page
nunber of an8?ﬁg? l9espon he ,TEERS géf %% casgfbné)ﬁhge nunbéﬁ Shich is 20

different fr h nber by the flow of step 1011 in Fig. 9,
whi ch reduceggbhe%pggéﬁ%m?g?§og repeated conflict of the page nunber. It

is possibke to set thﬁhBH”QegéQRt% t.s of Egelgaggﬁ#y@ggh and the number

of page nunbers in the respon accor ance 2 e use purpose (the

nunber of respgRMer $nexhst ERg=ckAvkhe sefbeghive snadi o .wave area of the
interrogator, etc ) . Wien the nodulation method is ASK, the state 12

possibility of conflict of the page numbers becomes
high. When a plurality of responders have the same
page number, the coperation switching flip-flops are set

10 at the same time and the number is simultaneously
transmitted to the interrogator. Since the
interrogator receives the number from the responders by
the logical OR, the error detection code built in the
number does not become a normal code and the

15 dinterrogator receives 1t as an error number.

For this, the responder has a plurality of
page numbers and when the first page number set in the
counter is identical to the page number of another
responder, it 1s set to a second page number which is

20 different from the first page number by the flow of
step 1011 in Fig. 9, which reduces the possibility of
repeated conflict c¢f the page number. It is pocssible
to set the number of bits of the page number, and the
number of page numbers in the responder in accordance

25 with the use purpose (the number of responders existing
in the effective radioc wave area of the interrocgator,
etc.).

When the modulation method is ASEK, the state



that no responder exists in the effective radio wave area of the
interrogator and the transm ssion of a bit indicating the L |evel by the
‘responder are the same sate viewed fromthe interrogator. \Wen the first
bit 5 of the menory of the responder storing the identification nunber (or
the first bit when transmtting the identification nunber to the
interrogator) is electrically Hlevel,l¥he interrogator can i medi ately
confirmthe exi stence of the regponder 1 m@%&h can transmt the

i denti fi cati GR2huRBer SRS T £*15ret rabl € 19 Seduet i oot THESti ne
required for _reading, the.identificatian er. Mre generally, in the bit
t r ansni ssiona5|eae|9r%o1t hér’l%c% qgﬁ%@ét ia&r?p% myer™ S slcbqecf%réabl?letto
prepare a bit _indicating,15.the el.ectrically Hleyvel befare 1/2 of the total
bit count séngﬁgé%ﬁﬁg %nee#Toé%?%ﬁ%@%ﬁ%%éﬁ%ﬁngQ%ﬁi%ﬁﬁt & ¥ISt ence of

the responder yAY oh .6an LLAGSTHL Le . LANEIL) Caty ), nUtber  drey 1 15 ot

prevented that 'a résponder exi'sting noi'se and a

pIuraIity50fOfrgﬁgo%g%5§gﬁ%stT%pqe enfé% 5(;¥%§J“E£émﬂse is present, it

becomes uncertain to whi stepint ow g. 9 the responder goes,

and the internegaton -o340RS nhARsM 31 o Ofr stthe mmdulatd.on signal to the 25
responder and again retries read out. Miyreover, when electrically Hlevel is

set and no bitniskiewtput ted, itdee dintierragat ofurtRNsidershe that no reception
data is present. That is, when no 13

interrcgator) 1is electrically H level, the interrogator
can immediately confirm the existence of the responder

10 which can transmit the identification number, which is
preferable for reduction of the time regquired for
reading the identification number. More generally, in
the bit transmission crder cf the identification
number, it is preferable to prepare a bit indicating

15 the electrically H level before 1/2 of the total bit
count so that the interrogator can rapidly confirm the
existence of the responder which can transmit the
identification number.

Here, it is not prevented that a responder

20 looks like existing by the noise and a plurality of
responders exist and operate. When this noise is
present, it becomes uncertain to which step in the flow
of Fig. 9 the responder goes, and the interrcgator
stops transmission of the modulation signal to the

25 responder and again retries read ocut.

Moreover, when electrically H level is set

and no bit is outputted, the interrogator considers

that no reception data 1s present. That is, when nc



bit indicating electrically Hlevel is present before 1/2 of the total bit
count, the interrogator considers tha no responder exists. Fig. 16 is a
fl omchart showi ng the 5 commrunication nmethod with the interrogator and the
congestion control nmethod in the responder of the present invention. In
step 1601, the interrogator transmts a first clock pulse to the responder.
10 In step 1602, the interrogator check$ whether the nunmber reception node
is set. If the nunber reception node.is set, control is passed to step
1604. O her #i-éeN€dREEINT §ladsedald Ystep oM603.19 Py 160 ¥ the
interrogator .transmts a 15 sEprt cl ock gﬁlse to the res onderwgnd receives
r

one bit of thé Pdeft'®f FCafilor Hufer Hr ome HE TFesbiftet. SeptaB05 checks
whet her one g}t has been ,receiveg. | f received, control is passed to step
1606. O her W'§e“cHACFOIYFS Fét'drned to step 1602. 20 Step 1606 checks
whet her all the 25 ide@LifiE%tion n%gber%fh%ye been received. If no,
control is returned to §9ép 602 &f "Fig" é.l%h%ﬂiﬂg ntrol is passed to

1607 he_er, ' Pt . 1f
step 5 wher, upl%g%t}tb%r rGheck Gede s %@g%{%%%%g&ﬁ;%ﬁ ]Etrles norm

not normal” in’'ste control is retur or repeatedly

B g e ST oA 5 PESREG LGSR 1608, Step 100
present invention.
In step 1601, the interrogator transmits a
first clock pulse to the responder.

10 In step 1602, the interrogator checks whether
the number reception mode is set. If the number
reception mode is set, contrecl is passed to step 1604.
Otherwise, control 1s passed to step 1603.

In step 1604, the interrogator transmits a

15 short clock pulse to the responder and receives cone bit
of the identification number from the responder.

Step 1605 checks whether one bit has been
received. If received, control is passed to step 1606.
Otherwise, control is returned to step 1602.

20 Step 1606 checks whether all the
identification numbers have been received. If no,
contrcl is returned tc step 1602 of Fig. l6. If yes,
contrcl is passed to step 1607, where the error check
cede is checked whether it is normal.

25 If not normal in step 1607, control is
returned to step 1603 for repeatedly performing read.

If normal, control is passed to step 1608.

