COVMUNI CATI ON SYSTEM COVMUNI CATI ON APPARATUS, AND
ELECTRI C- FI ELD- COUPLI NG ANTENNA CROSS REFERENCES TO
RELATED APPLI CATI ONS The present invention contains
subject matter related to Japanese Patent Application
JP 2006- 245614 filed in the Japanese Patent O fice on
Septenber 11, 2006, and Japanese Patent Application
JP 2007-150500 filed in the Japanese Patent O fice on
June 6, 2007, the entire contents of which are
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i nformati on devices, and nore particularly to a
commruni cati on systen1for perform ng high-capacity
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raghe- prequeecyYntBhtioM d6RaRdnsSt@Rabct Mk €ter related
specifically, the present invention telates to a
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comruni cation signal between information devices
Patdnspaped ightaonedp 2ROM-150500difdflanceénusihrg Japanese
el ectrostatic field (quasi-electrostatic field) or an
Patendufdéd iekeotr Vanki él, d208fd beeepaditiecubakknts of which

are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to communication systems
for communicating a large amount of data between information
devices, and more particularly to a communication system for
performing high-capacity data communication between
information devices using an ultra-wideband (UWB)
communication scheme using a radio-freguency (RF), wideband
signal.

More specifically, the present invention relates to a
communication system, a communication apparatus, and an
electric-field-coupling antenna {(hereinafter called "EFC
antenna") for transmitting a UWB communication signal

between information devices disposed at a very short



to a comuni cati on system a comuni cati on appar at us,
and an EFC antenna for enabling high-capacity

transm ssion by efficiently transmtting an RF signa
bet ween EFC antennas of information devices using an
el ectrostatic field or an induced electric field over
a very short distance. 2. Description of the Rel ated
Art Recently, the use of wireless interfaces in

transferring data between small information devices,
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(U cable, to interconnect the 1 nformation devices
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when image data or music data is exchanged between a small

information device and a personal computer (PC), is becoming
more widespread in place of data transmission using a
general cakle, such as an audio/visual (AV) cable or a
universal serial bus (USB) cable, to interconnect the
information devices or using a medium such as a memory card.
Wireless interfaces are user-friendlier because they do not
involve the reconnection of connectors and the wiring of a
cable every time data transmission is performed. Various
information devices having cableless communication functions
are now available.

As methods of cableless data transmission between small
devices, besides wireless local area networks (LANs)
represented by the Institute of Electrical and Electronics

Engineers (IEEE) 802.11 and Bluetooth®, radio communication



proposal has been nade for a portable inmage recording
apparatus containing an internal antenna placed at a
position not covered with a hand holding a grip (for
exanpl e, see Japanese Unexam ned Patent Application
Publication No. 2006-106612). Since the interna
antenna is not covered with the hand, correct inmge
data is received. Even in the case where the antenna
for wireless conmunication is placed inside the
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characteristics.

A communication scheme referred to as "ultra-wideband”
(UWB), which has been drawing increasing attention in recent
years, 1s a wireless communication technology for
implementing high-capacity wireless data transmission at
approximately 100 Mbs, though over a short distance, using a
very wide frequency band from 3.1 GHz to 10.6 GHz.
Therefore, a large amount of data, such as a moving image or
music data contained in one compact disc (CD), can be
transferred at high speed in a short period of time.

The UWB communication has a communication distance of
approximately 10 m due to its relationship with transmission
power. Using UWB, a short-distance wireless communication
scheme, such as a personal area network (PAN), may be

~configured. For example, in IEEE 802.15.3 or the like, the




in the UAMB communi cation. Intel Corporation in the
United States is studying, as a UWB application, a

wi rel ess version of USB, which has been wi dely used
as a general interface for PCs. UWB transn ssion
systenms using a UMB | owband from3.1 GHz to 4.9 G&
have been actively devel oped taking into

consi deration that the UWB comuni cati on can transfer
data at a rate exceeding 100 Mops wi t hout occupying a

schernen%@ $-91 gf%@t% %aﬁgtg gsgc%eg*ztr% d the

sinplicity o rlcatlng a THé “I'nvent or
1nd¥hdl%@e pr%%%ﬁ&l'n!%nhhgq g%h‘ %e%&Bg@Eeggd@ ﬁtrol scheme
fransm ssion systen1enp ying a I"'ow- band i’'S one

in @heefh@cidoyguni-aless, . CQﬂ%@@'@@Eb%&a%%%ﬂnhﬂu%ﬁetgng%ed
applied to nobil e devices. For exanple, high-speed

Stadtalsa itsl aRsIAlS $igYN alsN 22 UMBOLLp1dk8t3R6e ar RAre3HEB @8rsion
an ul tra-hi gh-speed, short-distance devi ce area

of weBwokkicBANEsi pekudivhigea ystigeagasdavigefere@nib@erface
i npl emented. In the case where the strength of an

forelP€stric field (the strength of radio waves) at a
distance of 3 mfroma wreless facility is |less than
orUBguatahsmas predes esnemedusieyed , UWBatowshamnd fhen 3.1
case where very weak radi o waves nerely causing noise
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Regul ations for the Enforcenent of the Radio Law,
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transmission band from 3.1 GHz to 10.6 GHz, and the
simplicity of fabricating an RF circuit. The inventor of
the present invention believes that a data transmission
system employing a UWB low-band is one of effective wireless
communication techniques to be applied to mobile devices.
For example, high-speed data transmission in a short-
distance area, such as an ultra-high-speed, short-distance
device area network (DAN) including a storage device, can be
implemented.

