1 DESCRI PTI ON PORTABLE ELECTRONI C APPARATUS AND CONTROL METHOD- OF -PORTABLE —
"ELECTRONI C APPARATUS 5 Technical Field The present invention rel ates
e.g., a portable electronic apparatus that realizes various kigmmWHmmmmmmw
processing by transmtting or receiving conmands, and 10 nore :
to a portable electronic apparatus that ‘can respond-to an_initial_r85¥nse—-
request at a hi gher speed and to a control nethod of the portable :
el ectroni ¢ apparatus. Background Art 15In géneral, an IC card i ﬂ a’
portabl e el ectroni c apparatus includes an card-1|ike nain’body”mmmwumm mmmn
e.g., plastic and an I C nodul e enbedded in the main body. The |IC gngy.e has
an 1 C chip. The IC chip has a non¥YoEafi FeRnémBry sufhNas —am EEPROM 20 — a
(Electrically Erasabl e Progranmabl e Read-Only Menory) or a flash ROMthat
can hold data even though a power sugg%y is not provided and a CPU t hat

execut es various ki ndsEORTAPHE WreEFEROPHEF ab FBABATTheANIE AN BRPL superior in
portability and can 23ffetior nYtoh?ihielali BhEW RAN &Kt 2P AR ATEVi ces and

conplicated arithmetic operations. Further, since

Technical Field
-The present invention relates to, e.g., a portable
electronic apparatus that realizes various kinds of
processing by transmitting or receiving commands, and
lO more particularly to a portable electronic apparatus
that can respond to an initial response request at a
higher speed and to a conﬁrol method of the portable
electronic apparatus.
Background Art
15 In general, an IC card utilized as a portable
electronic apparatus includes an card-like main body
formed of, e.g., plastic and an IC module embedded in
the main body. The IC module has an IC chip. The IC
chip has a nonvolatile memory such as an EEPROM
20 (Electrically Erasable Programmable Read-Only Memory)
or a flash ROM that can hold data even though a power
supply is not provided and a CPU that executes various
kinds or arithmetic operations.
The.IC card is superior in portability and can
25 perform communication with external devices and
complicated arithmetic operations. Further, since
counterfeiting is difficult, using the IC card in a

security system, electronic commerce and others to



scounterfeiting is difficult, using the ICcard in a security system

el éctronic commerce and others to 2 store highly-confidential information

i s assuned. Furthernore, in recent years, an IC card that can
transmt and receive data through contactless comunication has generally
spread. Such a contactless 51C Card includes an I C chip and an antenna.
This contactless IC card operates by energhbzing the antenna in the card
based on el ectronagnetic induction upon receiving a magnetic field
generated froma reader/witer in an I C card processor which processes 101 C

cards._ ) M%%BMH|H%gﬁ@¥”b6hﬁ&d€ﬁﬂiéy ol £ d £nLa sis P €3 P& gReNt ina
communi cati on enabl ed range, a situation where a term nal device cannot

correctly recogni ze e thicdd 1 yiofré&egargsat, asni ncttakdr esponsenmy
15possi bly occur. To avoid this collision and correctly . recogni ze the
plurality of |QGmardsit tdrel trevadinad dhetva cteh canglexeent #ciahdss col i sion
processing in, e.g., atine slot system a slot marker system or any ot her
system 20When @xeoutigwy itdre heawt igooifd sl onsprocessi figchasedoohathee$$ ne
sl ot system the IC card processor sets a plurality of tine frames and
transmt® an i M4 iWTF eSPorisEs eduelst ot R1E Farantame? | C Tak® generat es

a random nunber, selects atine frane in acqgrdance 25w th the random
nunmber, and t r &EHEE %ﬁu%flq95§(ﬁﬁﬁfates y energizing the antenna

in the card based on electromagnetic induction upon

receiving a magnetic field generated from a

reader/writer in an IC card processor which processes
10- IC cards.

Meanwhile, when a plurality of IC cards are
présent in a communication enabled range, a situation
where a terminal device cénnot correctly recognize the
plurality of IC cards in an.initial response may

15 possibly occur. To avoid this collision and cofrectly.
recognize the plurality of IC cards, the terminal
device can execute anti-collision processing in, e.g.,
a time slot system, a slot marker §ystem or any other
system. - |

20 ' When executing the anti-collision processing based
on the time slot system, the IC card processor sets a
plurality of time frames and transmits an initial
response request to an IC card. The IC card generates
a random number, selects a time frame in accordance

25 with the random number, and transmits a card ID stored
in itself as a response to the IC card processor in the

selected time frame. The IC card processor selects the



dn itself as a response to the I1C card processor in the selected tine
“frame. The I1C card processor selects the 3 IC card which executes
processi ng based on the received card ID. However, for exanple, if
the plurality of IC cards select the same tinme frane, the .I1C card
processor 5cannot normally receive card |IDs. For exanple,. Japanese Patent
Publ i cati on No. 4134143 di scl oses a technokogy that recognizes

presence/ absence of a response of another IC card in a selected tinme frane
and transmts a response in a tine frame follow ng the 10sel ected tine

franme when the mesponsefcranotd@itd £ 696 e HasnHeehs €ONGH I fRE. received
Further, when executing the anti-collision processing based on the sl ot

mar ker system ddwi I1@.card processor transmts an initial response request
15i ncluding a total nunber N of slots (tine frames) to a plurality of IC
cards. Each | C card Hsesver | oppc ekamoplé, t of geherateral{an oAt €gecyrila N
integers fromO to (N-1), for exanple. Wien the generated nis 0, the IC
card i nmredi at elSelseridshen dafie i wimg eSpuree. tiviheRC 202 Hé BEPe?ate@d n is not

0, the IC card does not imediately send an initial response but sends the
initial Pespons@HICt O HMael ¥ HERCT1V R He? eAf 167 - r LY v@¥2 B8P EF ot nar ker

comand, - SPeCLI 09 e SAE o 9RO 0y 203l o By oo gt ogs 1© carc
technology that recognizes presence/absence of a
response of another IC card in a selected time frame
and transmits a response in a time frame followiﬁg the
10 selected time frame when the response of another IC
card has been confirmed.

Further, when executing the anti-collision
processing based on the slot mafker system, the IC card
processor transmits an initial response request

15 including a total number N of slots (time frames) to a
plurality of IC cards. Each IC card uses a logic
circuit to generate n (an integer) in N integers from O
to (N-1), for example. When the generated n is 0, the
IC card imﬁediately sends an initial response. When

20 the generated n is not 0, the IC card does not
immediately send an initial response but sends the
initial response at the time that it thereafter
receives a slot marker command .specifying the same slot
as n generated by the contactless IC card is received

25 from the terminal'device;

o Sumﬁary

When executing processing pased on the time slot



Summary When executing processing based on the tine slot 4 system a tine
of a'tine frane set by the IC card processor is fixed. Therefore, for
exanple, when a tinme frame that is not selected by the IC card is present
before a time franme selected by the IC card, there is a problemthat a
‘conmuni cation tinme incurs waste. Mor eover, a portable electronic
appar atus di sclosed in the above-descri bed4patent docunent selects a tine
frame following a selected tinme frame when there is a response from anot her
IC card in the selected tine frane. Addi tionally, as described above,
in the slot markestsystemime tdhe £onveat foaad ot ibgothé stoncprocessi ng,
the 1C card sends an initial response when it receives a conmand from an
external term natotdasohass specedi edlhdeefane, sfot asamp el eehed #al ue.
Therefore, even in case of a slot in which no response is supplied from
anot her cont actiiose thame tihet contaet | este¢tCeard st Ihatardyini t hout
maki ng a response, and there is a problemthat an entire processing tine
becomes | ong. Presemhdrefere, anlth) EEAme sSebepreNi e Bpoft abhed:

el ectroni c apparatus that can execute processing at.a higher.s eed and a
control met hod Gt het Hof tRbPRL &l € ?Bn?cc%ﬁ%%?gfﬁg?o“ t meA&%g?Han to one
enbodi nent, a ggg%agle el ectroni ¢ apparatus whi ch generates a random nunber
and makes a 5 response at a timng associated with the generated random

number, including, ayfecepLion, U;B‘éit%‘i&heié&@i&ﬁ?caaﬁéaghéjcéé response

request from an external device; a recognition unit recogni zes a

total Stine frapespunbes setehd Ideyexyesna] pdevbse-haseserehhe initial
response request received by the reception unit; a random nunber generation

uni t which genesat@sta & anmun fdrer £ o Bl 6OIMYIN: Cod 1 OBt sl@t ethé oframet whi ch
detects comuni cation performed in another portable 10el ectroni c apparat us;
a determmati onvhkan t t dar€ hi srofni tessorone froe dmaneebyIascagdt e the
conmuni cation detection unit based on the total tinme frame nunber
recogni zed by téeleecogniinenfxame. and t he random nunber generated by the
random nunber generation unit, '
Additionally, as described above, in the slot
marker system in the conventional anti-collision
processing, the IC card sends an initial response when
15 it receives a command from an external terminal that
has specified the same slot as a selected value.
Therefore, even in case of a slot in which no response
is supplied from another contactleés card, the
contactless IC.card must wait by without making a
20 response, and there is a problem that an entire
processing time becomes long.
Therefore, an object is to provide a portable
electronic apparatus that can execute processing at a
higher speed and a control method of the portable
25 electronic apparatus.

According to one embodiment, a portable electronic

apparatus which generates a random number and makes a



;15and determ nes whether a response to the-initial response request is to
‘be transnitted to the external device based on a detection result obtained
by the comuni cation detecting unit; and a transm ssion unit which '
‘transmts the response to the external device 20based on a determ nation
result obtained by the determination unit. Brief Description of Draw ngs
FIG 1 is an explanatory diagramfor explabning an exanple of a
configuration of a processing systemfor a 25portable el ectronic apparatus
according to an enbodinent; FIG 2 is an explanatory diagram for explaining
a structural exespdreseofata 4 erimived devoctadepicied tine K&edated FI G
3 is an explanatory diagram for explaining a structural exanple of an IC
card depicted imafdd@ riymiht,G inclsdang expl satot youi @yt anviioech

schematical l'y expl ai ning an exanpl e of processing of an IC card according
to a first enbodierkites an initial WEPOBSe sredy¢dnchar® ForeekpFathi ng the
exanpl e of the processing of the |C card according to the first

10enbodi ment ; deVlceFI%r%C?%‘JaW@kdf%%t‘HPjyc%i%1 %W*%?Ss%ht_é%ﬂcal |y
SXP 2" g anot Dele XA & Blodr 0088 Ne0 A d G 5PT 8o 080810041 8
the initial response request received by the reception
unit; a random number generation unit which generates a
random number; a communication detection unit which
detects communication performed in another portable
10 electronic apparatus; a determination unit which
monitors one time frame by using the communication
detection unit based on the total time frame number
recognized by . the recognition unit and the random
number genefated by the random number generation unit,
15 and determines whether a response to the initial
response request is to be transmitted to the external
device based on a detection result obtained by the
communication detecting unit; and a transmission unit
which transmits the response to the external device
20 based on a determination result obtained by the
determination unit.
Brief'Description of Drawings
FIG. 1 is an explanatory diagram for explaining an
example of a configuration of a processing system for a
25 portable electronic apparatus according to an
embodiment;

FIG. 2 is an explanatory diagram for explaining a



FIG 7 is a flowhart for explaining another 15exanple of the processing of
‘the I'C card according to the second enbodi nent; FIG 8 is an

expl anat ory di agram for expl ai ni ng anot her structural exanple of the IC
card depicted in FIG 1; 20FIG 9 is a diagramfor explaining an operation
of an IC card 2 when responding to a first initial response request in
which 2 or a higher value is specified as total nunber N of slots; FIG
10 is a diagramfor explaining an operation 250f the IC card 2 when
responding to a second or subsequent initial response request in which 2 or

a higher value js specified he total _n f__sS $; d.FIG 11 is

a flowhart sh&ﬁ?ﬁéﬁﬁf%&xﬁ%ﬁﬁ%éFcﬁ%t%et?fagggé %EQ &h ?g b%% ?néﬁto an

initial responggygeqyest in which 2 or a higher value is specified as 5the
0

total nunmber N slots. Detailed Description
FIG. 3 is an explanatory diagram for explaining a

structural example of an IC card depicted in FIG. 1;

5 FIG. 4 is an explanatory diagrém for schematically
explaining an example of processing of an IC card
according to a first embodiment; |

FIG. 5 is a flowchart for explaining the example
of the processing of the IC card according to the first

10 embodiment;

FIG. 6 is an explanatory diagram for schematically
explaining another exaﬁple of processing of an IC card
according to a second embodiment;

FIG. 7 is a flowchart for explaining another

15 example of the processing of the IC card according to
the second embodiment;

FIG. 8 1s an explanatory diagram for explaining
another structural example of the IC card depicted in
FIG. 1;

20 FIG. 9 is a diagram for explaining an operation of
an IC cafd 2 when responding to a first initial
response request in which 2 or a higher value is
specified as a total number N of slots;

FIG. 10 is a diagram for explaining an operation

25 of the IC card 2 when responding to a second or
subsequent initial response request in which 2 or a

higher value 1s specifiied as the total number N of



A portable electronic apparatus and a control nethod of
el ectroni c apparatus according to a first enbodi ment- wi |
hereinafter in 10detail with reference to the draw ngs.
expl anatory diagram for explaining a structural exanple
processi ng system 10 according to the first enbodi nent.
the 1C card processing system 1510 incrudes7a processor

a portable

| now be descri bed
FIG 1 is an

of an IC card

As shown in FIG 1,

(a term nal device)

1 for a portable electronic apparatus and a portable el ectronic apparatus

(an 1C card) 2. The termnal device 1 and the IC card 2

transmt/receive

various kinds of _data to/from each other through w reless comunication.