Step 1608 checks whether the operation is



14 . page swtching. If yes, control is passed to step 1609, where a | ong
clock pulse is transmtted and another page nunber is set in the responder
-counter. If no, control is returned to step 1602. 5 Fig. 6 shows a cl ock
pul se transmtted from the interrogator when reading out the identification
nunber fromthe responder. The period 701 counts up the page nunber by the
| ong cl ock pul se and the period 702 reads out a menory by the

short-interval clock 10 pulse. Fig. 7 shows a .clock %Lse transmtted from
the interrogBf8F wHeh<réadi-ng Jdut’ heQQﬂaﬁQ#i%ﬁﬂH%ﬁge Urtbett 4% om t he

responder. T ulse i s identical. t the pulse in Fig. 6. except for that
there is a pE§P§0nw%§rﬁh§r Opﬁecﬁgﬁﬁoé”g@fp&ﬁ %Fﬁ£§§§i6ﬂF?by the short
20 interval clogg ul se i%ur%%%ag%dséEhe r g&;h&&gn 0 _rtng menpry read out
beriod 702 cOFeEponaa Fo HIE: Setepd ( 1603) % ), ‘1612) - > (1007)
---> (1003) irp nghecgkg ngiglget%rnl%_%%esQ%&§t ory read out period 702
in the portion where thé néniory read out perio is repeated, the

i nterrogator perforns peger ead sout focvﬁ]ifgjc 1rseespc%qqegénit1{]¥eé£rf@éa the

nmenories are read, the ror check code has rea Qata checks
whet her 25 t@ﬁedéhéek§059%g§|w%%nag%%@ﬁ%q e abnorimlne the. 4t gy rogat or

continuously transmts the short-interval clock pulse and retries
number from the responder. The period 701 counts up
the page number by the long clock pulse and the pericd
702 reads out a memory by the shcert-interval clock

10 pulse.

Fig. 7 shows a clock pulse transmitted from
the interrcgator when reading out the identification
number from the responder. The pulse is identical to
the pulse in Fig. © except for that there is a portion

15 where the period 702 of memory read out by the short-
interval clock pulse is repeated. The repetition of
the memory read cut period 702 corresponds to the
steps: (1003) — (1008) — (1012}— (1007} — (1003) in
the flow of Fig. 9.

20 In the first memory read cut period 702 in
the portion where the memory read out pericd 702 is
repeated, the interrogator performs memory read out of
the responder. After all the memories are read, the
error check code which has read the data checks whether

25 +the data is normal or abnormal.

If abnormal, the interrogatcr continuocusly

transmits the short-interval clock pulse and retries

read befcre transmitting the next long-interval clock



read before transmtting the next long-interval clock 15 pulse. The binary
counter indicating the nenory address in the responder continues counting
-up repeatedly by the short-interval clock pul se, thereby
transmtting nmenory data. 5 On the other hand, when the noise source

repeatedly transmts a short-interval clock pulse, the

i nt

repeat edl y

errogat or

repeat edl y transnits the short-interval® clock pul se and tries to normally
read data assu hg 8a r esponder XISt . However, when no responder 10
s

exi sts and ohF S?he

LEGdrcé @ﬁﬁﬁ 157 it dE THE Wi se source i s

read. When a glurallt of . respon rs rate, the responders repeatedly
Lpceli Ly o Lespanders ongr

Et 64 P8

operate and®

Weﬁw 3 Hit'er rbgdtor and it is not

dered B f d
const dered oRapguoml dete. 1% Bl R A HLA of ey peponder s
can be nanufamF%%@gdg %?%h%%ﬁttﬁ% q{?HE§%||zathe enbodi nent gi ven bel ow, -

explanatlon iven on

tion as a 20 sem conduct or

chip as ag exanple. Ano%”%%@“%t%%&-@ﬁ&ﬁfV%%e% mdulplion signal fromthe
interrogator and is connected to a rectification circuit 302. The

Ak suppid es power
25 voltage VDD. A clock pulse extraction circuit 303 denodul ates a
hi gh-f requengy+aRdubaticen rsigRal dand « rexisnaets tad ewdrequancyy£l ock pul se,

rectificati opegkhedidly 3@2ndaubles/ reelifiies dha valitage

which is inputted

clock pulse and tries to normally read data assuming

that a responder exists. However, when no responder

10 exists and only the noise source exists, only data as

the noise source is read. When a plurality

of

responders coperate, the responders repeatedly operate

and data 1s detected redundantly by the interrcgator

and 1t is not considered as normal data.

15 Fig. 3 shows configuration c¢f the responders

902 to %05 in Fig. 8. The responders 902 toe 205 of the

present inventicn can be manufactured by various

techniques. 1In the embodiment given below,
will be given on a case of realization as a

20 semiconductor chip as an example.

explanation

An antenna 301 receives a modulation signal

from the interrogator and is connected to a

rectification circuit 302. The rectification circuit

302 doubles/rectifies the voltage and supplies power

25 wvoltage VDD. A clock pulse extraction circuit 303

demodulates a high-freguency modulation signal and

extracts a low-frequency clock pulse, which is inputted

to the counter memory circuit 305. The counter of the



to-the counter nenory circuit 305. The counter of the 16 counter nenory
circuit selects each bit of the recognition nunber in the nenory, changes
the inpedance between the antenna 301 by a load switch 304, and transmts
the recognition nunber to the 5 interrogator. Fig. 15 shows internal
configuration of the interrogator in Fig. 8 An antenna 1501 of the
interrogator receives a radi o wave frorithe responder and is connected to a

Lransm ssion/recepticn hi h 10 fr circuit 1502. A nodulation circuit
1503 perf or AEURDRAI AETORTT 67 ZEHe: FSEE%EBSI &é%@éfoﬂﬁ ZNF a denodul ation

circuit 1504 degec;g.agdndegngulgte em%nal onr%ﬁp responder A base
band processf%ﬁ Rrreuit "B perfor glglggr i ghal proceSS|ng of 15

L1 ansm ssi onl sesphLon, . Thechapecband pracessi ng chel L A305 L

built-in congestion control circui confi by a logica derU|t

for controllégg tEQﬁS%&QE’§H8m@§%ggEEgEO%6“gﬁb%ﬁé%cJ%h% circuit diagram of -

t he counter menory circurt counter menory circuit
305 perfognslggypgoggtgg the page nunber, count up of the nmenory address
for selecting each bit of the i dentification nunber, and sel ection of each

bit of the identificatign nynbebysTheteoURt eRpE %Yraqciiro@lmo_tf 302 25 has a
built-in congestion contirol circuit 306 configured by a logical circuit for
controlling theerfbgutshown FigFig. 9an antenna 1501 of the

interrogator receives a radio wave from the responder

and i1s connected to a transmission/reception high-

10 frequency circuit 150Z. A modulation circuit 1503
performs modulation for the clock pulse waveferm and a
demcdulation circuit 1504 detects and demodulates a
signal from the responder. A base band processing
circuilt 1505 performs digital signal processing of

15 transmission/reception. The base band processing
circuit 1505 has & built-in congestion control circuit
1506 configured by a lcocgical circuit for controlling
the flow shown in Fig. 16.

