-1- DESCRI PTION Contactless I1C Card Technical Field
The present invention relates to a contactless IC card
capabl e of exchange information with an external data
processor in a non-contact manner by an
el ectromagneti ¢ wave and di spl ayi ng exchanged
information. This application clains the priority of
t he Japanese Patent Application No. 2002-339854 filed
on Novenber 22, 2002, the ehtirety of which is
i ncorporated by reference herein. Background Art
There have recently bEFSCRIPTEON cal use contactl ess
| C cards that can make information exchange with a
data processor such as a reader/witer by radio
comuni cations. Such contactless I C cards are applied
as a prepaid card, [ .£ket and the like in
a W de range. Since ?ﬁgﬂggg%%g?Fégg I C card has not to
be put in physical contact with any data processor
when updating information in the card, it can
advantageously be used w thout being taken out of its
TEChnEQY?V$ﬁg case such as a wallet or the |like each tine.
'H% di splay informati on such as a bal ance or  the |ike
The pigsaranyRItpngEStes @ & spptactievid (eeard Gapablgsafeaxchange
) t hrough a puncher or printer provided in a
informagigaewitivaniesternel ¢aiaPrROeEssor in a non-contact manner by an

electromagnetic wave and displaying exchanged information.

This application claims the priority of the Japanese Patent Application No.
2002-339854 filed on November 22, 2002, the entirety of which is incorporated by
reference herein.

Background Art

There have recently been in practical use contactless IC cards that can make
information exchange with a data processor such as a reader/writer by radio
communications. Such contactless IC cards are applied as a prepaid card,
commutation ticket and the like in a wide range. Since the contactless IC card has
not to be put in physical contact with any data processor when updating information in
the card, it can advantageously be used without being taken out of its carrying case
such as a wallet or the like each time.

To display information such as a balance or the like in an ordinary prepaid card,

the card is passed through a puncher or printer provided in a reader/writer to punch a



hole in the card itself or make a rewite printing on
the card itself. However, since the contactless IC
card has not to be passed through such a
reader/witer, such information cannot be displ ayed
in such a manner. On this account, it has been
proposed to provide, in the contactless IC card, a
di spl ay device such as a liquid crystal or organic EL
(el ectrol um nescence) whi chis to be powered by a
built-in battery to display such information. In the

hole incthesecapd its¢lf o1 noaket antwrtespriingaon thacavehitself. siHiowetvdresince
di spl ay device has to al ways be powered from the

the comattlessyi( cart ¢ap riot €o bepassedttharm g mhaaytd’aﬂer/{v'ﬂﬂelpﬁl\i@{
in the battery will gradually be decreased. To keep

mforrrlaﬁ@nld&hﬁét@é dﬁplﬂieﬁﬁh%ﬁcﬁ Q'mandepng tine, the battery
shoul repl aced recharged Al so, a contactl ess
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aid Open No, 154215 of 1998. Cenerally, the
the baﬁt@b’rta éqeée the mformatien displayang.ithe pevardadhe beierstwill gradually
states in the direction of alignnment, and is
be deceased.| | Tedrepp thminformatien displagt far edodg pimeli thg baftery theald be
direction of inpressed electric field to have the
replacerbberghagetther eof kept in the direction of alignment
even when the electric field is renoved. Therefore,

Alsg aofontdatless IC card powered by a solar call is known from the disclosure
in the Japanese Patent Application Laid Open No. 108904 of 1993, for example.
However, this contactless IC card cannot display any information in a place where it is
not exposed to any sufficient light.

Further, a contactless IC card using a ferroelectric liquid crystal display panel is
known from the disclosure in the Japanese Patent Application Laid Open No. 154215
of 1998. Generally, the ferroelectric liquid crystal has at least two stable states in the
direction of alignment, and is stabilized in one of the two states depending upon the
direction of impressed electric field to have the molecules thereof kept in the direction

of alignment even when the electric field is removed. Therefore, use of the

ferroelectric liquid crystal display panel permits to hold the display even after no



ferroelectric liquid crystal display panel permts to
hol d the display even after no power is available. The
storage display device as disclosed in the
above-nmenti oned Japanese Patent Application Laid Open
No. 154215 of 1998, if used in a contactless IC card,
takes a long tinme for information wite and needs a
hi gh voltage and thus a relatively large power to
work, the contactless IC catd has to be held over a
reader/witer for a longer tinme. Disclosure of the
power inareaitabder Accordi ngly, the present invention has an
obj ect to overcone the above-nentioned drawbacks of