20 FIG 2 is anSéRpPandf6ry diagramfor explaining a str
the term nal device Q%chhﬁd.inaﬂ

uctural exanpl e of
2, the t5¥rgﬁgﬂ
ard

1, shown in FIG .
device 1 has a control “unit 1T, afg?ioswﬁhaaésrlzs, Oé’“kne%/baonarocfeff,tlaonc r

reader/witer 14¢ a storageunit
i ncludes a CPU, an ROM an RAM a

s%%n@QQmpknﬁgﬁ'in%%igqer% Qe unit 11

nd ot hers. The control uni 11 controls

operations of theqgatirent @hTicRab deviaC@ibheBvalue iBWelishiay

di spl ays various Kinds of information under control of t

he control unit 11.

The keyboard 13thecebves anmdeer at b@nsafottshe term nal device 1 by an

operator as an operation signal. 5The card reader/witer

14 is an interface

device configured to execute commbateatednDestiiiphéohC card 2. The card
reader/witer 14 executes supply of electric power, supply of clocks, reset

control and data traAswosdiadrifer edEsttirom v tdpreasgest ans

tthedCxar d 2.

10That is, the card reader/witer 14 functions as a transmi ssion/reception
unit. The stor af8thAFt ©153sPEréEPaCprIGFAmOanE FRPR TG Usn Gp&rratingh t°

executed by theaC%QEggle%gE%i%%ht will now be described

10 detail with reference to the drawings.

hereinafter in

FIG. 1 is an explanatory diagram for explaining a

structural example of an IC card processing system 10

according to the first embodiment.

As shown in FIG. 1, the IC card processing system

.15 10 includes a processor (a terminal device) 1 for a

portable electronic apparatus and a portable electronic

apparatus (an IC card) 2. The terminal device 1 and

the IC card 2 transmit/receive various kinds of data

to/from each other through wireless communication.

20 FIG. 2 is an explanatory diagram for explaining a

structural example of the terminal device depicted in

FIG. 1. As shown in FIG. 2, the terminal device 1 has

a control unit 11, a display 12, a keybocard 13, a card

reader/writer 14, a storage unit 15 and others.

25 The control unit 11 includes a CPU,

an ROM, an RAM

and others. The control unit 11 controls operations of

the entire terminal device 1.



The control unit 11 inputs various kinds of 15commands with respect to the
1C card 2 via the card reader/witer 14. Wien the I C card 2 has received,
e.g., a data wite conmmand fromthe card reader/witer 14, it executes
processing of witing the received data into an internal nonvolatile
menory. 20Furthernore, the control unit 11 transmts a read command to the
IC card 2 to read data fromthe | C card 2. gThe control unit 11 executes
various kinds of processing based on data received fromthe 1C card 2. The
card reader/witer 14 transmts/receives data 25to/fromthe 1C card 2

through the wirel esspcomyupi ¢ i?@.d}@g[gpgrgargggscgggdgegger/mwiter 14

i ncludes a signal processing unit, a transm ssion/reception circuit, an

antenna and ot hefs, Wi ChoRren ot shewhoi ot hendr avhngo1 Thei i gnal The
processi ng unit executes codi ng, decodi ng, nodul ati on and denodul ati on of

data that is trnangadied secetyeees dhropetieid sardn. tdheinal
transm ssion/reception circuit anplifies data nodul ated by the signal

processi ng uni tdeaniccalat oy exei veer drom s heaandeanat idhesaghehna generates a

magnetic field in 10accordance with transm ssion data to supply the data to
5 The card reader/writer 14 is an interface device

configured to execute communication with the IC card 2.
The card reader/writer 14 executes supply of electric
power, supply of clocks, reset control and data
transmission/reception with respect to thé IC card 2.

10 That is, the card readér/writer 14 functions as a
transmission/reception unit. The storage unit 15
stores a program and data of.an operation executed by
the control unit 11.

The control unit 11 inputs various kinds of

15 commands with reépect to the IC card 2 via the card
reader/writer 14. When the IC card 2 has received,
e.g., a data write command from the card reader/writer
14, it executes processing of writing the received data
into an internal nonvolatile memory.

20 Furthermore, the control unit 11 transmits a read
command to the IC card 2 to read data from the IC card
2. The control unit 11 executes variods kinds of
processing based on data received from the IC card 2.

The card reader/writer 14 transmits/receives data

25 to/from the IC cérd 2 through the wireless

communication. Therefore, the card reader/writer 14

includes a signal processing unit, a



the 1 Ccard 2. Further t he antenna recogni zes dat a transnltted fromthe IC
‘card'2 based on an |nduced current generated by the electromagnetic

i nduction. A range where the IC card 2 can recogni ze a change 15in magnetic
field caused by the antenna is a communi cation enabl ed range. The card
reader/witer 14 detects the IC card 2 that is present in this

comuni cation enabl ed range to execute progessing. The control unit 11
transmts an initial response 20request (an initial response request
command) to the IC card 2 by using the card reader/witer 14 to configure a

setting concern §§H@@qgﬁf¥é5%bﬂﬂ5 LhechGcand 2ncdpndebrgt other5C card

2, the card reader/witer 14 repeatedly transhits the initial response

request 25commapd; 410 Lhe comumnigat { 9ngaablgdingnge. Wien the | C.
card 2 is present in the conmuni cati on enabl ed range, a response to an

activation comand fresm sil@néhept&ceardngd Lsiseaketattbeceaddgreader/ witer
14. As a result, the card reader/witer 14 detects the IC card 2. Here, the
card reader/w ideroddng r ansdu st Bosededt demodobmandnt hat dasauthkized to
select a desired IC card 2. As a result, conmmunication can be achi eved

bet ween tthe cartdraesmieriew i teseidedndol AeomCtar 8C2card 2. FIE 3 is a

bl ock di agram for explaining a structural exanple_of the IC card de cted
in FIG 1. As sHEWSTH TR/ BeCehel %a%au%t.ﬁlephaééea gara- m@é}iﬂ-ﬁée

body 21 and an IC WQduIe 22 built in the ngj

signal processing unit and data received from
the antenna.
The antenna generates a magnetic field in
10 © accordance with tféhsmission data to supply the data to
the IC card 2. Further, the antenna recognizes data
transmitted from the IC card 2 based on an induced
" current generated by the electromagnetic induction.
A range where the IC card 2 can recognize a change
15 in magnetic field caused by the antenna is a
communication enabled range. The card reader/writer 14
detects the IC card 2 that is preseﬁt in this
communication enabled range to execute processing.
The control unit 11 transmits an initial response
20 request {(an initial fesponse request command) to tﬁe IC
card 2 by using the card reader/writer 14 to configure
a setting concerning communication with the IC card 2.
To detect the IC card 2, the card reader/writer 14
repeatedly transmits the initial response reguest
25 command to the communication enabled range.
When the IC card 2 is present in the communication

enabled range, a response to an activation command from



body 21. The I C nodule 22 i ncl udes one or nore IC chips 23 and a

‘comuni cation unit 24. The IC chip 23 and the comunication unit 24 are
formed in the IC nodule 22 in a state where the IC chip 23 and the
15comuni cation unit .24 are connected to each other. The 1C chip 23
includes a communication unit 24, CPU 25, an ROM 26, an RAM 27, a

nonvol atile menmory 28, a power supply unit;{@9, a random nunber generation
unit 30 and others. 20The comunication unit 24 is an interface configured
to execute contactless communication with the card reader/witer 14 in the

term nal device . fhe.£municatiop Hyi th24chuactlonsras-rackrangm sgison
unit- and a reception unit. 25Mdreover, the comunication unit 24 includes

an antenna thats pesdor s oont acth e85, GORTRL €ati o0 Mbthctbetsardc card
reader/witer 14 in the terninal device 1. 11 Addi tionally, the

comruni cation unjt Rdré ncthslesandt ransat gsikonbreteptianseiteuat that
anplifies transm ssion/reception data and a signal processing unit. 5The
CPU 25 functi onsebsctai @ontorchankhi théhat scont toksdt he ovéealb| al G=eardd?2.
Further, the CPU 25 functions as a determi nation unit that makes various

ki nds of et er M Giatdoh.2 TheATRY PSS ekbeuFeRMVal FauSOR| AdE BF PrBEeESfng
based on a control program and 10contr9 data stored in the ROM 26 or the
nonvol atil e memRRYSB Y ?ﬁéﬁﬁp¥%ad?f E?éEﬁFe%4vé??oﬁgekFHdEaB? rocessi ng

-in accordance with cggga ?s recel dkféon1t e card re e%émmlter 14 and
generates data such e%%o%sg 85%a 5?853?5|ﬁ§ réSuft " 18TRe ROM 26 is a

nonvol atil e menory,that fteogae@;?g?cgﬂtm%hf&o 2 ando6ontLal s faksc

advance. The S |ncor in a state tﬁat it he
ROM 26 stores the C%§r9$omogﬁamGt he ceptrek data andnethees 9ncara-

manuf acturing stage. That is, the control 20" program and the control data
stored i1 the ROMk&Z6na© body 21 and an IC module 22 built in the main
| body 21. The IC moduie 22 includes one or more IC
" chips 23 and a communication unit 24. The IC chip 23
and the communication unit 24 are formed in the IC
module 22 in a state where the IC chip 23 and the
15 communication unit 24 are connected to each other.
The IC chip 23 includes a communication unit 24, é_
CPU 25, an ROM 26, an RAM 27, a nonvolatile memory 28,
a power supply unit 29, a random-number generation unit
30 and others.
20 The communication unit 24 is an interface
‘configured to execute contactless communication with
the card reader/writer 14 in the terminal device 1.
The communication unit 24 functions as a transmission
unit and a reception unit.
25 Moreover, the communication unit 24 includes an

antenna that performs contactless communication with

the card reader/writer 14 in the terminal device 1.



i-ncorporated in accordance with a specification of the ICcard 2 in
‘advance. The RAM 27 is a nonvolatile nenory that functions as a
wor ki ng menory. The RAM 27 tenporarily stores, 25e.g., data that is being
processed by the CPU 25. For exanple, the RAM 27 tenporarily stores data
received fromthe termnal device 1 via the communication unit 12 24.
Furthernore, the RAM 27 tenporarily stores;a program executed by the CPU
25. The nonvolatile nenory 28 is constituted of a nonvolatile nenory such
as an EEPROM or a flash ROMin 5which data can be witten and rewitten.

ahe nonvol atil e, Jeyory, 281 51 0LRS BofROKE 0L PLROLAM a0d YALL QUsskynds of

data in accordance w f ntended operaftional purpose o e |C card 2.