Fig. 2 is a circuit diagram of the counter

20 memory circuit 305 in Fig. 3. The counter memory
circuit 305 performs count up of the page number, count
up c¢f the memory address for selecting each bit of the
identification number, and selection of each bit of the
identification number. The counter memory circuit 305

25 has a built-in congestion control circuit 306
configured by a logical circuit for controlling the

flow shown in Fig. 9.

It is preferable that the counter for count



It is preferable that the counter for count 1 L up of the page nunber and
the counter for count up of the nenory address shares a single counter so
as not to increase the chip size. In this application, an enbodinent is
shown 5 in which a counter is shared. However, when no consideration on
the chip area is required, the =inter need not be shared. \Wen sharing a
counter, the bit count of the page nu%%er becones the bit count of the
menory addr ess %O f the identificat]j nunber The menory address is
general Iy 10%Bi © “s§%8fid "HHE PYagé QﬁQﬁ?r ﬁ§§“%% Bt or so,

whi ch |ncrea? es the -Ros of confllct mnth H _pqgi nunber of anot her
n

peloly ad%&gggys ares q) X - %9
r esponder “tAr€tase,*“as “has Heen described above, e 5t % 1571011 in

Fig. 9, a pl i o] a u rs are held in the responder and again set
in the countgﬁék %!e Eh@ %%&%cggg the possibility of conflict. In this

application, explanatlggThe coug¥gf¥%H€991aéﬁﬁ%§t) lﬁeﬁ%ﬁ%%XQf 2Se19f page o

nunber are prepared. 2 cdunts up t

<2 sel ected. gy hhe,0Ut pULARL.t e aperali on yauiahi ng. 4 'erHOp The

operation switching flip-flop has the Tfunction for swtching between the
page number cgHAt qHPRat25,0B6r ahlcorrand Athe @%Wé%ﬁ%c?sstk@%uﬁ%r

operation. Wien the output of the nost significant flip-flop 124 in the
counter 116 hasdchanged Eragmetihe L |l evel to the
When sharing a counter, the bit count ¢f the
page number becomes the bit count of the memory address

10 o©f the identification number. The memory address is
generally 10 bits or so and the page number zalso
becomes 10 bits or so, which increases the possibility
of conflict with the page number of another responder.
In this case, as has been described above, like step

15 1011 in Fig. 92, a plurality cf page numbers are held in
the responder and agailn set in the counter, thereby
reducing the possibiiity of conflict. 1In this
application, explanation will be given on a case when
two types of page number are prepared.

20 The counter 116 counts up the clocck pulse CKI1
or CK2 selected by the ocutput of the operation
switching flip-fiop.

The operation switching flip-flop has the
function for switching between the page number count up

25 operation and the memory address count up operation.
When the output of the most significant flip-flop 124

in the counter 11¢ has changed from the L level to the

H level, the cutput of the cperation switching flip-



H l.evel, the output of the operation switching flip 18 flop changes from
the L level to the Hlevel, Here, the set state is when the output of the
operation switching flip-flop is at the Hand the reset state is when the
out put of the operation switching flip-flopis 5 at the L. Wen the out put
of the operation switching flip-flop 117 is at the H level, CKI generated
at a short clock pulse interval by anlAND gate 120 and an OR gate 122 is
inputted to the flip-flop 115 of the_ 10 counter 116. The counter 116 counts
up the nennr§ CRdHF8EE By [ERB CRE. Llﬁeﬁﬁé 6ébéﬁﬁhﬁbé@Wﬁﬁn1 Up- = operat i on
an initial ue of the pa nunber i s S nce and count up is

per for med by g SsPghaPt ékg g Eﬁ@ F&ﬁg | gi c?ﬁﬁﬁ%ﬁ?OHS When t he
out put of the ogfkatlon SWi 117 .S | evel , the

t hi f| t
Slnal ©s mkt P svet by bt %&eﬁ'erpthgea fﬁsthtehifea&htge B by the

| ong cl ock pu se interva |s |n fli. ro 115 by. t he. AND gate
120 and the gatg 155 andofo %55%559 116" coun §P :yléﬁe hunber by
the CK2. -In_th ry address count up operation, the operatlon starts
when the Counter content is all zero, i.e., when the output of each

flip-flop o f the coun%ﬁ%n §h@tohh?utL Jevels %%%I%QHleqgio perforned by

the signal CK1l of 25 the short-interval clock pulse pul se interva

di tscrl ml natiemn;igireHbt 11325 sdiscrii pates QK @fi tfae shardy ¢lock pul se
i nterva

short clock pulse interval by an AND gate 120 and an OR
gate 122 is inputted to the flip~flop 115 of the

10 counter 1146. The counter 116 counts up the memory
address by the CKl. In the page number count up
operation, an initial value of the page number is set
in advance and count up is performed by a signal CK2 by
the long-interval clock pulse.

15 When the cutput of the operation switching
flip-flop 117 is at the L level, the signal is made H
level by the inverter gate 123, the CKZ generated by
the long clock pulse interval 1s inputted to the flip-
flop 115 by the AND gate 120 and the OR gate 122, and

20 the ccounter 116 counts up the page number by the CK2.
In the memory address count up operation, the operation
starts when the counter content is all zero, i.e., when
the cutput of each flip-flop o f the counter is at the
L level and count up 1is performed by the signal CK1l of

25 the short-interwval clock pulse.