Thbstoragetaplay devive RE Akiclised i8 16O BbGE-hRaSiohsd FAhese Patent
capabl e of keeping a display for a long tinme w thout
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devi ce including according to the present invention: a
rectifying nmeans for rectifying an el ectromagnetic
) wave sent fromthe data processor; an electric
Disclogggnfdbe dgventiomhacit or for storing a rectified out put
fromthe rectifying nmeans;
Accordingly, the present invention has an object to overcome the

time.

above-mentioned drawbacks of the related art by providing a contactless IC card
capable of keeping a display for a long time without having to replace or recharge a
built-in batter and working well with being held over a reader/writer for a reduced
time.

The above object can be attained by providing a contactless IC card that
exchanges information with an external data processor in a non-contact manner by an
electromagnetic wave, the device including according to the present invention:

a rectifying means for rectifying an electromagnetic wave sent from the data
processor;

an electric double-layer capacitor for storing a rectified output from the
rectifying means;

a controlling means for controlling the information exchange with the data

processor and the display of information received from the data processor; and



a controlling nmeans for controlling the information
exchange wth the data processor and the display of

i nformati on received fromthe data processor; and a

di spl ayi ng neans having a storing function to hold the
di splay even after power supply is stopped and which
di spl ays the informati on under the control of the
controlling neans, the electric doubl e-1ayer capacitor
suppl yi ng each conponent of4the contactless |C card
with a power provided through storage of the rectified
adlispdayingl mesirch@bny @ socangbitrotinn tb@oldht displaydivey after
the present invention, the electromagnetic wave sent

powerfslup?lj Reteped frl wHhalipplaee gedifosndtesit nhdeedh®xohtrel of the
rectifying neans, the rectified output thus provided

controll$n rge into the electric double-layer capacitor,
anﬁ?ﬁe power stored in the electric double-Iayer
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conjunction with the acconpanying draw_.ngs. Brief
electrqyaagnstict Waye sgntdrpm thegrisrral data procgsses dntqctified\py the
_illustrates the_ internal configuration of the )
rectifyirsmeens.che recifiecheutpat dusdirayided is porediditheplectic
the present invention. FIG 2 schematically o
doublé-dyes capaaitors dned herfovprrseriedrindhe elestrad deubledayer capacitor is
doubl e- -1 ayer
used to select information to be displayed on the displaying means, for example.
These objects and other objects, features and advantages of the present invention
will become more apparent from the following detailed description of the best mode
for carrying out the present invention when taken in conjunction with the
accompanying drawings.
Brief Description of the Drawings
FIG. 1 schematically illustrates the internal configuration of the contactless IC
card according to the embodiment of the present invention.
FIG. 2 schematically illustrates the configuration of the electric double-layer
capacitor used in the contactless IC card in FIG. 1.

FIG. 3 shows an example of the button provided on the contactless IC card in

FIG. 1.



capacitor used in the contactless ICcard in FIG 1.
FIG 3 shows an exanple of the button provided on the
contactless ICcard in FIG 1. -5- Best Mde for
Carrying Qut the Invention The present invention wll
be described in detail bel ow concerning the
enbodi nent thereof with reference to the acconpanying
drawi ngs. The enbodinent i's an application of the
present invention to a contactless IC card that
exchanges information with a reader/witer as an
Best MboderfonCadaftieg Puodeshoeniiona non-contact manner by an
el ectromagneti ¢ wave and di spl ays the exchanged

