- 1 - DESCRI PTI ON COVMUNI CATI ON SYSTEM COMMUNI CATI ON METHOD, AND DATA
PROCESSI NG APPARATUS 5 Technical Field The present invention relates to
commruni cation systenms, conmmuni cation nethods, and data processing
apparatuses, and in particular, to a conmunication system a conmmuni cation
met hod, ‘and a data processing apparatus which enable various 10 types of
short-range conmmuni cation, which match needs, etc. Background Art For
exanple, an IC (Integrated Circuit) systemis wdely knowmn as a system for
perform ng short-range 15 comuni cattoh.-In an IC card system a so-called
RF (Radio Frequency) field is formed such that a reader/witer generates-
el ectromagneti c waves. Wien an IC card is brought close to the -
~reader/witer, the IC card is supgtd Iﬁ%f@N power through el ectromagnetic
i nduction and perfornms data 20 transter between it and the reader/witer
(see, foroedenptaTION apeoese, UneMainesT PatienkrABB! Hﬁgbi gaTRubl i cation No.
10- 13312). Presently inplenmented specifications of carg systens ;
i ncl ude, PROCESSENG| ZPpPAtwEescal | ed Type A, Type B, and Type 25 C. 2 Type |

~Ais enployed as the M FARE nethod of Philips.
5 Technical Field
The present invention relates to communication systems,
communication methods, and data processing apparatuses, and
in particular, to a communication system, a communication
method, and a data processing apparatus which enable various

10 types of short-range communication, which match needs, etc.

Background Art
For example, an IC (Integrated Circuit) system is
widely known as a system for performing shortérange
15 communication. In an IC card system, a so-called RF (Radio

Frequency) field is formed such that a reader/writer

generates electromagnetic waves. When an IC card is brought

close to the reader/writer, the IC card is supplied with

power through electromagnetic induction and performs data
20 transfer between it and the reader/writer (see, for example,
Japanese Unexamined Patent Application Publication No. 10-
13312). |
Presently implemented specifications of IC card systems

include, for example, those called Type A, Type B, and Type

25 C.




For data transmission froma reader/witer to an I1C card, MIIler-based
data encoding is perforned. For data transm ssion froman IC card to a
reader/witer, Manchester 5 based data encoding is perforned. Al so, in Type
A, 106 kbps (kilo bit per second) is enployed as a data transfer rate. |In
Type B, for data transm ssion froma reader/witer to an IC card, data
encodi ng based on NRZ is perfornmed, while, for data transm ssion from an
IC card to a 10 .reader/witer, data encodi ng based on NRZ-L is perforned.

Al so, in Type B, 106 kbps is enployed das—a data transfer -rate. Type Cis
enpl oyed as the Felica nethod of Sony Corporation, the present Applicant.
For data transmssion 15 froma reader/witer to an |IC card,

Manchest er - basgeh datia QOGO K | 55 Pehd q\@%%'ﬂe%@& G BdZikpos is

enpl oyed as a data transfer rate. Accor Y, en considering, for

exanpl e,réheddt@anst &ishat€8on T¥P8S A LORAB)/aRdtErdibfgh Tk Luapsfer rate.
20 Thus, use of an IC card based on the other type in a service "in which

Type A auiXlés-leapbdyeslca sedibdisyl i sShaeeovnsns Mryrbggege confused, etc.
Al'so, it is expected that IC card systens enabling data transm ssion at,

for exangptansMds kiapst eard S48IGbpsraM tb 25rapRsaywriBesliClaachaserit 1S
required that conpatibility - 3 wth the existing IC card system be
achi évedrased data encoding is performed. Also, in Type A, 106 kbps
| (kilo bit per second) is employed as a data transfer rate.
In Type B, for data transmission from a reader/writer
to an IC card, data encoding based on NRZ is performed,
while, for data transmission from an IC card to a
10 reader/writer, data encoding based on NRZ-L is performed.
Also, in Type B, 106 kbps is employed as a data transfer
rate.
Type C is employed as the Felica method of Sony
Corporation, the present Applicant. For data transmission
15 from a reader/writer to an IC card, Manchester-based data
encoding is performed. In Type C, 212 kbps is employed as a
data transfer rate.
Accordingly, when considering, for example, the
transfer rates, Types A (or B} and C differ in transfer rate.
20 Thus, use of an IC card based on the other type in a servicé
in which Type A or C is employed is difficult since users
may become confused, etc. |
Also, it is expected that IC card systems enabling data
transmission at, for example, 424 kbps and 848 kbps will

25 appear. In such a case, it is required that compatibility




In addition, conventionally, a reader/witer transmts data to an 1C card
by nmodul ating (a carrier corresponding to) electromagnetic waves generat ed
by the reader/witer, and the I1C card transnmts data to the reader/witer
by performng |oad nodulation on (a carrier corresponding to)

el ectromagneti c waves generated by the IC card. Thus, even if |C cards
exchange data, it is required that a reader/witer be provided

t her ebet ween. However, fromnow, it is expected that the need for IC cards
t hensel ves to generate el ectromagnetic3waves and to directly exchange data
will increase,. Disclosure_of |Invention Enbodj ments of present invention

enabl e vaFitBuSPEYPES MY FeaFafe e ¥ 3 mrEnPERLEYH - 4 In accordance with
a first aspect_o e present invention, there i,s provided a, nethod of
connencingpnegP-%?%fﬁfQ%’rg? %%P?ﬁ?ﬁﬁEhVCaTi?ﬁﬁgaﬁéVﬁggﬁ:§ﬁaPﬁWfF%tor devi ce
and a ta Vi.cerp, ri.si St e efecting, the initiator
devi ce, ggg%eggn%:rgeio% %%qpag?oﬂ%%%ﬁ%%gy?%%g#%]g;éorer%sf) ? %{%bn% tfcl’qr st

el ect r omagast i Sma¥ed ik0uLhEs t@ér&@ctatgevi&gel‘]g?ée | £L9l L orBgnel | £ Yyave

configured to carry a request” when an I's not detected wthin a

ti me perrodcaed i techsrE, aataned) vws ﬂ@w&/%x&eksaﬁrpéﬁotﬂn%gdel ay time, n
is a randomnunber, and T, is an RF waiting tine ichis aunit tineto

be mul ti pbaddnodwrat iioni bhata npraderubbead sshdieigveen the initiator device
and the target device in one of an active node and a passive node of
comruni cati¢or;ongumediin whess igenclretadt by etloorfuiacdt i othumdevies a€tive, the
t ar get device(ferforns the steps _

IC cards exchange data, it is required that a reader/writer be

provided therebetween.

However, from now, it is expected that the need for IC
cards themselves to generate electromagnetic waves and to

directly exchange data will increase.

Disclosure of Invention

Embodiments of present invention enable various types of

near field communication.




of - 5 detecting a presence of a radio frequency(RF) field, transmtting a
response to the initiator device by-ed tting a second electromagnetic wave
when the RF field is not detected in said detecting step within a tine
period defined by Tnvr + n"xT , where TAD is an active delay tine, n" is a
random nunber, and TID?> T 7; and when in the passive comuni cati on node

is active, th Lce.perfor he st of.. sendi ng_a response to
the init1 at or TsgoREheS Mt Rl B e Gyre g Mghistt Misrtam Beh R o
em t t ed netaed efreemmencingt near-tieldivgeslessrcommnieatidnaspect of the present
inventi Gy, 4:S¢ POV for near field wreless

comuni cati%‘%s q%fl\%%ogﬁgﬁﬁg%%@%pg 8‘{-’/icc?glp§’ﬁ'&g§hets§?pgsé)}tﬁ device at a
specified caryier freqguency, rising the steps _of: defecting, by the
initiator de ,m%bb’%%@f%’éo'b&v € JPFFeRGeod @ S’/ﬁ"ﬁ’ﬂﬂﬂcyﬁgﬁoécll&gener ating
an RF field at the initiator device when the RF field is not detected

wi thin a ti menpgdingadirstegliotesmnagnsticTwavetorthe tanget devicatke deatramagnein WeYd t i al
delay tinme, nis arandom number , and Tis an RF waiting tinme which
i s a uniconfigured taocalney anastjidspivhen an RFieddist ot detectbd eithidetimeigeriad defimdvi ce to
the target device, a request for operational attributes relating to the

t ar get i C A th foa €1 . I ek Al

t ransf e?ﬁ\rﬁﬁrgrsﬁ;/*%@ﬁ'eﬁgﬁ&—%gt"’én’gtaﬁg?ﬂa?eﬁgye@ag’aﬁtg he t gf %%@B%%fg%qgﬁnt he
RF field is not detected wthin a tinme period defined byT wl + n'xT, ,
wher e Tddhwhaiting timgcvhivk isesudt/time hebe niultipdied ; andindom nunber, and Tinr> T
rnr; transmtting a response to the request fromthe target device to the
initiator devhicigtig communication between the initiator device and the target device in one of

(=1

- an active mode and a passive mode of communication, wherein
when in the active communication mode is active, thetarget device performs the steps

of




the one of the plurality of predeterm ned transfer rates; and - 6
transnmitting,  fromthe initiator to the-target, a request to nodify at

| east one of the operational attributes relating to the target and a
command for initiating data comruni cati ons between the initiator device
and the target devi In a third aspect of the present invention, there is
provi ded a system ?%P“WS%FWW@@W ’@I%@}.ﬂemy(rkﬂ)ﬁddt,l ons between a
plurality of data conmunjcations devices at a specified carrier frequency,

conprising: -~ an i ni#ISEGRE daeepovsranihe indttdternievide by eirting G g0 a rodul at or
configured to nodulate the carrier into a data S|gnal to be . transmtted; a

det ect or conf ¢lgdrommgneticihecivhen Me RISRLE ﬂot Ju?ﬂé’t%&ﬁ# s%:PF%t%i]eljdl
el ay

W|th|nat|rre peri od deflned byTrnr +n XTr ere rnr 1s a

time, n timeperiGh@neAy R T nRFwaltln time which is a unit
tine to be multipli ed 4% a tr"%”rfs‘ﬁli“ir? FDIC’GI?PP@'&BY q‘l%“@én‘érl&@éaﬂélﬁmRF
field at tkk? initiator when an RF field is not detected and transmt a
request ke and g > Epuand at i on with a target data communication device;
said systemfor near-field wireless commnications further corrpri sing the

target data velesnih, ar ta co ni cati on device
: mc?udl ng: a detect odr:@%*olg??%ur o&dggg‘gé{saggﬁ‘?’gg REet gFvige pef rﬂlsﬁh“equency
(RF) fledtéijoﬂ/\llthln A tinme period defined byT,Dr +n'xT", where Tenn is an
active delay tinme, n' is a random nunber, and Tnr> T. vvr; a nodul at or
configured to nodul ate the carrier into a data signal to be transmtted to
the initiator; and®X1R&4FsReRseds thednitiatpndevice drygeatbmaﬂelaﬂmﬁﬁhbl el d when an

el dI i s not
electromagnetic wave emitted from the initiator device,

In a second aspect of the present invention, there IS prowded a method for
near fleld wireless communications between an

initiater device and a target device at a specified carrier frequency, comprising the steps of:
detecting, by the initiator device, a presence of a radio frequency (RF) field;
generating an RF field at the initiator device when the RF field is not detected within

a time period defined by Ty +1 X Tpmps  Where T,y is an initial delay.time, n is a random
number, and Ty, is an RF waiting time which is a unit time to be multiplied;

transmitting, from the initiator device fo the target dcvice, a request for operational
attributes relating to the target device via the RF field at one of a pluralitf of predetermined
transfer rates; |

genefating another RF ficld at the target device When the RF field is not detected
within a time period defined by 7, +#'xTyy,, , where T,pr is an active delay time, n’ is a

random number, and Ty, > T,.;

tmnsmitting} aresponse to the request from the target device to the initiator device at

the one of the plurality of predetermined transfer rates; and




 the target a@iniiatqrgla

. delay time. In a fifth aspect of the present invention, there is provided a
“met hod of per f or mbdylatoe eonfigusdddownsdulsis shecamirrintvat datnsighadttaben an

detected and transmt a response to the request to the initiator via the RF
field generated.. 7 1In a fourth aspgct_of the present invention, there is
provi ded a nethod of performng near-field wreless comuni cations between
an initiator data comuni cation device and a target data comuni cation

devi ce, con*L}%}ng‘ he Hﬁfs of detecting, by the initiator, the presence
of a radio TT&guen yé‘(‘ﬁﬁ% tatay fo thofarest.iatgquest Rrnedifi af least omeofthe t i at or
when the RF field is not detected within a tine period defined byTrpr + n

XxT1 , SReEAtE 'r*ﬁﬂbp@séﬂaﬁllﬂtpithﬂtamwaicummandif&iﬁitiaﬁﬂgidammmﬁﬁmicatiaﬁﬂ T, ...

is an RFE waiting time which is a unit tinme to be miltiplied; transmtting,
from tbﬁ@Vanithﬂ':-autdatondBvide@nﬂmegafgmaeﬁgguest for operational attributes
relating to the target via the RF field at one of a plurality of

| redeterm tes: enerat i an RF field at the target when an
' II%F fieldi gﬁ%otbfrﬁggﬁeeg({tgéﬁﬁ '?S'ﬁ?‘?{ggw{fl"ﬁ@,g‘g??dﬂpl@glppﬂgoeyﬁgem fq_f)r"e@f%' xT , where

TeDr ifigldaireless enmrdenications retweeh a s a random nunber, and TIDT > TTDT
transnitti. kesponse to the request far operafional attributesxreceived
{1 om il et SRR Sicgfhs devieRn  weaitied FiEier BPOREL ARSI ansf or
rates; and. generati ng‘the RFE field at the initiator to send a command to
spgunieations deiemdecladidzaf ter a | apse of the active

initiator data communication device and a target w rel ess comruni cation
device, compsmittedg the steps of detecting, by the initiator, the presence
of .a radio frequency (RF) field;, g _ ‘ _ '

a detector configured to detect a presence of a radio frequency (RF) field

within a time period defined byTpr +n XLy, where T, is an initial delay

time, n is a random number, and Tprp is an RF waiting fime which is a unit tire to be
multiplied; and
a transmitter configured to generate an RF field at the initiator-when an RF
field is not detected and transmit a request to initiate communication with a target déta
communicétion device;
said sﬁtem for near-field wireless communications further comprising the target data
communications device, the target data communication device including:
a detector configured to detect a presence of a radio frequency (RF) field
within a time period defined by T, pr + 8T gry , where T, is an active-delay

time, 0’ is a random number, and 7, >

Tiors
a m?dulator éonﬁgured to modulate the cagriet o a data signal to be
transmitted to the initiator; and
a transmitter configured to generate an RF field when an RFfield is not
detected and transmit a response to the request to the initiator via the RF field

geherated..




generating an RF field at the initiator when the RF field is not detected
within a time period defined byT,O0T + n,xT uw, where TrDr is an initial
delay tinme, n is a random nunber, and T-hFWiS an RF waiting time which is
aunit time to be nultiplied; transmtting, fromthe initiator to the
target, a requegst fo ﬁtart comuni cation with the target via the RF field
at one of a pl Ut & [OH(N FePpslcdfcther presend inventiod, cthereatsesrovisedd R@tibgl §SPONSE
to the i npefferning headmold\Wirdi8d O&imMdniPSioh,er M ng | oad nodul ation of the RF
field em Bét%eﬁwmiﬁ he initiator In a stxth aspect of the present
“invention, thera ISR emaupisatiomdaviceiand a taggptidats vemfmnication dévied, d

w rel ess communi cations at a specified carrier frequency configured to
oper at e i YPTHTISNE the stephei passi ve comuni cation node, conprising: a
transmtter C(L)ﬂ?fi gured to generate a RF field by generating el ectromagnetic
waves; a nodullesecting,durthe duitiatdr,tihe hFeasiegly . kng.the carrier
corresponding to the elggctro‘ma netic mvgggﬁ@g%%%gxiégj vii\,ig h the data; a
det ect or conf i §HFaHE tﬁékjcatég‘bﬂﬁsaimwh&mfthaRFdiﬁld)isfﬂoeddem&wﬁﬁiﬁ)aﬁfh@ld,
wherei n when the communi cation apparatus initiates an active or passive

comuni c#eried defined byl b reriLper wiarermy) ﬁﬁh‘hﬁﬂﬂ%@%ﬁéﬁ?%ﬁ“ﬁﬁ“i S

- configured to detect a presence of a radio frequ ' a
first ti eri od ined byT'Dr_+ n xTRF.w, where Tnr is an initial delay
time, n ?@dgemgr?&gﬁ%ﬁﬂ&?ﬁ@% clr Ryt timg (0-e martiplied; ti me which is a unit
tine to be nultiplied; and the transmtter is configured to generate anRF
field at the temsmitingafiomrthe @iier oM ' i at.ected within
.the first tine period and transmt a rquég,sﬁeg%ésg#‘ogrolp&agﬁg HHRYEY on wi t h

t he -anot hd4tinga hiGek ¥if PR ia the RF field at. one of a
~ predet ernined. %r rat es,%anﬁ%gé(’?apR"al‘tYOI-predeteme‘iMfefmteS:

generating an RF field at the target when an RF field is not detected within a time

period defined by T',,, + n'xTy, , where T, is an active delay time, n’ is a random number,

and T > T,

transmitting a response to the request for operational attributes-received from the

target at the one of the plurality of predetermined transfer rates; and

generating the RF field at the initiator to send a command to the target after receiving

the response and after a lapse of the active delay time.

In a fitth aspect of the present invention, there is provided a method of
performing near-field wireless communications

between an initiator data communication device and a target wireless communication device,
comprising the steps of:

detecting, by the initiator, the presence of a radio frequency (RF) field;




when the conmuni cati on apparatus responds to a request for initiation of an
active communication node by anot herg8 communi cati on device the detector is
configured to detect a presence of a radio frequency (RF) field wthin a
second time period defined byT,,DIT + n x T where TAT is an active del ay
RFWtime, n is a random nunber, and TJDT> TW; the nodul ator is configured

to modul at e doheratiag ah RF fiehd 4 tho itidlosh #fthe 54 R4 0 POSBLED SAnist, @01 Der

comuni cation device; and the transmtter 1S configure 0 generate an RF

field geribilQle kcaft | apparatus when an RE field js not detected in
t he se?gnd time péri’%%%’gﬁﬂ ra?@?ﬁct 17y ‘sraé's“b'ﬁ‘ﬁg‘gl‘fy&“flﬁé‘ Bag Rgpber,
operational attributes to the another communication apparatus via the RF

field, andduhennRiweibinguimhorhich s 2R GAIUS be SagiMEa: @ ' equest for
initiation of a passive comunication node from‘ahot her communi cation

devi ce the Ltter is canfigured to respond to the request transmtted
fromthe i tr?lrai | a@i(')ﬁrg’ 9%@?1’%&%"%@ B Lssho maest do star comaupatiopithither e ved:

fromtgfr %notaer t(;é(lir'rruni catign device. - 8b - Brief Description of the
Dr awi nif¥ 8¢ vys the REGtield at onerofmplwelityef nredetaronibédgransfer mespf an enbodi ment  of
a conmuni cation systemto which the present invention is applied. Fig. 2
" is an il ustondingaresmonse ethe initiaton ftem thE itdtget byiperfofining losdimhadulamnaft an
active node. Fig. 4 is a block diagram showi ng an exanpl e of an NFC
the RF field emitted from the initiator :

In a sixth aspect of the present invention, there is provided a communication
apparatus for near-field wireless communications

at a specified carrier frequency configured to operate in an active and passive communication

mode, comprising: |
a fransmitter configured to generate a RF field by generating electromagnetic waves;
a modulator configured tc; transmit data by modulating the carrier corresponding to

| the electromagnctié waves in accordance with the data;

a detector configured to detect a presence of a radio frequency (RF) field,

wherein

lwhen the communication apparatus initiates an active or passive communication mode
with another communication apparatus
the detector is cqnﬁgured to detect a presence of a radio frequency (RF) ficld

within a first time period defined by Ty, +nx T,

v+ Where Tpp.is an initial delay time, nis a

random number, and Ty, is an RF waiting time which is 2 unit time to be multiplied; and
the transmitter is configured to generate an RF field at the communication device

when an RF field is not detected within the first time period and transmit a request to start

communication with the another communication apparatus via the RF field at one ofa

*predetermined transfer rates, and




conmmuni cation apparatus 1. Fig. 5 is a block diagramshow ng an exanpl e of
a dempdulating unit 13. Fig. 6 is a kfpck di agram show ng an exanple of a
9 - nodulating unit 19. Fig. 7 is a block diagram show ng anot her exanpl e
of the denodulating unit 13. Fig. 8 is a block diagram show ng an exanpl e
of still 5 another exanple of the denodulating unit 13. Fig. 9 is a timng
chart illustrating initial RFCA processing. Fig. 10 is a timng chart
illustrating active RFCA processing. 10 Fig. 11 is an illustration of SDD
processi ng. ‘I,:Vgn 12 is an illustration of a list of conmmands and
responses. Fi 5‘ CopmuniGabiap Arperatyy respandy t¢ A gequess fordeitistiof ofan auHG:
communi cati on apparatus. 15 Fig. 14 is a flowhart showi ng a

passi veSTHHBNCHIqN modg by pnather semminipatidibdévicea f | owchart showi ng a

passi ve-node-target process. Fig. 16 is a flowhart showi ng a process of

an active- 20 whideteatortis abifigupsdas dstect I pidsenbd of # rllid QWS RE§ B N9 a

process of an active-

within a second time period defined by T, +nx Torw » Where T, is an active delay

time, n i | ;
me, 1 1§ a random number, and 7y, > T,,.;

the modulator is configured to modulate the carrier into a data signal to be
transmitted to another communication device; and |
the transmitter is configured to generate an RF field at the communication
apparatus when an RF _ﬁeld is not detected in the second time period and transmit a
response to the request for operational attributes to the another communication
apparatus via the RF field, and
when the communication apparatus receives a request for initiation of a passive

comiunication mode ff_om another communication device

the trdnsmitter is configured to respond to the request transmitted from the

initiator by performing load modulation on the RF field received from the another

"~ comrmunication device.




node-target process. Fig. 18 is a flowhart showi ng a

passi ve-node-initiator comunicati angpracess. 25 Fig. 19 is a flowhart
showi ng a passive-node-initiator 10 - communi cation process. Fig. 20 is a
fl omchart showi ng a passive-nobde-target conmunication process. Fig. 21 is

a flowhart show ng an active-node-initiator 5 comunication process. Fig.

22 is a flowhart showi ng an active-node-initiator comunication process.
Fig. 23 is a flowhart showi ng an active-node-target comunication
process. 10 Fig. 24 is a flowhart illustrating cormon initialization and
SDD performed by an NFC communi cation apparatus. Fig. 25 is a flowhart
illustrati. initialjzatio nd_. SDD perfornmed by an initiator. 15 Fig. 26
is a ti%%%%gkﬁ%F%k?%%ﬁ% r4 Fﬁﬁ PﬁPV?EEantion in an active node. Fig. 27

is a fIomchaﬁﬁg#Lh?F%rgyhggrﬁg %ﬁéﬁ%§%55%18 59%%38%8%%b§Fpassive node. Fig.

28 is a flowch ustrati pt fh an active

mode.  Fidhbodmbfit 30 id Idibtial EA% S NECLR- do RIALACPhe GUIRAYS

invention is applied.

Fig. 2 is an illustration of a passive mode.

Fig. 3 is an illustration of an active mode.

Fig. 4 is a block diagram showing an example of an NFC
communication apparatus 1.

Fig. 5 is a block diagram showing an example of a
demodulating unit 13.