For exanple, in tiesponyobayilecpemmiYc28cudc 10pse0kARiELies a data file
and other files are created. In each created file, a control program

various kinds ofr#admi aantooyhecspal enWihtbeand Thes Chha25peaneseahyze
various kinds of processing by executing a programstored in the

nonvol atil e nemotyt 28 or the ROM 26. 15The power supply unit 29 receives
electric waves fromthe card reader/witer 14 to -generate electronotive
force ancb an oper at i Bime cCBEk25Thenpbhwenssappbycanitro29usippkhes t he
generated el ectric power and operation clock to each unit in the IC card 2.
20When each uni¢ontrehe tiecavaralhasCreeefved t herther, the CPU 25

functions as a determination unit that makes various
kinds of determination. The CPU 25 executes various
kinds of processing based on a control.program and

10 control data stored in the ROM 26 or the nonvolatile
memory 28. For example, it executes various kinds of
processing in accordance witﬁ commahds received from
the card réader/writer 14 and generétes data such as a
response as a processing result.

15 The ROM 26 is a nonvolatile memory thét stores a
control program and control data in advance. The ROM
26 is incorporated in the IC card 2 in a state that the
ROM 26 stores the control program, the control data and
others on a manufacturing stage. That is, the controil

20. ‘program and the control data stored in the ROM 26 are
incorporated in accordance with a specification of the
IC card 2 in advance.

The RAM 27 is a nonvolatile memory that functions

‘as a working memory. The RAM 27 temporarily stores,

25 e.g., data that is beiﬁg processed by the CPU 25. For
exémple, the RAM 27 temporarily stores data received

from the terminal device 1 via the communication unit



electric power supplied thereto, it enters an operable state. The
random nunber generation unit 30 generates a random nunber. For exanpl e,
when receiving the initial 25response request conmmand fromthe card
reader/witer. 14, the CPU 23 generates a random nunber by using -the random
nunber generation unit 30. 13 The initial response request comuand
transmtted fromthe card reader/witer 14,has a plurality of paraneters
which are utilized to determ ne a comuni cati on system a speed and ot hers,
The 5Sparaneters include information indicative of the nunber of tinme franes

(a total time f5ame AUPDRLA) LD YAECRALNG, CaLg beadel(wELbeLs14 accepts a

response to-the initral response request comran is, the control unit

11 in the termpalylOdeyice degebys anpl upal bty of time frames and transmts
thé-initial response request command having the information indicative of

the total time frameTRenhehvboatheel berarg 28fienmcbhetcandeteaden/ witer
14. \Wen receiving the initial response request 15command, the CPU 25 in
the IC card 2 makesotefeiencendoyt hechnatsi ah EBBROMserreqfiésshcBovand and
recogni zes the total time frame nunber set by the card reader/witer 14.
That is, The CP28hfdatei oas ks arietogninfoncunttteThe TP® 25 generates a

_random nunber by using 20t he random nunber ‘generation unit 30 and sel ects
one nonvolatile memory 28 stores a control program and

various kinds of data in abcordance with an intended
operational purpose of the IC card 2.
For éxample, in the nonvolatile memory 28, a

10 program file, a data file and othe; files are created.
In each created file, a control program, various kinds
of data and others are written. The CPU 25 can realize
various kinds of processing by executing a program
stored in the nonvolatile memory 28 or the ROM 26.

15 The power supply unit 29 receives electric waves
.from the card reader/writer 14 to generate
electromotive force and an operation clock. The power
supply unit 29 supplies the generated electric power
and operation clock to each unit in the IC card 2.

20 When each unit in the IC card 2 has received the
electric power supplied thereto, it enters an operable
state.

The random number generation unit 30 genérates a
random number. For example, when receiving the initial

25 response request command from the card_reader/writer
14, the CPU 25 genefates a random number by using -the

random number generation unit 30.



time frame based on the generated random nunber. That is, the CPU 25
functions as a time frane selection unit. The CPU 25 in the IC card 2
executes initial response processing with respect to the initial 25response
request command based on the selected tine frame. Further, when
transmtting data to the card 14 reader/witer 14, the 1C card 2 generates
a magnetic field associated with transniss%gn data by using the

comuni cation unit 24. The I C card 2 can determ ne whet her comuni cation
processing is being executed in 5another |1 C card 2 by nonitoring the
magnetic field throu%g t he %ongunication uni t 24 Ear exaqgle when

detecting a change i ﬁaéﬁétﬁ ..FF%P&nﬁf 6§ﬂH§SEhgo@§%§gnﬁégpﬁgﬁ uﬁﬁt 24 in

astate that dakachs Aot cLegelyedotyamithe arditeadgipaitel, 414, the GPU

25 in the IC car etermnes t conmruni cat 1 oh processing i s being

executed in anotherpbCecardn2.nThat i184i1theqcerMUBeakiga Wnit 24 and the
CPU 25 function as comuni cation detection units. Initial response

processi ng accordinfignt eathenf kfystehbeabedesantnwi bkhaew. beTdescri bed.
FIG 4 is an explanatory diagramfor schematically explaining an exanpl e of
the initial respensmepeosesschygdef ihherin€tcandifdacedidengft aheheuhbest
enbodinent. It is to be noted that a description wll
of time frames (a total time frame number n) in which
the card reader/writer 14 accepts a response to the
initial response request command.
That is, the control unit 11 in the terminal
10 "device 1 sets a plurality of time frames and transmits
the initial response request command having the
information indicative of the total time frame number
to the IC card 2 from the card reader/writer 14;
When receiving the initial response request
15 . command, the CPU 25 in the IC card 2 makes reference to
the initiél’response reqguest command and recognizes the
total time frame number set by the card reader/writer
14. That is, the CPU 25 functions as a recognition.
unit. The CPU .25 generates a random number by using
20 the random number generation urit 30 and selects one
time frame based on the generated random number. That
is, the CPU 25 functions as a time frame selection
unit. The CPU 25 in the IC-card 2 executes initial
response processing with respect to the initial
25 response reguest command based on the selected time

frame.

Further, when transmitting data to the card



20be given on the assunption that the term nal device 1 has set the total

time frame nunber to 4 in this exanple. Furthernore, a description will be
al so given on-the assunption that the nunber of the IC cards 2 present in
t he conmuni cati on enabl ed range of the 25term nal device 1 is two, ‘i.e., an

|C card 2A and an I C card 2B. The termnal device 1 sets the total tine
frame 15 nunber and transmts an initial ygsponse request command (a
request) fromthe card reader/witer 14 at a given timng. The
term nal device 1 starts acceptance of a first tinme frame at a tinme tl

provided when ar&%é%??ﬁ%f@@fdlij”Phétict92r83§§g§%%£ggéét%iHEQBS%?E which a

| ast bit of the request 1s transmtted. ver, e termnal device

1 starts acceptance ofs &, Second 1R {ramBenalsahi §BcL2,provi dgd-nwhen a
predetermned tinme (t2-t1) passes fromthe start of acceptance of the first

tine frane. coméidi ddonsh | ynit heat ermhoalcdeyi-ger lcshantscagegspt ance of
athirdtinme frane at a tine t3 provided when a predetermned tine (t3-t2)
passes from t hewisé a@tdr aforamceptancen oprdbes seconilst baengrarecucted in
Further, the termnal device 1 starts acceptance of a fourth time -frane at
a tinme t4 proviadestiwhenl @ predet épyrimendl ténengt yhe Ipapastes fiehdt he start
of acceptance of the third time frane, - The termnal device 1 ends the
accept ance of tHerdWil th e i sRRRRe2BtCA ¢hne 2% provi ded when a
predetermned tine (t5-t4) passes fromthe start of acceptance of the
fourth time frame. FOT €¥3Mpet oWheNndeb8tha? £i AB2WPEL hE BRIPRELC
respective tirm%fgﬁ§Q§ ﬁ?ti§ tﬁg ternigaladeg%cgnlta 5 hgve gpgtsane
length T. That is, a Pélé?qo §hip TOMPYLE R 52 478 35 -tﬁ:Tais achi eved.

16 that data is not received from the card reader/writer

10 14, the CPU 25 in the IC card 2 determines that the
communication processing is being executed in another
IC card 2. That is, the communication unit 24 and_the
CPU 25 function as communication detection units.
Initial response processing according to the first
15 embodiment will now be described.

FIG. 4 is an explanatory diagram for schematically
explaining an.example of the initial response
processing of the IC card 2 according to the first
embodiment. It is to be noted that a description will

20 be given on the assumption that the terminal device 1
hés_sét the total time frame number to 4 in this
example. Furfhermore, a description will be also.given
on the assumption that the number of the IC cards 2
present in the communication enabled range of the

25 terminal device 1 is two, i.e., an IC card 2A and an IC
card 2B.

The terminal device 1 sets the total time frame



The 1 C cards 2A and 2B wait until they receive a request fromthe term nal
‘devi ce 1. When receiving the request, the CPU 25 of each of the I|C cards 2A
and. 2B recogni zes the total time frame nunber set by the 5term nal device
1. The CPU 25 determnes that the tinme ti provided when the
predetermned tine (ti-t0) elapses fromthe tinme tO at which the last bit

of the request is received as a start tine, of the first tinme frane. The
10CPU 25 recogni zes the respective continuous tinme frames based on the
start tinme tl of the first time frame and the recogni zed total tine frame

e, L e UL At eI T LD L

accordance with imewd 0 recognize eac

result, the CPUZmlgGoani £85ul8e) SEabh LhESath: rL2qctByandetdral sthe
respective time franes. Further, the CPU 25 provi des each recogni zed
time frane wthya,sninberindhe CPU 25 generates a random nunber by using the-
" random nunber generation unit 30 20and sel ects one tine franme based on the
generated random nunbies. tEenirxanpeéeickhe €PWr25 eaenvechsca pdart anrakl of
generated random nunbers into nunerical values equal to or smaller than the
total time franeimunbeamsedt by theetelnpnalidedi gbell. aThee@Pe25in28
selects a time frane to which the nunber corresponding to the nuneral val ue
converted from'ekeh fahoe noapessisrgnventimg7t0 at which a last bit

of the request is transmitted{
Moreover, the terminal device 1 starts acceptance
of a second time fiame-at a time t2 provided when a

10 predetermined time (t2-tl) pésses from the start of

racceptance of the first time frame. |

Additionally, the terminal device 1 starts
acceptance of a third time frame at a time t3 provided
when a predetermined time (t3-t2) passes from the start

15 of acceptance of the second time frame.

Furthéf, the terminal device 1 starts acceptance
of a fourth time frame at a time t4 provided when a
predetermined time (t4-t3) passés from the start of
acceptance of the third time frame.

20 ' The terminal device 1 ends the acceptance of the
fourth time frame at a time t5 provided when a
predetermined time (t5-t4) passes from the start of
accéptance of the fourth time frame.

It is to be noted that time widths of the

25 respective time frémes set by the terminal device 1

all have the same length T. That is, & relationship

t2-tl=t3-t2=t4-t3=t5-t4=T is achieved.



Jn this enmbodinent, the CPU 25 determines a tine frame in which a response
i's transm tted based on a time frame mselected fromthe random nunber and
the total time frame nunber n. 5The CPU 25 first determ nes whet her npn/2
is satisfied or not. When npn/2 is satisfied, the CPU 25 reselects a tine
frame n-mtl. The CPU 25 nonitors the reselected tine frane n-mtl so that a
response can be transmtted in the reseleLigd time frane. 10The CPU 25
determ nes whether a response is transmtt to the termnal device 1 froM
the other IC card 2 within a predetermned tine width p froma start tine

f the ti f hat i c t t f i
85|ngeth;n§ongﬁg?c2t%gﬁ 1 u%ﬁfh§4 %r@ﬁgrgg St A ﬁé_g#g%gne Ee |e Y
LS S S L L LT, S o

predet erm ned va IS presen ti me wi dt h

det erm ned thatré&ﬁé@t'stﬂg &@§p9958f2QEEﬂ”b%h%h%tH%rcagd%aQ% 2nd g CPU 25

transmts a response to the termnal device 1. Furth ernore, when it Is

determ ned that -thegathes tkeCahEa?2 B@ﬁen&ng@ hespenseett g GRd 25
transmts a response to the termnal device 1 in the first selected tine

frame m 25 Mreeyvetnavhdaavthe fiirst tine frame m sel ected by the CPU 25
does not neet npn/2, the CPU 25 transmts a response to the term nal device
1in the first sel ecffed CE8 £bndeteamenms that thiEl Gimé sHows can dedanpl e
where the total tinme franme nunber n=4, the 1 C card 2A selects a second tine
frame and the |'€eard@hgBrsefecesmaneguirtnet i(yd -tPamelapsercd rer? tihe

achi eved, the IC card 2A does not
ime tO at which the last bit of the request is

received as a start time of the first time frame. The

10 CPU 25 recognizes the respective continuous time frames
based on the start time tl of the first time frame and
the recognized total time frame numbef. That is, the
CPU 25 sections the time from the time tl in accordance
with the time width T to recognize each time frame. As

15 a result, the CPU 25 recognizes the start times tl, t2,
t3 and t4 of the respeqtive time frames.