Thé prameht Bivenieh Fillitedde’embe® 1ﬂ:ﬂéia11]belé\b%roﬂcéﬁung the
schematically illustrated the internal configuration
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uter not shown ecessary. al so shows an
by anaei{@maawﬂ&fwwfﬁea%ﬁaisa& dae em%e mfloaﬁ@tlanrmdem
%@?H 11. As shown, the antenna 10 receives an
1S RRFHER FIG.whtheredn schomatioally ilystratedahe internal he
reader/vvrlter 20, and the nmodemcircuit | |
configigrBeniodtles contactlessd6) cred agbopding tmthesuppddiment.t ftehauld be
CPU 12 also included in the contactless IC card 1.
noted that FIG. 1 also illustrates a reader/writer 20 and antenna 21 of the latter

together with the contactless IC card, generally indicated with a reference numeral 1.
The reader/writer 20 can make communications with a host computer not shown as
necessary. |

FIG. 1 also shows an antenna 10 of the contactless IC card 1 and a modem
circuit 11.  As shown, the antenna 10 receives an electromagnetic wave sent from the
antenna 21 of the reader/writer 20, and the modem circuit 11 demodulates the
received signal and supplies it to a CPU 12 also included in the contactless IC card 1.
The CPU 12 interprets a command included in the demodulated sigﬁal and processes
data following the command according to the command.

For example, in case the processed command is a read command to a memory 13
included in the CPU 12, the CPU 12 will read data stored in the memory 13, the

modem circuit 11 modulates the data and the antenna 10 sends it as an



The CPU 12 interprets a comuand included in the
denodul ated signal and processes data follow ng the
command according to the conmand. For exanple, in case
the processed cormmand is a read command to a nenory 13
included in the CPU 12, the CPU 12 will read data
stored in the nenory 13, the nodemcircuit | |
nodul ates the data and the antenna 10 sends it as an
el ectromagnetic wave. On th&-other hand, in case the
processed command is a wite comuand to the nenory
clectrdMaghétic GRk.120a thie othért learid) én dasentie pad e sethtaminnng is a write
the nmenory 13. Also, the command is a data di spl ay

comm2@dBnle nldgorGH3, e WP 13 upill writd the dbabaddl®ted data into the
controller 1C 14 included in the contactless IC card
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the 1C card is placed over the reader/witer 20 which

card lypj | | nake a- process of payment, At this tine,
i nformation including a chaeged anount of noney,
Ipajase e eordactiass [Ckeardillis used asin ppepaid ¢anh thheset ppebays a

device 16. In this enbodi nent, the display device 16
certaii anwfunt of numeyendygieres sha glcmegframh@aﬁéntoctheanemory 13. Each

ferroelectric liquid crystal. The chol esteric or
time the useredfetht contactlgss IC candst bliys sn &em or items, the IC card is placed
over the reader/writer 20 which will make a-process of payment, At this time,
information including a charged amount of money, balance and the like will be
displayed on the display device 16.

In this embodiment, the display device 16 is of a storage type using a cholesteric
or ferroelectric liquid crystal. The cholesteric or ferroelectric liquid crystal is a
bi-stable liquid crystal having at least two stable states in the direction of alignment of
its molecules. One of the stable states will be selected depending upon the direction
of an applied electric field, and the liquid crystal molecules will be kept aligned in that
direction even when the electric field is removed. Therefore, use of such a storage

type display device permits to hold data once stored semi-permanently.

The contactless IC card 1 also includes a rectification circuit 17 which rectifies



bi-stable liquid crystal having at |east two stable
states in the direction of alignnent of its

nol ecul es. One of the stable states will be selected
dependi ng upon the direction of an applied electric
field, and the liquid crystal nolecules wll be kept
aligned in that direction even when the electric
field is renoved. Therefore, use of such a storage
type display device permts7t-o hold data once stored
sem - permanently. The contactless IC card | also
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el ectric doubl e-layer capac
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|.ect ri cal.l e, Lsol ated from outside after. the )
can el BRI 5Riafi ASRLPUS e el e BhreEntbpnd tshotg e electric
tggn sever al dayi. The gl ectric doubl e-1ayer capacitor
energy SO1HAHT thea sevpal dlayet r il he glistas dpwblenlayer eapaciter 4§ shpplies
as the nmodemcircuit 11, CPU 12, nenory 13,
the elecgrie epengyrtolthe ircuits syelt as herppdemoirdut 1 @t idmemory 13,
_ and rewites information for display on the display
contrajey 1€l 41 driver & 15, sthdomoparatiby, aild testrites ésforination for display
el ectric doubl e-layer capacitor 18. As shown, the
on theedisplyideviteulf.e- | ayer capacitor 18 includes an
al um num made col | ector el ectrodes 30a and 30b each