Fig. 6 is a block diagram showing an example of a




and responses to the commands. . Best Mbde for Carrying Qut the Invention 25
Enbodi ments of the present invention are described - 11 - belowwth
~reference to the drawings. Fig. 1 shows the configuration of an enbodi nent
of a communication system (the systemrepresents a body formed by
~logically connected apparatuses irrespective of whether or 5 not the
configurations of the apparatuses are within a single housing) to which
the present invention is applied. In Fig. 1, the conmunication systemis
constituted by three NFC conmmuni cationgapparatuses 1, 2, and 3. The NFC
comuni cation apparatuses 1 to 3 can performnear field 10 communi cation
(NFC) to one another which is based on el ectromagnetic induction and which

use carrje aving.a, sihgle frequency. Here, as the frequency of the
_carrier§m%éé§§§ﬁpqEk?%&I#gtonnunication apparatuses 1 to 3, for exanple,

- 13.56 Mz ing;15 the I SM (I ndustrial_Sci.entific Medical) band, etc., can be
used. Also, th 'n?a‘risf ?ielb(&oc(%yméuln%%%?ﬁ'oﬁpqwel&gesaé}ﬁ ejf;o%ﬁ‘&fﬁ?f‘%\t‘? n that
beconmes possi 1g%§g- j stapnce between comunicating apparatuses is

within doze%%g% céﬁ?ﬁﬁg%érg?'and i ncludes al so conmunication that is

8SLL?r”Ed SUGH LRt 16t BE I NP P CHIHNS A ke aRPPET G UsiES; { Ouch each
5 another example of the demodulating unit 13. |
Fig. 9 is a timing chart illustrating initial RFCA
processing.
Fig. 10 is a timing chart illustrating active RFCA
processing.
10 Fig. 11 is an illustration of SDD proéessing.
Fig. 12'is an illustration of a list of commands and
responses. |
Fié. 13 is a flowchart illustrating.a process of an NFC
communication apparatus. |
15 Fig. 14 is a flowchart showing a passive-mode-initiator
process. |
Fig. 15 is a flowchart showing a passive-mode-target
process,
Fig. 16 is a flowchart showing a process of an active-
20 mode-initiator process.
Fig. 17 is a flowchart showing a process of an active-
mode-target process.
Fig. 18 is a flowchart showing a passive-mode-initiator
communication process.

25 Fig. 19 is a flowchart showing a passive-mode-initiator




In the communication systemin Fig. 1, anong the NFC conmmunication
~apparatuses 1 to 3, definitely, at |least one 25 can be enployed as a
reader/witer, and another one or nore 12 can be enployed as an IC card
systemwith themas I C cards. The NFC comruni cati on apparatuses 1 to 3 -can
be enpl oyed .as comuni cati on systens such as PDAs (Personal Digital
Assistants), Its (Personal Conputers), cellular phones, and 5 pens. In

ot her  words, the NFC conmmunication apparatuses 1 to 3 are apparatus
perform ng near field comunication,- amd-~are not limted to I C cards and
reader/witers inan IC card system The NFC comuni cation apparatuses 1
to 3 have two 10 features firstly in that communication is possible in two

comuni ¢ ndly in that data transm ssion based on a
8bhAR-TRIEs, pd Begar

plurality rans 6S7I'S possi ble. The tmo conmuni cat i on nodes

consi st of a Siy, d C ppde. _In the case of - §
attention tofﬂ%%' §5f%xgn% ,Céékéhéﬁ%éEn%n b@?ﬁgéﬁetﬂ% = E@ﬁﬁunlcatlon §
-appar at ug NFC communi cation apparatuses 1 to 3, in a g
passive nD &n??%?% n€9§SE? above IC card systemof the related art, E

one NFC commogcatzpnl@p@affmlap@tm e NFL-conmupL 52t on. pppgt at uses

1 and 2, for exanpl e, the NFC communi cati on appar at'us ransmis data

to wthe Mfmeeledi 63t heBcapparatus 2, which is the other NFC
“comuni.cation apparatus, by nDduIatlng (a carrier

Fig. 22 is a flowchart showing an active-mode-initiator
communication process.

Fig. 23 is a flowchart showing an active-mode-target
communication process.

10 Fig. 24 is a flowchart illustrating common
initialization and SDD performed by an NFC communication
apparatus.

Fig. 25 is a flowchart illustrating initialization and
SDD performed by an initiator.

15 Fig. 26 is a timing chart illustrating initialization

;n an active mode.

Fig. 27 is a flowchart illustrating an activation

protocol in a passive mode.

Fig. 28 is a flowchart illustrating an activation
20 protocol in an active mode.
Fig. 29 is an illustration of NFCIP-1 protocol commands

and responses to the commands.

Best Mode for Carrying Out the Invention

25 Embodiments of the present invention are described




correspondi ng to) electronagnetic waves that the NFC communication
apparatus 1 itself generates, and the NFC 25 communication apparatus 2
transmts data to the NFC 13 conmunication apparatus 1 by performng |oad.
nmodul ation on (the carrier corresponding to) electromagnetic waves that
“the NFC communi cation apparatus 1 generates. On the other hand, in an
active node, either apparatus 5 of the NFC communi cati on apparatuses 1 and
2 transnits data by nodulating (a carrier corresponding to) _

el ectromagneti ¢ waves generated by +hgl apparatus. Here, when near field
communi cation based on el ectromagnetic induction is perforned, an
apparatus that 10 initiates comunication by initially outputting

eIectrongggg&i%i@%vgﬁFgggg%giﬁge%gpogga%ﬁpa%atus that takes control of

communi cation, is ca _ rti-ator:™ el ‘field communication is
Commun cat o a1y TSl CEarh a8t B hart, ~BnReRBEERS Fesponse to
command TrOTREET AT 2 o Fe (EP| K=k, IERPRsBRES . hERE Nt '8

ol ot T omBgREe e e o T TP e b oS saan e tBeobEPR Phe PRELTRE, uni cat i on
appatat o2 tRS Ebaeidufldifhs- of shaWaphieatDBCsCoREULERLLOR apparatus 1

is an initiator, and the NF
single housing) to which the present invention is applied.

In Fig. 1, the communication system is constituted by
three NFC communication apparatuses 1, 2, and 3. The NFC
communication apparatuses 1 to 3 can perform near field

10 communication (NFC) to one another which is based on
electromagnetic induction and which use carriers having a
singlé frequency.

Here, és the frequency of the carriers used by the NFC
communication apparatuses 1 to 3, for example, 13.56 MHz in

15 the ISM (Industrial Scientific Medical) band, etc., can be
used.

Also, the near field communication represents
communication that becomes possible_When the distance
between communicating apparatuses is within dozens of

20 centimeters, and includes also communication that is
performed such that (the housings of) communicating
apparatuses touch each other.

In the communication system in Fig. 1, among the NFC
communication apparatuses 1 to 3, definitely, at least one

25 can be employed as a reader/writer, and another one or more




communi cation apparatus 2 is a target. In the passive node, as shown in
Fig. 2, the NFC 25 conmuni cation apparatus 1, which is the initiator,
continues 14 to output electromagnetic waves, and transmits data to the
NFC communi cation apparatus 2, which is the target, by nodul ating the

el ectromagneti c waves that the NFC comuni cation apparatus 1 itself
outputs. In addition, the 5 NFC communi cation apparatus 2 transmts data to
the NFC comruni cation apparatus 1 by perform ng | oad nodul ation on the

el ectronagneti c waves that the NFC compumri cation apparatus 1, which is the
initiator, outputs. Alternatively, in the active node, as showmn in Fig. 3,
10 when the NFC conmuni cation apparatus 1, which is the initiator,
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el ectronmagneti c waves after ending the transm ssion o
to 3 are apparatus performing near field communication, and
are not limited to IC cards and reader/writers in an IC card
system.
The NFC communication apparatuses 1 to 3 have two
- 10  features firstly in that communication is possible in two
. communication modes, and secondly in that data transmission
based on a plurality of transfer rates is possible.
The two communication modes consist of a passive mode
and an active mode. In the case of paying attention to, for
15 example, communication between the NFC communication |
apparatuses 1 and 2 among the NFC communication apparatuses
1l to 3, in a passive mode, similarly to the above IC card
system of the related art, one NFC communication apparatus
between the NFC communication apparatuses 1 and 2, for
20 example, the NFC communication apparatus 1 transmits data to
the NFC communication apparatus 2, #hich is the other NFC
communication apparatus, by modulating (a carrier
corresponding to) electromagnetic waves that the NFC
communication apparatus 1 itself generates, and the NFC

25 communication apparatus 2 transmits data to the NFC




data. The second feature that the NFC communi cation 25 apparatuses 1 to 3
can performdata transmission at a - 15 plurality of transfer rates is
described later. Although, in Fig. 1, three NFC comruni cati on apparatuses -
1 to 3 constitute the comuni cation system the NFC comunication _
apparatuses constituting the communication 5 systemare not limted to
three, but nay be two, or at least four. In addition, the comunication
system can be constituted including, for exanple, an I C card and
-reader/witer included in the | C cardigystemof the related art, in
"addition to the NFC conmuni cation apparatuses. 10 Next; Fig. 4 shows an
exanpl e of the NFC communi cation apparatus 1 in Fig. 1. A description of

t he other NFC , conmuni cati on apparatuses 2 and 3_in Firg. 1 is omtted since
they ar EFUPIEGEICR FRPRERE YUt 2BY oPeE EoFRenfFEcad oAt 8BLPBNCAppar at us
1inFig, 4. 15 An antenna 11 is in the formof a closed |oop coil, and

.'outputs Q#E%t9§ﬁﬁﬁﬁﬁH?Q?§%ﬁ¥%n%%%%dt%h ShanhESmpANg &Gl VBHES ERBhing in the
coi l. Cniqgﬁﬁﬂ%P magnetic fl ux throug@ tre coil as the antenna 11 cause a
current %b f1%ow T FHEMN IR T3S 1 eBBRSTAGSBNi t 12 recei ves the
current flow Ln th antenna .11, perforns tuning d detection, and
outputs a spg%gé:;het 8t§e(ferp§ ’atjimgarﬁrﬁqtll‘? e’de%%%ﬁ%ﬁﬁﬁqs 13

-5 of the NFC communication apparatuses 1 and 2 transmits data
by modulating (a carrier corresponding to) electromagnetic
waves generated by the apparatus.

Here, when near field communication based on
electromagnetic induction is performed, an apparatus that

10 initiates communication by initially outputting
electromagnetic waves, so to speak, an apparatus that takes
control of communication, is called an initiator. Near
field communication is performed‘in a form in which the
initiator transmits a command to another commuhication party

15 and the comﬁunication party sends back a response tec the
command. A communication party that sends back a response
to a command from the initiator is called a target.

For example, when it is assumed that the NFC
communication apparatus 1 initiates output of

20 electromagnetic waves to initiate communication with the NFC
communication apparatus 2, as Fig. 2 and Fig. 3 show, the
NFC communication apparatus 1 is an initiator, and the NFC
communication apparatus 2 is a target.

In the passive mode, as shown in Fig. 2, the NFC

25> communication apparatus 1, which is the initiator, continues




. denodul ates the signal supplied fromthe receiving unit 12 and supplies
t he denodul ated signal to a decoding unit 14. 25 The decoding unit 14
decodes the signal supplied fromthe - 16 denodulating unit 13, for
exanpl e, a Manchester code or the |ike, and supplies a data processing
unit 15 with data obtained by the decoding. The data processing unit 15

perfornms predetermned 5 processing based on the data supplied fromthe
decoding unit 14. Also, the data processing unit 15 supplies an encodi ng
unit 16 with., data to be transmtted jt0 _anot her apparatus. The encodi ng
unit 16 encodes the data supplied fromthe data processing unit 15 into,
for exanple, a Manchester code, 10 and supplies the code to a selecting
unit 17. The selecting unit 17 selects either a nodulatln% unit 19 or a
| oad nDdE?a??BﬂuEn?i gﬁroﬁﬁanﬁﬁﬁﬁuW§V?ﬁe apgnkransuppri 6ater &M the encodi ng

unit 16 the selected unit under the control of a control
uni ¢ 21,WE5C<efﬁfgugje%a?ﬂgaeﬂ?rawssZreegicbhéswsam SEFRGtanPY 19 or the

| oad nodul io ! 2 contro .gnlg 21 %g g ~ selecting unit
17 to séT%@Y ﬂ% $o%% n%ﬁﬁ?gf?§ﬁgﬁﬁ tC28a¥AEn P% ESnﬁgﬁlcatlon nnde is a
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o R EGgA e EC BRIt P ABARLEN MR LR T ot or. the
communication apparatus 1 by performing locad modulation on
the electromagnetic waves that the NFC communication
apparatus -1, which is the initiator, outputs.
Alternatively, in the active mode, as shown in Fig. 3,
10 when the NFC communication apparatus 1, which is the
initiator, transmits data, it initiates output of
electromagnetic waves by itself, and transmits data to the
NFC communication apparatus 2, which is the target, by
modulating the electromagnetic waves. The NFC communication
15 apparatus 1 stops outputting the electromagnetic waves after
ending the transmission of the data. When the NFC
communication apparatus 2 itself, which is the target,
transmits data, it initiates output of electromagnetié waves,
and transmits data to the NFC communication apparatus 2,
20 which is the target, by modulating the electromagnetic waves.
The NFC communication apparatus 2 stops outputting the
electromagnetic waves after ending the transmission of the-
data.
| The second feature that the NFC communication

25 apparatuses 1 to 3 can perform data transmission at a




unit 17 to select the nodulating unit 19. Accordingly, the signal output
by the encoding unit- 16 is supplied to the 25 | oad nodul ati on unit 20
through the selecting unit 17 when - 17 the communication node is the
passi ve node and the NFC conmunication apparatus 1 is the target, and is
supplied to the nodulating unit 19 through the selecting unit 17 in other
cases.- 5 An el ectromagnetic wave output unit 18 supplies the antenna 11
with a current for allowing the antenna 11 to radiate (el ectronmagnetic
waves of) a carrier having a predetenn ned single frequency. In accordance
with the signal supplied fromthe selecting unit 17, the nodul ating 10
unit 19 nodul ates the carrier as the current supplied to the antenna 11 by

t he el ect netlc 0 ut unit,18. This | Lows the antenna 11 to
radlateiQiHF %DHEMEF@HSE%Eeﬁ??%ﬁabﬁeg?écﬁépég LAt§€cor dance with data
modul at i on E%Ht%gé’rw %ig%”ﬁ“l‘s N L e T tsﬁﬁm red Trom
1115 edngt sl ories. %‘ﬁféﬁtﬁ O PR Rt rEny PEFEET s ShGrmed
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el ectromagne IC waves as a ance
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antenna 1
four. 1In addition, the communication system can be

constituted including, for example, an IC card and
reader/writer included in the IC card system of the related
art, in addition to the NFC communication apparatuses.

10 Next, Fig. 4 shows an example of‘the NFC communication
apparatus 1 in Fig. 1. A description of the other NFC
communication apparatuses 2 and 3 in Fig. 1 is omitted since
they are also similar in configquration to the NFC
communication apparatus 1 in Fig. 4.

15 An antenna 11 is in the form of a closed loop coil, and

ocutputs electromagnetic waves based on changes in a current

flowing in the coil. Changes in magnetic flux through the

coil as the antenna 11 cause a current to flow in the
antenna 11.

20 A receiving unit 12 receives the current flowing in the
antenna 11, performs tuning and detection, and outputs a
signal to a demodulating unit 13. ' The demodulating unit 13
demodulates the signal supplied from the receiving unit 12
and supplies the demodulated signal to a decoding unit 14.

25 The decoding unit 14 decodes the signal supplied from the




This nodul ates the carrier as the el ectromagnetic waves output by the

ot her apparatus in accordance with the signal 25 supplied fromthe
~selecting unit 17, and transmts, to the 18 other apparatus outputting the
el ectromagneti ¢ waves, the data output to the encoding unit 16 by the data
processing unit 15. Here, for exanple, Anplitude Shift Keying (ASK) can be
5 enpl oyed as a nodul ation nmethod in the nodulating unit 19 and the | oad
nodul ati on unit 20. However, the nodulation method in the nmodul ating unit
19 and the | oad nmodul ation wunit 20dg¢g10t limted to ASK, but PSK (Phase
Shift Keying), QAM (Quadrature Anplitude Mdul ation), etc., can be

enpl oyed. 10 The nodul ation factor of the anplitude is not limted to
nuneric yal ues, such as,8%to 30% 50% .and 100%  but a suitable_value my
be sel et ReITHAE LA FBIEuhf 397 CBREPBLE: bR olRECEBRLEFt GORRYOEhENENEC

icati tus,1. A ly.unit 2 ppl i
powar 1 oL tHY RBUKETEBRAE? (i ARt REORBES BRI ot BACRpPAPAL uS 1. I 1
Fig. 4, tati f ' howi that th trol it 21 trols
the bl ok R Y ERR e et N Sommuntcat i on apparatus 1, and o
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reprgsewﬁfgééggiﬁéebaQQatéﬁdthe data supplied from the decoding unit
| 14, Also, the.data processing unit 15 supplies an encoding
unit 16 with.data to be transmitted to another apparatus.
The encoding unit 16 encodes the data supplied from the
data processing unit 15 into, for example, a ManchesterAcode,
10 and supplies the code to a selecting unit 17.
The selecting unit 17 selects either a modulating unit
19 or a load modulation unit 20, and outputs the signai
supplied from: the encoding unit 16 to the selected unit.
At this time, under the contrel of a centrol unit 21,
15 the selecting unit 17 selects the modulating unit 19 or the
load modulation unit 20. The control unit 21 controls the
- selecting unit 17 to select the load modulation unit 20 when
the communication mode is a passive mode, and the NFC
communication apparatus 1 is a target. Also, when the
20 communication mode is an active mode, or the communication
mode is a passive mode and the NFC communication apparatus 1
is an initiator, the control unit 21 controls the selecting
unit 17 to select the modulating unit 19. Accordingly, the
signal output by the encoding unit 16 is supplied to the

25 load modulation unit 20 through the selecting unit 17 when




‘Al though, in the above case, the decoding unit 14 and the encoding unit 16

- can process -the Manchester code as 25 enployed in the above Type C the

decoding unit 14 and the 19 encoding unit 16 can sel ectively process, not
only the Manchester code, but al so one of plural types of codes such as a
nodi fied MIler code as enployed in Type A and NRZ as enployed in Type C.
5 Next, Fig. 5 shows an exanple of the denodulating unit 13 in Fig. 4. In
Fig. 5, the denodulating unit 13 includes a selecting unit 31, N

denodul ating units 321 to 32N where-Nii7s- 2 or greater, and a sel ecting
unit 33. 10 Under the control of the control unit 21 (Fig. 4), the
selecting unit 31 selects one denodul ating unit 32n (n =1, 2, ..., N :
fromanong the N denpdul ating unpits 321 to,32N and _suppl i t he sel ected
demodul ST URMIESA- 4Pt HIPRe 51 GASI PRUEHE BYIEnE RebBRVIRG unit 12. 15
The denndulatiqgﬂynit 32n denndu%ates ﬁ sggnal transm.tted ?t thﬁ n-th
transf er*THt A Js%p‘—fl?%ﬁr?wés eJrT'?)dE St rg?ﬁhafm oTthaU"ER égfii 8 uni t

33. Her t he i i n_an e iLng pt.32p,. (n # n')
denodul Sﬂ%e ﬂ%%‘gﬁs@ﬁ%ﬁé#n t-ﬁ% %I'Eg%'ilgﬁeglé%t g%fg%%g{hég 1‘rn?ai:?{ésﬁZghAccor di ngly,
t he demp i égnt 13 in Fig. 5 can denodulate signals transmtted at N
transfer ' tates fromthe first to the Nth. For exanple, 106 kbps, 212

kbp35 424 An electromagnetic wave output unit 18 supplies the
antenna 11 with a current for allowing the antenna 11 to
radiate (electromagnetic waves of) a carrier having a
predetermined single frequency. In accordance with the
signal supplied from the selecting unit 17, the modulating

10 unit 19 modulates the carrier as the current supplied to the
antenna 11 by the electromagnetic wave output unit 18. This
allows the antenna 11 to radiate carrier-modulated
electromagnetic waves in accordance with data output to the
encoding unit 16 by the data processing unit 15.

15 The load modulation unit 20 changes, in accordance with
the signal supplied from the selecting unit 17, an impedance
obtained when the coil as the antenna 11 is externally
observed. When an RF field (magnetic field) is formed
arcund the antenna 11 such that another apparatus ocutputs

20 electromagnetic waves as a carrier, the impedance, obtained
-when the coil as the antenna 11 is observed, changes,
whereby the RF field around the antenna 11 also changes.

This modulates the carrier as the electromagnetic waves
output by the other apparatus in accordance with the signal

25 supplied from the selecting unit 17, and transmits, to the




kbps, 848 kbps, etc., as described above, can be enployed as the N
transfer rates. In other words, the N transfer rates 25 can include, for
exanpl e, transfer rates already enployed -20- for near field comrunication
such as the existing IC card systens and the other transfer rates. Under
the control of the control unit 21, .the selecting unit 33 selects one _
denodul ating unit 32n from anong the N 5 denodul ating units 321 to 32N, and
" supplies the denodul ated output obtained in the denodulating unit 32n to
the decoding wunit 14. In the denodul gtd ng unit 13 having the
above-described configuration, the control unit 21 (Fig. 4) controls, for
10 exanple, the selecting unit 31 to sequentially select the N denodul ati ng
units 321 to 32Nl whereby each of the denodulating units 321 to 32N is
control |¥ehe®n eppbalascCebRutEIRBalhgupprrbgonnenrthe vavepvi f§cunit 12
through the selecting unit 31. The control unit 21 recognizes the 15
demodul A3TRy MFRPUB2RC Whe cPnFRL1RYcEBIES 4P| PYpEREofAEE PHEERESING

denodul ati on g the signal supplied fromthe receiving unit 12 through the
selectirﬁPbﬁif 81, and -controls the selecting unit 33 to select the out put

of the denopdy] ating. unit 32n. Under. the control of the control 20 unit 21,
the sel ecting*Shfit SeiER-$ Rﬁﬂﬁﬁﬁﬁa§h+é%Lﬁﬁ¥ln%2ﬁasﬁhe?%%yb?he
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: and the load modulation unit 20. However, the mbdulation
method in the modulating unit 19 and the load modulation
unit 20 is not limited to ASK, but PSK (Phase Shift Keying),
QAM (Quadrature Amplitude Modulation), etc., can be employed.
10 The modulation factor of the amplitude is not limited
to numeric values, such as 8% to 30%, 50%, and 100%, but a
suitable value may be selected.
The control unit 21 controls blocks constituting the
NFC communication apparatus 1. A power supply unit 22
15 supplies necessary power to the blocks constituting the NFC
communication appératus 1. In Fig. 4, representation of
lines showing that the contreol unit 21 controls the blocks
constituting the NFC communication apparatus 1, and
representation of lines showing that the load circuit 22
20 supplies power to the NFC communication apparatus 1
complicate Fig. 4. Accordingly, the representations are
omitted.
Although, in the above case, the deccding unit 14 and
the encoding unit 16 can process the Manchester code as

25 employed in the above Type C, the decoding unit 14 and the




Accordingly, the denodul ating unit 13 can denodul ate a signal transmtted
at an arbitrary transfer rate anong the N 25 transfer rates. 21 Only when
the denpdul ating units 321 to 32N have successfully perforned normal
denodul ati on can they output denodul ated outputs, and they can out put

not hi ng

(for exanple, they have high inpedance) if they have failed to 5

perform normal denodulation. In this case, the selecting unit 33 may
output the |ogical sumof all the outputs of the denpdulating units 321 to
32N to the decoding unit 14. Next, FEi g.9 6 shows an exanple of the

nmodul ating unit 19 in Fig. 4. 10 In Fig. 6, the nodulating unit 19

i ncl udes a selecting unit 41, and N nodul ating units 421 to 42N where N is

two or
unit 21

%rea and a_sel ecting unit 13. Under the control of the control
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unit 43,
rateS

10

ansm ssion can be perfornmed at the n-th transfer
Next, Fig. 5 shows an example of the demodulatlng unit

13 in Fig. 4.

In Fig. 5, the demodulating unit 13 includes a
selecting unit 31, N demodulating units 32; to 32y where N is
2 or greater, and a selecting unit 33.

Under the control of the control unit 21 (Fig. 4), the

selecting unit 31 selects one demodulating unit 32, (n = 1,

2, ..., N) from among the N demodulating units 32; to 32,

15

20

25

and supplies the selected demodulating unit 32, with the
signal output by the receiving unit 12.