In the case where the strength of an electric field
(the strength of radio waves) at a distance of 3 m from a
wireless facility is less than or equal to a predetermined
level, that is, in the case where very weak radio waves
merely causing noise for other wireless systems existing in

the neighborhood are emitted, the licensing of a radio




No. 14, Radio Regulatory Commttee, 1950)). Therefore,
the devel opnent and production cost of a wreless
system can be reduced. Due to its relationship with
transm ssion power, the above-described UVB

comuni cation can inplenent a short- distance wreless
comruni cation systemat a relatively | ow
electric-field level. However, in the case of a -UAB
comuni cati on systemusing a radi o comuni cation
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to be suppressed to a very weak level.

Many known wireless communication systems employ radio
communication schemes and allow signals to propagate using a
radiated electric field generated in the case where current
flows through an aerial (antenna). In this case, a
transmitter side emits radio waves regardless of the
presence of a communication partner. This may generate
jamming waves which disturb the neighboring communication
systems. An antenna at a receiver side receives not only
desired waves from the transmitter, but also radio waves
arriving from far away. Thus, the antenna at the receiver
side is susceptible to the influence of ambient jamming

waves, resulting in a reduction of the reception sensitivity.

In the case where a plurality of communication partners



plurality of communication partners. For exanple, in
the case where a plurality of pairs of wireless

devi ces perform wireless comrunication within a
narrow range, division multiplexing such as frequency
sel ecti-on is necessary to be done in order to perform
communi cation that does not interfere with other
pairs of wireless devices. Since a radio wave

per pendi cular to the direction of polarization is not
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antennas of the transmitter and the receiver are necessary

to be aligned.

For example, in the case of a contactless data
communication system in which communication is performed
within a very short distance from a few millimeters to a few
centimeters, it 1is preferable that the transmitter and the
receiver be coupled strongly within a short distance, but a
signal not reach across a long distance in order to avoid
interference with other systems. It is also preferable that
data communication devices be coupled with each other
regardless of fhe orientations (directions) thereof in the
case where the data communication devices are placed in
close proximity with each other, that is, it is preferable
that the devices have no directivity. In order to perform

high-capacity data communication, it is preferable that the




radi o communi cation using a radiated electric field,

various communi cati on schenes using an electrostatic

field or an induced electric field are avail able. For

exanple, an electric-field coupling schene or an

el ectromagneti c- induction schenme is enployed in

exi sting contactless comunication systens mainly

used in radio frequency identification (RFID). An

electrostatic field or an induced electric fieldis
vers Qrti onal,.to the cube or .the square of
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indsystiens scaerenat dimpluybedinEeehsthnttheonasetbese

radi o waves arrive fromfar away, an EFC antenna
commgpéicutsonosyatdenswauesly amddhénceatlhe pregeancgystem

is not interfered with by other comunication
idesysfemstiThat RFED) onﬂaceﬂestroeéaylshénelddostancenduced

conmuni cation using electric field coupling - 7
cleehpleyfagldnipndnredsel ecPrPeoftépaadr tanthe cube or the

el ectrostatic field is suitable for emtting very
squaEsk o aling Q&§E§nce from the source thereof.  Therefore,

very weak radio waves in which the strength of an electric
field (strength of radio waves) is less than or equal to a
predetefmined level.at a distance of 3 m from a wireless
facility can be emitted, and hence the licensing of a radio
station is unnecessary. In this type of contactless
communication system, a transmission signal is rapidly
attenuated according to the distance. In the case where no
nearby communication partner exists, no coupling
relationship occurs, and hence other communication systems
are not disturbed. Even in the case where radio waves
arrive from far away, an EFC antenna receives no radio waves,
and hence the present system is not interfered with by other
.communication systems. That is, contactless, very—shott—

distance communication using electric field coupling



Cont actl ess, very-short-di stance comuni cati on systens

have sone advant ages over general wreless

communi cation systens. For exanple, in the case where

a radio signal is exchanged between devices | ocated

at a relatively long distance, the quality of the

radio signal in a radio range is deteriorated due to

a nei ghboring reflector or an increase in the

conmuni cation di stance. In contrast, short- distance
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environnent and can transfer "a hi gh- qualirty signa
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transm ssion data.” Therefore, It is unnecessary to
havieak@mcN R vaARSIgdar 3N geRke¥entiier 185 shackiig ieRt3on
transm ssion |ine and securing of confidentiality. In
systadisQ CuruRkeaklen, int the Beeessdkyef ar r@@i@n%Q?ﬁ@l is
to have a size of approximately one-half or one-fourth
exchhngietls bepekcah dgvwavel engblicd, avhiachehatdds<ti@ anng
increase in the size of an apparatus. In contrast,
disthere,atéengusldhy bifmthat redsoci Bignal in a radio range
very-short-di stance communi cation system using an
is dedecédreltect domayreti vefipbbdrangameéllectrostat ro
magnetic field. For exanple, a proposal for an RFID
incgagseydnefmasopaenicatgonnddetehoe -exdnpkentsest, short-
. Japanese Unexam ned Patent Application Publication
dlsNépcgogem@gggg?tipﬁ @ﬁigogygpgﬁpdent on its surrounding

environment and can transfer a high-quality signal with a

low error rate at a high transfer rate. In a very-short-
distance communication system, there is no chance for an
unauthorized device to intercept transmission data.