A clock pulse interval discrimination circuit
125 discriminates CKl1 of the short clock pulse interval

and CK2 of the long clock pulse interval from the clock



and CK2 of the long clock pulse interval fromthe clock 19 pulse (CLK) from
the interrogator. Fig. 1 shows the detail of the clock pulse interva
discrimnation <circuit, which will be explained later. A plurality of
connection termnals 102 are 5 connected either to an electrically H
termnal 101 or to an electrically L terminal 104, so that the page nunber
first setting unit 103 holds each bit ©f the first page number. In the page
nunber first setti ni.t 10 t he connection ternmnal is set to HLLH from
10 the 1eft. PRRFE IOGREarEyTs ehFesonte taonmiber T00t wheit e Hos! (i ve

| ogic is ass d..Simlarl a,plurality.of caonngction. termnals 109 are
connect ed eig%ﬁﬁl%ooghtgﬁe§PPF§aPP§Sﬁ l%&F%Wﬁa d%ﬁ?%ﬁmﬁqgaﬁp%lectricalIy L

t erm nal 107ci§?u}§ tmggﬁ%h%ieﬁg%engx ﬁai%ggpqgnﬁztting unit 106 hol ds each
u th

;
bit of the frist page n er. " I'n € pagée nunber 20 25 second setting unit

106, the connection tg%g%@a%aﬁﬁtﬁebf E%nh@%kfaﬁmpéﬂﬁiﬂéﬂé'%ﬁ?ﬂiﬁépgiCa"y

represents a nunber en the positive Togic is assuned. ting of the

connecti og t@BHhQé'ciédlggthéQgtoi %nSBQt%h:ftirf‘i@a'Din% t%%r&igif‘aglpaitzdler& obt ai ned

by the electronic line plotting. In e enbodi'nent of , the counter

has four bitgsbyt bRebhi-$chMYENti @BSHiiRG1 NuEbersJTaY, e HLalLfe than four.
The selector unit 108 selects the first page

nurmber first setting unit 103 holds each bit of the

first page number. In the page number first setting

unit 103, the connection terminal is set to HLLH from

10 the left. This logically represents a number 1001 when
the positive logic is assumed.

Similarly, a plurality of connection
terminals 109 are connected either to an electrically H
terminal 105 or to an electrically L terminal 107, so

15 that the page number seccnd setting unit 106 holds each
bit of the first page number. In the page number
second setting unit 106, the connection terminal is set
to LHHL from the left. This logically represents a
numpber 0110 when the positive logic is assumed.

20 Setting of the connection terminals 102, 109
is specifically set by the pattern cobtained by the
electronic line plotting. In the embodiment of Fig. 2,
the counter has four bits but in this inventions the
number may be greater than four.

25 The selector unit 108 selects the first page
number or the seccnd page number by the selection

signals S1, S2 inputted to the first selection terminal

110 and the second selection terminal 111, respectively



nunber or the second page nunber by the selection signals S1, S2 inputted
to the first selection termnal 110 and the second selection term nal 111,
respectively 20 and inputs it to the counter. Mre specifically, the
respective bits of the first page are inputted fromthe connection term nal
102 and the selection signal S1 is inputted fromthe first selection
termnal 110 to the 5 AND gate 112. Si4alarly, the respective bits of the

second page arﬁ | hputted front%he connectiog termnalf %ﬁand he sel ection
signal S2 i sTApLtkRdS f 1 bnt PhE sECORE Sel etlPF6n SPEFMN&R 1121 (10'% he AND
gate 113. uts, of the AND.gates_ 111, 112 are _in dt the 0 OR gate
114. The out5%$ POfL LR tﬁtaaté %b Ssét 35 PREC aﬁltﬁ U&% Tt Hé'count er
116 in the pIurallt Ofterﬂl$ Igeg 1%3 gnstl utln ntge %e n rj;16. The
out put of each’ ??lp ) Rie coanter putted”t 518 Wenory ‘T18. The

outpuL of L e, IRpLY #ém £ngoBt Lol sglextteﬁ AN p9ALe 119 and tpe operation

switching fli shows configuration o € counter 6 and the

menory 118 o h S der 1 cl -a decoder
505 and a§ne%%§y§%{§ Pg% 50%9%%?%%%¥acﬁig gggxg%ngﬁkgu€#g3§the counter

116 of Fig.s52:0fd€ MBI Y- agddr888QUEPHE %% benh@@%b%dtteemmq decoder
505. A decoder output 506 (bit string representing XO ... Y7 1in

Fig. 13) is impuit@d-fisontheridh @l@gea@r35055tgnbbet@em&bnpe_lhle 508 The
menory cel
second selection terminal 111 to the AND gate 113.
Qutputs of the AND gates 111, 112 are inputted to the
10 O©OR gate 114. The output of the OR gete is set as the
initial value of the counter 116 in the plurality of
flip-flops 115 constituting the counter 116.

The output of each flip-flop of the counter

is inputted to a memory 118. The output of the memory
15 1is controlled by the AND gate 119 and the operation
switching flip-£flop.

Fig. 5 shows configuratiocon of the counter 116
and the memory 118 of the respconder of Fig. 2. The
memory 118 includes a decoder 505 and a memory cell

20 508. TFrom each flip-flop constituting the counter 116
of Fig. 2, the memory address output 504 is inputted to
the decoder 505.

A decoder output 506 (bit string representing

X0 ... X15, Y0 ... ¥7 in Fig. 13} is inputted from the
25 decoder 505 to the memory cell 508. The memory cell
cutputs each kit of the identification number selected

by the decoder output 506 as a memory output 507 to the

AND gate 119.



outputs each bit of the identification nunber selected by the decoder

out put 506 as a nenory output 507 to the AND gate 119. 21 That is, each
bit of the identification nunber corresponding to the count value of the
counter 116 during the nenory address count up operation is read out. The
rel ati onshi p between the nenory addresg 5 and the decoder output should be
in one-to-one correspondence so that t1 the bits of the identification

nunber are read out. The _counter 2. aof Fig. i.S red . the nmenory
address and the page nﬁ%ﬁgrq%duﬁﬁégbtgﬁdCfgtﬁbc&ﬂﬁ%ﬁ%é%c%ﬁﬁﬁgddress out put