The demodulating unit 32, demodulates a signal
transmitted at the n-th transfer rate and supplies the
demodulated signal to the selecting unit 33. Here, the
demodulating unit 32, and demodulating unit 32, (n # n')
demodulate signals transmitted at different transfer rates.
Accordingly, the demcdulating unit 13 in Fig. 5 can
demodulate signals transmitted at N transfer rates from the
first to the N-th. For example, 106 kbps, 212 kbps, 424
kbps, 848 kbps, etc., as described above, can be employed as
the N transfer rétes. In other words, the N transfer rates

can include, for example, transfer rates already employed




-sequent i ??yn%%¥

At this tine, the nodulating unit 42n and a nodulating unit 42n, (n # n")
nodul ate the carrier at different transfer 25 rates. Accordingly, the
nmodulating unit 19 in Fig. 6 can - 22 transnit data at N transfer rates
~fromthe first to NNth. As the N transfer rates, transfer rates identica
to those at which denodul ati on can be perfornmed by the denodul ating wunit
13 in Fig. 5 can be enployed. 5 Under the control of the control unit 21,
the selecting wunit 43 selects, fromanong the N nodulating units 421 to
42N the sanme nodul ating unit 42n selxgcted by the selecting unit 41, and
el ectrically connects the selected nodulating unit 42n and the antenna 11.
.10 In the nDduIating unit 19 having the above-described configuration, the

trol t trol f th el ect t 41 t
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| output obtained in the demodulating unit 32n'to the decoding
unit 14.
In the demodulating unit 13 having the above-described
.configuration,'the contreol unit 21 (Fig. 4) controls, for
10 example, the selecting unit 31 to sequentially select the N
demodulating units 32; to 32y, whereby each of the
demodulating units 32; to 324 is controlled to demodulate the
signal supplied from the receiving unit 12 through the
selecting unit 31. The control unit 21 recognizes the
15 demodulating unit 32,, which has successfully performed
normal demodulation of the signal supplied from the
réceiving unit 12 through the selecting unit 31, and
controls the selecting unit 33 to select the output of the
demodulating unit 32,. Under the control of the control
20 unit 21, the selecting unit 33 selects the demodulating unit
32,, whereby the normal demodulated output obtained in the
demodulating unit 32, is supplied to the decoding unit 14.
Accordingly, the demodulating unit 13 can demodulate a
signal transmitted at an arbitrary transfer rate among the N

25 transfer rates.




- Fig. 6, its descriptionis omtted. As described above, the NFC

communi cation apparatuses 1 25 to 3 can nodulate a carrier to generate a
signal of data - 23 transmitted at one of N transfer rates, and can

- denopdul ate - the signal of data transmtted at one of N transfer rates. The
- N transfer rates can include, for exanple, transfer rates already enployed
for near field conmunication, such as 5 the existing IC card system (Felica -
met hod, etc.), as described above, and other transfer rates. Accordingly,
anong the NFC conmuni cation apparatusey 1.to 3, one can exchange data with
~another at any transfer rate anong the N transfer rates. Mreover,
according to the NFC 10 connunlcatlon apparatuses 1 to 3, data can be
exchanged ev bet.wee and a_reade émmlte whi ch are included
in the exi sﬁ}ﬁgy Noao é J%”E‘?a‘ﬁ%’f%‘? 5 e %n%m;li‘é‘d'eby the 1C card

or reader/wi su C.conmmuni cai i on a aratuses
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unit 33 may-output the logical sum of all the outputs of the

- demodulating.units 32, to 32y to the decoding unit 14.
Next, Fig. 6 shows an example of the modulating unit 19
in Fig. 4.

10 In Fig. 6, the modulating unit 19 includes a selecting
unit 41, and+N modulating units 42, to 42, where N is two or
greater, and a selecting unit 43.

Under the control of the control unit 21 (Fig. 4), the
selecting unit 41 selects one modulating unit 42, (n = 1,

15 2,..., N) from among the N modulating units 42; to 42y and
supplies the selected modulating unit 42, with a signal
output by the selecting unit 17 (Fig. 4).

In accordance with a signal supplied from the selecting

unit 41, the modulating unit 42, modulates the carrier,

20  which is a current flowing in the antenna 11 after passing
through the selecting unit 43, so that data transmission can
be performed at the n-th transfer rate.

At this time, the modulating unit 42 and a modulating unit

42,+ (n # n') modulate the carrier at different transfer

25 rates. Accordingly, the modulating unit 19 in Fig. 6 can




. Al'so, the NFC communi cation apparatuses 1 to 3 can performdata

transm ssion;, not only in a passive node 25 enployed in conventional near
field communication, but also - 24 in an active node in which they _
transmt data by outputting electromagnetic waves. Thus, exchange of data
can be directly perforned, even if another apparatus, such-as a
reader/witer, is not used. 5 Next, Fig. 7 shows another exanple of the
denpdul ating wunit 13 in Fig. 4. In Fig. 7, portions corresponding to
those in the case of Fig. 5 are denated hy identical reference nunerals,
and their descriptions are omtted, if needed. Specifically, the

denodul ating unit 13 in Fig. 7 is 10 basically simlar to that in the case
of Fig. excluding a point in_which the selecting#unit 31 is, not

5, _
provi ded-* AR Bt heta iy r s, N i Famet ehvbaFfenf TPl BRG. T¥rstnkosNghBr  out put
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recei vi ng uni rol’s™t ting unit 20 33 so that the
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the nOrqﬁhhy 43 selects, from among the N modulating units 42; to 42y,
'_the same modulating unit 42, selected by the selecting unit
41, and electrically connects the selected modulating unit
42, and the antenna 11.

10 In the modulating unit 19 having the above-described
configuration, the control unit 21 (Fig. 4) controls, for
example, the selecting unit 41 to sequentially selects the N
modulating.units 42, to 424, whereby each of the modulating
units 42; to 424 is controlled to modulate a carrier, which

15 is a current flowing in the antenna 11 after passing through
the selecting ﬁnit 43, in accordance with a signal supplied
from the selecting unit 41.

Accordingly, the modulating unit i9 can transmit data
by modulating the carrier so that data can be transmitted at

20 an arbitrary rate among the N transfer rates.

Since the load modulation unit 20 in Fig. 4 is similar
in configuration to, for example, the modulating unit 19 in
Fig. 6, its description is omitted.

As described above, the NFC communication apparatuses 1

25 to 3 can modulate a carrier to generate a signal of data




denodul ated out put by the denodul ating unit 32n is supplied to the

decodi ng un|t 14. 25 In the enbodinent in Fig. 7, it is required that the
e - 25 denodulating units 321 to 32N al ways perform
denodul ati ng operations. Conversely, in the enbodinent in Fig. 5, anong

t he denodul ating units 321 to 32N, only one selected by the selecting unit
31 can perform a denodul ati ng operation, and 5 the ot her ones can stop
their operations. Accordingly, from an apparatus-power-consunpti on saving
viewpoint, the configuration in Fig. 2% i.s nore advant ageous conpared wth
Fig. 7. Alternatively, froma viewpoint of obtaining a normal denodul ated
out put, the configuration in Fig. 7 is 10 nore advantageous conpared with
Fig. 5. Next, g 8 shows sti]l anot? exanpl e of the denDd Iatlng unit
13 in Fi Eraﬁsmr‘h e At 801¢ net RnblaPat FRgTERPE 130AnERRIEE™RAVAAESbI e rate
denodul at i ng unlt 51 and a ate deﬁgctln uni t 5 Th varlgble rate '
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'nStBUCtéhéh§x1stlng IC card system (Felica method, etc.), as
described above, and other transfer rates. Accordingly,
among the NFC communication apparatuses 1 to é, one can
exchange data with another at any transfér rate among the N
transfer rates. Moreover, according to the NFC

10 communication apparatuses 1 to 3, data can be exchanged even
between an IC card and a reader/writer which are included in
the existing IC card system at a transfer rate employed by
the IC card or reader/writer.

As a result, even if the NFC communication apparatuses

15 1 to 3 are introduced into a service employing the existing
near field communication, users do not become confused, etc.
Therefore, the introduction can be easily performed. In
addition, the NFC communication apparatuses 1 to 3 can be
easily introduced even to a service which employs a high-

20 data-rate near field communication expected to appear in the
future, while achieving coexistence with the existing near
field communication.

Also, the NFC communication apparatuses 1 to 3 can
perform data transmission, not only in a passive mode

25 employed in conventional near field communication, but also




variable rate denodul ating unit 51 to denodul ate t he signal having the
transfer rate. In the dempdul ating unit 51 having the above- descrlbed 25
configuration, the signal output by the receiving unit 12 is - 26 supplied
to the variable rate denodulating unit 51 and the rate detecting unit 52. -
The rate detecting unit 52 perforns detection about to which one of the N
transfer rates from the first to the NNth the transfer rate of the signa
5 supplied fromthe receiving unit 12 is, and instructs the variable rate
denodul ating unit 51 to denodul ate thegsignal having the detected transfer
rate. The variable rate denodulating unit 51 denodul ates the signa
supplied from the receiving unit 12, as a signal having a transfer rate in
10 accordance with an instructijion fron1the rate detecting unit 52, and
suppl i est®h@" dRRbUUFaFPER LBsHPEChothAY Hééaémﬁé daipt bysoutewttisgch of
t he NFC Cfnnunlcatlon %pgaratuses 1 to 3 ,can becone an initiator that

initiateST Eﬁﬂ%?%%??b §Vesg- |nTFPﬁPI?Xﬁhﬁﬁa?tPﬁgdéFécFﬁﬁnﬁﬁnet|c waves.
In the agtive ,node NFC_communi cat ﬁeF garatuses out put
f

el ectro bﬂ%??%yWBQQEOBVe?heﬁggPVé ago H@ﬁaEBéonﬁuCBnﬁﬁlétors or

targets. gre ore ¥hen t he, NFC ﬁonnunlcatlon apparatuses 1 to 20 3 are
close to-o H%fﬁ%? * ang %ﬂBnﬁ tHem at least two appar at uses out put

el ec%ronagnetﬂeg{tvya\@eis Cplsl,ﬂosmlré)rhrﬁ)o&gls 'example of the demodulating

unit 13 in Fig. 4. In Fig. 7, portions corrésponding to
those in the case of Fig. 5 are denoted by identical
reference numerals, and their descriptions are omitted, if
needed. Specifically, the demodulating unit 13 in Fig. 7 is

10 basically similar to that in the case of Fig. 5, excluding a
point in which the selecting unit 31 is not provided.

In other words, in the embodiment in Fig. 7, the signal
output by the receiving unit 12 is simultaneously supplied
to the demodulating units 32; to 32y, and the signal from the

15 receiving unit 12 is simultaneously demodulated by the
demodulating units 32; to 32y. The control unit 21
recognizes, for example, the demodulating unit 32,, which
has successfully performed normal demodulation of the signal
from the receiving unit 12, and controls the selecting unit

20 33 so that the demodulating unit 32, performs oufput. Under
the control of the control unit 21, the selecting unit 33
selects the demodulating unit 32, whereby the normally
demodulated output by the demodulating unit 32, is supplied
to the decoding unit 14.

25 In the embodiment in Fig. 7, it is reqguired that the




so that communi cation cannot be perforned. Accordingly, each of the NFC
comuni cation apparatuses 1 to 3 detects the existence of (an RF field
caused by) 25 el ectromagnetic waves from another apparatus. Only when the -
27 - electromagnetic waves do not exist does the NFC comunication
‘apparatus initiate el ectromagnetic waves. This can prevent -collision.
‘Here, processing that perforns detecting the existence of el ectronmagnetic
waves from 5 anot her apparatus, and, only when the el ectromagnetic waves
do not exist, initiating output of elegqromagnetic waves is called

RFCA' (RF Col i si on Avoi dance) processing froma purpose of preventing
collision. The RFCA processing includes tw types, initial RFCA 10

(one or Aradat=t Raonke: eorianreat Pork LHpHF dpeseart Renadehartes 1), whi ch
Guri ng. CORREATEaEPon TRPYRESRAYY varmins BYCARINERT 18" Eofmuicancon
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an apparatus-power—-consumption saving viewpoint, the '
configuration in Fig. 5 is more advantageous compared with
Fig. 7. Alterﬁatively, from a viewpoint of obtaining a
normal demodulated output, the configuration in Fig. 7 is
10 more advantageous compared with Fig. 5.
Next, Fig. 8 shows still another example of the
demodulating unit 13 in Fig. 4.
In Fig. 8, the demodulating unit 13 includes a variable
rate demodulating unit 51 and a rate detecting unit 52.
15 ' The variable rate demodulating unit 51 demodulates the

'signal supplied from the receiving unit 12, as a signal

having a transfer rate in accordance with an instruction

from the rate detecting unit 52, and supplies the
demodulation result to the decoding unit 14. The rate

20 detecting unit 52 detects the transfer rate of the signal
supplied from the receiving unit 12, and instructs the
variable rate demodulating unit 51 to demodulate the signal
having the transfer rate.

In the demodulating unit 51 having the above-described

25 | configuration, the signal output by the receiving unit 12 is




only when t he el ectronmagneti c waves do not exist does the apparatus
dinitiate the output of the electromgnetic waves. However, the initial
RFCA processing and the response RFCA 25 processing differ from each other
in points such as a tine, 28 froma state in which the existence of the
el ectromagneti c- waves caused by the other apparatus is not detected, to
~timng with which the output of electromagnetic waves nust be initiated. 5
- Accordingly, the initial RFCA processing is described wth reference to
Fig. 9. Fig. 9 shows el ectronagnetic-wawes in which output of the
el ectromagnetic waves is initiated by the initial RFCA processing. In Fig.
9 (simlarly in Fig. 10, which is 10 described later), the horizontal axis
i ndi cates_a ﬁi , ang t he ve Eical axi s _indicates the |evel of '
el ect r omaghB %%E F&v EeoﬁFﬁﬁ?L § ZATRFESES ﬁF&&BiHHl§p§&ré¥ﬁEFhﬁh NFC
conmuni cat j. on atus _whjc mﬁlé becone an. initiator al S detects
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el ectro i ause E h apparatus _are_naot nsecutively
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el ectronpgoeki g wayes,,ang_Lpi $iat [ 155100 d_.Reqyest) of data
i ncluding a coﬁnang ta?tertgt£F§a§?ab5%§§gEE$FRE& gﬁ%pgég%%ﬁon1the out put .
g a col . _ |
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variable rate demodulating unit 51 to demodulate the signal
having the detected transfer rate. The variable rate
demodulating unit 51 demodulates the signal supplied from
the receiving unit 12, as a signal having a transfer rate in
10 accordance with an instruction from the rate detecting unit
52, and supplies the demodulation result to the decoding
unit 14.
Next, each of the NFC communication apparatuses 1 to 3
can become an initiator that initiates communication by
15 initially outputting electromagnetic waves. In the active
mode, the NFC communication apparatuses 1 to 3 output
electromagnetic waves by themselves, even if they become

initiators or targets.

Therefore, when the NFC communication apparatuses 1 to

20 3 are close to one another, and among them, at least two
apparatuses output electromagnetic waves, collision occurs,
so that communication cannot be performed.

Accordingly, each of the NFC communication apparatuses

1 to 3 detects the existence of (an RF field caused by)

25 electromagnetic waves from another apparatus. Only when the




delay tinme. Wen the frequency of a carrier is represented by f', for
exanpl e, a value greater than 4096/fC is enployed. n is, for exanple, an
integer which is not less than 0 and 25 not greater than 3, and is o
.generated by using random nunbers. 29 TRFWis called an RF waiting tine,
and, for exanple, 512/fe is enployed. Tine TIRFGis called an initial
guard-tine, and, for exanple, a value greater than 5 ns is enpl oyed. By
enploying n, which is a random nunber, to tinme TIDT + 5 n x TRFWin which
el ectromagneti ¢ waves must not be detegted, a possibility that a plurality
of NFC conmuni cati on apparatuses may initiate output of electromagnetic
waves wth the same timng is achieved. Wien an NFC communi cati on
apparatus. uses initial RFCA 1 pro esstng %o initiate output of

.electroﬁ%iﬁﬁﬁ?%mﬁﬁﬁﬁﬁgc Wﬁyeﬁd fkea ﬂe%pB%?aFEQ beconmes an
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target. Next, Flg 10 shows ectro gnetic wave
do not ex;stw.lnltlatlng output of electromagnetic waves is

called RFCA* (RF Collision Avoidance) processing from a
purpose of preventing collision.
The RFCA pfocessing includes two types, initial RFCA

10 processing that is initially performed by an NFC
communication apparatus (one or more of the NFC
communication apparatuses 1 to 3 in Fig. 1), which will
become an initiator, and response RFCA processing that is
performed during communication in the active mode by an NFC

15 communication apparatus for initiating output of
electromagnetic waves whenever the NFC communication
apparatus initiates the output. Both the initial RFCA
processing and the response RFCA processing are identical to
each other in that an apparatus detects the existence of

20 electromagnetic waves caused by another apparatus before the
apparatus initiates output of electromagnetic waves, and,
only when the electromagnetic waves do not exist does the
apparatus initiate the output of the electromagnetic waves.
However, the initial RFCA processing and the response RFCA

25 processing differ from each other in points such as a time,




out put of electromagnetic waves is initiated by response RFCA processing.
An NFC commruni cati on apparatus which will output 25 electromgnetic waves
in the active npbde detects - 30 electromagnetic waves caused by anot her
apparatus. Wien the electromagnetic waves caused by the ot her apparatus
are consecutively not detected during tinme TADT + n x TRFw, the NFC
communi cation apparatus initiates output of 5 electromagnetic waves, and
initiates transm ssion (Send Responsese) of data after at |least tine TARFG
el apses from the output. Here, n and 2l RFw in tine TADT + n x TRFWare
equal to those in the initial RFCA processing in Fig. 9. Also, TADT 10 in
TADT + n x TRFWis called an active delay tine, and, for exanple, a value

t hat ingot | ess, t han,768/f.c ang not , greater than 2559/f0 is enpl oyed.

Ti e TAREEST's?cAFPER AR WRLEPVE &u&?‘&sg?%‘? &fd Fheo e lechromegng ti sl ue
greater than_ 1024/f0.is. enployed. 15 As is ¢lear fromFig., 9 and Fig. 10,
in orderw?gesiﬁ???ggebgquﬁt°g¥eélEEPPGRﬁﬁﬁeﬂFCnﬁ&v@§tﬁ§t%HVtF&I RFCA

processi . el e net | ve st -not exi st during at |east the
ot el Bersgs CTRERTRRTER) Bl §aRels" b ek b or Aeres: Fofgnet i c
waves by, Le CA processing, 20 electromagnetic waves nust not exi st
~during a%élggg?§%ﬁgﬁ'active del ay tinme TADT. '

5 Accordingly, the initial RFCA processing is described
with reference to Fig. 9.
Fig. 9 shows electromagnetic waves in which output of
~ the electromagnetic waves is initiated by the initial RFCA
processing. In Fig. 9 (similarly in Fig. 10, which is
10 described later), the horizontal axis indicates a time, and
| the vertical axis indicates the level of electromagnetic
waves output by an NFC communication apparaﬁus.

An NFC communication apparatus which will become an
initiator always detects electromagnetic waves caused by

15 another apparatus. When the electromagnetic waves caused by
the other apparatus are not consecutively detected during
time Tipy + n x Tpey, the apparatus initiates output of
electromagnetic waves, and initiates transmission (Send
Request) of data (including a command) after at least time

20 Tigpe elapses from the output.

Here, Tipr in time Tipp + n x Tpey is called an initial
delay time. When the frequency of a carrier is represented
by f_, for example, a value greater than 4096/f_ is employed.
n is, for example, an integer which is not less than 0 and

25 not greater than 3, and is generated by using random numbers.




The initial delay time TIDT is a value greater than 4096/f0, while the
active delay time TADT is a value that is not |ess than 768/ fc and not
greater than 2559/f0. Thus, 25 when an NFC conmuni cati on apparatus w ||

. become an initiator, 31 a state in electromagnetic waves do not exist is
required for a time longer than that in the case of outputting

el ectronagneti c waves in comunication in the active node. Conversely,
when an NFC comuni cation apparatus will output 5 el ectronagnetic waves in
communi cation in the active node, thed\RC conmunication apparatus nust
out put el ectromagneti c waves w thout having -so longer tine, conpared with
the case of becomng the initiator, after the state in which the

| ect i es, do t exist occurs. This is because 1Q of, the
?o?fo&fggggggégﬁgﬁﬁﬁaoﬁﬁeggmgﬁégfnﬂh "Rzc? toFi EXEMBtSappr&ifuses
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conmmuni-cati on us may stop outputting el'ectronagnet 5.

Accosdi ngly, rwhennaphNefr €08BURLARALHAR 12PRALAEURL,WE! hoRepamy 2Q qny
initiator, in"order to confirmthat no active mode - commini cation 1§ not
bei ng paifﬁﬁéﬁibiﬂiﬁymkﬁiﬁfQ*ﬁiurality of NFC communication
apparatuses may initiate output of electromagnetic waves
with the same timing is achieved.
When an NFC communication apparatus uses initial RFCA
10 processing to initiate output of-electromagnetic waves, the
NFC communication apparatus becomes an initiator. Then,
when the active mode is set as a communication mode, the NFC
communication apparatus which becomes the initiator ends
transmission of data of itself, and subsequently ends output
15 of the electromagnetic waves. Alternatively, when the
passive mode is set as a communication mode, the NFC
communication apparatus which becomes the initiator still
continues the output of the electromagnetic waves which is
initiated by the initial RFCA processing until it completes
20 communication with a target.
Next, Fig. 10 shows electromagnetic waves in which
output of electromagnetic waves is initiated by response
RFCA processing.
An NFC communication apparatus which will output

25 electromagnetic waves in the active mode detects




comuni cation apparatus, it is necessary to confirm for a sufficient
time;, that another apparatus outputs no electromagnetic waves around the:
NFC comuni cati on apparatus 25 that wll becone the initiator. - 32
Conversely, in the active node, as described above, an initiator outputs
el ectromagneti c waves, whereby data i's transmtted to a target. After the

initiator stops outputting the el ectromagnetic waves, the target initiates

5 output of electromagnetic waves, whereby data is transmtted to the
target. After that, the initiator init3mtes output of electromagnetic
waves after the target stops outputting the electromagnetic waves, whereby
data is transmtted to the 10 initiator. Subsequently, data is simlarly

h initiat he _t t. Theref , NFC
cComun catPar apararss Phkpd Grptihebinanak Rk ePace en st BhePobhE an
initiat | I cat it h oth in_th ti
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Thus, the NFC 20 conmuni catlon apparatus at 'w beCone the initiator

i ni tisat eg1 88t Pohadhel £CLAPEBINERUC 1N s bY LPLALAL SBEGR (send

"'Responsese) of data after at least time‘TARFG elapses from
the output.
Here, n and Tgpy in time Tppp + n x Tppy are equal to
those in the initial RFCA processing in Fig. 9. Also, Tayr
10 in Typp + n x Tpey is called an active delay time, and, for
example, a value that is not less than 768/£, and not
greater than 2559/f. is employed. Time Tarre 18 called an
active guard time, and, for example, a value greater than
1024/f, is employed.
15 As is clear from Fig. 9 and Fig. 10, in order to
initiate output of electromagnetic waves by initial RFCA
processing, electromagnetic waves must not exist during at

least the initial delay time Tyy. In order to initiate

'output of electromagnetic waves by response RFCA processing,
20 electromagnetic waves must not exist during at least the
active delay time Tppg.
The initial delay time T,y is a value greater than

4096/f., while the active delay time Tapy is a value that is

not less than 768/f. and not greater than 2559/f.. Thus,

25 when an NFC communication apparatus will become an initiator,




processing. In this case, the already perforned active node conmunication
is hindered. Accordingly, .in the response RFCA processing, whichis 25
performed in the active node conmuni cation, electronagnetic 33 waves must
be output without an elapse of a time after a state in which

el ectromagneti c waves do not exist occurs. Next, the NFC conmuni cation
apparatus that will becone the initiator initiates output of

el ectromagnetic waves by 5 the initial RFCA processing, and subsequently
transmts data, as described with ref¥rence to Fig. 9. The NFC

communi cation apparatus that will becone the initiator becones the
initiator by initiating output of = el ectromagnetic waves, and an NFC

tor | t of el ectromgnetic vaves, and an NFC

becoms & SPArGerd PRUBraEraB iRl Bkl BRO ot Sehtonge FERA TR b t he
: ' t b ; t be i ti.fied.. A di ngly,

ot or | nfOralt He BuToiPCal (TR “Erbct PohiBnEnce v auRIEEs ni (i al RECA

proceSSiQQecﬁggmég?EEEEiﬁﬁgﬁsrﬁﬂ e3hpufd NECLR gyF%hgg%.%B&%C%%b%n) as

u
information 1dentrfying each target trom at T'eaSt” one tar sting at a

posi {1 ONcEhPeLst Oyt NEnbA! bhakpe: cHfuhEALE on®XbatlAg. Al LAY BARELLON cf ose

to the initiator transmts, to the initiator, DT yrngTitsel f in
reSpQﬁSeei@c@roﬁ@aﬁ@ﬁﬂésEFEéQ”Hhh@ohﬂbﬁkéégﬁonTEﬁ iRt 149G o denti fies the

target based on the NFCI |

the NFC communication apparatus must output electromagnetic
waves without having so longer time, compared ﬁith the case
of becoming the initiator, after the state in which the
electromagnetic waves do not exist occurs. This is.because

10 of the following reason. In other words, whén NFEC
communication apparatuses perform communication in the
active mode, one NFC communication apparatus transmits data
by outputting electromagnetic waves by itself, and
subsequently stops outputting the electromagnetic waves.