HG. xehen2ically iludthitek tesdectAedondl & hyeh 85 5R3Hor 1BY €1 &5
3 la and 31b each of several tens pmin thickness,

s g ese s e gyl gt
electrédesSRUIA3OH Each of about 20 um in thickness, activated charcoal layers
31a and 31b each of several tens um in thickness, provided on the aluminum-made
collector electrodes 30a and 30b, respectively, a paper separator 32, and an electrolyte
33 filled therein. The electric double-ayer capacitor 18 is sealed with an aluminum
sheet (not shown).

When a DC voltage is applied between the activated charcoal layers 31a and 31b,
the activated charcoal layer 31a polarized to have a positive polarity will attract
negative ions, while the activated charcoal layer 31b polarized to have a negative
polarity will attract positive ions, both electrostatically. Thus, an electric double

layer will be formed over the boundaries between the activated charcoal layers 31a

and 31b and the electrolyte 33, respectively. The electric double-layer capacitor 18



33 filled therein. The el ectric doubl e-1ayer capacitor
18 is sealed with an alum num sheet (not shown). Wen
a DC-voltage is applied between the activated charcoa
| ayers 31 a and 31b, the activated charcoal |ayer 3
| a polarized to have a positive polarity wll attract
negati ve ions, while the activated charcoal |ayer 31b
pol ari zed to have a negative polarity will attract
positive ions, both electrodtatically. Thus, an
el ectric double layer will be forned over the

can stooueldatriceshgesumethetebertac dovblesyehaica9 8 ptaW e & clpdcifince
and 31b and the electrolyte 33, respectively. The

more taecond thodsarl m%anﬁan ﬁ?éi@ffiah%leétﬁﬂ?ﬁ@ capRiifore! Nﬁ&ﬁégg the
charges in the electric double-layef areas to provide

capacRof 282ahhARE S la@érceagta&@i‘ 1P Ot ngnag?@ (EFi arger than that

of an el ectrolytic Capatcitor. he capacitor

I o] Jd.n pts of farad (k)
Nhecl B4R vl ARt UOMBLE B pPAcor (B depenas
- s aci.t.or .18 engs pon the '
wpon Gt 5T HE  of3BE B LR RISt 83: « SPgrateda olnge rengesdfrom
geg.f,ro out 2.3 Vto 2.5 V. Wth a
about % VA2 5307 “Pilt Eplusahicorsdaistectiagionbississer capasitoss 18
. _being connected in series to each other, charging can
being 5@“?:%@%8&% SE16sdPteRgR OHfieri chasging cambmbiade at atvioltege an integral
hi gher. Al so, since the electric double-Iayer
numberpffimes pigher.c aAlim sircsrthe ¢lactrib dveblerlagat capacitor 18 can be
thickness of 0.5 nun or less, it can be built in a
formed ¢athave hn entircthicknass wh Osentrhios kesss# dag B2, Bhilvih @rcontactless IC
| ess, for exanple, with no difficulty. For exanple, a
card wheso thiekeessds 0.2 ninublless| fyrasxaegilackithmol@rficulghar ged

as wll be described below Wen an output fromthe

Fog axteniple,i 4 @.0026F eRcitpdbite-1hfertcap@bitord I®1s charged as will be
described below. When an output from the reader/writer 20 is supplied to a coil (not
shown) of the rectification circuit 17 in the contactless IC card 1, there will occur ah
electromotive force of about 5 V/20 mA. When a 20-mA constant-current charging
| circuit is connected to the capacitor 18, charging will be made from 0 V t0 3.3 Vina
time T of 0.165 sec as given by the following equation (1). In this case, an electric
energy E. of 0.00545 W as given by the following equation (2) will be stored in the
- electric double-layer capacitor 18:
T, = CV/1=0.001 (F) x 3.3 (V)/0.02 (A) = 0.165 (sec) ....... )]
E. = CV%2 =0.001 (F) x 3.3 (V)/33(V)/2=0.00545 (W) .... (@
In case the display device 16 is an LCD (liquid crystal display), a necessary