504 becones nﬁ%n&%y Leglly Hileyel andpl leyel Q}/a%mewntg’p%ﬂcgé%éjp the

page nunber. er, the output fromthe nmenory 118 a put of the

swi tchi ng f1hpsf gllglﬁ)}%rgeltih%pﬁ’hte%%(%yl addie AN oate L1 and Lhe AND gate 119 15

becones el ectric evel, so’that the output e menory 118 is

ignored and thegcentent 1ok the MBMRIhid $JQdfad Dndiier§ &iFrogator. That
is, the responder appears as if it were at halt. Mreover, in the

enmbodi ment; obnbi @he? dettheer2@ueeunt hchQ e shared hytde: menory address
and the page nunber count up. Accordingly, the nunber of bits of the

menory addr essrirsshdedkineal sto thhe munbemeofithi ter afhd he page nunber. Fig.
13 shows data configuration of the 25 nenory cell 508 of the present
i nvention. Thdenexanpkeion number are read out.
The counter 502 of Fig. 2 1is shared by the
memory address and the page number count up and
10 accordingly, the address cutput 504 becomes
electrically H level and L level even when counting up
the page number. However, the output from the memory
118 and the cutput of the switching flip-flop are
inputted to the AND gate 119 and the AND gate 119
15 becomes electrically L level, so that the cutput from
the memery 118 1is ignored and the content of the memory
is not read by the interrogatcer. That 1s, the
responder appears as 1f it were at hali.
Moreover, in the embodiment of Fig. 2, the
20 counter 502 1is shared by the memory address and the
page number count up. Accordingly, the number of bits
of the memory address is identical to the number of
bits of the page number.
Fig. 13 shows data configuration of the
25 memory ceil 508 of the present invention. This example
shows a map format having 16 columns in the lateral

direction and 8 rows in the longitudinal direction. In

this example, 1t 1s assumed that data 1s successively



shows a map format having 16 colums in the lateral direction and 8 rows in
the longitudinal direction. In this exanple, it is assuned that data is
-successively 22 transmitted to the interrogator in the order of X1 col um,
X2 colum, starting at the XC colum of YO row Here, as has been descri bed
above, if the data of YO and XO of the menory which is the starting 5 bit
of the identification nunber is 1, the ?nterrogator i medi ately reads the

head of the menor .and can _immedi ate confi.rmthat e responder exists.
More gener al t“f?,ns tt?%rtévfeﬁ“éaollgqeg gébtagrrejélbﬂ ﬁ%ﬁt?id?{lt hat data

exi sts | ogi caI in e flrst hal f_ of. 0 of th ansm ssi on
data, so that® %lgm'l %{?err&ga dr Secaanr“rlé]ﬁ cﬂ]ty comi%orrﬁ? At a e%%olﬁ% ‘r

exists. Fig. 11 shows an xa%l %f%f aflip dggb%%g§r ouﬁ er, sed in this
rea

i nvention. The NOR gate 017is N Ze y a groun term na 1103 and a

sel ector tenminal,:1104 .t.0 whi ¢y 813l gnal. fyomihe #\Iqtg@t and a set

(S) signal are inputted and one of then Is connect to the swit ?’n ng

termnal. sl ngthi %fe)ﬁat%pll%’entth%lg‘,ra@i%dl terpdald s cwqﬁdeteoéét@oew tching
20 ternminal. By the PMOS transistor 1106 and the NMOS transistor, the

swi tching terphRalkaite1iynveried tard hdapwd edid ondrhe- AND @at &, Firstly, when
the S signal becones electrically L -4 H-> L |level, the output (OUT) of
the flip-floprheecanes 16l eetitical lthat ltevelre Me¥lder exists. More
generally, 1t 1s preferable to prepare a bit indicating
that data exists logically in the first half of at
10 least 1/2 of the transmission data, sc that the
interrogator can rapidly confirm that a responder
exists.
Fig. 11 shows an example of a flip-flop for a
counter used in this invention. The NOR gate 1101 is
15 rezlized by a ground terminal 1103 and a selector
terminal 1104 to which a signal from the AND gate 1102
and a set {S) signal are inputted and one of then 1is
connacted to the switching terminal. 1In this example,
the ground terminal is connected tc the switching
20 terminal. By the PMOS transistor 1106 and the NMOCS
transistor, the switching terminal is inverted and
inputted to the AND gate. Firstly, when the § signal
becomes electrically L - H — L level, the output (0UT)
of the flip-flcop beccomes electrically L level. Next,
25 when the ground terminal is connected to the switching
terminal like this example, the state ig maintained

until a clock pulse (CLK) comes, When the switching

terminal is connected to the selector terminal and the



25 .when the ground termnal is connected to the switching termnal |ike
this exanple, the state is maintained until a clock pulse (CLK) cones, Wen
the switching termnal is connected to the selector termnal and the 23
selector termnal beconmes L - H-+ L level, the output (QUT) of the
flip-flop changes fromL -> H That is logically 1 is set. Fig. 12 shows a
| ayout pattern of a part of 5 Fig. 1f?3The pattern 1203 shows a pattern for

falli to th tential of 1103 in Fig.. 11. 1204 sh tt
For connecti D 6 3L04°T A Fhg, EEAS 't o SBl cbi'or {5 nals 1508 bl Fig. 12

has a pattern..corres di t 05.i.n _Fi.g...11. -10 fir hr.Qugh hol e

1201 is used(?8?9 égngggt%g%pbgg%ée%hggﬁgﬁaF‘éa féFﬁA?204%%?Etﬁ§’upper

| ayer indica&hggcgngsglEgtggtperninaI and a netal pattern 1205 of the
e

| ower | ayer indicating t connection termnal. A second through hole 1202

is 15 used for connecti9p between,a aetal -pat tern 1203 0f: the+ upper layer
indicating the ground term nal and the netal pattern 1205 of the | ower

| ayer indigcatigg the eganggtiennt epmiznadhowong @hrthef ifest Ahnaugh hol e
1201 and the second through bole 1202 is pattern-formed 20 by a glass nask

pattern or apcetret gepuraypdieget aipbat inng. iht sigunber. i g 2diar egtdys witten
on each radio tag chip on the wafer by the electron ray direct plotting.
The nunber nmaypbetarnandencbuaberickhef Wiidke iins Fper.f annmed soa hat no
i dentical nunbers exist
selector termiral. 1205 of Fig. 12 has a pattern
corresponding tce 1105 in Fig. 11.