15 The other NFC communication apparatus initiates output of

electromagnetic waves and transmits data. Thus, in the

communication in the active mode, either NFC communication

apparatus may stop outputting electromagnetic waves.
Accordingly, when an NFC communication apparatus will become
20 an initiator, in order to confirm that no active mode
communication is not being performed around the NFC
communication apparatus, it is necessary to confirm, for a
sufficient time, that another apparatus outputs no
electromagnetic waves around the NFC communication apparatus

25 that will become the initiator.




transnitted fromthe target, as described above, and exchanges data wth
the irdentified target. Processing in which an initiator identifies a

~target existing around (at a 25 position close to) the initiator based on

NFCID of the - 34 target is called SDD (Single Device Detection)

~processing. In the SDD processing, the initiator requests NFCID of the

target, and the requesting is perforned such that the initiator transmts:
a franme called a polling request frane. 5 Wen receiving the polling
request frane, the target determ nes; I»r- exanpl e, NFCI D based on random
nunbers, and transmts a frame in which the NFCID is |ocated and which is
called a polling response franme. The initiator recognizes the NFCID of the

arget by reehuag il vell 100 1ee0pase 10 (1o LLgRT! Lad, L om e

target. In a T on en thel

around iy {ophyrhe ﬁEQ%iﬁ‘éékéhagflgEgg L8ges MAiALOr, Lug or more of
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another, so that the initiat®r cannot recognize col Slng NFCI Ds.
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| to the target.
After that, the initiator initiates output of
electromagnetic waves after the target stops outputting the
electromagnetic waves, whereby data is transmitted to the
10 initiator. Subsequently, data is similarly exchanged
between the initiator and the target.
Therefore, when an NFC communication apparatus that
will become an initiator exists around an initiator and a
target which communicate with each pther in the active mode,
15 if there is a long time after one of the initiator and the
target which communicate with each other in the active mode
stops outputting electromagnetic waves until the other one
initiates output of electromagnetic waves, no
electromagnetic waves exist during the time. Thus, the NFC
20 communication apparatus that will become the initiator
initiates output of electromagnetic waves by initial RFCA
processing. In this case, the already performed active mode
communication is hindered.
Accordingly, in the response RFCA processing, which is

25 perfprmed in the active mode communication, electromagnetic




sequence performed by a method using time slots. In Fig. 11, it is assuned
that five targets #1, #2, #3, #4, and #5 exist around an initiator. 25 In
the SDD processing, the initiator transmts the - 35 polling response
frame. After conpletion of the transm'ssion, tinme slots at intervals of
predetermned tine Ts are set. Time Td is set to, for exanple, 512x64/fc,
and tinme TS as the tinme slot interval is set to, for exanple, 5 256x64/fc.
Al 'so, the time slots are sequentially (integer) nunbered fromzero from
for exanple, the tenporally precedi-ag3slot, whereby they are identified.

Al though Fig. 11 shows four tine slots #0, #1, #2, and #3, for exanple, up
to sixteen tine slots can be set. The 10 nunber TSN of tinme slots, set for
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aé described with reference to Fig. 9. The NFC
communication apparatus that will become the initiator
. becomes the initiator by initiating output of
electromagnetic waves, and an NFC communication apparatus
10 existing at a position close to the initiator becomes a
‘target. 1In order for the initiator to exchange data with
the target, the target exchanging the data must be
identified. Accordingly, after initiating output of the
electromagnetic waves by the initial RFCA processing, the
15 initiator requests an NFCID (NFC Identification) as
information identifying each target from at least one target
existing at a position close to the initiator. The target
existing ét the position close to the initiator transmits,
to the initiator, NFCID identifying itself in response to a
20 request from the initiator.

The initiator identifies the target based on the NFCID
transmitted from the target, as described above, and
exchanges data with the identified target. Processing in
which an initiator identifies a target existing around (at a

25 position close to) the initiator based on NFCID of the




pol ling response frames. Thus, timng wth which the targets transmt

pol I'ing response franmes varies. This can avoid collision of the polling
response frames transmtted 25 by the targets as nmuch as possible. - 36
Even if each target determ nes, based on random nunbers, a tine slot as
timng for transmtting a polling response frame, tinme slots in which
polling response franmes are transmtted by the targets coincide with one
another. This 5 may cause collision of the polling response frames. I.n the
enbodinent in Fig. 11, a polling resp@we frame of target #4 is
transmtted in tine slot #0, polling response frames of targets #1 and #3
are transmtted in tine slot #1, a polling response frane of target #5 is

o transhi7eh, hotarndh PRe {8 RRLeoRBR rotn tratagty REORRESHB%0ccur s, In
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determines, for example, NFCID based on random numbers, and
transmits a frame in which the NFCID is located and which is
called a polling response frame. The initiator recognizes
the NFCID of the target by receiving the pelling response
10 frame transmitted from the target.
In addition, when the initiator requests NFCIDs from
targets around it, if plural targets exist around the
initiator, two or more of the plural targets may
simultaneously transmit their NFCIDs. In this case, the
15 NFCIDs transmitted from the two or more targets collide with
one another, so that the initiator cannot recognize the
colliding NFCIDs.
Accordingly, the SDD processing is performed, for
example, by a method using time slots in order to avoid
20 collision of NFCIDs as much as possible.
In other words, Fig. 11 shows an SDD processing
sequence performed by a method using time slots. 1In Fig. 11,
it is assumed that five targets #1, #2, #3, #4, and #5 exist

around an initiator.

25 In the SDD processing, the initiator transmits the




In a. case in which, when the initiator transmts a polling request frane
again, all the targets #1 to #5 can send back polling response franes,
there is a possibility 25 that two polling response frames may collide with
each other. 37 Accordingly, in a case in which, after each target receives
a polling request frame fromthe initiator, the target receives a polling
request frame again wthout taking nmuch tinme, for exanple, the target can
ignore the polling request 5 frame. However, in this case, in the
enbodinent in Fig. 11, regarding targefs-#1 and #3, in which polling
response collision occurs for the initially transmtted polling request
frame, the initiator cannot recognize the NFCIDs of targets #1 and #3.
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ccordi nigPy*¥4r g ?B BS€ LHamGng ASLET,CRRPLRTLRG PT 58RI i ng response
[rames S e gLyl cEebeenand b Z'ﬁ%ﬁs% eh ok bﬁrz%%%" %‘éﬁ%&%ﬁrm
11T o0 B R EALTY SSROOTES TP 08 SOEaen Lo LR AL T s
esponeeLAgTES o e ol g dﬂz@éfv%%ose Ak bt e oo
o dos e s S st ook gbe b Lo,
recogni z@gnbered from zero from, for example, the temporally
preceding slot, whereby they are identified.
Although Fig. 11 shows four time slots #0, #1, #2, and
#3, for example, up to sixteen time slots can be set. The
10 number TSN of time slots, set for a certain polling response
frame, is designated by the initiator, and is transmitted to
a target in a form included in the polling response frame.
The target receives the polling response frame
transmitted from the initiator, and recognizes the number
15 TSN of time slots. The target uses random numbers to

generate integer R in the range of not less than zero to

TSN-1, and transmits a polling response frame in which its

 NFCID is located, with timing of time slot #R determined by

fhe integer R.

20 As described above, based on random numbers, a target
determines time slots used as timing for transmitting
polling response frames. Thus, timing with which the
targets transmit polling respoﬁse frames varies. This can
avoid collision of the polling response frames transmitted

25 Dby the targets as much as possible.




while reducing a possibility that polling response frames nmay collide with
each other. In addition, here, when receiving a polling request 25 frane,
~as described above, the target determ nes (generates) - 38 its NFCID based
on random nunbers. Accordingly, from different targets, polling response
frames with identical NFCIDs |ocated therein may be transnmitted to the
initiator. Wen the initiator receives, in different tinme slots, the 5
pol ling response franes with identical NFCIDs |ocated therein, the
initiator can re-transmt a polling +eggiest frame, for exanple, simlarly
to a case in which polling response frames collide with each other. As
descri bed above, according to NFC comruni cation 10 apparatuses, even
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embodiment in Fig. 11, a polling response frame of target #4
is transmitted in time slot #0, polling response frames of
targets #1 and #3 are transmitted in time slot #1, a polling
response frame of target #5 is transmitted in time slot #2,

10 and a polling response frame of target #3 is transmitted, so
that the collision between targets #1 and #3 occurs.

In this case, the initiator cannot normally receive the
polling response frames of targets #1 and #3 between which
the collision occurs. Accordingly, the initiator transmits

15 a polling request frame again. This requests targets #1 and
#3 to trahsmit polling response frames in which their NFCIDs
are located. Subsequently, until the initiator recognizes
all the NFCIDs of targets #1 to #5 around it, transmission
of pelling request frames by the initiator and transmission

20 of polling response frames by the targets are repeatedly
performed.

In a case in which, when the initiator transmits a
polling request frame again, all the targets #1 to #5 can
send back polling response frames, there is a possibility

25 that two polling response. frames may collide with each other.




existing I1C card system After obtaining the power and bei ng operable, the
target prepares for receiving a polling request frame within, 25 for '
exanpl e, a maxi mum of 2 seconds, and waits for the 39 polling request
frame to be transmitted fromthe initiator. 1In addition, the initiator can
~transmt a polling request franme regardl ess of whether or not the :
preparation for receiving the polling request frame is conpleted in the 5
target. Wen the target receives the polling request frane from the
initiator, as described above, it trarsm+s a polling response frane to
the initiator wwth timng of a predetermned tine slot. Wen the initiator
successfully 10 receives the polling response frane fromthe target, as
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Accordingly, the initiator continues to the el ectronmagne wave out put

o e SO B! dplofTCRePtarag bac e COMUTLETILRY gkt (N
5>  frame. However, in this case, in the embodiment in Fig. 11,
regarding targets #1 and #3,.in which polling response

.fcollision occurs for the initially transmitted polling
request frame, the initiator cannot recognize the NFCIDs of
targets #1 and #3. Thus, data exchange cannot be performed

10 Dbetween targets #1 and #3.
| Accordingly, targets #2, #4, and #5, in which their
polling response frames are normally received and their
NFCIDs can be recognized, are temporarily excluded from
parties among which communication is performed, whereby a
15 polling response frame as a response to the polling request
frame cannot be sent back. In this case, those which send
back polling response frames to the polling request frame
re-transmitted by the initiator are only targets #1 and #3,
whose NFCIDs cannot be recognized through the transmission
20 of the initial polling request frame. Therefore, in this
case, all the NFCIDs of targets #1 to #5 can be recognized
while reducing a possibility that polling response frames
may collide with each other.
In addition, here, when receiving a polling request

25 frame, as described above, the target determines (generates)




conmmuni cation is perforned such that an initiator - transnlts a conmmand to a
target, and the target transmts (sends back) a response to the command
“fromthe initiator. 25 Accordingly, Fig. 12 shows commands that the
initiator 40 transmts to the target, and responses that the target
transmts to the initiator. In Fig. 12, those having the characters REQ

. after the underbar (_) represent commands, and those having the 5
characters RES after the underbar (_) represent responses. In the

enbodi nent in Fig. 12, six types of <@smnds, ATR REQ WJIPREQ PSLREQ
DEPREQ DSLREQ and RLSREQ are available. Simlarly to the conmmands, also
six types of responses, ATR RES, WUP_RES, PSL_RES, DEP_RES, DSLRES, and 10
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addition to initiator's attributes,
therein, the initiator can re-transmit a polling reguest

frame, for example, similarly to a case in which polling
response frames collide with each other.

As described above, according to NFC communication

10 apparatuses, even between an IC card and a reader/writer
constituting the existing IC card system, data can be
‘exchanged at transfer rates employed by the IC card and the
reader/writer. When a target is, for example, an IC card in
the existing IC card system, SDD processing is performed in,

15 for example, the following manner.

Specifically, an initiator uses the initial RFCA
processing to initiate electromagnetic waves, and an IC card
as a target obtains power from the electromagnetic waves and
initiates processing. In other words, in this case, the

20 target generates operating power from the electromagnetic
waves output by the initiator since it is an IC card in the
existing IC card system.

After obtaining the power and being operable, the
target prepares for receiving a polling request frame within,

25 for example, a maximum of 2 seconds, and waits for the




an NFCID identifying the initiator is located, and the . target recognizes
the initiator's attributes and NFCID by receiving the ATR REQ 25 The
response ATR RES is transmitted as a response to 41 the command ATR REQ to
the initiator when the target receives the command ATR REQ In the
response ATR RES, attributes, an NFCID, etc., of the target are |ocated.
Transfer rate information as an attribute located in 5 the command ATR_REQ
and the response ATR RES can include all the transfer rates of data itens
whi ch can be transmitted and receivved@ddy-the initiator and the target. In
this case, by exchanging the command ATR REQ and the response ATR RES

once between the initiator and the target, the initiator can 10 recogni ze a
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When the target receives the polling reguest frame from
the initiator, as described above, it transmits a polling
responsé frame to the initiator with timing of a
predetermined time slot. When the initiator successfully

10  receives the polling response frame from the target, as
described above, it recognizes the NFCID of the target.
Also, when the initiator fails to normally receive the
polling response frame from the target, it can re~transmit a
polling request frame.

15 In this case, the target generates operating power from
electromagnetic waves output by the initiator since it is an
IC card in the existing IC card system. Accordingly, the
initiator continues to the electromagnetic wave output
initiated by the initial RFCA processing until communication

20 with the target completely ends.

Next, according to NFC communication apparatuses,
communication is performed such that an initiator transmits
a command to a target, and the target transmits (sends back)
a response to the command from the initiator.

25 Accordingly, Fig. 12 shows commands that the initiator




in a state capable of transmtting data to the initiator. In the command
-WUP_REQ the NFCID of the target whose deselect state is to be released is
| ocat ed.. Anbng targets 25 which receive the command WJUP_REQ, a target
which is - 42 identified by the NFCID | ocated in the received command WJP
REQ rel eases its desel ect state. Wen, anong the targets which receive the
command WJP_REQ, the target which is identified by the NFCID |ocated 5 in
the received command WUP REQ rel eases its desel ect state, the response
WUP_RES is transmtted as a response- tap t-he comand WJP REQ The conmand
PSL REQis transmtted when the initiator changes conmunication paraneters
concerning communi cation 10 with the target. Here, the comrunication

‘par anmet ers_i ncl ude r exanmple, _the_transfer rat dat a exchanged
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In the embodiment in Fig. 12, six types of commands, ATR REQ,
WUP_REQ, PSL_REQ, DEP REQ, DSL REQ, and RLS REQ, are
available. Similarly to the commands, also six types of
responses, ATR_RES, WUP_RES, PSL RES, DEP_RES, DSL RES, and

10 RLS RES, are available. As described above, an initiator
transmits a command (request) to a target, and the target
transmits to the initiator a response to the command.
Accordingly, the command is transmitted by the initiator,
and the response is transmitted by the target.

15 The command ATR REQ is such that the initiator notifies
the target of its attributes (specifications) and is
transmitted to the target when the initiator requests
target's attributes. Here, the attributes of the initiator
or the target include the transfer rate of data that can be

20 transmitted or received by the initiator or the target. 1In
the command ATR_REQ, in addition to initiator's attributes,
an NFCID identifying the initiator is located, and the
target recognizes the initiator's attributes and NFCID by
receiving the ATR REQ.

25 The response ATR _RES is transmitted as a response to




target) of data (so-called real data). In this cormmand, data to be
transmtted to the target is |ocated. The response DEP RES is transmtted
as a response t-o the conmand 25 DEP REQ In this command, data to be
transmitted to the 43 initiator is |ocated. Accordingly, the conmand
DEPREQ transnits data fromthe initiator to the target, and the response
DEP _RES to the command DEPREQ transmts data from the target to the
initiator. 5 The conmmand DSL REQ is transmtted when the initiator sets
the target to be in the deselect statel Fhe target, which receives the
command DSL REQ transmts the response DSL RES to the command DSL REQ
before entering the deselect state, and subsequently becones |ess

conmand s AR At RN EOR %%@Lfiﬁﬁiﬁ@e& %853%8%3?%2“?2@ ?Zt:oﬁ e
m ANt RLS” R SdwhehSehe initi
Focei ved The Comana POk T8l d HothE PEbpehes ATERES. (o 1 no

command RLSREQ, d Y ds h o] pcation,with the initiator.
"Here, both the %%ﬁhaﬁggﬁ%E{SPE‘gghd Sgﬁéqﬁgggegogk nlOFﬁ98§CIuding a

target [rom Rl ComR A M Al 06, I LI AGL. TONERNEY. (hNe tar get

excl uded by the command 20 DSL REQ 1's set to be conmunica e Wth the

i ni t5at lneAgannaky Ate mesTEd WE_REQ ombL! grkhgrtargst s gxelyded by the

the transfer rates of data items which can be transmitted

and received by the initiator and the target. In this case,
by exchanging the command ATR_REQ and the response ATR RES
once between the initiator and the target, the initiator can
‘10 recognize a transfer rate at which the target can perform
transmission and reception, and the target can also
recognize a transfer rate at the initiatdr can perform
transmission and reception.
The command WUP_REQ is transmitted when the initiator
15 selects a target with which the initiator will communicate.
Specifically, by transmitting the command DSL REQ, which is.
described later, from the initiator to the target, the
target can set to be in a deselect state (a state in which
transmission (response) of data to the initiator is
20 prohibited). The command WUP_REQ is transmitted in the case
of releasing the deselect state and setting the target to be
in a state capable of transmitting data to the initiator.
In the command WUf_REQ, the NFCID of the targef whose
deselect state is to be released is located. Among targets

25 which receive the command WUP REQ, a target which is J




command RLS REQ does not becone communicatable with the initiator unless
exchange with the initiator of the above- described polling request frane
and polling response frame 25 is perfornmed. In that point, the conmrmands DSL
REQ and - 44 RLS REQ differ fromeach other. Exchange of a command and a
response is perforned in, for exanple, a transport |ayer. Next, a .
“communi cati on process of an NFC communication 5 apparatus is described
with reference to the flowhart in Fig. 13. Wen initiating comunication,
in step S1, an NFC conmuni cation appagat-us determ nes whether to have
detected el ectromagneti c waves caused by anot her apparatus. 10 At this
time, in the NFC communi cation apparatus (Fig. 4), for exanple, the
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the response WUP_RES is transmitted as a response to the

command WUP_REQ.

| The command PSL_REQ is transmitted when the initiator

changes communication parameters concerning communication

10 with the target. Here, the communication parameters include,
for example, the transfer rate of data exchanged between the
initiator and the target.

The command PSL_REQ includes a changed communication
parameter located therein, and is transmitted from the

15 initiator to the target. The target receives the command
PSL REQ, and changes its communication parameter in
aceordance with the communication parameter located in the
command. The target further transmits the response PSL_RES
to the command PSL_ REQ.

20 The command DEP REQ is transmitted when the initiator
performs transmission and reception (data exchange with the
target) of data (so-called real data). In this command,
data to be transmitted to the target is located. The
response DEP RES i1s transmitted as a response to the command

25 DEP _REQ. 1In this command, data to be transmitted to the




is described |l ater. The NFC conmuni cation apparatus returns to step S
after ending the process, and subsequently repeats simlar processing. 25.
- Here, in step S2, the comuni cation node of the NFC 45 comruni cati on
~apparatus may be set to either the passive node or the active node.
However, when the target can be only a passive node target such as an IC
card in the existing IC card system in step S2, the NFC comrunication 5
apparatus needs to set its communication node to the passive nobde and to
performthe initiator process in pass#8e-node. Alternatively, if it is
determ ned that the el ectromagneti c waves caused by the other apparatus
have been detected, that is, when the el ectromagnetic waves 10 caused by
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detecte I't proceeds to step S4, and sets Tts conmuni cation node to the
passi ve gjpde Ak {Arafd HOcRsSr i N passi ve node, which is described

later. In other” words, 20 the continuous detection of the el ectromagnetic

waves is, f@heexamRla®d dSIAREQ N sWtirGh sMiatthel waRpaArHS s d© the

| sets the target to be in the deselect state. The target,
which receives the command DSL REQ, transmits the response
DSL RES to the command DSL REQ before entering the deselect
state, and subsequently becomes less responsive (comes to

10_ send back no response) to commands other than the command

WUP_REQ.

The command RLS_REQ is transmitted when the initiator
compietely ends the communication with the target. The
target, which received the command RLS_REQ, transmits the

15 response RLS_RES to the command RLS_REQ, and completely ends
the communication with the initiator.

Here, both the commands DSL_REQ and RLS_REQ are common
in excluding a target from parties communicating with the
initiator. However, the target excluded by the command

20 DSL_REQ is set to be communicatable with the initiator again
by the command WUP_REQ, while the target excluded by the
cbmmand RLS REQ does not become communicatable with the
initiator unless exchange with the initiator of the above-
described polling request frame and polling response frame

25 is performed. In that point, the commands DSL_REQ and




NFC communi cation apparatus is an initiator in passive node and continues

"t0-output el ectromagneti c waves in which the output of the el ectromagnetic

waves is initiated by initial 25 RFCA processing, so that the NFC
communi cati on apparatus 46 becones a target in passive node and perforns

. processing. After ending the processing, the NFC conmuni cation apparatus

returns to step Si and subsequently repeats simlar processing. 5 Also, if
t he NFC conmmuni cati on apparatus has determned in step S3 that the

el ectronmagneti ¢ waves have not been - diantd nuously detected, it proceeds to
step S5, and the NFC comunication apparatus sets its comuni cati on node
to the active node and perforns the target process in active node, 10

whi ch iSRE§S§ﬁ%b§9f£@£?fro#negﬁﬂegtﬁgEqs’ no continuous detection of the

el ectromagmet i C wavesS i's, fTor exanp a case in which another apparatus

close i o the ARG 2o ARRoL RS -DSGOIES 70 LOLELELOR 18 active

node and initiate 5 el ectromagneti ¢ waves Dy 1 hi cessing, and

subsequeg@fye§5ﬁ5§epuépgfgﬁggoggelgygggronagnetic waves. Accordingly, the
NFC communi cati on apparatus beconmes™a target in active node and perforns

processing. A&, enddihurditeaPlSeEssbdhs the N GrsOnuuRheat Lop; ghpar at us
returns to 20 step Si and subsequently repeats simlar processing. Next,
the passapeareles i 16 tdaéOFriPEQCREBhbYtB8NEE to the flowchart in

| Fig. 13.

When initiating communication, in step S1, an NFC
communication apparatus determines whether to have detected
electromagnetic waves caused by another apparatus.

10 At this time, in the NFC communication apparatus (Fig.
4), for example, the receiving unit 12 monitors the level of
a signal output to the demodulating unit 13 by the receiving
unit 12. In step S1, based on the level, it is determined
whether the electromagnetic waves caused by the other

15 apparatus have been detected.

If the process has determined in step S1 that it has.
not detected the electromagnetic waves caused by the other
apparatus, it proceeds to step S2. The NFC communication
apparatus sets its communication mode.to the passive mode or

20 the active mode, and performs an initiator process in
passive mode or an initiator process in active'mode, which
is described later. The NFC communication apparatus returns
to step S1 after ending the process, and subsequently

repeats similar processing.