shown) of the rectification circuit 17 in the
contactless IC card 1, there will occur an
el ectronotive force of about 5 V/20 mA. Wien a 20-mA
constant-current charging circuit is connected to the
capacitor 18, charging will be made fromO Vto 3.3 V
ina time Tc of 0.165 sec as given by the follow ng
equation (1). In this case,_ an electric energy Ec of
0. 00545 Was given by the %7 | owi ng equation (2) wll
be stored in the electric double--layer capacitor 18:
energylior-wiig infoematan §kpuld 2. @nsidereéd basedin thedchkbSing sad)
....... (1) Ec =Cv2/2 =0.001 (F) x 3.3 (\V/3.3
dischaftdlhgé 2ptoGhe Rapaci{yVif the L.CIDZ2) Omtiraseuiipeiodi thpl g LCD capacity
evice 16 is an LCD (liquid crystal display), a

is at m%%f: 00F W&gz hid 2 id Mekdlry raﬁ?ﬁé BAve %!tla e.RBe energy Er.

consi dered based on t e charging a di schargfng up
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L6002 (W el et 1€ ener gy ‘5,3’ J ored in the Glectric
doubl e- 1 ayer cagamtor 18. Nanely, the electric energy
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sufficient for the information rewiting. A so, since
doubla-teyer capacitequi® edN4roelyi tifecleetticamergy Eein thestlectric dowble-layer
el ectric energy Ec
capacitor 18 is sufficient for the information rewriting.

Also, since the time required for information write is short, the electric energy E.
from the electric doubleJayer capacitor 18 is sufficient to operate the modem circuit
11, CPU 12, memory 13, controller IC 14, driver IC 15, etc. for the infc;rmation write.

On the other hand, the display device 16 formed from a cholesteric liquid crystal
will take a longer time for rewriting the display than the ordinary liquid crystal. The
time is about 10 msec per line. Therefore, in case the time for which the contactless
IC card 1 receives the power from the reader/writer 20 is as short.as 0.2 sec for
example, only a maximum of 20 lines can be rewritten for that length of time.

On this account, in this contactless IC card 1 according to this embodiment, the

electric energy is stored in the electric double-layer capacitor 18 for the short time for

which the contactless IC card can receive the power from the reader/writer 20, and the



fromthe electric doubl el ayer capacitor 18 is
sufficient to operate the nodemcircuit 11, CPU 12,
menory 13, controller 1C 14, driver IC 15, etc. for
the information wite. On the other hand, the display
device 16 formed froma cholesteric |iquid crystal
wll take a longer tine for rewiting the display than
the ordinary liquid crystal. The tinme is about 10
- nmsec per line. Therefore, 14 tase the tine for which
the contactless I1C card 1 receives the power fromthe
electriceantegy virudedrto28wirse afoshation &x displayem therdisplandpliee 16 for a
only a maxi mum of 20 lines can be rewitten for that
longet Rgtihodfinde then tk¥tifiel for addel e comattiéss ICkrAdtreesiSes the
IC card 1 according to this enbodi nent, the electric
electrﬁrlﬁ{cgg is stored in the electric double-I|ayer
capacitor 18 for the short tinme for which the
Ih%h %B&)lvl\? ?%@éiﬁ%%ﬁgﬁl‘g@l{?hcg (?dé.ﬁilg qa#ég‘%gﬂ&‘%& 14 R Elga‘?fl;%d therein
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.dqubl e-l ayer capacitor, 18 has charged therein Ry one

card ig dostegyed) dua 10 2 sharkrgbeaging 106 be peséoned hypresHag artyigton 40
.power required for the information rewiting. So,

Provugewb@n the eqrdactiesp Ig\canh i aaostevinin Flen3] i gike a re-write command
contactless IC card is destroyed due to a shock or

to the lgontiicilgss 1T camhl be Alsss mee ofl thy bpiters 40 pgrmits ve selactind display
provi ded on the contactless IC card 1, as shown in

other &at@ st@redtin the weraonyeldm i te conmand to the contactl ess
IC card 1. Also, use of the button 40 pernmits to

ﬁg hbote, aitbetths Roalactlos KT cadt hasdardiad tonthid@mbedinisnt uses the
display device 16 which is a storage-type display device using a cholesteric or
ferroelectric liquid crystal, data for display on the display device 16 can be held
semi-permanently.