Further, the CPU 25 provides each recogﬁized time

frame with a number. The CPU 25 generates a random
number by using the random number generation unit 30

20 - and selects one time frame based on the generated
random number. For example, the CPU 25 converts a part
or all of generated random numbers into numerical |
values equal to or smaller than the total time frame
number set by the terminal device 1. The CPU 25

25 selects a time frame to which the.number corresponding
to ﬁhe numeral value converted from each random number

is given.



,reet a relationship of nen/4. Therefore the IC card 2A controls to start
‘transmission of a response fromthe tinme t2 which is a start tine of the
second time frame. 10Additionally, since me4 is achieved, the IC card 2B
neets the relationship of nen/2. Therefore, I1C card 2B reselects atine
frame associated with n-mtl=1. That is, the IC card 2B resel ects the first
time frame. In this case, the IC card 2B controls to start 15transm ssion
of a response froma tinme tl+p after a predetermined tine p fromthe tine
ti which is the start tinme of the first tinme frane. FIG 5is a

flowchart for explaigbngh?%egégggh%egQ I%%%I%%Ur%%p%%%%ﬁgﬁg%§§%lggfgf t he

| C card 2 according I'rst enbddinme car waits

until it rece'VP?aﬁer?HU§§EcﬁrQnreQEOB@E”&@aerQ!hﬁ%ted(%a%%%poﬁle) When
receiving the request (a step S12), the CPU 25 of the IC card 2 recogni zes

the total time {iaserpgnben eegeetaébrrbﬁetherebaabmdemmeerlaha sthep S13).
The CPU 25 generates a random nunber by using the random nunber generation
unit 30 (a stept&14).tThe €PhhelAu@begsehects one tinme frame m based on the
random nunber generated by the random nunber generation unit 30 (a step

S15) . 5 The TR 2BUd@befnirnés dafietrheneshehsglhect ednt/i2ng s5f rame m
and the total time frame nunber n neet the relationship of nen/2 (a step
S16) . Whenatineieed| et eatt i nBhepamenitand ERELBSEEA t the £PEmMESnunber

n neet the relationship of npn/2 (the step 816 ESL the CPU 25 resel ects
the time frame BeSﬁlﬁggs a time frame n-m+ The U 25 monitors the

reselected time frame n-m+l so that a response can be
transmitted in the reseletted time frame.

10 The CPU 25 determines whether a response is
transmitted to the terminal device 1 from the other IC
card 2 within e predetermined time width p from a start
time of the time frame n-m+1. That 1is, the CPU 25
monitors a magnetic field by using the communication

15 unit 24.from the start time of n—m+l and determines
whether a change in magnetic field that is equal to or
above a predetermined value is present within the time
width p.

When 1t is determined that there is no response

20 from the other IC card 2, the CPU 25 transmits a
response to the terminal device 1. Furthermore, when
it is determined that the other IC card 2 has made a
response, the CPU 25 transmits a response to the
terminal device 1 in the first selected time frame m.

25 Moreover, when the first time frame m selected.by
the CPU 25 does not meet m>n/2, the CPU 25 transmits a

response to the terminal device 1 in the first selected



10(a step S17). The CPU 25 nonitors the reselected tinme frame n-m-l (a step

S18). The CPU 25 determ nes whether the other I1C card 2 transmts a
response to the termnal device 1 within the predetermned tinme width p
fromthe start tine of 15the tinme frane n-mtl (a step S19). When it

is determned that there is no response fromthe other 1C card 2 (the step
519, NO, the CPU 25 transnmits a response {® the termnal device 1 (a step
S20). That is, the CPU 25 controls each unit in the IC 20card 2 to transmt
a response to the termnal device 1 in the reselected tine frane.

Further, when thg selected time frane mand the total time frame nunber n
do not nmeet the relationship of npn/2 at the step S16 (the step S16, NO,-

or when it 25is detegppined thal st BEr 8xhspder @aRQBSE KL @Bk Lhe tohber rhgecard
2 at the step S19 (the step S19, YES), tﬁe CPU 25 controls each unit in the

IC card 2 to transset @=4 20:hesponsertiochhect eefknal sdeyhaetimentihgefirst
selected tine frane m(a step S21). ' As descri bed above, when the IC
card 2 accordi ngnd otlidi 5C ecdbodi aBnsehastsesefvedthheimnai firaher esponse
5request command, it recognizes the total tinme frame nunber based on the
~command. SThe | C cardS2nsel ecksishechiaeetly abebaSedasd £Rhedpgadomtnunber
and reselects a predetermned tinme frane that %recedes the selected tine
frame. The | C cBRRAt 22 detb? i PRS WRePheP>PHE- ~ Therefore, the IC card

27 controls to start transmission of a response from
the time t2 which is a start time of the second time
frame. |

10 Additionally, since m=4 is achieved, the IC card
2B meets the relationship of m>n/2. Therefore, IC card
2B reselects a time frame associated with n-m+1l=1.
That is, the IC card 2B reselects the first time frame.
In this case, the IC card 2B controls to start

15 transmission of a response from a time tl+p after a
predetermined time p from the time tl1l which is the
start time of the first time frame.

FIG. 5 is a flowchart for explaining an example of
initial response processing of the IC card 2 according

20 to the first embodiment.

The IC card 2 waits until it receives a request
from the terminal device 1 (a step S11). When
receiving the request (a step S12), the CPU 25 of the
IC card 2 recognizes the total time frame number n set

25 by the ferminal device 1 (a step S13).
The CPU 25 generates a random number by using the

random number generation unit 30 (a step S14). The CPU



10reselected tinme frane is selected by the other 1C card 2, and it
transmts a response to the termnal device 1 in this tinme frame when the
reselected tine frame is not selected. As a result, a processing tinme can
be reduced. 15Further, when the reselected tinme frane is selected by the
other ICcard 2, the ICcard 2 transmts a response to the term nal device
1inthe first selected tinme frame. As a regult, the collision can be

avoi ded. 20Consequently, the portable electronic apparatUs that can execute
processi ng at a higher speedand the. control nethod of the portable

el ectronic appaﬁ§¢§§l%§@ab8n8rQ%ﬁgggr me. m based ?n thQiEggho&eﬁgggég

processi ng accordi ng secon odi rent w |l now be descri

FIG 6 is an explanpiory diaghamfeuoschensti-cabhyrexpbai nhng 8o exanpl e of
the initial response 21 processing of an IC card 2 according to the second

enbodi nent. It éseposbe) noted that a description will be given as to an
assunption that a termnal device 1 has set a total tine franme nunber to 4
in this exanpl e. 5Furhbechures dedestthnpti ghewhkl bBeaksdegiedntaset o an
assunption that 1C cards 2 that are present in a conmuni cation enabl ed
range of & he tefmamalmdendceh¢ apeatwoivar drameenumpar| C vaetdstPA and an IC

card 2B. The termnal device 1 sets a total tinme frame 1Onunber and
transmits an inf¢lafieespbhsel rBguésdt (RofhBRISEE) request) froma card

reader/witer 14 at a given timng, . The termnal device 1_starts
acceptance of a firswhgpnﬁh?rﬁgéegFeg time ?FaBFoWiaﬁﬁ &ﬁ@ntﬁtﬁ}eﬁépﬁrnined

frame number n meet the relationship of m>n/2 (the step
S16, YES), the CPU 25 reselects the time frame of n-m+l

10 (a step S17). The CPU 25 monitors the reselected time
frame n-m+1 (a step S18).

The CPU 25 determines whether the other IC card 2
transmits a response to the terminal device 1 within
the predetermined time width p from the start time of

15 the time frame n-m+l (a step S19).

When it is determined that there is no response
from the other IC card 2 (the step S19, NO), the CPU 25
transmits a response to the terminal device 1 (a step
$20). That is, the CPU 25‘controls each unit in the IC

20 card 2 to transmit a response to the terminal device 1
in the reselected time frame.

Further, when the selected time frame m and the
total time frame number n do not meet the relationship_
of m>n/2 at the step S16 (the step S16, NO), or when it

25 _ is.determined-that there is a response from the other
IC card 2 at the step S19 (the step S19, YES), the CPU

25 controls each unit in the IC card 2 to transmit a



A5tinme (ti-t0) passes froma tine tO.at which a last bit in the request is
transmtted. Further, the term nal device 1 starts acceptance of a
second tinme frame at a tine t2 provided when a predetermned tine (t2-tl)
passes fromthe start of 20acceptance of the first time frane.

Furthernore, the term nal device 1 starts acceptance of a third tine frame
at a tinme t3 provided when a predeterm ned,finme (t3-t2) passes fromthe
start of acceptance of the second tine frame. 25Mdreover, the term nal
device 1 starts acceptance of a fourth tine frane at a tinme t4 provided

when a predeterpégggggéngo(Eéét§%ﬁ@9§§§sdéegagtbeiﬁtaﬁg 9Ers%253§g§ggance

of the third tine erm na evice I ferm nates

acceptance of the foupthetine,fg abia tirme t5 provided when a
predetermned tine (t5-t4) passes fromthe start of 5acceptance of the

fourth tinme frame. |hsi geberhBenoObBEvENalhkhMehw dthsael thacrespeeali ve
time franes set by the termnal device 1 all have the sane |ength T. That

is, arelationshbpchlist@mbdaiBetl=hdst BetbittdaTrths anhtewedreipPdheel C cards
2A and 2B wait until they receive a
5 request command, 1t recognizes the total time frame
number based on the command. The IC card 2 selects the
time frame based on the random number and reselects a
predetermined time frame that precedes the selected
time frame. The IC card 2 determines whether the

10 reselected time frame is selected by the.other IC card
2, and it transmits a response to the terminal device 1
in this time frame when the reselected time frame is
not selected. As a result, a processing time can be
reduced.

15 Further, when the reselected time frame is
selected by.the other IC card 2, the IC card 2
transmits a response to the terminal device 1 in the
first selected time frame. As a result, the collision
can be avoided.

20 Consequently, thé portable electronic apparatis
that can execute processing at a higher speed and the.
control method of the portable electronic apparatus can
be provided.

.Initial response processing aCcording'to a second

25 embodiment will now be described.

FIG. 6 is an explenatory diagram for schematically

explaining an example of the initial response -



request fromthe termnal device 1. Wen receiving the request, a CPU 25 of
each of the I C cards 2A and 2B recogni zes the total time frame nunber set
by the term nal device 1. 15The CPU 25 deternmines that the tinme ti provided
when the predetermined tinme (ti-t0) passes fromthe tinme tO at which the
last bit in the request is received as a start tinme of the first tine
frame. The CPU 25 recogni zes the respective.continuous tine franmes 20based
on the start time t1 of the first tinme fraffe and the recogni zed total tine
frame nunber. That is, the CPU 25 sections the tinme fromthe tinme tl in

'gth T %nd rec?gnizes each ti frane.

s@Phé i i

accordance with the tine-w a :
result, the CPUP38-FatobHi 2 sFare §orAIngsis e S56YF O the

respective time frages. o 1cMCepuer, the CPU25 mravides cach recaani zed

time frane with a nunbér. The generates a random amber "By usi ng

a random nunber pgegerahi 9g i BHSQS@%F%%%%MHQ itk i fnamghased jon the
gener ated random nunber. For exanple, the CPU 25 converts a part or all of

generated randopnBugbers tpte1NURREI g¢abmeahupseequal 4540 @hismalklaal1than
the total time frame nunber set by the term nal device 1. The CPU 25

sel ects a5tine fFunanketoowhi ch tihecnuphepnceriiéspending tavehe aguner an val ue
converted from each random nunber is given. The CPU 25 nonitors a tine
frame K that prescedeptactOthat fifamernssél ébbédabasedesrnéadch random
nunber. For exanple, the CPU 25 sequentially performs nonitoring starting
fromthe tine fFARBURICREIPD epapbseforpedrorédthhaternénepUdesicar di es out
the nonitoring in a range of the tine frane Km_ Additionally, an initial
15val ue of the ?FﬁetV?agér?'ié'ﬁres@P ahdc&repred?i gnd an IC card 2B.