25 Here, in step S2, the communication mode of the NFC




comuni cation apparatus is described with reference to the flowhart in
Fig. 14. In the passive-nbde initiator process, at first, in 25 step Sil,
t he NFC conmuni cation apparatus initiates output 47 of electronagnetic
waves. Step Sl11 in the passive-node initiator process is perfornmed when
the el ectromagneti ¢ waves have not been detected in step Si in the above
Fig. 13. In other words, when the el ectronagneti c waves have not been 5
detected in step Si in Fig. 13, the NFC communi cation apparatus initiates
out put of el ectromagnetic waves in stefp -511. Accordingly, processing in
steps Si and Sli corresponds to the above-described initial RFCA
processing. After that, proceeding to step 512, the NFC 10 conmuni cati on

appar al Ugerifil; LLBPSH 35baPat Ak CaaGPEESSRt! o SRSy pplsiy iLgr exanpl e,

an initia ue o ore proc s to st | n°'st the NFC

CO”““”'Qﬁé&@nora@Hér§EH§vérﬁ8§Q‘tsH@w@QEF'nghéﬁqﬂﬁgttgﬁﬁgﬁ ahnt g%.”'th

transfer rate (hereinafter referred to alSo as the n- rat e,

‘needed) , o1 PrP58685etRodLCPaPddt LOCH! 8B §A41ct?erF§R ggAMUNI cati on
apparatus determ nes whether a polling response frame has been transmtted

at .the reihstahg feosarangybeempppar stup. shn %hepN§é4comﬁﬁﬂlbhthén
determ ned that the polling 20 response frame has not been transnitted
f r ombt heapdreatuappecas uso sbatits, cbehugxagpien MBER 8BOLAEr paRBRagat us
mode and to perform the initiator process in passive mode.
Alternatively, if it 1s determined that the
electromagnetic waves caused by the other apparatus have
been detected, that is, when the electromagnetic waves
10 caused by the other apparatus have been detected around the
NFC communication apparatus, the NFC communication apparatus
proceeds to step S3, and determines whether the
electromagnetic waves detected in step S1 have been
continuously detected. |
15 If the NFC communication apparatus has determined in
step S3 that the electromagnetic waves have been
continuously detected, it proceeds to step $4, and sets its
communication mode to the passive mode and a target process
in passive mode, which is described later. In other words,
20 the continuous detection of the electromagnetic waves is,
for example, a case in which another apparatus close to the
NFC communication apparatus is an initiator in passive mode
and continues to output electromagnetic waves in which the
output of the electromagnetic waves is initiated by initial

25 RFCA processing, so that the NFC communication apparatus




cl ose the NFC conmuni cati on apparatus cannot perform conmmrunication at the
n-th rate, and a polling response frame in response to the polling request
frane transmtted at the 25 n-th rate is not sent back, the NFC

comuni cati on apparatus - 48 skips over steps S15 to S17 and proceeds to
step 518. Also, in step 514, when it is determned that a polling response
frame has been transmtted at the n-th rate from the other apparatus, that
is, for exanple, when another 5 apparatus close to the NFC comuni cation
apparatus can perform conmunication &6 the n-th rate, and a polling
response franme in response to the polling request frane transmtted at the
n-th rate is sent back, the NFC comuni cation apparatus proceeds to step

515, an%é@&e@@geg#@%{ nenNGLLD: 9L Bolid! 98k hO RBRRLYS ARA, LD the

ot her apparatus has pol t g respon as the

target, RpdfegQ nn3§r$@é9§£ngo PﬁeCﬂﬁ&“&bﬁﬂﬁﬂ?h&tl8&55ﬁ§a9PEﬂsrate-

Here, after the I catl on apparatus recogni zes 515

the NFC'&Qﬁrﬂ@%@%@éﬁesﬂoéjﬁdtéuﬂ% abAtl CrebBhOS! sifli pgrcommuni cat abl e
at the n-th rate, it ‘(tenporarily) eter f nes that the transfer rate

bet ween piocagslihde target is the n-th rate, and perforns communication
with the target at the n-th rate unless the transfer rate is 20 changed by

the gommand BSls REQF Afrtee WHNO &ommirOLReti oW 4b St LS Mo s tdher Nifined
| in step S3 that the electromagnetic waves have not been
continuously detected, it proceeds to step S5, and the NFC
communication apparatus sets its communication mode to the
active mode and performs the target process in active mode,
10 which is described later.
In other words, no continuocus detection of the
electromagnetic waves is, for example, a case in which
another apparatus close to the NFC communication apparatus
becomes an initiator in active mode and initiates
15 electromagnetic waves by initial RFCA processing, and
subsequently stops outputting the electromagnetic waves.
Accordingly, the NFC communication apparatus'becomes a
target in active mode and performs processing. After ending
the processing, the NFC communication apparatus returns to
20 step S1 and subsequently repeats similar processing.

Next, the passive-mode initiator process by the NFC
communication apparatus is described with reference to the
flowchart in Fig. 14.

In the passive-mode initiator process, at first, in

25 step 811, the NFC communication apparatus initiates output




comuni-cati on apparatus transmts the command DSL REQ at the n-th rate to
the target (passive node target) corresponding to the NFCID recognized in
step 515. After this sets the 25 target to be in the deselect state so that
the target does - 49 not respond to polling request frames which are
subsequently transmtted, the NFC comruni cati on apparatus proceeds to

step S17. In step 517, the NFC, communication apparatus receives 5 the
response DSL_RES which is sent back for the conmand DSL _REQ transmitted in
step S16 froma target set to be in-t4dik desel ect state by the command
DSL_REQ and proceeds to step S18. In step S18, the NFC conmuni cation
apparatus determ nes 10 whether a predeterm ned tine has elapsed since the

(transm ssgog; abLBRABALL:ROLEGANES! StERTRAL ING N L JAe i §§)repg§;§t or

" Here, the predeterm timein Step SI8°can

If the NEG€pgEYpi 5§bb@@,3a@9a§e&s«fgrﬁea Qﬁe%h@htree%l'e%trjoﬁ %5%5% 18 that the

predeterm ned tine has not el apsed since ransm ssi o e polling

request {5988 BhvbhaoR- blen’ &t 88 551'6% 'él S%ELIEIP% ovd epl€1313and

repeatedly perforns processing in steps Sl |s protess, the
processi ng 6Phetensrds3 hﬁeﬁlgheselggtﬁcéﬁﬁah%@ﬂ: %eregr m@e Haer sRent he NFC

conmmuni cation apparatus can receive polling response franes transnltted
5 detected in step S1 in Fig. 13, the NFC communication
apparatus initiates output of electromagnetic waves in step
811. Accordingly, processing in steps S1 and S11
corresponds to the above-described initial RFCA processing.
After that, proceeding to step 812, the NFC

10 communication apparatus sets transmission-rate-representing
variable n to, for example, an initial value of 1 before
proceeds to step S13. 1In step S13, the NFC communication
apparatus transmits a polling request frame at the n-th
transfer rate (hereinafter referred to also as the n-th rate,

15 1if needed), and proceeds to step S14. 1In step S14, the NFC

communicaticn apparatus determines whether a polling

response frame has been transmitted at the n-th rate from

another apparatus.

In step S14, when it is determined that the polling
20 response frame has not been transmitted from the other
apparatus, that is, for example, when another apparatus
close the NFC communication apparatus cannot perform
communication at the n-th rate, and a polling response frame
in response to the polling request frame transmitted at the

25 n-th rate is not sent back, the NFC communication apparatus




wWith types of timng in different tinme slots, as illustrated by Fig. 11.
Alternatively, if the NFC communi cation apparatus has 25 determned in
step S18 that the predetermned tine has 50 elapsed since the transm ssion
of the polling request frame at the n-th rate in step 513, it proceeds to
step S19, and determ nes whether variable nis equal to its maxi mum val ue
of N. If the NFC communi cati on apparatus has determned 5 that variable n
is not equal to the maxi mumvalue N, that is, when variable n is |ess than
the maxi numvalue N, it proceeds to-st&p -S20 and all ows variable n to be
increnented Dby 1 before returning to step 513. Subsequently, processing

in steps S13 to S20 is repeatedly perforned. 10 Here, the processing in
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. process). This passive-node-
perform communication at the n-th rate, and a polling
response frame in response to the polling request frame
transmitted at the n-th rate is sent back, the NFC
communication apparatus proceeds to step S15, and recognizes
10 the NFCID of a target in passive mode, with the other
apparatus, which has sent back the polling response frame as
the target, and recognizes the target to be communicatable
.at the n-th rate.
Here, after the NFC communication apparatus recognizes,
15 in step 515, the NFCID of the passive mode target and the
target to be communicatable at the n~-th rate, it
(temporarily) determines that the transfer rate between it
and the target is the n-th rate, and performs communication
with the target at the n-th rate unless the transfer rate is
20 - changed by the command PSL_ REQ.

After that, proceeding to step 816, the NFC
communication apparatus transmits the command DSL REQ at the
n-th rate to the target (passive mode target) corresponding
to the NFCID recognized in step S15. After this sets the

25 target to be in the deselect state so that the target does




initiator comruni cation process is described later. After the

passi ve-node-initiator conmuni cation process ends, the NFC comruni cation
~apparatus proceeds fromstep S21 25 to 522, and stops outputting the

el ectromagneti c waves whose - 51 output is initiated in step 511, so that
the process ends. Next, the passive-node-target process by the NFC

communi cation apparatus is described with reference to the flowhart in
Fig. 15. 5 In the passive-nbde-target process, at first, in step 531, the
NFC communi cati on apparatus sets var+abbe-n, which represents a transfer
rate, to, for exanple, an initial value of 1, and proceeds to step 532. In
step S32, the NFC comrunication apparatus determ nes whether a polling

request ﬁQthQEBoHSStBe Bl&&% Sﬁgéggggag-%ﬁngg &F%a%geI%§ amﬁéxﬁiy

apparatus which serves as~a passi d
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cannot perform comuni cation at the n-th rate, and thus cannot transmt a
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step S33 that variable nis not equal to the nmaxi num val
DSL_REQ transmitted in step S16 from a target set to be in’
the deselect state by the command DSL REQ, and proceeds to
step S18.
In step 3518, the NFC communication apparatus determines
10 whether a predetermined time has elapsed since the
transmission of the polling request frame at the n-th rate
in step S13. Here, the predetermined time in step S18 can
be a time of zero or greater.
If the NFC communication apparatus has determined in
15 step S18 that the p;edetermined time has not elapsed since
the transmission of the polling request frame at the n-th
rate in step S13, it returns to step S13, and repeatedly
performs processing in steps S13 to S18.
In this process, the processing in steps 513 to 818 is
20 repeatedly performed, whereby the NFC communication
apparatus can receive polling response frames transmitted
with types of timing in different time slots, as illustrated
by Fig. 11.
Alternatively, if the NFC communication apparatus has

25 determined in step S18 that the predetermined time has




that is, when variable nis less than the maximumvalue N, it proceeds to
step S34 and allows variable n to be increnented by 1 before returning to
step 532. Subsequently, 25 processing in steps S32 to S34 is repeatedly
performed. - 52 Alternatively, if the NFC comruni cati on apparatus has _
determned in step S33 that variable n is equal to the nmaxinmumvalue N, it
returns to step SI and subsequently repeats the processing in steps S31 to
S34. In other words, 5 in this process, until a polling request franme which
‘is transmtted at any one of the N4r®nhsfer rates can be received, the
processing.in steps S31 to S34 is repeatedly perforned. If it is
determned in step S32 that a polling request 10 frame has been
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proceeds to step 537. 20 Here, after the communi cati on appar at us
trangm t ghatheapohbiadnr €5PABEE e & e mMintin®tealde SEEPLRIE, 141
when variable n is less than the maximum value N, it
proceeds to step S20 and allows variable n to be incremented
by 1 before returning to step 513. Subsequently, processing
in steps S13 to S20 is repeatedly performed.

10 Here, the processing in steps S13 to 820 is repeatedly
performed, whereby the NFC communication apparatus transmits
polling request frames at N transfer rates and receives
polling response frames sent back at transfer rates.

Alternatively, if the NFC communication apparatus has

15 determined in step S19 that variable N is equal to the
‘maximum value N, that is,'when the NFC communication
apparatus transmits polling requeét frames at N N transfer
rates and receives polling response frames sent backlat
transfer rates, it proceeds to step S21 and performs, as a

20 passive mode initiator, its communication process (passive-
mode-initiator communication process). This passive-mode-
initiator communication process is described later.

After the passive-mode~initiator communication process
ends, the NFC communication apparatus proceeds ffom step 521

25 to S22, and stops outputting the electromagnetic waves whose
. A} : .




perfornms conmmuni cation at the n-th rate unless it is instructed to change
the transfer rate such that the coomand PSL_ REQ is transmtted fromthe
passive node initiator. 25 In step S37, the NFC comuni cati on apparat us
determ nes 53 whether the command DSL REQ has been transmitted fromthe
"passive node initiator, and has determ ned that the command has not been
transmtted, it returns to step S37 and waits for the command DSL_REQ to
be transmitted fromthe passive 5 node initiator. Also, when it is
determned in step S37 that the commid-DSL REQ has been transmtted from
‘the passive nbde initiator, that is, when the NFC comuni cati on apparatus
recei ves the conmand DSL REQ the NFC comruni cation 10 apparatus proceeds

ot t 538. lt.t it h DSLR h d- DSLREQ, and E
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the actiy -‘%-:' njtigtor ocess by the NFC 20 communi cation apparatus is
describedﬁaﬁt r%ferenc ’tgéfhe flowchart in Fig. 16.

5 In the passive-mode-target process, at first, in step
S31, the NFC communication apparatus sets variable n, which
represents a transfer rate, to, for example, an initial
value of 1, and proceeds to step 8$32. In step 832, the NFC
communication apparatus determines whether a polling reqguest

10 frame has been transmitted at the n-th rate from another-
apparatus which serves as a passive mode initiator.

If the NFC communication apparatus has determined in
step S32 that no polling request frame has been transmitted
from the passive mode initiator, that is, when, for example,

15 another apparatus clcose the NFC communication apparatus
cannot perform communication at the n-th rate, and thus

cannot transmit a polling request frame at the n-th rate, it

proceeds to step S33 and the NFC cqmmunication apparatus

determines whether wvariable n is equal to its maximum value
20 of N. If the NFC communication apparatus has determined in

step 533 that variable n is not equal to the maximum value N,

that is, when variable n is less than the maximum wvalue N,

it proceeds to step 834 and allows variable n to be

incremented by 1 before returning to step S32. Subsequently,

25 processing in steps S32 to S34 is repeatedly performed.




- In the active-node-initiator process, in each of steps S51 to 561,

" processing simlar to that in each of steps S11 to S21 in the passive-node
initiator process in Fig. 14 is 25 perfornmed. In the passive-node initiator-
process in Fig. 14, - 54 the NFC conmuni cati on apparatus continues
outputting electromagnetic waves until the process ends. The active-
node-initiator process differs in that only when the NFC comrunication
apparatus transmts data does it output 5 electronagnetic waves. In other
words, in step 551, the NFC communi cat3n- apparatus initiates output of

el ectromagnetic waves. Step S51 in the active-node-initiator process is
performed when, in step S1 in the above Fig. 13, the el ectronagnetic waves
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' transmitted at any one of the N transfer rates can be
received,.the processing in steps S31 to 834 is repeatedly.
performed. |

If it is determined in step S32 that a polling request

10 frame has been transmitted from a passive mode initiator,
that is, when the NFC communication apparatus normally
receives a polling request frame at the n-th rate, it
proceeds to step 835, and the NFC communication apparatus
determines that the transfer rate between initiators is the

15 n-th rate, and generates its NFCID based on random numbers
before proceeding to step S$36. In step $36, the NFC
communication apparatus transmits a polling response frame
in which its NFCID is located, at the n-th rate, and
proceeds to step S37.

20 - Here, after the NFC communication apparatus transmits
the polling response frame at the n-th rate in step 836, it
performs communication at the n-th rate unless it is
instructed to change the transfer rate such that the command
PSL_REQ is transmitted from the passive mode initiator.

25 In step 537, the NFC communication apparatus determines




and proceeds to step S54. Here, in step S53, before transmtting the
polling request franme, the NFC conmuni cati on apparatus uses the 25
above-descri bed active RFCA processing to initiate the 55 output of the

- el ectromagneti c waves. However, when variable n is the initial value of 1,
the active RFCA processing does not need to be perforned since the output
of the electromagnetic waves has already been initiated by initial 5 RFCA
processi ng corresponding to the processing in steps Si  and S51. In step
S54, the NFC communi cation apparat us-deternm nes whether a polling response
frame has been transmtted at the n-th rate from another apparatus. 10 _
When it is determ ned in step S54 that the poIIing response frame has not
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apparatus, that is, exampl €, when another apparatus Clo
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Also, when it is determined in step S$37 that the
_ eommand D5SL. REQ has been transmitted from the passive mode
initiator, that is, when the NFC communication apparatus
receives the command DSL REQ, the NFC communication
10 apparatus proceeds to step S38. It transmits the response
DSL_RES to the command DSL_REQ, and enters the deselect
state before proceeding to step $39.
In step 539, the NFC communication apparatus performs,
as a passive mode target, its communication process
i5 (passive-mode-target communication process). After it ends
the passive-mode-target communication process, the process

ends. The passive-mode~target communication process is

described later.
Next, the active-mode-initiator process by the NFC
20 communication apparatus is described with reference to the
flowchart in Fig. 16.
In the active-mode-initiator process, in each of steps
- 851 to S61, processing similar to that in each of steps Sl1
to 521 in the passive-mode initiator process in Fig. 14 is

25 performed. 1In the passive-mode initiator process in Fig. 14,




perform comuni cation at the n-th rate, a polling response frane to the
polling request frane transmtted at the n-th rate is sent back, the NFC
communi cati on apparatus proceeds 25 to step 555. the NFC communi cation
apparatus regards the - 56 other apparatus, which sends back the polling
response franme, as an active node target, recognizes the NFCID of the
target based on an NFCID |ocated in the polling response franme, and
recogni zes the target to be communicatable at the n-th rate. 5 Wen, in
step S55, the NFC communi cati on appafasas-recogni zes the NFCI D of the
active node target and the target to be communicatable at the n-th rate,

it determnes that the transfer rate between it and the target is the n-th
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per f @r neet bet Rbm3gn8ticPye68ssSi ng, and proceeds fromstep S56 to 557. In
step 557, the NFC communi cati on apparatus receives '

In other words, in step 851, the NFC communication
apparatus initiates output of electromagnetic waves. Step
551 in the active—modeQinitiator process is performed when,
in step S1 in the above Fig. 13, the electromagnetic waves
10 are not detected. Specifically, in step S1 in Fig. 13, the
NFC communication apparatus initiates output of -
electromagnetic waves in step S51 when the electromagnetic
waves are not detected. Accordingly, processing in steps S1
and S51 corresponds to the above initial RFCA processing.
15 After that, proceeding to step S52, the NFC
communication apparatus sets variable n, which represents a
transfer rate, to, for example, an initial value of 1, and

proceeds to step S53. In step $53, the NFC communication

apparatus transmits a polling request frame at the n-th rate
20 and stops outputting the electromagnetic waves (hereinafter
referred to also as performing RF-off process, if needed),
and proceeds to step 854.
Here, in step 853, before transmitting the polling
.request frame, the NFC communication apparatus uses the

25 above-described active RFCA pProcessing to initiate the




the response DSL RES which is sent back for the conmmand DSL_REQ
transmtted in step S56 fromthe target set to be in the deselect state by
t he conmmand DSLREQ and proceeds to 25 step S58. - 57 1In step S58, the
NFC conmuni cati on apparatus determ nes whether a predeternined tinme has

el apsed fromthe transm ssion of the polling request frane at the n-th
rate in step 553. 5 When it is determned in step S58 that the
predeterm ned tine has not el apsed yet fromthe transm ssion of the
polling request frame at the n-th ratesyn-step 553, the process returns-to
step S53. Subsequently, processing in steps S53 to S58 is repeatedly
performed. 10 Alternatively, when it is determned in step S58 that the
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and S51.

In step 554, the NFC communication apparatus determines
whether a polling response frame has been transmitted at the
n-th rate from another apparatus.

10 When it is determined in step S54 that the polling
response frame has not been transmitted from the other
apparatus, that is, for example, when another apparatus
close to the NEFC communication apparatus cannot perform
communication at the n~th rate, and a polling response frame

15 to the polling request frame transmitted at the n-th rate is
not sent back, the NFC communication apparatus skips over
steps 555 to 857 and proceeds to step S$58.

Also, when it is determined in step $54 that the
polling response frame has been transmitted at the n-th rate

20 from the other apparatus, that is, for example, when another
apparatus close to the NFC communication apparatus cannot
perform communication at the n~th rate, a polling response
frame to the polling request frame transmitted at the n—th-
rate is sent back, the NFC communication apparatus proceeds

25 to step 855. the NFC communication apparatus regards the




NFC communi cati on apparatus transmts polling request frames at N transfer
rates and receives polling response franes sent back at transfer rates. 25
Alternatively, when it is determned in step S59 that 58 wvariable nis
equal to the maxi mumvalue N, that is, when the NFC comunication
.apparatus transmts polling request franes at N N transfer rates and
receives polling response franes sent back at transfer rates, the NFC
comuni cation 5 apparatus proceeds to step 561, perforns, as an active node
initiator, its comunication process- (§de-active-node- initiator

communi cati on process), and subsequently ends the process. This
active-node-initiator comruni cation process is described later. 10 Next,
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recognizes the NFCID of the active mode target and the
target to be communicatable at the n-th rate, it determines
that the transfer rate between it and the target is the n-th
rate, and performs communication with the target at the n-th
10 rate unless the transfer rate is changed by the command
PSL_REQ.
After that, proceeding to step S56, the NFC
communication apparatus initiates output of electromagnetic
waves by the active RFCA processing, and transmits the
15 command DSL_REQ at the n-th rate to the target (active mode
target) having the NFCID recognized in step $55. This sets
the target to be in a deselect state of not responding to
polling response frames which are subsequently transmitted.
After that, the NFC communication apparatus performs the RF-
20 off processing, and proceeds from step $56 to S57.
In step 857, the NFC communication apparatus receives
the response DSL_RES which is sent back for the command
'DSL_REQ transmitted in step $56 from the target set to be in
the deselect state by the command DSL;REQ, and proceeds to

25 step 858.




In other words, in the active-nbde-target process, in each of steps S71 to
- 575, processing simlar to the case of the steps S31 to S35 in Fig. 15 is
perfornmed. 25 After processing in step 575, the NFC conmunication - 59
apparatus proceeds to step S76, initiates output of electronmagnetic waves
by the active RFCA processing, and transmts a polling response frame in
which its NFCIDis located, at the n-th rate. In step S76, the NFC 5
comuni cati on apparatus perforns RF-off processing and proceeds to step
S77. Here, after transmtting the pallgmg response frame at the n-th rate
in step S76, the NFC comuni cation apparatus perfornms conmuni cation at the
n-th rate unless the command 10 PSLREQ is transmtted fromthe active-node
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Alternatiyelyayidsdhe NFC connunlcatlon apparatus has 20 determined in
step S77 that he command DSL REQ has not been transmitted fronlthe active

nodesi ni ti at ghert 13t 1isS dMEined in step S58 that the

predetermined time has not élapsed yet from the transmission
of the polling request frame at the n-th rate in step 8§53,
the process returns to step $S53. Subsequently, processing
in steps $53 to S58 is repeatedly performed.

10 Alternatively, when it is determined in step S58 that
"the predetermined time has elapsed from the transmission of
the polling request frame at the n-th rate in step 8§53, the
NFC communication apparatus proceeds to step 559 and
determines whether variable n is equal to its maximum value

15 of N. When it is determined in step S59 that variable n is
not equal to the maximum value N, that is, when variable n
is less the maximum value N, the NFC communication apparatus
proceeds to step S60 and allows variable n to be incremented
by 1 before returning to step S53. Subsequently, processing

20 in steps 853 to S60 is repeatedly performed.

Here, the processing in steps S53 to S60, whereby the

NFC communication apparatus transmits polling request frames
at N transfer rates and receives polling response frames
sent back at transfer rates.