10 A first through hole 1201 is used for
connection between a metal pattern 1204 of the upper
layer indicating the selectcor terminal and a metal
pattern 1205 of the lower layer indicating the
connection terminal. A secend through hole 1202 is

15 used for connection betwesan a metal pattern 1203 of the
upper layer indicating the ground terminal and the
metal pattern 1205 of the lower layer indicating the
connection terminal. One cf the first through hole
1201 and the second through bole 1202 is pattern-formed

20 by a glass mask pattern or an electron ray direct
plotting. Its number is directly written on each radio
tag chip on the wafer by the electron ray direct
plotting. The number may be a random number. The
write is performed so that no identical numbers exist

25 on the same wafer or numbers are distributed in the
wafer and between wafers when the numbers are written.

That is, the circuit shown in Fig. 11 can be realized

as a compact one by only the wiring and the through



25.0n the same wafer or nunbers are distributed in the wafer and between
waf ers when the nunbers are witten. That is, the circuit showmn in Fig. 11
-can be realized as a conpact one by only the wiring and the through 24

hol es. Normal ly, when setting a random nunber for a flip-flop, it is
necessary to provide a circuit for generating random nunbers and a
complicated circuit for setting them<¥owever, by using the pattern, it is

5 possible to realize it Tﬁth a small area. Fi 14 sho a ircuit for
det ecti ng an‘OFﬁFerngrﬁﬁ He HPSEKSSGFégg Gut" %GFQ% HHESF St 9 nverter

gate 1401 is (Cf % i ndicatin % etectlon result In Fig. 14, a
const ant curFZﬁ ggﬁplo | oW Pﬁ?gsgagga Si §Eort ﬁy é re stor R, a
resi stor e%eké%“%'sEQEdg% n%§8?§st%%85'SE%ﬁgE%céﬁgﬁ‘éJ} ﬂ?%@%ﬁder has

a carrier, enéergy can Ihe sup thé im rrogator ‘He responder

Accordlngly, P §|9ﬁ5mp“|§8w§b89alP& F&n t%@e atQ%&%rl%i§Qt shorter 15

when el ectrica an when el ectr a negatlve | ogi c

assum ng tha kKipulseiis-pEesent bf %gqlcl pulse is L level when
CLK is atgthgogsgkggetg A%%ord?ngly, when EL |sa§%%H l evel in Fig. 14, the

transistor Q4 which ispasPMDB gﬁ@ﬂgl§t95rbﬁlgFEOIZQGH%Q%Qf&P%HIa first clock
pulse is inputted, CLK becones | evel and the transistor Q4 turns ON to

charge up a 1ﬁa@@ea906f0&heCKhob@cgamgeH ukphevelr. tNextrithe electric
charge of O is extracted by the transistor @@. Wen the clock pul se has a
short intervahyether gate 1401 is a signal (CK1) indicating the
detecticn result. In Fig. 14, a constant current can
10 flow into a transistor Q3 by a resistor R1, a resistor
R2, a transistor Ql, and & transistor ¢2. When the
responder has a carrier, energy can be supplied from
the interrogator to the responder. Accordingly, the
clock pulse signal (CLK) in the figure is set shorter
15 when electrically L than when electrically H. This is
a negative logic assuming that a clock pulse is present
if the clock pulse is L level when CLK is at the H
level. Accordingly, when CLK is at H level in Fig. 14,
the transistor Q4 which is a PMOS transistor is QFF.
20 Here, when a first clock pulse is inputted, CLK becocmes
L level and the transistor Q4 turns ON to charge up a
capacitor Cl. CKI1 becomes H — L level. Next, the
electric charge of Cl is extracted by the transistor
03. When the clock pulse has a short interval, the
25 +transistor Q4 turns ON each time to charge up Ci. On
the contrary, when the c¢lock pulse has a long interval,

the voltage of Cl is lowered by extraction of electric

charge from Cl and at last CKl becomes L — H level.



25.transistor Q4 turns ON each tinme to charge up . On the contrary, when
the clock pulse has a long interval, the voltage of C is |owered by
-extraction of electric charge fromdCd and at |ast CKI beconmes L -> H |evel.
5 25 Wen the clock pulse is inputted, the CK1 returns to H - L level.
That is, when the clock pul se interval %s sufficiently long for extracting
the electric charge fromd, the signal of CKl outputs a signal L -* H-4

L. Fig. 1 showsnt te%eclc%%kpwuﬁ%el NLery - SCrifd gt on.€if,edli£5116 of Fig.
2. Fig. 1is a circuit based on the circuit of Fig. 14 with addition of

transistors b, QPeval capaghbtor sC2,nandeaB ktNvekt el k402 ctha if iirst
i nverter gate 1402 is an inverter 10 out put (CK2) having a part of the

capaci tor C2sasrtheenknpullon@nlfy ) -addicng reprenelanentssi ¢ i g5 14 and
changing G, C2, and capacitance, it is possible to detect clock pulses

(CK1, CK2) oftrdif Cerentel atighwal f TX1 mudyus enbadigrent ,1, G2 iHS -set, . great er
than capacitor C. An exanple for realizing this is the transistor @6, the
transi stos B, and thercapadi tsorwE2 tine Klgckl4ul Mhemtichercapaci t ance val ue
of the C2 or the gate length of the @ is nade greater so that a cl ock
pul se havi ngd2@8cailhdangeén ocl ock cpultsé ltchart tthey .CKL sifgnal lofid 2 H4 L |evel
exists, the CK2 signal beconmes L - H-3 L level. Fig. 4 shows a format of
the nmenory i ritrheiratirectConaghehiop refuitthe pridsentl 4 nvignt iaohii A dreader
of transistors Q5, 06, a capacitor C2, and an inverter
1402. The first inverter gate 1402 is an inverter
10 ocutput (CKZ2) having a part of the capacitor C2 as the
input.
Only by adding some elements to Fig. 14 and
changing Cl, €2, and capacitance, it is possible to
detect clock pulses (CK1, CK2) of different intervals.
15 1In this embodiment, CZ is set greater than capacitor
Cl. An example for realizing this is the transistor
Q6, the transistor Qb, and the capacitor CZ2 in Fig. 14,
When the capacitance value of the C2 or the gate length
of the Q5 is made greater so that a clock pulse having
20 a longer clock pulse than the CK1l signal of L - H - L
level exists, the CK2 signal becomes L — H — L level.
Fig. 4 shows a format of the memory in ths
radio IC tag chip of the present invention. & header
portion 401 is at the head of the memory. An
25 identification number 402 is at the center cof the
memory. A page number portion 403 is at the end of the