The terminal device 1 sets a total time frame
10 number and transmits an initial.response request
command (a request) from a card reader/writer 14 at a
given timing.

The terminal device 1 starts acceptance of a first
time frame at a time tl provided when a predetermined

15 time (tl-t0) passes from a time t0 at which a last bit
in the request is transmitted.

Further, the terminal device 1 starts acceptance
of a second time frame at a time t2 provided when a
predetermined time (t2-tl) pasées from the start of

20 acceptance of the first time frame.

Furthermore, the terminal device 1 starts
acceptance of a third time frame at a time t3 provided
when a predetermined time (t3-t2) passes from the start
of acceptance of the second time frame.

25 Moreover, the terminal device 1_starts acceptance
of a fourth time frame at a time t4 provided when a

‘predetermined time (t4-t3) passes from the start of



e.g., an ROM 26. - Further, the CPU 25 perfornms the nonitoring during a
predetermined tine P in each tine franme. For exanple, -assuming that a tine
required for the CPU 25 20to determ ne whether the other I1C card is
perform ng comunication is p, the CPU 25 carries out the nonitoring during
a predetermned time P=p.(mK) in each tine frane. Wien the CPU 25 has

detected the comuni cation 25carried out bgzthe other 1C card 2 during the
nonitoring, it adds 1 to K and nonitors the next tinme frane. Wien it is

determned that there is no response 24 fromthe other 1C card 2 during

the monitoring tine, the CP transmts r nse to the term nal device
1 after end of ?%%e%%%P %r?%éggﬁnégl%g]ElmgFFgggg'shoms an exanpl e where

the total time fra”ETEE”PQEmﬁﬁéi 1he; LC ﬁaE@r%én%%%%C%%$ﬁ§%% %Q%ﬂ?é“%ﬁraﬂe

and the IC card 2B selects a fourth tine frane. card 2A first

nmonitors the fifgt thoechiramRe kRahbi sccaseimdi Reepikcliand pR2naLe _
achieved, the IC card 2A carries out the nonitoring during the 10tinme w dth

p. The IC card gAcgenéimmBetihaimthete-t8)npakesporisenf tom tharet ber | C card
2B during the tine wwdth p fromthe start tine tl of the first tinme frane.
The I C casd 2A sonepoésceoost ahe tpanshi ssmenfobma.response after . end of
the nonitoring tine (the time 15t1+D). Further, the IC card 2B first
nmonitors the first tifeiframebel nothdstbasetigenvddkas addtmed are
achieved, the I1C card 2B carries out the nonitoring during the time width
3p. The IC car dropPaet t¥eEstiRgt frames set by the términal device 1

all have the same length T. That is, a relationship of
t2-tl=t3-t2=t4-t3=t5-t4=T 1s achieved.

10 The IC cards Z2A and 2B wait until they receive a
request from the terminal device 1. When receiving the
request, a CPU 25 of each of the IC cards 2A and 2B
recognizes the total time frame number set by the
terminal device 1.

15 The CPU 25 determines that the time tl provided
when the predetermined time (tl-t0) passes from the
time tO0 at which the last bit in the request is
received as a start time of the first time frame. The
CPU 25 recognizes the respective continﬁous time frames

20 based on the start time tl of the first time frame and
the recognized.total time frame number. That is, the
CPU 25 sections the time from the time tl in accordance
with ﬁhe time width T and recognizes each time frame.
As a résult, the CPU 25 recognizes the start times tZ,

25 t2, t3 and t4 of the respective time frames.

Moreover, the CPU 25 provideé each recognized time

frame with a number. The CPU 25 generates a random



20the I'C card 2A transmits. a response to the termnal device 1 at the tine
tl +p. Therefore, the I1C card 2B proceeds to the nonitoring of the next tine
franme (the second tinme frane). In this case, since K=2 and n¥4 are
achieved, the 25 IC card 2B perforns the nonitoring during a tinme w dth 2p.
The IC card 2B confirns that there is no response fromthe other IC card 2A
during the time width 2p from 25 the starfstine t2 of the second tine
frame. The I1C card 2B controls to start transm ssion of a response after
end of the nonitoring tinme (the tine t2+2p). FIG 7 is a flowhart for

of | e (the 7isaflo '
eeording Lot RATRGtord RBOM rioni S IRG T Car a3 arte bt rl it or 8eai ves a

request from the fernmnale deyicer lh@ 154804 S31) cndNeBrEBSEENT PAnLBR Tequest
(a step S32), the CPU 25 of the . 10IC card 2 recognizes the total tine

frame nunber n getpdy. t heot esxamal e devheecu (a5 st6pPvSB8y.a part ofhelCPU 25
generates a random nunber by using the random nunber generation unit 30 (a
step S34). The P &te set @t samien trhumebE r anento basedr boal heal aadoagnamber
15generated by the random nunber generation unit 30 (a step S35).
5 to or smaller than the total time frame number set by
the terminal device 1. The CPU 25 selects a time frame
to which the number corresponding to the numerél value
converted from each random number is given.
The CPU 25 monitors a time frame K that precedes a
10 time frame m selected based on each random number. For
example, thé CPU 25 sequentially performs monitoring
starting from the time frame K (K=1). It is to be
noted that the CPU 25 carries out the monitoring in a
range of the time frame K<m. Additionally, an initial
15 value of the time frame K is preset and stored in,
e.g., an ROM 26.
Further,-the CPU 25 performs the monitoring during
a predetermined time P in each time frame. For
example, .assuming that a time required for the CPU 25
20 to determine whether the other IC card is performing
communication is p, the CPU 25 carries out the
monitoring during awpéeaétermined time P=p-(m-K) in each
time frame.
When the CPU 25 has detected the communication
25 carried out by the other IC card 2 during the-

monitoring, it adds 1 to K and monitors the next time

frame.  When it is determined that there is no response



The CPU 25 nonitors the tine frame K that precedes the tine frane m
'sel ected based on the random nunber (a step S36). In this case, the CPU 25
carries out the 20monitoring during a predetermned tine P=p.(mK) in the
time franme K - The CPU 25 determ nes whether the other IC card 2
transmts a response to the termnal device 1 during the predetermned tine
P (a step S37). 25Wen comruni cation perfo&gfd by the other ICcard 2 is
detected during the nonitoring at the step S37 (the step S37, YES), the CPU
25 adds 1 to K (a step 26 S38) and nonitors the next tine frane.
Further, when t o] nj [on~p r y..th t rd |s not

; Pf%& HHB.%Eﬁék fic 8%%8 EESuQSgg ?F% R%Elkg § ﬁé

detected during e nonitoring at e step e step "the CPU

25 control's each,unkpyi A5t PEahGreaEda2, £QoLRARSHLL AT 85RARSG 1t e ek nal
device 1 after end of the nonitoring time (a step S39). As descri bed

above, when thellgfggfdogda§§0£ﬂénﬂoﬁgt59h§g66EﬁélnEnt has received the
initial response request command, it recogni zes the total tinme frame .
nunber based on the eoguasdshdhe bR eanthpesahects taet it afir anemebasacheon

t he random nunber and retrieves a time franme which precedes the sel ected
time frame and nsmhet selectied by thedothesel€ctard 2ecWhenttihe ttiramef r ane
which is not selected by the other IC card 2 is detected, the IC card 2
transmts a res@@ﬁséh@ol@h@arérﬁﬁnaﬁlGéVEcé iOPﬁtbhﬁémﬁlﬁéaﬂﬁane As a
result, .a processing tinme can be re t hernore, the CPU 25 of
the IC card 2 executggecéﬁtFéFdl%Asééﬁsé WﬁﬁﬁéPrﬁhépetﬁérﬁﬁnﬁﬁHﬁing time P

in each tine fr e is reduced as_a val ue of t@e flrstzselectegﬁtln% frame m
is smaller. ?@%ult ntﬁgl%o??Fgfoﬁl 5ﬁ Be a90|dea t nsequently,
the portable eI paja t e S t hi gher
speed and the cgﬁ% o n% ﬁo%éo§gfﬁéggor éeﬁgkﬁFgggggagggga u%ﬁgan be

provided.g 27 tipe width p. The IC card 2A confirms that there is no
response from the other IC card 2B during the time
width p from the start time tl of the first time frame.
The IC card 2A controls to start transmission of a
response after end of the monltorlng time (the time

15 tl+p).

Further, the IC card 2B first monitors the first
time frame. In this case, since K=1 and m=4 are
achieved, the IC card ZE carries out the monitoring
during the time width 3p. The IC card 2B detects that

20 the IC card 2A transmits.a response to the terminal
device 1 at the time tl+p. Therefore, the IC card 2B
proceeds to the monitoring of the next time frame (the
second time frame).

In this case, since K=2 and m=4 are achieved, the

25 IC card 2B performs the monitoring during.a time width

| 2p. The IC card 2B confirms that there is no response

from the other IC card 2A during the time width 2p from



A portable el ectronic apparatus according to a third enmbodi ment will now be
‘described hereinafter in detail with reference to the draw ngs.

FIG 8 is a diagramfor explaining .a structural 5exanple of an IC card 2
according to a third enbodi nent. The IC card 2 includes a card-Iike
mai n body 21 and an I C nodule 22 built in the main body 21. Furthernore, in
the 1 C nodul e 22 are provided a CPU 10101,,an ROM 102, an RAM 103, a

nonvol atil e nmenory 104, a resonance unit 105, a transm ssion unit 106, a
reception unit 107, a power supply unit 108 and a logic unit 109. The CPU

101 functions as,a coptiol ;foi {o1hAt facontephs ihe enthee |encard 2. The

CPU 101 executes various Kkinds of processing based on a control program and-

control data stored g thec RO 102 of sthe-popuplk abibe BRI ¥ed@4nsEOr

exanpl e, it executes various kinds of processing in accordance with

commands 20r ecej vesy f &0 @r card neadeptwhipt eimd4 (aRd gener abespdata such as
a response as a processing result. The ROM 102 is a nonvol atile

menory that stores artont7olspsaogiantandtcantr ekpdataiing advaseeplEhe ROV
102 is incorporated in the ICcard 2 in a state that 25the ROM 102 stores
the control prograniat heesomtisel pdatasanhdgorherseoACacaudufagetaprirAgnst age.

That is, the control programand the control data stored in the ROM 28
to the second embodiment. _ o

The IC card 2 waits until 1t receives a request.
ffom the terminal device 1 (a step S31). When
receiving the request {(a step S32), the CPU 25 of the

10 IC card 2 recognizes the total time frame number n set
by the terminal device 1 (a step S33).

The CPU 25 generates a random number by using the
random number generation unit 30 (a sﬁep S34). The CPU
25 selects one time frame m based on the random number

15 generated by the random number generation unit 30 (a
step S35).

The CPU 25 monitors the time frame K that precedes
the time frame m selected based on the random number (é
step S36). In this case, the CPU 25 carries out the

20 monitoring during a predetermined time P=p-(m-K) in the
time frame K.

The CPU 25 determines whether the other IC card 2
transmits a response to the terminal device 1 during
the predetermined time P (a step S37).

25 ' When communication performed by the other IC card
2 is detected during the monitoring at the step S37

(the step S37, YES), the CPU 25 adds 1 to K (a step



102 are incorporated in accordance with a specification of the ICcard 2 in
advance. The RAM 103 is a nonvol atile nenory that functions as a
wor ki ng menory. The RAM 103 tenporarily stares, 5e.g., data that is being
processed by the CPU 101. For exanple, the RAM 103 tenporarily stores data
received fromthe termnal device 1 via the reception unit 107.