.25 Alternatively, when it is determined in step §59 that




t he NFC comuni cati on apparatus has received the DSL REQ it proceeds to
step 578, initiates output of electromagnetic waves by the active RFCA
processing, and transmts the 25 response DSL_RES to the command DSL_REQ
Al so, in step 578, 60 the NFC comruni cation apparatus perforns RF-off
processing and becones a desel ect state before proceeding to step 579. 1In
step S79, the NFC comunication apparatus perforns, as an active node
target, its comuni cation process (active- 5 node-target -comrunication
process). Wien the active-node- targetsgamuni cation process ends, the NFC
communi cation apparatus ends its process. The active-nopde-target
conmuni cati on process is described |ater. Next, the passive-node-initiator
connunicationb?rocess 10 _i.n th% step S$S21 in Fig. 14 is described with
ref er enc&t53PtRel't FEWERLALs Ton EBRgMaxd My vieilgie 1o, thas NiSe @®w#uni cati on
node initiator, .selects an apparatus
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desel ect state, is released (here erred
initiator, its communication process (the active-mode-

initiator communicatiop process), and subsequently ends the
process. This active~mode-~initiator communiéation process
is described later.

10 Next, an active-mode-target process by the NFC
communication apparatus is described with reference to the
flowchart in Fig. 17.

.In the active-mode-target process, in each of steps 871
to 879, processing similar to the case of steps S31 to $39

15 in the passive-mode is performed. Although, in the passive-
mode-target process in Fig. 15, the NFC communication

apparatus transmits data by performing load meodulation on

the electromagnetic waves output by.the passive mode
initiator, the active-mode~target process differs in that
20 the NFC communication apparatus transmits data by outputting
electromagnetic wavés by itself.
In other words, in the active-mode~target process, in
each of steps 871 to S75, processing similar to the case of
the steps S31 to 835 in Fig. 15 is performed.

25 After processing in step 875, the NFC communication




waked up, if ‘needed). Subsequently, after the NFC conmuni cati on apparatus
waits for the apparatus of interest to transmt the response 25 WUP_RES to
the command WUP_REQ it proceeds fromstep S92 to 61 S93 and receives the
.response WUP_RES before proceeding to step 594. In step 594, the NFC
communi cation apparatus transmts the command ATR REQ to the apparatus of
interest. After the NFC communi cation apparatus waits for the 5 apparatus
of interest to transnit the response ATR RES to the command ATR REQ it
proceeds fromstep S94 to S95 and recgpves the response ATR RES. As

descri bed above, the NFC conmuni cati on apparatus and the apparatus of

i nterest exchange the command ATR REQ in 10 which an attribute is

and-the SBRArarls’ BPBeRRREr TR SEBhoarE e it it i SE whi ch both can
R LR S T et B
commun, oot T AR a5 Raf oD TtRt £ P BeReRe T ABbank 1EI6R e PUGIH 0% ransmi
507 and 30 rsearves ThE PeShoRabonoL JFES G578 protediing o step So8. In
- St ep 5598gohdifin NEG: §OATHPLS RRERR ﬁ@&%ﬁ%ﬁgsR@QB%%WEQ%%essing and
proceeds to step S77.
Here, after transmitting the polling response frame at
the n-th rate in step 576, the NFC communication apparatus
performs communication at the n-th rate unless the command
10 PSL REQ is transmitted from the active-mode initiator to
instruct the NFC communication apparatus to change the
transfer rate.
In step 877, the NFC communication apparatus determines
whether the command DSL REQ has been transmitted from the
15 active mode initiator. If the NFC communication apparatus
has determined that the command has not been transmitted, it
returns to step 877 and waits for the command DSL REQ to be
transmitted from the active mode initiator.
Alternatively, if the NFC communication apparatus has
20 determined in step 577 that the command DSL REQ has not been
transmitted from the active mode initiator, that is, when
the NFC communication apparatus has received the DSL _REQ, it
proceeds to step S78, initiates output of electromagnetic
waves by the active RFCA processing, and transmits the

25 response DSL RES to the command DSL_REQ. Also, in step S78,
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state, icavgkedesmudi€attén process ends, the NFC communication
apparatus ends its process. The active-mode-target
communication process is described later.
Next, the passive-mode-initiator communication process
10 in the step S21 in Fig. 14 is described with reference to
the flowcharts in Fig. 18 and Fig. 19,

The NFC communication appafatus, which is a passive
mode initiator, selects an apparatus (hereinafter referred
to as an apparatus of interest, if needed) with which it
15 will communicate, from among the targets having NFCIDs
recognized in step 815 in Fig. 14, and proceeds to step $92.
In step S92, it transmits the command WUP_REQ to the

apparatus of interest, whereby, by transmitting the command

DSL_REQ in step S16 in Fig. 14, the deselect state of the

20 apparatus of interest, which has been set to be in the

deselect state, is released (hereinafter referred to as

waked up, if needed).

Subsequently, after the NFC communication apparatus

waits for the apparatus of interest to transmit the response

25 WUP_RES to the command WUP_REQ; it proceeds from step S92 to




comuni cation apparatus waits for the apparatus of interest to transmt’
the response WJP_RES to the command WUPREQ and proceeds fromstep S100 to
5101. It receives the response 25 WUP_RES thereto and proceeds to step Si'l
‘in Fig. 19. 63 1In step Sill, the NEC communication apparatus determ nes
whet her to change a communication paranmeter, such as a transfer rate, in
the case of communicating with the apparatus of interest. 5 Here, the NFC
comuni cati on apparatus has received the response ATRRES in step S95 in
Fig. 18, and recogni zes, based on thesmttribute located in the response
ATR RES, the communication paranmeter such as a transfer rate at the
apparatus of interest can perform comruni cation. Wien the 10 NFC
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the command ATR REQ, it proceeds from step 894 to 895 and
receives the response ATR RES.
As described above, the NFC communication apparatus and
the apparatus of interest exchange the command ATR REQ, in
10 which an attribute is located, and the response ATR REQ,
whereby the NFC communicétion apparatus and the apparatus of
linterest recognize a transfer rate at which both can
communicate with each other.
After that, proceeding from step S95 to $96, the NFC
15 communication apparatus transmits the command DSL _REQ to set

the apparatus of interest to be in the deselect state.

After the NFC communication apparatus waits for the

apparatus of interest to transmit the response DSL RES to
the command DSL REQ, it proceeds from step S96 to $S97 and
20 receives the response DSL RES before proceeding to step S98.
In step 598, the NFC communication apparatus determines
whether to have selected all the targets having NFCIDs
recognized in step S15 in Fig. 14, as apparatuses of
interest, in step S§91. If the NFC communication apparatus

25 has determined in step 898 that some targets have not been




error. Even if comrunication is possible at a transfer rate different from
the present transfer rate between the NFC comunication apparatus and the
apparatus of interest, the 25 communication can be continued with the
present transfer - 64 - rate unchanged. Wien it is determined in step Sil
that the comrunication paraneter in the case of comunicating with the
apparatus of interest, that is, when the communication 5 is conti nued
between the NFC conmunication apparatus and the apparatus of interest with
the present communi cation paraneter-ugzhanged, the NFC conmuni cation
apparatus skips over steps S112 to S114 and proceeds to step 5115. If the
"NFC conmuni cati on apparatus has determined in 10 step Sill to change the
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'.determined in step S$98 that, in step 891, it has selected,
as apparatuses of interest, all the targets having the
NFCIDs recognized in step S15 in Fig. 14, that is, when the
NFC communication apparatus exchanges the command ATR REQ
10 and the response ATR RES with all the targets having the
NFCIDs recognized, and this enables each target to recognize
a communicatable transfer rate, etc., it proceeds to step
S99. The NFC communication apparatus selects an apparatus
(apparatus of interest) with which the NFC communication
15 apparatus will communicate, from among the targets with
which the NFC communication apparatus exchanges the command
ATR_REQ and the response ATR RES, and proceeds to step $100.
In step S100, the NFC communication apparatus transmits
the command WUP_REQ, and this transmits the command DSL REQ
20 in step 596, whereby the apparatus of interest, which is set
to be in the deselect state, is waked up. The NFC
communication apparatus waits for the apparatus of interest
to transmit the response WUP_RES to the command WUP REQ, and
proceeds from step S100 to S10l1. It receives the response

25 WUP_RES thereto and proceeds to step S111 in Fig. 13.




the.val ue of the comunication paraneter located in the command PSL_REQ
transmtted in step 5112. After that, the  NFC communi cation apparatus
comuni cates with the apparatus 25 of interest in accordance with the
conmmuni cation paraneter, 65 such as the transfer rate changed in value in
step 5114 wunless it exchanges the command PSLREQ and the response PSL
RES. According to the exchange (negotiation) of the command 5 PSLREQ and
the response PSL_RES, in addition to the transfer rate, for exanple, the
encodi ng nmethod in the encoding unid g6 (the decoding unit 14), the

-nmodul ating nethods in the nodulating unit 19 and the | oad nodul ation unit
20 (the denodulating unit 13), etc., can be changed. 10 After that, the NFC
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response ATR RES in step 595 in Fig. 18, and recognizes,
based on the attribute located in the response ATR RES, the
- communication parameter such as a transfer rate at the
apparatué of interest can perform communication. When the
10 - NFC communication apparatus can communicate with, for
~example, the apparatus of interest, at a transfer rate
higher than the present transfer rate, it determines in step
5111 to change the communication parameter in order to
change the transfer rate to the higher transfer rate. Also,
15 when the NFC communication apparatus can communicate with,
the apparatus of interest, at a transfer rate lower than the
present transfer.rate, and the present communication
environments have high noise level, ﬁhe NFC communication
apparatus determines in step S111 to change the
20 communication parameter so that the transfer rate is changed
to a lower transfer rate in order to lower transmission
error. Even if communication is possible at a transfer rate
different from the present transfer rate between the NFC
communication apparatus and the apparatus of interest, the

25 communication can be continued with the present transfer




in the command DEP REQ The NFC conmmuni cation apparatus waits for the
apparatus of interest to transmt the response DEP RES to the command 25
DEP_REQ proceeds fromstep S116 to 5117, and receives the - 66 response
DEPRES before proceeding to step S118. As descri bed above, the command DEP
REQ and the response DEP_RES are exchanged between the NFC commruni cati on
apparatus and the apparatus of interest, whereby 5 transm ssion and
reception of so-called real data are perforned. In step 5118, the NFC
conmuni cati on apparatus determ nes to6g¢hange the comuni cation party. If
the NFC conmunication apparatus has deternmined in step S118 not to 10
‘change the conmunication party, that is, when there-is still data to be

exchange(}a\gtt&nc nmpl e, the apparatus of interest, it returns to step
- 5111 and subsequen€¥§ repeats simlar processing. Alternatively, if the
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the NFC communication apparatus waits for 'the apparatus 0 arest to
transn t ikheoh@sPRRSEbetween the NFC communication apparatus and the

apparatus of intefest with the present communication
parameter unchanged, the NFC communication apparatus skips
over steps 5112 to $114 and proceeds to step S$115.
If the NFC communication apparatus has determined in
10 step S111 to change the communication parameter in the case
6f communicating with the apparatus of interest, it proceeds
to step S112, and locates the changed communication
parameter in the command PSL REQ, and transmits the command
to the apparatus of interest. The NFC communication
15 apparatus waits for the apparatus of interest to transmit
the response PSL_RES to the command PSL REQ before
proceeding from step 5112 to S113, and receives the response
PSL_RES before proceeding to step S114.
In step 3114, the NFC communication apparatus changes
20 -the communication parameter, such as the transfer rate in
the case of communicating with the apparatus of interest, to
“the value of the communication parameter located in the
command PSL REQ transmitted in step 5112. After that, the
NFC communication apparatus communicates with the apparatus

25 of interest in accordance with the communication parameter,




DSL: RES or RLS RES to the command DSL REQ or RLS REQ proceeds from step
S119 to 5120, and receives the response DSL _RES or RLS RES. 25 As

- descri bed above, the NFC communi cation apparatus - 67 ¢transmts the
command DSL_REQ or RLS REQ to the apparatus of interest, whereby the
target as the apparatus of interest is released fromtargeted apparatuses
in comunication with the NFC conmmunication apparatus as the initiator.
However, a 5 target released by the command DSL REQ is set to be

comuni catable with the initiator agaigsby the command WJPREQ but a
target released by the command RLS REQ is not set to be communicatable
Wth the initiator unless it exchanges the above polling request franme and

th t | exchanges the !1ing .
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transfer rate, for example, the encoding method in the
encoding unit 16 (the decoding unit 14), the modulating
methods in the modulating unit 19 and the locad modulation
unit 20 (the demodulating unit 13), etc., can be changed.

10 After that, the NFC communication apparatus proceeds to

step S115 and determines whether there is data té be
transmitted to and received from the apparatus of interest.
If it has determined that there is no data, it skips over
steps S116 and S117 and proceeds to step S118.

15 If the NFC communication apparatus has determined in
step 5115 that there is data to be transmitted to or
received from the apparatus of interest, it proceeds to step
S116 and transmits the command DEP REQ to the apparatus of
interest. Here, in step 8116, when there is data to be

20 transmitted to the apparatus of interest, the NFC
communication apparatus transmits the data in a form located

~in the command DEP_REQ.
The NFC communication apparatus waits fbr the apparatus
of interest to transmit the response DEP RES to the command

25 DEP_REQ, proceeds from step S116 to S117, and receives the




Here, release of a target which is not set to be communicatable with the
initiator unless the target and the initiator exchange the polling request
franme and the polling 25 response frane is hereinafter referred to as
conplete 68 release. Al so, release of target which is set to be

comuni catabl e again with the initiator such that the conmmand WUJP REQ i s
transmtted by the initiator is tenporary release. 5 After processing in
step 5120, the NFC conmuni cation apparatus proceeds to step S121 and
determ nes whether all the targets -h&h rg the NFCI Ds recognized in step
S15 in Fig. 14 have been released. |If the NFC communi cation apparatus has
determned in step S121 that all the targets having the 10 NFCl Ds

reCOgniZPQS§8n§ée?%§1§EEnbgkgreléﬁgééngﬁg Qgegtegegga%ed, it returns to
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19, the command DEP REQ 20 and the response DEPRES ar e exchanged, whereby
transm ssramsmbfsl ¢ cepd i pacégai enesehapger1véqdatalangtpenk-ar med bet ween
performed. |
In step S118, the NFC communication apparatus
determines to change the communication party.' If the NFC
communication apparatus has determined in step S118 not to
10 change the communication party, that is, when there is still
data to be exchanged with, for example, the apparatus of
interest, it returns to step S111 and subsequently repeats
similar prodessing.
Alternatively, if the NFC communication apparatus has
15 determined in step S118 to change the communication party,
that is, for example, when there is not data to be exchanged

with the apparatus of interest, but there is data to be

exchanged with another communication party, it proceeds to

step 8119 and transmits the command DSL_REQ. or RLS REQ to

20  the apparatus of interest. the NFC communication apparatus
wailts for the apparatus of interest to transmit the response
DSL _RES or RLSHRES.to the command DSL REQ or RLS REQ,

proceeds from step S119 to 5120, and receives the response

DSL_RES or RLS_RES.

25 As described above, the NFC communication apparatus




the target and the initiator. This exchange of the command DEP_REQ and t he
response DEP_RES is one transaction. After processing in steps S116 and
5117, the NFC conmuni cation 25 apparatus can return to step S114 through
steps 5118, 5111, - 69 S112, and S113, and can change- the comuni cati on
parameter. Accordingly, the conmunication paraneter concerning the

communi cation between the target and the initiator, such as the transfer
rate, can be changed for each transaction. 5 In steps S112 and S113, the .
initiator and the target exchange t-he6tormand PSLREQ and t he response PSL
RES, whereby, in step S114, a conmunication node for the initiator and
the target, which is one of comrunication paraneters, can be changed.
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communi cati on apparatus, which IS a passive

e et ST e R0 shadnr o
and 338 tarfkg. relbased by the command DSL REQ is set to be
communicatable with the initiator again by the command
WUP_REQ, but a target released by the command RLS REQ is not
set to be communicatable with the initiator unless it
exchanges the above polling request frame and polling
10 response frame with the initiator.

Cases in which a certain target is released from
targeted apparatuses in communication with the initiator
include, not only a case in which, as described above, the
command DSL REQ or RLS_REQ.is transmitted from the initiator

15 to the target, but also, for example, a case in which near
field communication cannot be performed since the initiator
and the target are too far from each other. 1In this.case,
similarly to the target released by the command RLS REQ, the
target is not set to be communicatable with the initiator

20 unless the target exchanges the above polling request frame
and polling response frame with the initiator.

Here, release of a target which is not set to be

communicatable with the initiator unless the target and the
initiator exchange the polling request frame and the polling

25 response frame is hereinafter referred to as complete




Accordingly, in step S131, the NFC conmunication apparatus determ nes

whet her the commmand WJUPRES has been transmitted fromthe initiator. If it
has determ ned that 25 the conmand WUP_RES has not been transmitted, it
returns to - 70 step S131, and remains unchanged in the desel ect state.
Alternatively, if the NFC communication apparatus has determned in step
S131 ‘that the command WUP REQ has been transmtted fromthe initiator,

that is, when the NFC 5 comruni cati on apparatus has received the command
WUP REQ it . proceeds to step S131, 4rgmsimits the response WJP RES to the
command WJP_REQ and is waked up before proceeding to step S133. In step
S133, the NFC conmuni cation apparatus 10 determ nes whet her the command ATR

d h d dth h
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transm tssidessesponse ATR RES to the connand ATR_RES before proceeding to
step 5135. 20 In step 5135, the NFC comuni cation apparatus determ nes

Whet Ber 't he oG ASRle SEQan haa tsBS MR ENFC communication
apparatus proceeds to step 8121 and determineé whether all
the targets having the NFCIDs recognized in step 815 in Fig.
14 have been released. If the NFC communication appératus
has determined in step 8121 that all the targets having the

10 NFCIDs recognized in step S15 in Fig. 14 have not been
released, it returns to step 899 in Fig. 18. The NFC
communication apparatus selects a new apparatus of interest
from among targets which have not been completely released,
that is, targets which have temporarilf released, and

15 repeats similar processing.

If the NFC communication apparatus has determined in
step 8121 that all the targets having the NFCIDs recognized

have been completely released, it ends the process.

In steps Sl1l6 and $117 in Fig. 19, the command DEP_REQ
20 and the response DEP RES are exchanged, whereby transmission
and reception (data exchange) of data are performed between

the target and the initiator. This exchange of the command

DEP_REQ and the response DEP RES is one transaction. After
processing in steps S116 and S117, the NFC communication

25 apparatus can return to step S114 through steps S118, 8111,




‘fromthe initiator. If the NFC comruni cation apparatus has determned in
step 5135 that the-command DSL REQ has been transmtted, that is, when the
NFC communi cati on apparatus 25 has received the command DSLREQ it proceeds
to step 5136. 71 The NFC conmuni cati on apparatus transmts the response
DSLRES to the command DSL_REQ and returns to step S131. This sets the NFC
communi cation apparatus to be in the deselect state. 5 Alternatively, if :
t he NFC conmuni cati on apparatus has determned in step S135 that the
command DSL REQ has not been transmtded-fromthe initiator, it proceeds
to step. S137. The NFC communi cati on apparatus determ nes whether the.
command PSL REQ has been transmitted fromthe initiator. 10 If it has

det i h h b t tted, it ski
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NFC conmuni cation appar at us changes comuni Cat i on in

accordance Wi L @MBNthnd S113, the initiator and the target
exchange the command PSL_REQ and the response PSL_RES,
whereby, in step 8114, a communication mode for the
initiator and the target, which is one of communication
parameters, can be changed. Accordingl?, the communication

10 mode for the target and the initiator can be changed for

each transaction. This means that the communication mode
for the target and the initiator must not be changed during
one transaction.

Next, the passive-mode-target process in step S38 in

15 Fig. 15 is described with reference to the flowchart in Fig.
20.

The NFC communication apparatus, which is a passive
mode target, is in the deselect state since it exchanges the
command DSL REQ and the response DSL RES with the initiator,

20  which is in the passive mode, in steps $37 and S38 in Fig.
15.
'Accordingly, in step S131, the NFC communication
apparatus determines whether the command WUP_RES has been
Lransmitted from the initiator. If it has determined that

25 the command WUP_RES has not been transmitted, it returns to




PSL_REQ fromthe initiator, and proceeds to step S140. In step S140, the
NFC conmuni cati on apparatus determ nes whether the conmand DEP REQ has
been transmtted 25 fromthe initiator. If it has determ ned that the
above 72 command has not- been transmtted, it skips over step S141 and
proceeds to step 5142. Alternatively, if the NFC conmuni cati on apparatus
has determned in step S140 that the command DEP REQ has been 5
transmitted fromthe initiator, that is, when the NFC communi cation

apparatus has received the command DEFIREQ it proceeds to step 5141. The
NFC communi cation apparatus transmts the response DEPRES to the command
DEP REQ and proceeds to step 5142. 10 In step 5142, the NFC comruni cati on

' .PSL.REQ has b t itted
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communi cation apparatus 20 transmts the response t0 the command

RSL BEQ cdihéni&aesohh8psarEuiiC ahisoRewet Beline nkNicdhhitadle wARd Ree RLOCess

proceeds to step S131, transmits the response WUP RES to the
command WUP_REQ, and is waked up before proceeding to step
S133.

In step 5133, the NFC communication apparatus

10 determines whether the command ATR_REQ has been transmitted
from the initiator. If it has determined that the above
command has not been transmitted, it skips over step 8134
and proceeds to step S135.

Alternatively, if the NFC communication apparatus has

15 determined in step S133 that the command ATR REQ has been

~ transmitted from the initiator, that is, when the NFC
communication apparatus has received the command ATR REQ, it
proceeds to step S135, and transmits the response ATR RES to
the command ATR RES before proceeding to step S135.

20 In step 8135, the NFC communication apparatus
determines whether the command DSL REQ has been transmitted
from the initiator. If the NFC communication apparatus has
determined in step S135 that the command DSL REQ has been
transmitted, that is, when the NFC communication apparatus-

25 has received the command DSL REQ, it proceeds to step S136.




ends. Next, Fig. 21 and Fig. 22 are flowharts showing details of the
active-node-initiator communi cation process 25 in step S61 in Fig. 16. 73
I n the passive-node-initiator comunication process illustrated in Fig. 18
and Fig. 19, the initiator continuously outputs el ectronagnetic waves,
while, in the active-node-initiator conmunication process in Fig. 21 and 5
Fig. 22, the initiator initiates output of electromagnetic waves by
perform ng the active RFCA processing before transmtting a cormand, and
perforns-processing (OFF processing) #lor- stoppi ng out putting the

el ectromagnetic waves after ending the transm ssion of the conmand. 10
Excl udi ng the above point, in the active-node-initiator comunication

process e Ryfe g&mmhﬂlégEEoﬂfaﬁ%ﬁ?§t§%5%rgﬁsp§¥@1th%n4e§§§§§58171 to 5181

in Fig. 22, processing simlar o the caSe of each of "st 91 to S101 in

Fig. 18 pgd rss eps éﬂélcbﬂméﬁalD'sﬂ EEQ ;%d' $ ReQr %dstéﬁcgrl@lng' y, 15

its descriptionis omtted. Next, Fig. 23 is flomchart show ng details of

the actiyes nDeles t 8R8 el FCORBHALAAEROAGAT gg@%%alt%sstt%pbéﬁn' RpEi 9. 17. In
t he passive-node-target comrunication process 20 illustrated in Fig. 20,

the targgtéséiadsnstsctdata by performng | oad nodul ati on on el ectronmagnetic
waves out put _
5 Alternatively, if the NFC communication apparatus has

determined in step S135 that the command DSL_REQ has not
been transmitted from the initiator, it proceeds to step
S137. The NFC communication apparatus determines whether
the command PSL_REQ has been transmitted from the initiator.
10 If it has determined thaf the above command has not been
transmitted, it skips over steps S138 and S139 and proceeds
to step S5140.
Alternatively, if the NFC communication apparatus has
determined in step 5137 that the command PSL REQ has been
15 transmitted from the initiator, that is, when the NFC
communication apparatus has received the command PSL REQ, it
proceeds to step S138. The NFC communication apparatus
transmits the response PSL_RES to the command PSL_RES, and
proceeds to step 5138.
20 In step 8139, the NFC communication apparatus changes its
communication parameter in accordance with the command
PSL REQ from the initiator, and proceeds to step 8140.
In step 5140, the NFC communication apparatus
determines whether the command DEP REQ has been transmitted

25 from the initiator. If it has determined that the above




by the-initiator, while, in the active-node-target comrunication process

in Fig. 23, the target initiates output of el ectromagnetic waves by
perform ng the active 25 RFCA processing before transmtting a command,
perfornms - 74 processing (OFF processing) for stopping outputting the
el ectromagneti c waves after ending the transm ssion of the conmmand.

and

Excl udi ng the above point, in the active-node- target communi cation process

in Fig. 23, in each of steps 5 S191 to 5203, processing simlar to the case
of each of steps S131 to 5143 in Fig.720-is perfornmed. Accordingly, its
description is omtted. Next, in comunication by the NFC conmuni cation
apparatus, for exanple, a comunication protocol called 10 NFCI P (Near
Field b GatHhee hBterfagera 21 enpl.oyed. Fl 24 to Fig.
29 are illustrations o% detal SQHFBE%E% t Skﬁgﬁeggﬁ% %g |on by
t he NFCEgggnyfbggéggntoagggéagygz 15 SpeC|f|caIIy, Fig. 24 is a flomchart
illustrating conmmon initia i zation and SDD processing performed by an NFC
conmuni cat i O Bdat At Use WA GlF Rafd QRS SOMAMAL €3E 1R Q@gﬁ% g A
first, in step S301, the \FC conmuni cat i on appar at us, I ch ' bécones an
I n

|nltlatomet§@mi@éaslnnsteﬁlsf&ﬁwtﬁaeCEEé'agmmaﬁadDﬁboﬁﬁédﬁagob%%%P S302.
step S302, the NFC |
5 transmitted from the initiator, that is, when the NFC
communication apparatus has received the command DEP REQ, it
proceeds to step'Sl41. The NFC communication apparatus
transmits the response DEP_RES to the command DEP REQ, and
proceeds to step S142.