memory. The header portion 401 is a display bit

indicating the existence of the responder and has a



portion 401 is at the head of the nmenory. An 25 identification nunber 402 is
at the center of the nenory. A page nunber portion 403 is at the end of the
-menory. The header portion 401 is a display bit indicating the existence of
t he responder and has a 26 function to report the existence of the
responder to the interrogator as soon.as possible. That is, prior to
transm ssion of the identification nun%gr, it is preferable to prepare a

bi t i ndi cat i ng, an el ecty icaldy. 5 lavel  s0.25.1 o gonfimphe, exbstence of

the responder ~ to whi I'nterrogator can transm ntification
nunber. Moreaqver i {he r R tdon A0l MByibe.a paric of sthgrsor

i dentification nunber. e page nunber portion 403 may al so serve as an

entire 10 error -Ghetkcaden Id¥ this case;: mhen dat anompdpe radig 1Ctag is
transmitted in the order controlled by the page nunber in the congestion

control, if thersader it fymls dtois gonfddiedy thateNO-eF10511$ present
by the page nunber and sinmultaneously with this, 1t is 15 pronptly

confirmed ¢ hat 1datea iss tyansMddred i dhe eordemef dhecpage-sysbeer As has
been descri bed above, the present invention sinplifies the congestion

control nethad wisiarg tiHee irespondert @and:drhe iaeriogat®r and i ncreases 20
t he nunber of chips (RFID tags) having the congestion control function
whi ch can be iclethtdut: dartdmra nwarfrery, . tMereebye 1 npriovimgpddre passi@noduct i on
and reducing the manufacturing cost per unit.
401 may be a part of the identification number. The
page number portion 403 may also serve as an entire
10 error check code. In this case, when data on the radio
IC tag is transmitted in the order controlled by the
page number in the congestion contrel, if the reader is
normal, it 1s confirmed that no error is present by the
page number and simultanecusly with this, it is
15 promptly confirmed that data is transmitted in the
crder of the page number.
As has been described above, the present
invention simplifies the congestion control method
using the responder and the interrogator and increases
20 the number of chips {(RFID tags) having the congestion
contrel function which can be cut cut from a wafer,
thereby improving the mass production and reducing the
manufacturing cost per unit.
Furthermcre, it is possible to arrange a
25 plurality of RFID in the effective radio wave area of
the interrogator and increase the interrogator

effective radio wave area greater than the size of the

object on which the RFID is mcunted and the range of



Furthernore, it is possible to arrange a 25 plurality of RFID in the
effective radio wave area of the interrogator and increase the interrogator
effective radio wave area greater than the size of the object on which the
RFID is mounted and the range of 27 the arrangenent interval. The present
invention invented by the inventor h been expl ai ned specifically
according to the enbodi nent. However,” the present invention is not 5 to be
limted to tpgeagg%g g&%g@eg enbodiyment but can be nodified in various
epar |ﬁ§ h ir

ways w t hout romfthe “spirit of the invention. For exanple, two
types of clock pulse ape sybtticient ,and:the :long ¢l pck, pulse and the short
[ 10 at

cl ock pul se may have opposite functions. Mor eover, I's stored by the

responder may,bencyarhauspdatacinshead ok he didentif iLatd.on punher.
| NDUSTRI AL APPLI CABI LI TY The present invention can be applied to the RFID

as a techni cahef bgbdaokehhe baekgrewndiok the sk ipriesenicidvent ipn o
Moreover, the present inventionis not limted to this but can be applied

to, for exanphepe congesti en eant k@b rieheargenetaledad od-AN anrd @ obil e
tel ephone. 28 CLAIMS 1. A read out nethod for reading out an
identificati pa nuabedelir om aarespender sstorihagt icdenrtrtfircatd i mider s,
wherein

spirit of the inventicn. For example, two types of

clock pulse are sufficient and the long clock pulse

and the short clock pulse may have opposite functions.

10 Moreover, what is stcred by the responder may be

variocus data instead of the identificaticn number.

INDUSTRIAL APPLICABILITY
The present invention can be applied to the
RFID as a technical field of the background of the
15 present invention. Moreover, the present invention is
not limited to this but can be applied to, for example,
congestion contrel in a general radio LAN and a meobile

telephone.



a responder transmts a nodul ated signal obtained by nodulating a first and
a second clock pulse having different clock pulse intervals froma

transm ssion/reception circuit, the page nunber to be stored by the
responder is counted up as an initial value at the first clock pulse, and
the identification nunber transmtted from the responder is read out at the
second cl ock pul se when the counter Was counted up fromthe initial value
to a predeterm ned value. 2. A read out_nethod as clained in claiml,
wherein the clock pul se interval of “Heirst clock pulse is |onger than
that of the fecond clqgk gulse. 3. @ éegd out t hod as clainmed in claim1,
wherein the first and the=38cont CFbERIpGPEer SPE 1 "Hodlilrafld by the ASK, the
i dentification nunger transmtfed gg t he Vresgogder iLs modul ated by the ASK
before bei ng-“trahshitted. ARG~ pfesehlefabSeRcE sf £hE FESponder is checked
by the nDduIf&égg%ﬁngQQng%&ﬂgeggfsﬁhg%%igf the identification nunber

transmtted Tromthe responder. read out nethod as clained in claim

fhe T e Ttk e gL beaRge UL el Lncglhe esponder by

obtained by modulating a first and a second clock pulse
having different c¢lock pulse intervals from a
transmission/reception circuit,

the page number to be stored by the responder
is counted up as an initial value at the first ciock
pulse, and

the identificaticn number transmitted from
the responder is read out at the second clock pulse
when the counter has counted up from the initial wvalue
to a predetermined value.
2. A read out method as claimed in claim 1,
wherein the clock pulse interval of the first clock
pulse 1s longer than that of the second cleck pulse.
3. A read out method as claimed in claim 1,
wherein

the first and the second cleock pulse are
modulated by the ASK,

the identification number transmitted by the
respecnder is modulated by the ASK before keing
transmitted, and

presence/absence of the responder is checked

by the modulation signal of the first bit of the

identification number transmitted from the responder.