Furthernore, the RAM 103 tenporarily stores; a program executed by the CPU
101. 10The nonvol atile nmenmory 104 is constlguted of a nonvol atile nmenory
such as an EEPROM or a flash ROMin which data can be witten and

rewitten. Thesjgyngg§uﬁéﬁagg ryhépg?§{oggﬁiafggﬂgfol pr ogram and various_

ki nds of data in accordance w an i ntende 5o0perati onal purpose of the

| C card 2. _ Forpexanpl e, i 0, t b nopynlat ELei BEMBEY £d Ogteqappr ogeam
file, a data file and others are created. In each created file, a contro

program variouscid Ndsc afadata ahdh Ot hesseat &daWhtt 9. tHdem&PlrdBingan
realize -20variou$ kinds of processing by executing a programstored in the

‘nonvol atil e meny yeHO4 torp the7 ROMAORtep S37, The) t ransntBSi o5 contrdD6 and
the reception-unit 107 are interfaces configured to perform contactl ess
comuni cd&t i on widdh thretcard rleade?/owide? 14 ofandeit2s resmdna¢ device 1
The transm ssion unit 106 perforns codi ng, nodul ati on and others and .
transmts dat a.thmeterré@ém}pocﬁﬁweﬁ b o7f be¥ f oRfsC Hehbeural 1 bR ahd EEE®dI ng
29 after receiving data, The resonance unit 105 includes, e.g., an
antenna that cafd i¥<LRuUt3tont act! ess comunication with the card

reader/writer 14 of AQQdégéglggé gggbg? %hen the IC card 2 according

to this embodiment has received the initial response
10 request command, it recognizes the total time frame
number based on the command. The IC card 2 selects a
time frame based on the random number and retrieves a
time frame which precedes the selected time frame and
is not selected by the other IC card 2. When the time
15 frame which 1s not selected by the other IC card 2 is
detected, the IC card 2 transmits a response to the
terminal device 1 in this time frame. As a result, a
processing time can be reduced. |
Furthermore, the CPU 25 of the IC card 2 executes
20 control in such a manner that the monitcoring time P in
each time frame is reduced as a value of the first
seleéted time frame m is smaller. As a result, the
collision can be avoided.
Conséquently, the portable electronic apparatus
25 that car execute processing at a higher speed and the
control method of the portable electroric appafatus can

be provided.



SFurthernore, the resonance unit 105 includes a transmi ssion/reception
circuit and a signal processing unit that anplifies transm ssion/reception
dat a. The power supply unit 108 receives electric waves fromthe card
reader/witer 14 to generate 10el ectronotive force and an operation cl ock.
The power supply unit 108 supplies the generated electric power and
operation clock to each unit in the IC car 2. When each unit inthe IC
card 2 has received the electric power supp7|ed thereto, it enters an

oper abl e 15st at e. The logic unit 109 realizes various functions such

as arithnetic operathoggrtagggo ngg@gg gegg gglgn anchgg§r§a&For exanpl e,

when an initial response reques recelve rom he “car er/awr| ter

14, the logic t d ong of the
14 10 Lol 2Ll 28,aebet o0 S4I0GE BUFBEL-wc e RENRLLOER O

execut es operationgithatcdi tEeerdgpendbngnendaacasgsof responding to a
first initial 25response request in which 2 or a higher value is specified

as a total nunber N oficsl et ssanddaagase abrrespoadniggt @ amriuaitiuirall
response request in which a 30 slot to be transmtted later is specified.
example of an IC card 2 according to a third
embodiment.
The IC card 2 includes a card-like main body 21
and an IC module 22 built in the main body 21.
Furthermore, in the IC module 22 are providgd a CPU
10 101, an ROM 102, an RAM 103, a nonvolatile memory 104,
a resonance unit 105, a transmission unit 106; a
reception unit 107, a power supply unit 108 and a logic
unit 109.
The CPU 101 functions as a control unit that
15 controls the entire IC card 2. The CPU 101 executes
various kinds of processing based on a control program
and control data stored in the ROM 102 or the
nonvélatiie memory 104. Fdr example, 1t executes
various kinds of processing in accordance with commands
20 received from a card féader/writer 14 and generates
data such as a response as a processing result.
The ROM 102 is a nonvolatile memory that stores a
control program and control data in advance. The ROM
102 is incorporated in the IC card 2 in a state that
25 the ROM 102 stores the control program, the coﬁtrol

data and others on a manufacturing stage. That is, the

control program and the control data stored in the ROM



FIG 9 is a diagramfor explaining an operation of the IC card 2 when
responding to the first initial response request in which 2 or a higher
value is specified as the total nunber N of slots. FIG 9 shows an
operation of a card A when the total nunber N = 4 of slots specified by the
termnal device 1. In this case, the card A recognizes that four slots,
i.e., "aslot 0", "a slot 1", "a slot 2" apd "a 10slot 3" are set in the
term nal device 1. The IC card A generates a random nunber by using the

| ogic unit 109 and selects a value n indicative of a slot associated with

the generated v e n. § hi "t he " LS oGi M T 1=0,
"the slot 1" isﬁggs%g%a %§5§F§ﬁ§§%%:%g a?thggggézwﬁ?g gs%é%?é?%gg&ﬁfﬁ n=2
and "the slot 3J¢ignasseciatgdow thy973ncEeSpectively. According to
t he exanple depicted in FIG 9, the IC card A selects n=3 based on the

generated random nunpge ahtiefokeesi ¥i AgntBeati N8t meRbllak nE@SEORSe ions
20request fromthe termnal device 1. Therefore, the card A responds when a

sl ot marker congand spekifiyi mgndras arsboRaMS108ceemMpdrandery soomak,
circunmstances as indicated by an arrow of a dotted line in FIG 9. However,
the card A checksgwhethez thatahsriespoadr26tesfedsba shet CPU. @01 .t h&oti r st
initial response request. Thus, after receiving the first initial response
request, the cafgapedet ekne ngdMwhed hegmppgarily stores data recelved

from the terminal device 1 via the reception unit 107.
Furthermore, the RAM 103 temporarily stores a program
executed by the CPU 101.

10 The nonvolatile memory 104 is constituted of a
nonvolatile memory such as an EEPROM or a flash ROM in
which data can be written and rewritten. The
nonvolatile memory.104 stores a control program and
various kinds of data in accordance with an intended

15 operational purpcse of the IC card 2.

For'example, in-the nonvolatile memory 104, a
program file, a data file and others are created. In
each cfeated file, a control program, various kinds of
data and others are written. The CPU 101 can realize

.20 various kinds of processing by executing a program
stored in the nonvolaﬁile memory 104 or the ROM 102.

The transmission unit 106 and the reception unit
107 are interfaces configured to perform contactless
communication with the-card reader/writer 14 of the

25 terminal device 1. The trénsmission urit 106 performs
coding, modulation and others and ﬁransmits data. The

reception unit 107 performs demodulation and decoding



31 other IC card 2 has transmtted a response in each slot. For
exanple, if an order of a slot to be nonitored is s, the IC card 2 nonitors
whet her the other IC card 52 makes an initial response during a tine
tx(n-s) after receiving a response request indicative of each slot. In this
case, "the slot 0" is associated wth s=0, "the slot 1" is associated with
s=1, "the slot 2" is associated with s=2 g "the slot 3" is associated

wi th 10s=3, respectively. According to the exanple depicted in FIG

9, the IC card 2 selects n=3 and nonitors the slot 0 (s=0). In this case,
the IC card 2 ronidorseaheies ddeaother 1C card 2 nakes an initia

response during a tinme 15tx(n-s)=3t after receiving the response request

i ndicative of the slmieOresonancétunsttd0beinotedethat.the eardnfeoan
determ ne whether the other 1C card 2 is executing conmuni cati on processing
by detecting a Giahgeainiemgret i cofiatdl dys 200mhngl aat ape ewhah prloei ded to

t he resonance unit 105. If it is revealed that the other ICcard 2 is
nmeki ng a respoWﬁ%@hﬁ@%ﬁFﬁ%W%l¥$ﬂel@tOft%@eo?%émlm€ﬂcéﬁﬂlgethat has
selected the slot 0 to the slot 2 is present, he oih hand, if the
other 1 C%ard ZXP5dted" gt neke 273 h%eu%hFlhﬁ t hirstt $%§ the card A

has selected the simllestol) rdlegls, C@Leulehd gagggmwraséggmgto the
first initial response

unit that amplifies transmission/reception data.
The power supply unit 108 receives electric waveé
from the card reader/writer 14 to generate
10 electromotive force and an operation clock. The power
supply unit 108 supplies the generated electric power
and operation clock to each unit in the IC card 2.
When each unit in the IC card 2 has received the
.electric power supplied thereto, it enters an operable
15 state.

The logic unit 109 realizes various functions such
as arithmetic operations, random number generation and
others. For example, when an initial response request
is received from tﬁe card reader/writer 14, the logic

20 unit 109 generates a random number.

Operations of the IC card 2 in this embodiment
will now be described.

The IC card 2 executes operations that differ
depending on a case of responding to a first initial

25 response request in.which 2 or a higher value is
specified as a total number N of slots and a case of

responding to an initial response request in which a



32 request. That is, the ICcard Atransmts a response to the term nal
device 1 in the slot O. Thus, when the card A has recogni zed t hat
there is no initial response fromthe other contactless Ic card 5before the
time 3t passes, it nakes the initial response after elapse of the tine 3t.
In FIG 9, an arrow of a solid line indicates that the card A responds to
the first initial response request. Wen t3re card A has recogni zed that the
ot her 10contactless I1C card made the initial response' before the tine 3t
passes, it executes an operation depicted in FIG 10. FIG 10 is a diagram

for expl ai ni ng an,opes atd o Hstihe- d £ car & 21 yhepe & £spoidi Ng to a second or
15subsequent initial response request in which 2 or a higher value is

specified as the totmicnugbes N ofagtatstotnefpGidOngianacpasetnbereft he
total nunber N = 4 of slots specified fromthe term nnal device 1, the card
A sel ects the nurberC rcqmE3) vdsershowpomd 2081 G She ahtdrstheirarde B sel ect s
the nunber n (n=1). In FIG 9, as the described above about the card
A, the card B mmAnwOrse ar e@sponse fyloigh he of herhighearde udeidre a tine
tx(n-s)=t i”"s ended in the slot 0 after receiving the first_initial

response  equestPe 25HRE it 1B reicgni PEPhadl 2heF €% nof t@sponSkO¥F om

an operation of a card A when the total number N = 4 of
slots specified by the terminal device 1.
In this case, the card A recognizes that four

W

slots, i.e., “a slot 0”7, “a slot 17, “a slot 2” and Ma
10 slot 3” are set in the terminal device 1. The IC card
A genérates a random number by using the logic unit 109
and selects a value n indicative of a slot associated
with the generated value. In this case, “the slot 0”
is associated with n=0, “the slot 1” is associated with
15 n=1, “the slot 2” is associated with n=2 and “the slot
3” is associated with n=3, respectively.
According to the examplé depicted in FIG. 9, the
IC card A selects n=3 based on the generated random
number after receiving the first initial response
20 request from the terminal device 1. Therefore, the
card A ﬁespondé when a slot marker command specifying 3
as a slot is received under normal circumstances as:
indicated by an arrow of a dotted line in FIG. 9.
However, the card A checks whether it can réspond
25 - to 0 as a slot, i.e., the first initial response
request. Thus, after receiving the first initial

response request, the card A determines whether the



the other 1C card 2 and nmakes a response after elapse of the tine t. 33
After receiving the first initial response request, the card A nonitors a
response fromthe other I1C card 2 during a tinme tx(n-s)=3t in the slot O.
At this tinme, since there is a response fromthe card B, the card A

recogni zes that there is a response fromthe other IC card 2 and does not
make a response. Thereafter, the ter§1nal device 1 issues a second or
subsequent initial response request with respect to the contactless IC card
that has selected the slot 1 10(n=1). Wen receiving the second or

subsequent resp Slates ?8“?%5&”9'ﬁ§£'99af9$l§£8& & (Eggoﬁg%dlé qopitors a

response fronlt card untrl "a tine t passes. Wen the
card A recogn|z§§ {hat there is no response fron1the other IC card 2
15until the time 2f passes, it responds to the ternmnal device 1 in the

sl ot 1. On therpethekahgnd, wheant Bedear drAahas okeeogniez edntikatrslhe
other 1C card 2 nade a response in regard to the slot 1 before the tine 2t

passes, it noniiers, thee20sl 0&r2. 2 Thahitsrswheatheeekiengthbe S€caaddor
subsequent initial response request (the third initial response request in
this case) indizatdhgstae shoti2l (ne@ponthedvatdgAanbaintoks (a-pespbhee from
the other IC card 2 until a tinme tx(n-s)=t passes. Wen the card_A

25r ecogni zes t ha®Ceheiedia ﬁ%SP@%ﬁ%n§@qP?éﬁ1@H€+6ﬁﬁéﬁel@fcéﬁGhZSB@Fore t he

tine t passes, it resgonds to the ternlnal devi ce , _Furphﬁr,
when the card Alha% tecogfifzed Fhat ' the” othéraFEPEé?Heﬁ Hade §=Pespon§e in

regard to the sI before the.t t . passe iLt.responds,to the term nal
device 1 without %%I%y é?te?so%ceéggng ?ﬁe rzépokge 2hBRT2" s

associated with s=2 and “the slot 3” 1is associated with
10 s=3, respectively.