10 In step S142, the NFC communication apparatus
determines whether the command PSL_REQ has been transmitted
from the initiator. If it has determined that the above
command has not been transmitted, it returns to step S133,
and similar processing is subsequently repeated.

15 Alternatively, i1f the NFC communication apparatus has
determined in step S142 that the command PSL,_REQ has been
transmitted from the initiator, that is, when the NFC
communication apparatus has received the command PSL REQ, it
proceeds to step S5143. The NFC communication apparatus

20 transmits the response RSL RES to the command RSL REQ. This
ends the communication with the initiator, and the process
ends.

Next, Fig. 21 and Fig. 22 are flowcharts showing
details of the active-mode-initiator communication process

25 in step S61 in Fig. 16.




comruni cati on apparatus, which becomes the initiator, detern nes whether
to have detected an RF field by the initial RFCA processing in step 5301.

I f the NFC 25 comuni cati on apparatus has determned in step S302 to have -
75 detected the RF field, it returns to step 5301, and simlar. processing
i s subsequently repeated. In other words, while detecting the RF field,

t he NFC communi cation apparatus, which becones the initiator, forns no RF
field so as not to 5 interfere with communi cati on by anot her NFC

comuni cati on apparatus, which forns i®Be-RF field. Aternatively, if the
NFC communi cation apparatus has determned in step S302 not to have
detected the RF field, it proceeds to step 5303, and perforns, in the

nitiator 10 shatfe GOOBYPLCALLANIARISARRG LEANSHS BShon, mpde selection,

etc. Specifically, i'n the case of performng passiVv

the NFC ¢omydRi-GaLRORNAPRPAT alj S LR, Is ,fg oy, St o step S303-1
bet ween steps S303-1 gnd 3303-2a1§p§§$ﬁ1%éﬂsgg§ é%@gﬁégég%ges t he

CO”WUHiC@bheﬂnﬁ@d@k?ooﬁhﬁutEaéibﬁ%r%ﬁﬁﬁn%%iﬁh%e&%gti%ﬁﬂﬁ_ tale.and sel ects

a transfer rate. so, In step S303-1," the N cpﬁnunlca’ion appar at us,
whi ch begetkgetRedeni il 8t orPebifimg dafiibhdbiraakisan i@a”%“i%?g 7 ]_gra?ﬁiesm ng,

and proceeds to step S304-1 between steps S304-1 20 an orm ng
st ep 5530&igl n28f eph&30ditiatbe NE@tQQ%@Enb%%thnoﬁpﬁi@@%fﬁﬂéﬁnetic
waves by performing the active RFCA processing before
transmitting a command, and performs processing (OFF
processing) for stopping outputting the electromagnetic
waves after ending the transmission of the command.
10 Excluding the above point, in the active-mode-initiator
communication process in Fig. 21, in each of steps S151 to
8161, and steps 5171 to S181 in Fig. 22, processing similar
to the case of each of steps 891 to S101 in Fig. 18 and .
steps S111 to S121 in Fig. 19 is performed. Accordingly,
15 its description is omitted.
Next, Fig. 23 is a flowchart showing details of the
active-mode-target communication process in step 879 in Fig.
17.
In the passive-mode-target communication process
20 illustrated in Fig. 20,‘the target transmits data by
performing load modulation on electromagnetic waves output
by the initiator, while, in the active-mode-target
communication process in Fig. 23, the target initiates
output of electromagnetic waves by performing the active

25 RFCA processing before transmitting a command, and performs




activated (starts) in the passive node, and proceeds to step S305.

" Alternatively, in the case of performng active node 25 conmuni cation, the

NFC communi cation apparatus proceeds from- 76 step 5302 to step S303-2
bet ween steps 5303-1 and 5303-2 form ng step 5303, changes t-he

communi cation node to the active node in the initiator state, selects the
transfer rate, and proceeds to step S304-2 between steps S304-1 and 5
S304-2 formng step 5304. In step 5304-2, the NFC comuni cati on:appar at us
is activated in the active node and-proceeds to step 5305. 1In step 5305,

t he NFC conmuni cati on apparatus sel ects the comruni cati on paraneter

requi red for conmunication and 10 proceeds to step 5306. In step 5306, the

on a_aaPaoE8bnata . 10RE B REi g Het e 4ﬁﬁ¥¥§$hyéﬁﬁﬁﬁﬁﬂ"§§$'°“) pased
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i ni tisat og160r 6 8208, pi8kdksing similar to the case of each of |
- steps S131 to S143 in Fig. 20 is performed. Accordingly,

its description is omitted.
Next, in communication by the NFC communication
apparatus, for example, a communication protocol called

10 NFCIP (Near Field Communication Interface and Protocol)-1 is
emploved. |

Fig. 24 to Fig. 29 are illustrations of details of
NFCIP-1 employed in communication by the NFC communication
apparatus.

15 Specifically, Fig. 24 is a flowchart illustrating
common initialization and SDD processing performed by an NEC
communication apparatus which performs communication based
on NFCIP-1.

At first, in step S301, the NFC communication apparatus,

20 which becomes an initiator, performs initial RFCA processing,
and proceeds to step S302. 1In step $302, the NFC
communication apparatus, which becomes the initiator,
determines whether to have detected an RF field by the
initial RFCA processing in step S301. If the NFC

25 communication apparatus has determined in step S302 to have




Al so, the NFC communi cation apparatus can becone an initiator, for

exanple, in accordance with a request froman application. For exanple, an
application can determ ne 25 which of the active node and the passive node
‘the 77 comunication node is, and can select (determ ne) the transfer
rate. The NFC conmuni cati on apparatus, which becones the initiator, fornms
an RF field if no RF field is fornmed in the 5 exterior, and the target is
activated by the RF field formed by the initiator. After that, the :
initiator transmts a command in the B®lected conmunication node and
transfer rate, and the target sends back a response (responds) at a.
comuni cation 10 node and transfer rate identical to those of the
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proceeds to step 5313. In step 5313, the initiator confirnms the content of
the 5 interfere with communication by another NFC communication

apparatus, which forms the RF field.

Alternatively, if the NFC communication apparatus has
determined in step S302 not to have detected the RF field,
it proceeds to step S303, and performs, in the initiator

10 state, communication mocde and transmission.mode selection,
etc.

Specifically, in the case of performing passive mode
communication, the NFC communication apparatus proceeds froﬁ
step S302 to step S303-1 between steps S303-1 and S303-2

15 forming step S303, changes the communication mode to the
passive mode in the initiator state, and selects a transfer

rate. Also, in step 8303-1, the NFC communication apparatus,

which becomes the initiator, performs initialization and SDD
-processing, and proceeds to step S304-1 between steps S304-1
20 and S304-2 forming step S$304.

In step 5304-1, the NFC communication apparatus is
.activated (starts) in the passive mode, and proceeds to step
S305.

Alternatively, in_the case of performing active mode

25 communication, the NFC communication apparatus proceeds from




response SENS RES fromthe target which is received in step S312. In other
words, the response SENS RES includes pieces of information of NFCI DI size
bit frame and bit frame SDD. 25 In step 5313, the initiator confirns the
contents of the - 78 - pieces of information. After that, proceeding from
step S313 to 5314, the initiator selects cascade (transfer) level 1 and
executes SDD. Specifically, in step 3314, the initiator transmts 5 the
SDD requiring conmand SDD REQ, and transmits the conmand SEL REQ to
request selection of a target. In the t&émrmand SEL_REQ information
representing the present cascade level is located. The initiator waits for
the response SEL RES to the 10 command SEL_ REQ to be transmtted fromthe

target, Geegl 3y tRCsEE3PRRA SELREReAN RLACEedS Y o Step H31S (o 5316,
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In step 8304-2, the NFC communication apparatus is
activated in the active mode and proceeds to step S305.

In step 5305, the NFC communication apparatus selects
the communication parameter required for communication and

10 proceeds to step S306. In step 5306, the NFC communication
apparatus performs data exchange (communication) based on a
data exchange protocol in accordance with the communication
‘parameter selected in step S$305, and ends the data exchange
before proceeding to step S307. 1In step $307, the NFC

15 communication apparatus is deactivated and ends the
transaction.

The NFC communication apparatus can be set by default
to be, for example, a target. The NFC communication
apﬁaratus, which is set to be the target, forms no RF field,

20 and is on standby until a command is transmitted from the
initiator (until the initiator forms an RF field).

Also, the NFC communication apparatus can become an
initiator, for example, in accordance with a request from an
application. For example, an application can determine

25 which of the active mode and the passive mode the




end the comuni cation based on NFCIP-1, the information indicating that
the target neets the NFC transport protocol and ends the comunication
based on NFCIP-1, and the 25 information representing that the target does
not neet the - 79 NFC transport protocol and ends the conmunication based
on NFCIP-1, is included in the response SEL RES. If the initiator has
determned in step S316 that the response SELRES includes the information
indicating that 5 the target does not end the conmunication based on
NFCIP-1, it proceeds to step 5317, and/1ncreases the cascade level from

t he present value. The initiator returns fromstep S317 to 5315, and
subsequently repeats simlar processing. Also, if the initiator has

det er m nggmhn$tEPi AL at o 10 the.re i:ncludes the
i nformation i%dica%ingﬁOPEa%sfhgnPagaét§%g§?§ ?Eé%%ge#ﬁﬁanggﬁ?t‘protoco
and endstriherepnpypicati on based on NFCIP-1, the initiator ends the

comuni cation based on NFCIP-1 and proceeds to step 5319. In step 5319, the
Initiator trfﬂﬁﬁnﬁﬁtté&mﬁﬁwmaagi£HT%£E£%at&%,SHQ%%HPBQEE%?SCBHg““'Cat'on
I g.

usi ng the commands and responses shown in is perforned between the

initiatoingtdathe, fargetan! RFagdiliyons hb kbefﬁahhiQBOEoQﬁ%ddﬁgeEHE“Ed in
step S316 that the response SEL RES includes the information 2 .

repr ésenéxtgridnl ame thegehrgeesiBobcBehtbhebMFEnkr arspektiy BLokLago! and
~ends the communi cati on based on NFCIP-1, the
by the initiator.

After that, the initiator transmits a command in the
selected communication mode and transfer rate, and the
target sends back a response (responds) at a communication

10 mode and transfer rate identical to those of the initiator.

Next, Fig. 25 is a flowchart illustrating
initialization and SDD performed by the NFC communication
apparatus, which becomes the initiator.

At first, in step S311, the initiator transmits the

15 command SENS REQ for searching for a targét existing in the
RF field formed by the initiator, and proceeds to step S312.
In step 5312, the initiator receives the response SENS_RES
to the command SENS_REQ,-which is transmitted from the
target existing in the RF field formed by the initiator, and
20 proceeds to step S313.

In step S313, the initiator confirms the content of the
response SENS_RES from the target which is received in step
5312. In other words, the response SENS_RES includes pieces
of information of NFCIDl size bit frame and bit frame SDD.

25 In step 8313, the initiator confirms the contents of the




initiator ends the comunication based on NFCIP-1 and proceeds to step
5318. In step 5318, the initiator perforns comunication using its own
commands and protocol with the 25 target. 80 Next, Fig. 26 is a timng
chart illustrating initialization performed in the active node by the
initiator and the target. After performng initial RFCA processing in step
5331, 5 the initiator proceeds to step S332 and .forns an RF field (sets
the RF field to be on). In step 5332, the initiator transmts a command
(Request), and stops the formation of 748he RF field (sets the RF field to
be off). Here, in step 5332, the initiator selects, for exanple, a
transfer rate 10 and transmts the command ATR REQ at the transfer rate. At

t he sa the target detects the RF field forned in
g%i%&?@? hbf‘. EL 1§i§§§0n

step 5 e |n| and receives the conmand tranﬁnltted by the

tiat bef 4 e farget
Lglfgﬁngrreggg;se fgggﬁbs%%%ééggéﬁgféégi%téﬁoggﬁﬁe§§F§§%%rd %8rned by the
| ni i at oy 05 beoof gelaeéspéggesﬁé t(erahEEegﬁevEfls 1t 3hgeL 3ok at he RF

field to be on. In ste e target ansm a response 10 the

command gggei v bﬂf§&§Pl?33§n sBBf §91%9 t@ﬁeREnE%EEQOEOtggngkkfﬁHere I n
step 5335, the 20 target transmts, for éxa e response RES to

the sconpmads#d R:&E&Hﬁ@sabﬁ]ﬁﬂdfsgm_kﬁe,l Bhbl 848hsAit8 thaNgbfand

SEL REQ to request selection of a target. In the command
SEL REQ, information representing the present cascade lewvel
is located.
The initiator waits for the response SEL RES to the
10  command SEL _REQ to be transmitted from the target, receives
the response SEL RES, and proceeds from step S315 to S316.
Here, the response SEL RES includes any one of
‘information indicating that the'target does not end the
communication based on NFCIP-1, information indicating that
15 the target meets an NFC transport protocol and ends the
communication based on NFCIP-1, and information representing
that the target does not meet the NFC transport protocol and
ends the communication based on NFCIP-1.
In step 5316, by confirming the content of the response
20 SEL_RES received from the target, the initiator determines
which of the information indicating that the target does not
end the communication based on NFCIP-1, the informaticn
indicating that the target meets the NFC transport protocol
and ends the communication based on NFCIP-1, and the

25 information representing that the target does not meet the




rate identica

S337 to set the RF field to be on. In addition, in step S337, the
initiator transmts a commnd and sets the RF field to be off. Here,

step 5337,
change, U o
transmtting, for exanple, the command DEP REQ the initiator can initiate

for exanple, a conmunication pigareter. In step 5337, by

data exchange based on a data exchange protocol. 10 The command

Subsequent Ty T2 REPEF PEaReaRTCAP P, R RSy ien SRECFCACACH Saae L K 1 ar get

Subsequent |y

conmuni cat i on bet ween 't
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sets the comunication node to the passive no

the initiresponper §or MBESNihéahH23t £AB 3A¢ o Sh:
After that, proceeding to step 5354, the initriat

rate.
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In step 5351,

ocee

the target does not end the communication based on NFCIP-1,
it proceeds to step S317, and increases the cascade level
from the present value. The initiator returns from step
8317 to 8315, and subsequently repeats similar processing.

Also, if the initiator has determined in step S316 that
the response SEL _RES includes the information indicating
that the target meets the NFC tranéport protocol and ends
the communication based on NFCIP-1, the initiatof ends the
communication based on NFCIP-1 and proceeds to step S319.
In step 8313, the initiator transmits the command ATR REQ.
Subsequently, communication using the commands and responses
shown in Fig. 12 is performed between the initiator and the
target.

In addition, if the initiator has determined in step
5316 that the response SEL _RES includes the information
representing that the target does not meet the NFC transport
protocol and ends the communication based on NFCIP-1, the
initiator ends the communication based on NFCIP-1 and
proceeds to step S318. In step S$318, the initiator performs
communication using its own commands and protocol with the

target.

to that for the command ATR REQ The response transnmitted in
step S335 by the target is received by the initiator. Proceeding fromstep
S336 to 25 3337, the initiator perfornms response RFCA processing, waits -

81 for the RF field fornmed by the target to be off, and proceeds to step

the 5 initiator can transmt the conmand PSL REQ in order to

p 5353,
apd %Qdi% 2245y anbianster




determ nes whether to request an attribute fromthe target. |If the
initiator has determ ned not to request the attribute fromthe target in
step 5354, it proceeds to step 5335. The 25 initiator perforns

conmuni cation with the target in - 82 accordance with its own protocol. It
returns to step S354 and repeats simlar processing. Alternatively, if the
initiator has determned in step S334 to request the attribute fromthe
target, it proceeds 5 to step S356. The initiator transmts the conmand
ATR REQ This requests the attribute f&lomthe target. The initiator waits
for the response ATR RES to the command ATR REQ to be transmtted fromthe
target, and proceeds to step S357. The initiator receives the response ATR

RES and proc t it ems 105 5§5@1mmg§§§£ﬁ-5§}1%u§’€f$§%§$ t he response ATR

RES recei ved romthe target in step e ini det erm nes

whet her Lo i ter, at, i f X 1 he, sfer
rate, céﬁmﬁé changé%%aﬂgg¥ﬁ§£@%?t?gtBpgh%gkigedgéggnggggﬁﬁnlé?gﬁgéggS t hat
the transdi@rifaties ot be changed, it skips over steps S359 and S361 and
proceeds to step 5362. Alternatively, if the initiator has determned in
step 5358 t gt @elidisiioly ralf tan M sihg PIRCEEYS $931 20 step
5359. The initiator transmts the command PSL REQ f%ls reguest t%e t ar get
to cbangehd himitiansderpret€eddh€o step S332 and forms an RF field

(sets the RF field to be on). In step S$332, the initiator
transmits a command (Request), and stops the formation of
the RF field (sets the RF field to be off). Here, in step
5332, the initiator selects, for example, a transfer rate
10 and transmits the command ATR REQ at the transfer rate.
At the same time, in step S333, the target detects the
RF field formed in step 8332 by the initiator, and receives
the command transmitted by the initiator before proceeding
to step S334. 1In step S334, the target performs response
15 RFCA processing, waits for the RF field formed by the
| initiator to be off, and proceeds to step S$S335. The target

sets the RF field to be on. 1In step S$335, the target

transmits a response to the command received in step $333,
and sets the RF field to be off. Here, in step 8335, the
20 target transmits, for example, the response ATR RES to the
command ATR REQ transmitted from the initiator at a transfer
rate identical to that for the command ATR REQ.
The response transmitted in step S335 by the target is
received by the initiator. Proceeding from step S$336 to

25 8337, the initiator performs response RFCA processing, waits




initiator waits for the response PSL RES to the command PSL REQ to be
transmtted fromthe target, and proceeds from step S359 to 5360. The
initiator receives the response 25 PSL_RES, and proceeds to step 5361. In
- step 5361, in - 83 accordance with the response PSL_RES received in step
5360, the initiator changes the comunication paranmeter, that is, for
exanpl e, the transfer rate, and proceeds to step 5362. In step 5362, the
initiator exchanges data with the 5 target in accordance with a data
exchange protocol. After that, the+4rdti-ator proceeds to step S363 or
5365. In other words, when the initiator sets the target to be in the
desel ect state, it proceeds fromstep S362 to 5363 and transmts the

command P gﬁ%%}%’h 3 Lt EBEREdeiyt %hfeogtﬁer%;%tt he %%Z;r)?gl%lsje DSL RES to the

command DSL e transmtted from tar get , r 66€eds fromstep

S363 10 pp38deadlL6! SLEECLYEN0LENELECERANKE PP 1REF, He i Liglor  returns

to step %354 and subsequently repeats simlar processing. 1 t the sane

tine, whgaqceiphet ehyseagi 893hher neORRYRE GRLIOR YWinih;the t he
dinitiator proceeds fr%n1gstep £362 to 52%%?B§n r?b%ﬁ%%?tg ?hgﬁ%gghand RLS

REQ Theandniéi sl ofie it 51608 thepeespensesBrs RER Lecihessammagd RS REQ
to be transmtted fromthe target, and proceeds from20 step S to 5366.

Aft e refelvidgot hean espensRi RLEhBESommbAE PRI REHOK N BELHERS tho Step 5351,
and subsequently repeats - '
change, for example, a communication parameter. 1In step
5337, by transmitting, for example, the command DEP REQ, the
initiator can initiate data exchange based on a data
exchange protocol.
10 The command transmitted in step S337 by the initiator
| is received by the target. Subsequently, similar
communication between the initiator and the target is
performed.
Next, a passive-mode activation protocol is described
15 with reference to the flowchart in Fig. 27.
At first, in step S351, the initiator performs initial
RFCA processing, and proceeds to steps S352 and sets the
communication mode to the passive mode. Proceeding to step
5353, the initiator performs initialization and 8DD and
20 selects a transfer rate.
After that, proceeding to step 5354, the initiator
determines whether to request an attribute from the target.
If the initiator has determined not to request the attribute
from the target in step 8354, it proceeds to step 8335. The

25 initiator performs communication with the target in




simlar processing. Next, an active-node activation protocol is described
with reference to the flowhart in Fig. 28. 25 At first, in step 5371, the
initiator perforns initial - 84 RFCA processing, and proceeds to step
S372. The initiator sets the conmunication node to the active node.
Proceeding to step S373, the. initiator transmts the comnmand ATR REQ
This requests an attribute fromthe target. The initiator 5 waits for the
response ATR RES to the command ATR REQ to be transmtted fromthe target,
and proceeds to step S374. The init+d@dDr-receives the response ATRRES, and
proceeds to step S375. In step S375, based on the response ATR RES
received 10 fromthe target in step 5374, the initiator determ nes

whet her [ {,on.pa t i far. | e,.. the.transfer.
rate, ca‘tﬁEj 3E§ﬁgggeﬁi£hfEFEeE%ﬁ?%ﬁEFS%%%éS %ﬁeF%F%i§§?%QﬁS§F§b%§§%S t hat
the tranﬁﬁarrégéstgaemahgg QB%%%%%gi.t skips over steps 5376 to 5378 and
proceeds to 15 step S379. AFternativ 'y, if the initiator has determ ned

i S37 t [ ceed step
in step ﬁaiﬁ@éné@véiﬁpsiE&té}%fﬁ%@_{'at_?_ﬁrCﬂéggﬁgtekﬁlgﬁa 8§ &%Bto

5376, and transmits the comand PSL_REQ This requests e targe
change the3iresstequedtethdnatipiblabor WAl the 28rR%,1N8 ﬁ%&%ﬁ% PSLRES

to the command PSL REQ to be transmtted fromthe target, proceeds from
step 537fototep $356. The initiator transmits the command ATR REQ.
This requeéts the attribute from the target. The initiator
waits for the response ATR RES to the command ATR REQ to be
transmitted from the target, and proceeds to step $357. The
initiator receives the response ATR RES and proceeds to step
10 8358.

In step S358, based on the response ATR RES received
from the target in step S357, the initiator determines
whether the communication parameter, that is, for example,
the transfer rate, can be changed. If the initiator has

15  determined in step S358 that the transfer rate cannot be
changed, it skips over steps S$352 and S$361 and proceeds to
step S362.