Also, the storage-type display device requires a time for rewrite of the display
data as mentioned above. However, the time required for placing the contactless‘ IC
card 1 over the reader/writer 20 can be reduced by quickly storing the electric energy
into the electric double-layer capacitor 18 and rewriting the display data with the
electric energy.

Further, since the electric double-Jayer capacitor 18 can be charged quickly for a

time of 0.1 sec or less, and can be charged and discharged repeatedly at a rate of



As above, since the contactless IC card 1 according to
this enbodi nent uses the display device 16 which is a
storage-type display device using a cholesteric or
ferroelectric liquid crystal, data for display on the
di spl ay device 16 can be held sem -permanently. Al so,
the storage-type display device requires a tine for
rewite of the display data as mentioned above.
However, the tine requiredMor placing the contactless
IC card 1 over the reader/witer 20 can be reduced by

100,000uE $H EY 0 e, Mg nkdds 18 S&dH 4 lerpiiiR 0OYimd M equiredgbesdplading or
doubl e-l ayer capacitor 18 and rewiting the display
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non- contact manner. In the foregoing, the present .
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__certain preferred enbodi ments thereof as exanples with
skilled iaf et that the presentdovensioryismptdimaited e therpmeadimerits but can
shoul d be understood by those ordinarily skilled in
be motifeedhint varbats mhengs eestructedendterpativel y moendbiodiddeth various

t he enbodi nents but can be nodified in various
other formsewBhowadupiartived fdnatheescopt iandlsyirdr therdodds gett forth and

various other fornms w thout departing fromthe scope
definednifl thelappénddiasigighs.as set forth and
Industrial Applicability

According to the present invention having been described in the foregoing, an
electromagnetic force sent from an external data proéessor is rectified into a DC
voltage, the DC voltage is stored in an electric double-layer capacitor, and the power
thus stored in the electric double-layer capacitor is used to select information to be
displayed on a display means, for example. Therefore, the information can be

rewritten just with the contactless IC card placed over a reader/writer for a reduced

time.



defined in the appended cl ains. Industria
Applicability According to the present invention
havi ng been described in the foregoing, an

el ectromagnetic force sent froman external data
processor is rectified into a DC voltage, the DC
voltage is stored in an electric double-Ilayer
capacitor, and the power thus stored in the electric
doubl e- 1 ayer capacitor is-Ufed to select information
to be displayed on a display neans, for exanple.
Therefore, the informatignaganrsbe rewitten just with
the contactless IC card placed over a reader/witer
for a reduced tine. CLAIMS 1. A contactless IC card
that exchanges information with an external data
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controlling the |nfornat|on exchange with the data
procesgplocessor and the display of information received from

the data processor; and a displaying means having a

agtededtrig douhkerlayer capaesiod fomstodingpl regtifiod putpfut dromdher

supply is stopped and which displays the informtion
rectifyimgisreanke control of the

a controlling means for controlling the information exchange with the data
processor and the display of information received from the data processor; and

a displaying means having a storing function to hold the display even after
power supply is stopped and which displays the information under the control of the
controlling means,

the electric double-ayer capacitor supplying each component of the contactless
IC card with a power provided through storage of the rectified output.
2.  The device according to claim 1, wherein the displaying means is a liquid crystal
display means having at least two stable states of alignment of liquid crystal
molecules thereof and takes one of at least the two stable states of alignment of the
liquid crystal molecules, when the electric double-layer capacitor is powered, to

display the information.

3. The device according to claim 2, wherein the liquid crystal is a ferroelectric or



suppl yi ng each conponent of the contactless |C card
with a power provided through storage of the rectified
out put. 2. The device according to claim1l, wherein
the displaying neans is a liquid crystal display
nmeans having at |east two stable states of alignnent
of liquid. crystal nolecules thereof and takes one of-
at least the two stable stdfles of alignment of the
liquid crystal nol ecules, when the electric

cholestedbbge.| ayer capacitor is powered, to display the
i nformati on. 3. The device according to claim 2,
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displaying means from the information stored inthe storage means.