Accofding to the example depicted in FIG. 9, the

IC card 2 selects n=3 and monitors the slot 0 (s=0).

In this'case, the IC card 2 monitors whether the

other IC card 2 makes an initial response during a time
15 tx(n-s)=3t after receiving the response request

indicative of the slot 0.

It is to be noted that the card A can determine
whether the other IC card 2 is executing communication
processing by detecting a change in magnetic field by

20 using an antenna provided to the resonance unit 105.

If'it.is revealed that the other IC card 2 is
making a response during this time 3t, the other IC
card 2 that has selected the slot 0 to the let 2 1is
present. On the other hand, if the other IC card 2

25 does not make a response during this time 3t, the card
A has selected the smallest n. In this case, the IC

card A can respond to the first initial response



Srequest fromthe term nal deV|ce 1 speC|fy|ng the slot 3 in accordance
with'a first slot selection result. FIG 11 is a flowhart show ng an
operation of the IC card 2 when responding to the initial response request
in which 2 or a higher value is specified as 10the total number N of the
sl ot s. At a step S41,. the Ic card 2 waits until it receives the
initial response request fromthe term nal ;gdevice 1. At a step $S42, the
total slot nunmber Nis specified in the received initial response request
from 15the termnal device 1. At a step S43, the IC card 2 determines the

val ue specified_j ﬁué??.i brial gesgggs§p(§§¥? %y@g N ggqssglﬁggﬁoqge

arbitrary nunbef TR hunbers Trom I |Z|ng t ogic unit

109 to generate.a fahdogpunber 4o ¢0LL hS Lo.he netedpthat the respective
slots in this exanple are provided wth nunbers i.e., the slot 0 to the

slot 3. Therefore, arhhoyghnhandeser tAtHoR Wkl r@%o@h\i@éda&hfa(i tthe reCigard 2
configured to select n fromthe nunbers fromO to N1, the enbodi nent is

not 25restricteflotonibisl conpgusat feam Yhenotherr espeatitvessl| ats care
provided with the nunbers, i.e., the .slot 1 to the slot 4, the IC card 2
sel ects rbfrom hefbeesthd5timngbhgreesis, it maResatbeepnstddalwhet her the
sel ected nunber nis 0 is checked. In case of Yes at the step S44 i.e.,
when n is 0, theeseoRasdedteimedrReel 9inhkestampedponséiaflg- 9/ an

arrow of a solid line indicates that the card A
responds to the first initial response request.
When the card A has recognized that the other
10 contactless IC card made the initial response'before
the fime 3t passes, 1t executes an operation depicted
in FIG. 10.
FIG. 10 is a diagram for explaining an operation
of the IC card 2 when responding to a second or
15 - subsequent.initial response request in which 2 or.a
higher value is specified as the total number N of
siots. In FIG. 10, in_a case where the total number
N = 4 of slots specified from the terminal device 1,
the card A selects the number n (n=3) as shown in
20 FIG. 9, and the card B selects the number n (n=1).
In FIG. 9, as the described above about the card
A, the card B monitors a response from the other IC
card 2 before a time tx(n-s)=t i"s ended in the slot 0
after receiving the first initial response request.
25 The card B recognizes that there is no response from
the other IC card 2 and makes a response after elapse

of the time t.



bstep S45. In case of No at the step S44, i.e., when nis not 0, the
processi ng advances to a step $46. At the step S46, the IC card 2
determnes a fixed tine as t after receiving the initial response request
fromthe term nal device 1 and nonitors whether there 10 is a response
fromthe other IC card 2 until a tinme tx(n-s) passes. It is to be noted

- that a value "s" corresponds to the nunbers9f a slot to be nonitored.

In case of YES at the step S46, i.e., when It has been recogni zed that
there is a response fromthe other 151C card 2 within the nonitoring tine

tx(n-s), the IC card,2 uaits.Lo:fecepti enrof the next Lespase request

transmtted fromthe term na evice 1 at a step $47. Wien the IC card

receives the respanse reguestaiNd cabhyeops Lhecbgxhssl ptodt thBecshep S47,
1 is added 20to s at a step S48, and the processing forns a loop to the

step S46. That ics,cdie 1 Geaitly 22 agahd shifits)+pcaistate wheteot heapext -
slot is nonitored. Here, the IC card 2 again determ nes whether there is a
response from tdtei otthiere | Goace Zhevd his & heesponser fngmttie 25tx®(RyS).

On the other hand, in case of NO at the step S46, i.e., when it has been
recogni zéd t hattheherard A noecSB i esponket f EbaTehes o heesporgar romwk-Rai n

the nonitoring tine tx(n-s), the IC card 2 transmts a response to the
termnal devi c@thaft ¥ @i AN HERes SNOF HBAKE @aFBSEOREEei ves t he

response request and transpits a 5response to th 1, nal Vi 1 after
elagse of tﬂe Thereag%er, the tgrminai dev?céeﬁnasguegea ggcong te

or subsequent initial response request with respect to
the contactless IC card that has selected the slot 1

10 (n=1). When receiving the second or subsequent
response request indicating the slot 1, the card A
monitors a response from the other IC card 2 until a
time tx(n-s)=2t passes. Whén the card A recognizes
that there 1is no response from the other IC card 2

15 until the time 2t passes, it responds to the terminal
device 1 in 'the slot 1.

On the other hand, when the card A has recognized
that the other IC card 2 madé 2 response in regard to
the élot 1 before the time 2t passes, it monitors the

20 slot 2. That 1is, when receiving the second or
subseguent initial response request (the third initial
response request in this case) indicating the slot 2
(n=2), the card A monitors a response from the other IC
card 2 until a time tx(n-s)=t passes. When the card A

25 recognizes that there is no response from the other IC
card 2 before the time t passes, it respbnds to the

terminal device 1.



time tx(n-s) fromthe start tinme of the slot. It is to be noted that
the description has been given as to the configuration where the IC card 2
determnes to i mMmedi ately send a response to the 10term nal device 1 when
n=0, but the enbodinment is not restricted to this configuration. The IC
card 2 may be configured to shift to the step S46 and effect nonitoring for
the time t(n-s) when n=0. In this case, siqige t.(n-s)=0.t is achieved, the
IC card 2 carries out 15processing of transmtting a response to the
termnal device 1 fromthe beginning of the start tine of the tinme frane of

the slot 0. ASpdesgLLbeghahovge &Qrﬁaﬁhhggbﬁgwgﬁﬁze VeRaat chhe time

of receiving the initial response request for car 2 whi ch has

sel ected the nuher, mdhat & sy shBbéd e ££'§‘1t'901t1£'§ sl eetedanupbeReNs 10t 2
0

presence/ absence of a response fromthe her 1Ccard 2 is nonitored, and a
response operatdfivits €ad It Bfle OUtpdHs@scof dansepphdd Boresal tephihhis

moni toring. Therefore, the I1C card 2 25can reduce the initial response
comuni cati on tdevel @s Tompanedt wid¢ hay hef conveaténahgstioé naskenssystem |t
is to be noted that, when a collision occurs in 37 the response operation,
t he ternimal dew$1%$ﬂtc%ho®gﬁhﬁ teemshet deeleerbtsparifalngeshons OTﬂequest

tothe ICcard 2. It is to be noted that the functions described in
3 in accordance with a first slot selection result.

FIG. 11 is a flowchart showing an operation of the
- IC card 2 when responding to the initial response
request iﬁ which 2 or a higher value is specified as
10 the total number N of the slots.

At a step S41, the Ic card 2 waits until it
receivés the initial response.request from the terminal
device 1. At a step 542, the total slot number N is
specified in the received initial response request from

15 the terminal device 1. At a step $43, the IC card 2
determines the value specified in the initial respoﬁse
request as N and selects an arbitrary number n in
numbers from 0 o (N-1) by utilizing the logic unit 109
Lo generate a random nﬁmber.

20 It is to be noted that the respective slots in
this example are provided with numbers, i.e., the slot
0 to the slot 3. Therefore, although a description
will be given as to the IC card 2 configured to select
n from the numbers from 0 to N-1, the embodiment is not

25 restricted to this configuration. When the respective
slots are provided with the numbers, i.e., the slot 1

to the slot 4, the IC card 2 selects n from numbers



S5each of the foregoing enmbodi ments can be configured by not only using _
hardware but also utilizing software to read a program havi ng each function
witten therein into a conputer. Furthernore, each function may be
configured by appropriately selecting one of the 10software and the

har dwar e. Al t hough the several enbodi ments according to the present
invention have been described, these enbodifrents are presented as exanples,
and they are not intended to restrict the scope of the invention. These 15
novel enbodi nents can be carried out in other various conformations, and
they can be onifégginéupgtﬁguted or changed in many ways w thout departing
fromthe scope o he’invention. These enbodi ments and deformations thereof

are included in the gseopeseipt be4gi §heohethen20pegsentdi AURBEROR andoal so
included in the invention described in clainms and an equal scope thereof.

| ndustrial Applisabhétkyd. In Aesordingetoaanteabgdepent s, t heeporvhabhe
el ectroni c apparatus that can execute processing at a 25hi gh speed and the
control nethod ofi$he, poné¢abl ecaeteéctr omnedappat atmgkeanabeeppousdedt a38

CLAI M5 .
5 step S45. In case of No at the step S$44, i.e., when n

is not 0, the processing advances to a step S46.

At the step $46, the IC card 2 determines a fixed
time as t after receiving the initial response request
from the terminal device 1 and monitors whether there

10 is a response from the other - IC card 2 until a time

ANY 17

tx (n-s) passes., It is to be noted that a value “s
corresponds to the number of a slot to be monitored.
In case of YES at the stép S46, i.e., when 1t has
been recognized that there is a response from the other
15 IC card 2 within the monitoring time tx(n-s), the IC
card 2 waits for reception of the next response request
traﬁsmitted from the terminal device 1 at a step S47.
When the IC card receives the response request
indicative of the next slot at the step S47, 1 is added
20 " to s at a step S48, and the processing forms a loop to
the step S46. That 1s, the IC card 2 again shifts to a
state where the next slot is monitored. .Here, the IC
card 2 again determines whether there is a response
from tﬂe other IC card 2 within the monitoring time
25 tx (n-s).
On the other hand, in case of NO at the step S46,

i.e., when it has been recognized that there is no



1. A portable electronic apparatus which generates a random nunber and
makes a response at a timng associated with the generated random nunber,
5characterized by conpri sing: a reception unit which receives an
initial response request froman external device; a recognition unit which
recogni zes a total tinmeframe nunber set in the external device based on
10the initial response request received bys¢he reception unit; a
random nunber generation unit which generates a random nunber; a

conmuni cation detection unit which detects 15comuni cation performed in

anot her portabl g, &%éOPigmapp@rﬁwé'r IC car@ @'ewmagh@nmemgo%hghon

nonitors one tineframe by using the communi cation detection unit base

the total tinefyage pupber) recpgnizedapy phersesnonit hope20URkE apdchbe
random nunber generated by the random nunber generation unit, and

det erm nes whethefmaniBsponseet0 theai ptépakbqapesponse request s tarhe
transmtted to the external device based on a detection result obtained by
t he conmuni cat i dnrele¢ et s onhenrésp@bandragteansandstoanamitswhi ch transmts

t he response
5 response to the terminal device 1 after elapse of the

time tx(n-s) from the start time of the slot.
It is to be noted that the description has been
given as to the configuration where the IC card 2
determines to immediately send a résponée to the
10 "terminal device 1 when n=0, but the embodiment is not
restricted to this configuration. The IC card 2 may be
configured to shift to the step 546 and effect |
monitoring for the time t-(n-s) when n=0. In this case,
since t-(n-s)=0-t is achieved, the IC card 2 carries out
15 processing of transmitting a response to the.terminal
device 1 from the beginning of the start time of the
time frame of the slot 0.
As described above, in each embodiment, even at
the time of receiving the initial response request for
20 the IC card'2 which has selected the number m that is
smaller than the selected number n, presence/absence of
a response from the other IC card 2 is monitored, and a
response operation is carried cut in accordance with a
result of this monitoring. Therefore, the IC card 2
25 can reduce the initial response communication time as
compared-  with the conventional slot marker system.