Alternatively, if the initiator has determined in step
5358 that the transfer rate can be changed, it proceeds to

20 step S8359. The initiator trénsmits the command PSI_REQ.

| This request the target to change the transfer rate. The
initiator waits for the response PSL RES to the command
PSL _REQ to be transmitted from the target, and proceeds from
step 5359 to S360. The initiator receives the response

25 PSL_RES, and proceeds to step S36l. In step $361, in




5377. The initiator receives the response PSLRES, and proceeds to step
5379. In step 5378, in accordance with the response PSL_RES received in
.step 5377, the initiator 25 changes the conmuni cation paraneter, that is,
for exanple, - 85 the transfer rate, and proceeds to step S379. In step
S379, in accordance with a data exchange protocol, the initiator exchanges
data with the target. After that, the initiator proceeds to step S380 or
S384, if 5 needed. In other words, when the initiator sets the target,
with which it is communicating, to be8h-the deselect state, and wakes up
any of targets, which have already been in the deselect state, it proceeds
fromstep S379 to S380, and 10 transmts the conmand DSLREQ After the

initiatOéc@@£a§ncéoﬁi£ﬂetﬁ@5EBQﬁSnQéLsgs_P%StQ%c%qqg?ggnfgke Eg?%% be

transmtted fromthe target, it  procee romstep 3 and

receives ik e6PRPS L ke ; I S spi_tted the
responset%thES,pis gegﬁtgggg Fﬁ fgh?ﬁgigéggFgCFggkggggﬁAf%@%Qtﬁgf,

proceedi Agrfégamsiep S381tkanSB82, rhbe, hAH! babReekE@RP ket ?%s%qmnd P
REQ After the 1nitiator waits for the response WP RES to"t he conmand

WUP_REQ it pmoosess 336 stiep S5382i 40o5383-h48665VEsthhgi2R fgsponse
WJP_RES, and returns to step 5375. Here, the target, which has transmtted
t he Bespoasget\Uh REScordamakedith a data exchange protocol. After
. that, the initiator proceeds to step 5363 or S365.
In other words, when the initiator sets the target to
be in the deselect state, it prdceeds from step 5362 to 8363
and transmits the command DSL_REQ. Thé initiator waits for

10 the response DSL_RES to the command DSL REQ to be
transmitted from the target, énd proceeds from step 8363 to
5364. After receiving the response DSL RES, the initiator
returns to step 8354 and subsequently repeats similar
processing.

15 At the same time, when completely ending the
communication with the target, the initiator proceeds from
step S362 to S365, and transmits the command RLS REQ. The
initiator waits for the response RLS_RES to the command
RLS REQ to be_transmitted from the target, and proceeds from

20 step 5365 to S366. After receiving the response RLS_RES,
the initiator returns to step S351, and subsequently repeats
similar processing.

Next, an active-mode activation protocol is described

with reference to the flowchart in Fig. 28.

25 At first, in step 5371, the initiator performs initial




up, and the waked-up target is subject to processing in step 5375 and

‘thereafter which is performed by the initiator. In addition, when

conpl etely ending the conmunication 25 with the target, the initiator
proceeds fromstep S379 to 86 S384, and transmits the command RLS REQ
After the initiator waits for the response RLS RES to the conmmand RLS _REQ
to be transmtted fromthe target, it proceeds from step 5384 to 5385, and
‘receives the response RLS RES before 5 returning to step 5371. The

~initiator subsequently repeats simi+4a4processing. Next, Fig. 29 shows

NFCI P-1 protocol commands for use in NFCIP-1 and responses to the

comands. The commands and responses shown in Fig. 29 are 10 identical to

the conmmpds ﬁ? CE §99§5e§n§h9 @dF'Qo 2ep @%W%VGrT L9 %ﬁgﬁﬁoms only .§

t he TMmenoni cs responses but Flg Sfot only |

| TR_REQ
UA“UE”"RES§%‘%§“EE%%%%%Q%%‘@%%EQB%L%eqtgir‘%%%%ﬁ%%a e TR AR T he

[nitiatoo shép bB93reenansas ATRBEQ: UHRRESs BALRESNOLR 5%\%5%:9& . and

RLS RES are transmitted by the target. However, the comran
transm ttedsopbyuvbes ahhgatkpibLabokribs tﬁetEQrGEE'VET%%d§n1%Q% thize

response 20 WUPRES is transmtted only when the™target In the active
~mode5 waits for the response ATR RES to the command ATR REQ to be
transmitted from the target, and proceeds to step $3374. The
initiator receives the response ATR RES, and proceeds to
step S375.
In step S375, based on the response ATR RES received
10 from the target in step 5374, the initiator determines
whether the communication parameter, that is, for example,
the transfer rate, can be changed. If the initiator has
determined in step S375 that the transfer rate cannot be
dhanged, it skips over steps S376 to S378 and proceeds to
15 step 8379.
Alternatively, if the initiator has determined in step
5375 that the transfer rate can be changed, it proceeds to

step 8376, and transmits the command PSL REQ. This requests

the target to change the transfer rate. The initiator waits

20 for the response PSL RES to the command PSL REQ to be
transmitted from the target, and proceeds from‘step 5376 to
S377. The initiator receives the response PSL RES, and
proceeds to step S379. In step $378, in accordance with the
response PSL_RES received in step S$377, the initiator

25 changes the communication parameter, that is, for example,




I'n this specification, processing steps which describe processing
performed by an NFC conmuni cati on apparatus do not always need to be
time-sequentially performed in the 25 order shown as flowcharts, but

i nclude steps executed in - 87 parallel or separately (For exanple,
paral | el processing or object-based processing). Industrial Applicability
5 As described above, the present invention enables various types of near
field conmunication. 88 Cains: 1 A nmethod of commencing near-field

wi rel ess conmmuni cati ons between an -+ ri3i-ator device and a target device,
conprising the steps of detecting, by the initiator device, a presence of a
radi o frequency(RF) field; emtting a first electronagnetic wave to the

target deyMikce I 0 e 0 to carry a request when
~an RF field Iga%%?egeﬁgg%egﬁ%?thh%c@@??n%8p§% ggflned byTm. +.n xT ,

where T, pr Iﬁ@@ﬂéﬁtsﬂsa dEiﬁyaébHPdaﬂcéSwftﬂagdc‘.?g}g“g'%ﬁa gpd T.. is an

RF waiting time which is a unit tinme to be Aul |n|t|at|ng

conmuni cptbe8cHES Wera 1H§thatbkabQEhQE&é§ed§EQ £ %hﬁ%ﬁ%eka@ gei.ce in one of
an active node and a passive nobde of comunication erei n"when in the

active CBffﬁkLﬁl’@laétPntlﬂ@d@nhﬁléﬁbkvﬁroééédgaﬁgeEtQ?V”SggOp%rf@@gﬁ ”@% steps
of detecting a presence of a radio frequency(RF fransntfing a

respédnsentéedédie initiator device by emtting a: second el ectromagneti c wave
when the RF field is not detected in saidadetecting step within a
In other words, when the initiator sets the target,
with which it is communicating, to be in the deselect state,
and wakes up any of targets, which have already been in the
deselect state, it proceeds from step S379 to $380, and
10 transmits the command DSL_REQ. After the initiator waits
-for the response DSL RES to the command DSL _REQ to be
:transmitted from the target, it proceeds from step S380 to
5381, and receives the response DSL RES. Here, the target,
which has transmitted the response DSL RES, is set to be in
~15 the deselect state.
After that, proceeding from step $381 to S382, the

initiator transmits the command WUP_REQ. After the

initiator waits for the response WUP RES to the command

WUP_REQ, it proceeds from step S382 to S$383, receives ﬁhe
20 response WUP_RES, and returns to step S375. Here, the
target, which has transmitted the response WUP _RES, is waked
up, and the waked-up target is subject to processing in step
5375 and thereafter which is performed by the initiator.
In addition, when completely ending the communication

25 with the target, the initiator proceeds from step S379 to




time period defined by T,mm + n' T,, , where T ,7 is an active delay tine,
n' is a random nunber, and T DT nr > ,rvr: and when in the passive

comuni cati on nmode is active, the target device perforns the step of
sending a response to the initiator device by |oad nodul ati on of the

el ectromagnetic wave emtted fromthe initiator device. 89 2. A nethod for
near field wrel ess communi cations between an initiator device and a target
device at a specified carrier frequency, conprising the steps of

detecting, by the initiator device, -af&esence of a radio frequency (RF)
field; generating an RF field at the initiator device when the RF field is
not detected within a tinme period defined byTror +n xT , where Tnr is an
initial j LSiRal o] by ARG ~TOMy o I S RF waiting tine
whi ch i oot 4 e R p gl SRED EhnB AR R Ml e S8R, e it ator

devi ce toniheatd ophiggvicee, tﬁergggpghséomp i it%pac'hea%}n%hes rel ating
e ap -

- to the target device via the RF at one—of" urality o

predet erpigegko tt@nséet raabAst tEANeLahI RHcaRAlARR R ig! t ar get
- device when the RF field is not detected emﬁt%?% a ﬁin@ %g??§3 %geﬁhed byT

T+ n' xJtep @8 £ d6NH38S, aAnactby¥eidekaynbi MBspngeS ris RaRABRRyEber, and
T,or> Tyr; transmtting a response to the requeSt fromtire target device to

the initietwrnileyi te atept ba70ne Dhet bgiphHEali kubabqpeadeleraphaadst ransfer
rates; and transmtting, fromthe initiator to the target, a request to

nodi fy atimikbst mnecessihg. operational attributes relating to the target
and a command for initiating data comruni cations between the initiator
devi ce and t Nextar geitg de2® cehovds NY Gt mfotodenr chimitd £t esse
comuni cations between a plurality ofdata conmunications devices at a
speci fi eth ¢WGIRr1 fardueasyonsenptd sing: commands.
The commands and responses shown in Fig. 29 are
10 identical to the commands and responses shown in Fig. 12.
‘However, Fig. 12 shows only the mnemonics of the commands
and responses, but Fig. 29 shows, not only mnemonics, but
also definitions of the commands.
The commands ATR_REQ, WUP_REQ, PSL_REQ, DEP REQ,
15 DSL_REQ, and RLS_REQ are transmitted by the initiator, and
the responses ATR_REQ, WUP_RES, PSL_RES, DEP_RES, DSL_RES,
and RLS_RES are transmitted by the target.
However, the command WUP REQ is transmitted only when
the initiator is in the active mode, and the response
20 WUP_RES is transmitted only when the target is in the active
mode.
In this specification, processing steps which describe
processing performed by an NFC communication apparatus do

not always need to be time-sequentially performed in the

25 order shown as flowcharts, but include steps executed in




an initiator data comuni cations device, including a nodul ator configured
to nodul ate the carrier into a data signal to be transmtted; 90 a
detector configured to detect a presence of a radio frequency (RF) field
within a tinme period defined byT,oT +n x T where T,a, is an initial delay
time, nis a randomnunber, and T is an RF waiting tinme which is a unit
tinme to be multiplied; and a transmtter configured to generate an RF
field at the initiator when an RF field is not detected and transmt a
request -.to initiate conmunication with8a target data conmmunication devi ce;
said systemfor near-field wireless comunications further conprising the
target data conmunications device, the target data communi cati on device

i ncl udi ng; epl-0 QY { f radi o frequenc
(RE) fief araLiel Sekoke ?’?}?‘”"%%??’33 Fo% %%rg‘éf&’l}ﬁ PEiE) RecbdsSing on Tacti ve
del ay téBBecB-bhSed b@g@ggg@ﬂgber, and Tnlr> T,,aT; a nodul ator confi gured
to nodul ate the carrier into adata signal to be transmtted to the
initiator, and a transmtter configured to generate an RF field when an RF

-field is not detected and transmt a response to the request to the

initiatoIndusaribe RppfiekBilgeperated.. 4. A method of performng
near-field wirel ess comruni cati ons between an initiator data conmunication
devi'Ge and a Asrdmtcribbed calponk) Celié OpreS¥hteinveRRPhhSEAELIBE Steps of
detecting, by the initiator, the presence of a radio frequency (RF) field;
91 various types of near field communication.




generating an RF field at the initiator when the RF field is not detected
~within a tinme period defined byTfor +n xT , where T,,7, is an initial delay
time, nis a randomnunber, and T, is an RF waiting tinme which is. a unit
time to be multiplied; transmtting, fg@mthe initiator to the target, a
request for operational attributes relating to the target via the RF field
~at one of a plurality of predeterm ned transfer rates: generating an RF
field at the target when an RF field is not detected within a tine period
defined byT,Dr +WT, , where TAis an active delay timge, n' is a random
nunber, and TLDT> T.Dr: transmtting a response to the request for
operational attributes received fromthe target at the one of the
plurality of predeterm ned transfer rates; and generating the RF field at
the initiator chgigghd a command to the target after receiving the response
and after a lapse of the active delay tinme. 5. The conmunication method as
clainmed in claim4 , wherein the active node of communication has been
initiated between ihe t ar get ng the initiator, said command requesting a
change fromthe fit'st traﬁ%ﬁ?&@ &f commeneing scardfield wirclesscommanscstions on
rate. 6. ,The comuni cation nethod as clainmed in claim4 , wherein the
active n@&ﬁ”@ﬂ%mrd%ﬁmdmugm&nwmmmthe target ant the
" initiator, said command starting data exchange protocol 7. A nmethod of
perform ng neseteiing, 8y therisiian? devisaupreRhbodrh g HGAHARINHeld;2! O dat a
i icatlo VI C8€,

comuni cation device and a target w rel ess conmmuni
conprising themitigPs fift <o ' iLnitiator,. the presence of a
radi o frequency (I%E) field; géé gg%iogEé]ﬁJg%déw’épﬁaﬁ?tP%nFﬂ?W%ﬁ or
when t hechiifiguréd & carty 4 Pl vi%h S Y 5illa'ks Sot defonted within a time period defined
OYTpr +nX Ty, Where Iy, is an initial delay time, n is a random numbet, and Tyep is an
RF waiting time which is a unit time to be multiplied ; and
’ initiating communication between the initiator device and the target device in one of
an active mode and a passive mode of communication, wherein

when in the active communication mode is actiire, the target device performs the steps

of

detecting a presence of a radio frequency(RF) field , |
transmitting a response to the initiator device by emitting:a:second
electromagnetic wave when the RF field is not detected in said.detecting step within a
time period defined by T, + n'xT,g, , where T’ @, is an active delay time, 0’ is a random
number, and 7,,.> T,,.; and

when in the passive communication mode is active, the target device performs the

step of

sending a response to the initiator device by load modulation of the

clectromagnetic wave emitted from the initiator device,




peri od defined byT,or +n x T where T,r is an initial delay time, nis a
random nunber, a n d Tis an RF waiting time which is a unit tinme to be
multiplied; transmtting, fromthe initiator to the target, a request to
start comrunication with the target vga the RF field at one of a plurality
of predeterm ned transfer rates; sending a response to the initiator from
the target by performng | oad nodulation of the RF field emtted fromthe
initiator, 8. A conmunication apparatus for near-field wireless

comuni cations at a specified carrier frequency configured to operate in
an active and passi va. coAmethedfirarar fisld YirefRSWhRbARatihsefelbht €f
configured to generate a RF field by generating el ectromagneti c waves; a

modul at mitiatermndévineraad att@robi dBGEE: ht Ajéﬁeﬁi :EE?Q j.ng the carrier
corresponding to the elgectrorragnetl cd\%ves ?ﬁ%@%ﬁ&&ﬁ‘@éﬁ% P Kata: a

det ect or condg . o .presence of, a radi o frequency (RF) field,
wher ei n when it‘ﬁgﬁ%g) tﬂ%ﬁ@??%%&é%pgpé‘fsﬁ%cci%?ﬁ ?gﬂ‘éﬁp"é{m)/ﬁdék passi ve
.conmuni cat i o%m%gﬂ[g% \A%L.Biﬁggot e[ .communi cation apparatus the detector is
configured tO detect® e 1giatgr deyigegvhiondbeBE dield iRmiot Hetedted withinhi n a
first tipe period defined byT,or + n xT~ , where Tnr is an initial delay
time, rfY@egeriaddeford bufipet nxlig, TRPvré 9,1 RRintl BbRY thic B i iglohs a unit
time to be nultiplied; and the transnitter is configured fo generate an RF
field ni_catjon device when an RF field is not detected within
the fi ?gﬁb@f%@% BSa™ AV HRE e which dgp it time tasbeumultipdiediuni cation with
the anot her conmuni cation apparatus via the RF field at one of a

- predet er mi néunsmittingf fomrthe aftiatendedde to%@ﬁréeb&eﬁ&ifﬂ%gf fo?tﬂytgﬁﬂﬂl%ﬁf us

r esponds to a request for initiation of an-active co I ca de by
anqt heattabuteslatiag tde eRY¢tWRvice via the RF field at one of a plurality of predetermined

transfer rates;

generating another RF field at the target device \&hen the RF field is hot detected
within a time period defined by T, + "' XTary » Where Ty, is an active delay time, n’ is a

random number, and 7, > T s

tmnsmittingj_ a response to the request from the target device to the initiator device at
the one of the plurality of predetermined transfer rates; and
transmitting, from the initiator to the target, a request to modify at least one of the

operational attributes relating to the target and a command for initiating data communications

between the initiator device and the target device.

3. Asystem for near field wireless communications between a
plurality of data communications devices at a specified carrier frequency, comprising:
an initiator data communications device, including |

| a modulatqr configured to modulate the carrier into a data signal to be
transmitted:; |




the detector is configured to detect a presence of a radio frequency (RF)
field wthin a second tinme period definned byT4Dr + n x T, where TADr is
an active delay tine, nis a random nunber, and T, DT> Tenr; the nodul at or
is configured to nodul ate the carrier 9onito a data signal to be transmtted
t o anot her comruni cation device; and the transmtter is configured to
generate an RF field at the communication apparatus when an RF field is
not detected in the second tine period and transnmt a response to the
request for operational attributes to the another conmunication apparatus
via the RF fiel d;?fhﬁwmnﬁgh@dwdmiaqﬂégeﬁ&maﬁtﬁ@ugﬁﬁqngeﬁ request
for initiation of a passive conmunication node from anothér Conmmuni cation
devi ce the twithis atideqeriod ' ed espond to the reguest transnitted
fromthe initiator by perﬁ?ﬁ%ﬁ TOEEianﬁUUI _"6%9@#5@%“1%4%}%4 d recei ved.
fromthe anof her . comuni cati on device. ABSTRACT @ The present invention
relates to dM%AMMmraadomomshes;ah Bod icanRE v fidd Sfc WHdIS a Wit Gean 82! ©
various types of near field comrunication, and a data processing

appar at us. Nﬁ@ﬁpﬁéa"rgﬂgi cation apparatuses 1 to 3 have two features in that
each can perform comruni cation in two conmuni cati on nodes and that each
can perform data NS SSi at, a pluralit of transfer rates. The two
communi cati on ma%ggf%ﬁgfg?%mﬁltori’&g@?\\ﬁéﬂrféﬁﬁddﬁﬁﬂ@riniéatoirMGMBF In the
passi ve rmd@é het ween t he NFC communi cation apparatuses 1 and 2, for
exampl e, th 'Nl%ﬂ%&%%md@@i@mmmmommmmmmﬁ with a target data

communication device;
said system for near-field wireless comm_unications further comprising the target data
communications device, the target data communication device including:
a detector configured to detect a presence of a radio frequency (RF) field
within a time period defined by T, + "Xy » Where T, is an active delay
time, 0’ is a rasdom number, and T, > T,

a modulator configured to modulate the cartier iifo a data signal to be

transmitted to the initiator; and

a transmitter configured to generate an RF field when an R field is not

detected and transmit a response to the request to the initiator via the RF field
generated.. |

4. A method of performing near-field wireless communications
between an initiator data communication device and a target data communication device,

comprising the steps of:

detecting, by the initiator, the presence of a radio frequency (RF) field;




t he NFC conmuni cati on apparatus 2 by nodul ating el ectromagnetic waves
generated by itself, while the.NFC communication apparatus 2 transmts

data to the NFC communi cation apparatus 1 by perform ng | oad nodul ati on on
the el ectromagneti c waves generated by9x he NFC communi cati on apparatus 1.
Alternatively, in the active node, either of ‘the NFC comunication
apparatuses 1 and 2.transmts data by nodul ating el ectromagneti c waves
generated by itself. The present invention can be applied to, for exanple,

an | C card sxstem etc. :
! generating an RF field at the initiator when the RF field is not detected within a time

period defined by T, +nx T, where Typr is an initial delay time, n is a random number,
and Ty, is an RF waiting time which is a unit time to be multiplied;
transmitting, from the initiator to the target, a request for operational attributes
relating to the target via the RF field at one of a plurality of predetermined transfer rates:
| generating an RF field at the target when an RF field is not detected within a time
T period defined by T, +n'xT,,, , where T pr is an active delay time, n’ is a random number,
and > Tpp;
transmitting a response to the request for operational attributes received from the
target at the one of the plurality of predetermined transfer rates; and
generating the RF field at the initiator to send a cémmand to the target after receiving
the response and after a lapse of the active delay time.
5":. The communication method as claimed in claim 4 , Wherein the
active mode of communication has been initiated between the target and the initiator, said
command requesting a 6hange from the first transmission date rate to a second transmission

rate.

6.  The communication method as claimed in claim 4 , wherein the

active mode of communication has been initiated between the target ant the initiator, said

command starting data exchange protocol.

7 - A method of performing near-field wireless communications

between an initiator data communication device and a target wireless communication device,
comprising the steps of:

detecting, by the initiator, the presence of a radio frequency (RF) field;




g2

generating an RF field at the initiator when the RF field is not detected within a time
period defined byT,; +nx Ty, where T, is an initial delay time, n is a random number,
and T, isan RF waiting time which is a unit time to be multiplied;
| transmitting, from the initiator to the target, a request to start communication with the
target via the RF field at one of a plurality of predetermined transfer rates;

sending a response to the initiator from the target by performing load modulation of

the RF field emitted from the initiator,

8. A communication apparatus for near-field wireless communications
at a specified carrier frequency configured to operate in an active and passive communication
mode, comprising:

a transmitter configured to generate a RF field by generating electromagnetic waves;

a modulator configured t(-) transmit data by modulating the carrier cormresponding to
the electmmagﬁetié waves in accordance with the data;

a detector configured to-detect a presence of a radio frequency (RF) field,
wherein

‘when the communication apparatus initiates an active or passive communication mode
with another communication apparatus
the detector is configured to detect a presence of a radio frequency (RF) field
within a first time period defined by 7). -+n XTprw . where T, is an initial delay time, nis a
random number, and Ty, is an RF waiting time which is a unit time to be multiplied; and
| the transmitter is configured to generate an RF field at the communication device

Wﬁen an RF field is not detected within the first time period and transmit a request to start
communication with the another communication apparatus via the RF field at one ofa

" predetermined transfer rates, and -
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when the communication apparatus responds to a request for initiation of an active

communication mode by another communication device _
the detector is configured to detect a prcsence of a radio frequency (RF) field
within a second time period defined by T ,pr +nx Ty , where T, is. an active delay
time,nisa random number, and 7,,,> T, .;
the modulator is conﬁgu@ to modulate the carrier into a data signal to be
transmitted to another communication device; and -
the transmitter is configured to genératc an RF field at the communication
apparatus when an RF field is not detected in the second time period and transmit a
response to the request for operational attributes to the another communication
apparatus via the RF field, and
when the communication apparatus receives a request for initiation of a passive

communication mode ﬁ_om another communication device
the transmitter is configured to respond to the request transmitted from. the

initiator by performing load modulation on the RF field received from the another

" communication device.
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ABSTRACT

The present invention relates to a communication system
and communication method which enable various types of near
field communication, and a data processing apparatus. NFC
communication apparatuses 1 to 3 have two features in that
each can perform commﬁnication in two communication modes
and that each can perforﬁ data transmission at a plurality
of transfer rates. The two communication modes consist of a
passive mode and an active mode. In the passive mode,
between the NFC communication apparatuses 1 and 2, for
example, the NFC communication apparatus 1 transmits data to
the NFC communication apparatus 2 by medulating
electromagnetic waves generated by itself, while the NFC
communication apparatus 2 transmits data to the NFC

communication apparatus 1 by performing load modulation on

the electromagnetic waves generated by the NFC communication

apparatus 1. Alternatively, in the active mode, either of
the NFC communication apparatuses 1 and 2 transmits data by
modulating electromagnetic waves generated by itself. The

present invention can be applied to, for example, an IC card

system, etc.