transm ssion/reception circuit to the responder. 5. A read out nethod as

claimed in claiml1, when the read out of the identification nunber fails,

the second clock pulse is continuously transmtted fromthe

transm ssion/reception circuit and the read out of the identification

nunber is retried. 6. A responder conprising: a first nmenory for storing an

i dentification nunber, a transnission/4%ception unit for receiving a

nmodul ation signal fromthe responder, extracting a first and a second clock

pul se havi ng® di ff erent®cfa2® QbEI@%tbﬂ?e?§an?l%ﬁG tFafsAift i'ng t he

identification nunb a coun and g §ﬁcond nennr¥ for storin% t he page
“tot f o

number set %geﬁﬁl?n$$¢a%n65?ﬁ e%?lPﬁe EeP2IGhBHEP R wWhEN *Ette 'dount er has

d f he initial | ue. i ned I h
[ ansm o1 onf FSCEPU TGN Eii £ 1 FARSAf { 8- CRE CI'denEr Pl aari R niHEGE, 7. A

responder aswgigﬁn§€h%pr§gg§gtg%%§ggég%ﬁefggﬁ gggnter counts up the first

cl ock pul se "using ep rnitial value, 30 the counter

count s Lhe sesandploekypulsey a0 each bt of ctbe, Ldgapiitboation nunber is

accessed by using the count v e secon
5. A read out methed as claimed in claim 1, when

the read out of the identification number fails, the
seccond clock pulse 1s continucusly transmitted from the
transmission/recepticn circuit and the read out of the
identification number is retried.

6. A responder comprising:

a first memory for storing an identification
number,

a transmission/reception unit for receiving a
modulation signal from the responder, extracting a
first and a seccond clecck pulse having different clock
pulse intervals, and transmitting the identification
number,

a counter, and

a second memory for storing the page number
set as an initial wvalue of the counter,

wherein when the counter has counted up from
the initial value to a predetermined value, the
transmission/reception unit transmits the
identification number.

7. A responder as claimed in claim 6, wherein
the counter counts up the first clock pulse

using the page number as the initial value,



pul se. 8. A responder as clained in claim®6, wherein the clock pulse
interval of the first clock pulse is |longer than that of the second cl ock
~pulse. 9. A responder as clained in claim®6, wherein the second nenory
stores a plurality of page nunbers of different values. 10. A responder as
claimed in claim6, wherein the transm ssion/reception unit nodul ates the

i dentification nunber by the ASK befor’@ transmitting it, and the first bit
of the identification nunber expressed by a |arge or small anplitude and
transmitted is a bit Cofrespohd n@OFBt?héhFaﬁﬁé SfpFiPade PUtEE A responder
as claimed in glain16, wherein the second nenory stores each bit of the
page nunber $n° a through hole formed at the portion where an el ectron beam
is applied. 12. An interrogator for. reading.out _an _identification nunber
from a responder for s?%??%%l%nOEié%%tfg?3gf?68aﬁbﬁﬁe9?m%ﬁé i'fit er r ogat or
conprising a [ 1.SSi c [ Lrcuit ereLn_th
transnission??%%%%%?g%?6?$%%§tgﬁ%aﬁ@%ﬁ%sggguﬁngglgﬁgdséfgﬁglc%ﬁfgined by
nodul ati ng q% 1§§t and a 31 second clock pul se having two different clock
pulse intervals, to the responder, the first clock pul se counts up the page

number storegl in the responderqas fhe-ipitkbal i¥albygim 6, wherein

the clock pulse interval of the first clock pulse is
longer than that of the second clock pulse.
9. A responder as claimed in claim 6, wherein
the second memcry stores a plurality of page numbers of
different values.
10. A responder as claimed in claim 6, wherein

the tramsmission/recepticon unit modulates the
identification number by the ASK before transmitting
it, and

the first bit of the identification number
expressed by a large or small amplitude and transmitted
is a bit corresponding tce the large amplitude.
11. A responder as claimed in c¢laim 6, wherein
the second memory stores each bit of the page number in
a through hole formed at the porticn where an electrcn
beam is applied.
12. An interrogator for reading out an
identification number from a responder for storing an
identification number, the interrogator comprising a
traﬁsmission/reception circult, wherein

the transmission/reception circuit transmits

a modulated signal obtained by modulating a first and a



and the second clock pulse is read out at the second clock pul se when the
counter has counted up from the initial value to a predeterm ned val ue. 13.
An interrogator as clained in claim12, wherein the clock pul se interval of
the first clock pulse is longer than that of the second cl ock pulse. 14.
An interrogator as clainmed in claim1l2, wherein the transm ssion/reception
circuit nodulates the first and the sécond cl ock pul se by the ASK, the
identification nunber transmitted by the responder is nodul ated by the ASK
before bei ngPeEPahsht ¢t ek U ahd 5@%§%ﬂcéwab§éﬁ§@réﬂttﬁéOngﬁéﬁéﬁr i s checked
by the nodul ation sjgnal of the first bit of the identification nunber
transmtted %@ ??ﬁﬁi%spﬁﬁd%?e rﬁ%poaﬂanterrogator as claimed in claim 12,

wh th tial f th in_ th der by th
{1750 or Une Second clUck bufSe T TTE Ty TrafoiiEredt&"FnE*FEsponder 17om

the transnlsnggérgggptlonHC{ﬁ ukésponder as the initial value,

and

the second clock pulse 1s read out at the
second clock pulse when the counter has counted up from
the initial value to a predetermined value,
13. An interrcgator as claimed in claim 12,
wherein the clock pulse interval of the first clock
pulse is longer than that of the second clock pulse.
14. An interrcgator as claimed in claim 12,
wherein

the transmission/reception circuit modulates
the first and the second clock pulse by the ASK,

the identification number transmitted by the
responder 1s modulated by the ASK before being
transmitted, and

presence/absence of the responder 1s checked
by the modulation signal of the first bit of the
identification number transmitted by the responder.
15. An interrogator as claimed in claim 12,
wherein the initial value of the page number is set in
the responder by the first cr the second clock pulse
firstly transmitted to the responder from the

transmission/recepticn circuit.