It is to be noted that, when a collision occurs in



39 obtained by the determ nation unit. 2. The apparatus according to
claim1, characterized by further conprising a tinefrane selection unit
which selects a tineframe based on the 5total timefranme nunber recognized
by the recognition unit and the random nunber generated by the random
nunber generation unit, wherein the determnation unit reselects one
timefrane that precedes the tinmeframe selegjed by the 10ti nefranme sel ection
unit, nonitors the tinmeframe resel ected by the conmuni cati on detection unit
and determ nes whether a response to the initial response request is to be

transnitted to the external dsvige; basedhoncardehgct hon;resul tapbtghngad by
t he 15conmuni cation detection unit. 3. The apparatus according to

claim 2, charactgsized: i fhdhat rswheni ai sel atsppsbeprefusrd/ 20i shsattsfi ed,
the. determ nation unit reselects a tinmefrane associated with a nunber -
n-mtl, where n d¢srdhe. total 20ti mefranme nunber set by the external device
and mis a nunber of the tinmefrane selected by the tineframe sel ection
unit. 4. The appasatoasbaccotdinghto thai mBctehasadtericzéddi ant hat
the determ nation unit determ nes 25whether comunication is carried out in
anot her port abl @@t eef riome cf appae At UsSWPPALHeAt pr edet BenFharEl e ABIf PEm a

start tinme of the reselected tinefrane o
not only using hardware but also utilizing software to

read a program having each funétion written therein
into a computer. Furthermore, each function may be
configured by appropriately selecting one of the

10 software and the hardware.

Although the several embodiments according to the
present invention have been described, these
embodiments aré presented as examples, and they are not
intended to resirict the scope of the invention. These

15 novel embodiments can be carried out in other various
conformations, and they cah be omitted, substituted or
changed in many ways without departing from the scope
of the invention. These embodiments and deformations
thereof are included in the scope or the gist of the

20 present invention and also included in the invention
described in claims and an egual scope thereof.

Industrial Applicability

According to an embodimeﬁt, the portable.
electronic apparatus that can execute processing at a

25 high speed and the control method of the portable

electronic apparatus can be provided.



40 based on a detection result obtained by the communication detection
unit. 5. The apparatus according to claim3, characterized in that,
when the determ nation unit 5determ nes that the comrunication is not
performed in another portable electronic apparatus within the predeterm ned
time fromthe start tine of the reselected tinefrane, it determnes to
transmt a response to the external deviceyg¢n the reselected 10ti nmefrane.

6. The apparatus according to claim3, characterized in that, when the
determ nation unit determ nes that the conmunication is carried out in

anot her portable el ectronic apparatus-within tyhe 15predeterm ned tine from
the start tinme of the reselected tinefrane, it determnes to transmt a

response to the extefnal pdgyiegpvéthiacthentcmebpareesel pated by the
timeframe selection unit. 7. The apparatus according to claim?2

20char act er i zedydne t diad s t her sted @ b € onandi hakesebeetsponeet anehr ane
satisfying a relationship of Km where m is a nunber of the tinefrane
sel ected by theimimdraseosedeed iwhthuniheagdn&rased nanbem obtmbhe,ti mefrane
to be reselected. 258. The apparatus according to claim7, characterized in
t hat the et er rilrarad ore bk ¢d dey e¢PApessS Whet her the conmunication is carried

out in anot her , _ , _ L
a reception unit which receives an initial

response request from an external device;
a recognition unit which reccgnizes a total
timeframe number set in the external device based on
1C the initial response request received by the réception
unit;
a random number generation unit which generates a
random number;
a communication detection unit which detects
15 communication performed in another portable electronic
apparatus; |
a determination unit which monitors one timeframe
by using the communication detection unit based on the
total timeframe number recognized by the recognition
20 unit and the random number generated by the random
number generation unit, and determines whether a
response to the initial response request is to be
transmitted to the external device based on a detection
result obtained by the communication detection unit;
25 and
a transmission unit which transmits the response

to the external device based on a determination result



41 portable electronic apparatus within a predetermned tine froma start
time of the reselected tinmeframe based on a detection result obtained by
t he conmuni cation detection unit. 59. The apparatus according to claim 8,
characterized in that the determ nation unit perfornms nonitoring by using
t he communi cation detection unit during a period of p(mK) fromthe start
time of the reselected tineframe, where p 4§ a tine required for

10det ecti on perforned by the comunication detection unit. 10. The
apparatus according to claim8, characterized in that, when the

determ nation umhiadeleryy nesethatothengemynigation is not perforned in
15anot her portable el ectronic apparatus within the predetermned tine from

the start tinme of theg, reggéeg@ggrgtagfé@&@rdhhgdebebqhn@slto transmt a
response to the external device in the reselected tine frane. 2011. The

appar atus accordchagatoeel aedni8y thataetecbmpdishnghat rimbhémambe

determ nation unit determ nés that the conmmunication is perforned in

anot her port abl ec b¢ettionnici appatalt usewethenat hempf edeeebasaddoni freef rom
the start tinme of the 25reselected tinefrane, it adds 1 to Kwhich is a :
nunmber of5 t he r%@%@bcﬁ%@ﬁﬁ?%%@r%%%beizreqﬁénééﬁﬁrQYUEhﬁcéSFGHHQtEGDCIa|n11

42 characterized further conprisin ic unit whic
unP¥ and the random nu ber gnerated by tEe random

numbér generation unit,
wherein the determination unit reselects one
timeframe that precedes the timeframe selected by the
10 timéframe selection unit, monitors the timeframe
reselected by the communication detection unit and
determines whether a response to the initial response
request is to be transmitted to the external device
based on a detection result obtained by the
15 communication detection unit.

3. The apparatus according to claim 2,
characterized in that, when a relationship of m>n/2 is
satisfied, the determination unit reselects a timeframe
associated with a number n-m+l, where n is the total

20 timeframe number set by the external device and m is a
number of the timeframe selected by the timeframe
selection unit.

4. The apparatus according to claim 3,
characterized in that the determination unit determines

25 - whether communication is carried out in another
portable electronic apparatus within a predetermined

time from a start time of the reselected timeframe



generates a natural nunber n based on the total tinmeframe nunber recognized
y the recognition unit and the random nunber generated by the random
nunber 5generation unit, wherein the determination unit determ nes a
predeterm ned tine as t; recogni zes a nunber s indicative of a tinefrane
based on a response request received by the reception unit, perforns

moni toring by 10using the conmmunication dejgction unit during a period
t.(n-s) froma start tine of a tinmeframe represented by the response
request, and deternines whether a response to the initial response request

is to be transnggggg d@ ghgegéggigglrggghgeogggggegn g dgtection 15result

of the commrunication tection unit . he apparatus according to

claim12, charagéﬁmugggatﬂoﬁh@éte@@gantbglgeternlnatlon unit determ nes
whet her communi cation is carried out in another portable electronic

apparatus during thespertond 2Pphrhtnsshctpenminbe tst ankif e of the
timeframe represented by the response request based on the detection result
obt ai ned by t hecltormumé cateéeodnideteeti omheni thandedetreinbhnésnt hatitt he
comuni cation is not perforned in another portable electronic apparatus,

25i t det € ni nesd¢ o IR EMBTHI th@tr*éfsgoﬁ@@mv@lt:ﬁél@sat éﬁnaptdé@réérmﬁdt he

tfmeframe represented by the response request. 14. The appar at us
according to cl%ﬁ?ﬁ@?rcm%F%%?%?l%%%CB§OPthﬁ€PaEBHﬁF|§Fﬁ§lnaﬁhﬁc nodul e

GOMPri SiRg the respective uniLe; apd g PRLN Body {f,whigh e | C mdule is

reselected timeframe, it determines to transmit a
response to the external device in the reselected
10 timeframe. |
6. The apparatus acéording to claim 3,
characterized in that, when the determination unit
détermines iha% the communication.is carried out in
another portable electronic-apparatus withiﬁ the
15 predetermined time from the start time of the
| reselectéd timeframe, it determines to transmit a
response to the external deﬁice within the timeframe
selected by the timeframe selection unit.
7. The apparatus according to claim 2,
20 characterized in that the determination unit reselects
one timeframe satisfying a relationship of K<m, where m
- 1s a number of the timeframe selected by the timeframe
selection unit and K is a number of the timeframe to be
reselected.
25 8. The apparatus according to claim 7,
characterized in that the determination unit determines

whether the communication is carried out in another



515. A control nmethod of a portable el ectronic apparatus which generates a
random nunber and nakes a response at a timng associated with the
generated random nunber, characterized by conprising: receiving an initial
‘response request fron1an 10ext ernal devi ce; recogni zing a total

ti meframe nunber set in the external device based on the received initial
response request; generating a random numbg{; 15detecting comrunication
performed by another portable electronic apparatus in one tinefranme based
on the recogni zed total tinmeframe nunber and the generated random nunber;

det er m ni ng ""he;%{ﬁ{ LEsP 5?059&%%5?5%9' 20 é?ﬁpgnﬁ?eégggﬁﬁﬁnéé to be

transnjttgd to erna device on t etection resu .
transmtting tk@lrﬁ@SPP&%eatQtéjf'@ exher gal tqgwgge?@é@gooem@@rgﬁ&erm nation

result.
based on a detection result obtained by the
communication detection unit.

5 9. The apparatus according to claim 8,
characterized in that the determination unit performs
monitoring by using the communication detection unit
during a period of p-(m-K) from the start time of the
reselected timeframe, where p is a time required for .

10 detection performed by the communication detection
unit.

10. The apparatus according to claim 8,
characterlzed in that, when the determination unit
determines that the communication is not performed in

15 another portable electronic apparatus within the
predetermined time from the start time of the
resélected timeframe, 1t determines to transmit a
response to the external device in the reselected
timeframe.

20 11. The apparatus according té ciaim 8,
characterized in that, when the determination unit
determines that the communication is performéd in
another portable electronic apparatus within the
predetermined time from the start time of the

25 reselected timeframe, it adds 1 fo K which is a number
of the reselected timeframe.

12. The apparatus according to claim 1,
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20

25

characterized by further comprising a logic unit which
generates a natural number n based on the total
timeframe number recognized by the recognition unit and
the random number generated by the random number
generation unit,

wherein the determination unit determines a
predetermined time as t, recognizes a number s-
indicative of a timeframe based on a response request
received by the reception unit, performs monitoring by

using the communication detection unit during & period

of t-(n-s) from a start time of a timeframe represented

by the response request, and determines whether a
response to the initial response request is to be
transmitted to the external device based on a detection
result of the communication detection unit.

13. The apparatus according to claim 12,

characterized in that, when the determination unit

determines whether communication is carried out in

another portable electronic apparatus during the perioc
of t-(n-s) from the start time of the timeframe
represented by the response request based on the
detection result obtained by the communication
detection unit and determines that the communication is
not performed in another portable electronic apparatus,
it determines to transmit z response to the external
device in the timeframe represented by the response

reguest.
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14. The apparatus according to claim 1,
characterized by further comprising:

an IC module comprising the respective uhits; and

a main body in which the IC module 1is installed.

15. A control method of a portable electronic
apparatus which generates a random number and makes a
response at a timing associated with the generated
random number, characterized by comprising:

receiving an initial response reguest from an
external device;

recognizing a total timeframe number set in the
external device based on the received initial response
request;

generating a random number;

detecting communication performed by another
portable electronic apparatus in one timeframe based on
the recognized total timeframe number and the generated
random number;

determining whether a response to the initial
response request is to be transmitted to the external
device based on the detection result; and

transmitting the response to the external device

based on the determination result.