Therefore, it is unnecessary to take into consideration

prevention of hacking on a transmission line and securing of
confidentiality.

In radioc communication, it is necessary for an antenna
to have a size of approximately one-half or one-fourth of
its operating wavelength A, which leads to an increase in
the size of an apparatus. In contrast, there are no such
limitations in a veryﬂshort—distancé communication system
using an induced electromagnetic field or an electrostatic
magnetic field.

For example, a proposal for an RFID tag system has been



pairs of conmunication auxiliary units are arranged so
that RFID tags are positioned between a plurality of
comuni cation auxiliary units. By arrangi ng RFID tags
attached to a plurality of nerchandise itens so as to
be sandw ched between the comuni cation auxiliary
units, stable reading and witing of information can
be inmpl emented even in the case where RFID tags
overlap one another A proposal for a data

maoﬁeom%ﬂ% Tanl] AP at(l?a% Sé's% examri%‘é%e%ate%”e“ ¢
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physi cal body of a user, an-antenna coil
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data communi cation with an external comuni cati on

comaRparatisnyhaxtineg aagt @ARR sCOi By £BQangﬁh%nR@I®Okbg@nd
the data communi cation unit are place an outer
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A proposal has been made for a cellular phone, which
sandgickedeketpkany ther tabhenicboimat boridédirgennpreyi dedble
with an RFID, which ensures a conmmuni cation distance
reagiingoatndsaciitfingi ng théoportabnl cay pEoimpemphésdsesen
Japanese Unexam ned Patent Application Publication

in Kbe 2065- ¥867¢) RFID tAgmenveylénr @neoabethaserted into
the portable information device includes an antenna
colt | PEPPFyhrBer td PRt oppmagpcation apparatus using an

Ainduced magnetic field has been made (for example, see
Japanese Unexamined Patent Application Publication No. 2004-
214879} . The apparatus includes a main body, a mounting
tool configured to mount the main body to a physical body of
a user, an antenna cecil, and a data communication unit
configured to perform contactless data communication with an
external communication apparatus via the antenna coil. The
antenna coil and the data communication unit are placed on
an outer casing provided above the main body of the
apparatus.

A proposal has been made for a cellular phone, which is
en exemplary portable information device, provided with an
RFID, which ensures a communication distance without
sacrificing the portability (for example, see Japanese

Unexamined Patent Application Publication No. 2005-18671) .




communi cation with an external device. An RFID antenna
coil is provided in the exterior of a nenory-card
insertion slot of the portable information device.
Because known RFI D systens enpl oying an el ectrostatic
field or an induced electric field use | ower-frequency
signals, the systens conmunicate at a | ow speed and
are thus not suitable for high-capacity data
transmssion. In the case of communication scheme

| fi.el d d
A Y R B TR RECAT R esn 060 SOt BPRsaTLA CR gt&%%@lon
ac 8 2Tk B 2 5 PosiY %%g%lg%%'dn@o he Gtk Aea
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comruni cati on schene. urt a transm ssi on
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efficiency is poor. In contrast, the inventor of

of @h@s@@&tbﬁq@nhhqarmgehbava§VEEQt hi gh- speed dat a
transm ssi on taklng i nto consi derati on
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weak electric field which does not call for the
fielidcemsengiativacdi pékesgist @tikdd uBealower-frequency
very-short-di stance conmmunication system for
sighpamsnichei sysarmBFcesingnalk casengt el éowr spebidebdd are thus
coupling, that is, transmtting the above- nentioned
notUpBitehwenieat hoghsicgnakiby daphoyiragsmmssied. In the
el ectrostatic field or an induced el ectromagnetic
casgi efdcommhairakénnopCchPMEhEspnasent elavenpneanpelrefésld

that, in the , ,
induced’ by an antenna coil, no communication can be

performed in the case where a metal plate is positiocned
behind the coil. A large planar area is necessary for
mounting the coil. Such mounting probiems are found in this
type of communication scheme. Further, a transmission line
has a large loss, and hence the signal transmission
“efficiency is poor.

In contrast, the inventor of the present invention
believes that high-speed data transmission taking into
consideration confidentiality can be implemented by emitting
a very weak electric field which does not call for the
licensing of a wireless statiocn in a very-short-distance
communication system for transmitting an RF signal using
electric-field coupling, that is, transmitting the above-

mentioned UWB communication signal by employing an
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UWB conmuni cati on systemusing an el ectrostatic field
or an induced electric field, a |large anount of data,
such as a noving inmage or nusic data contained in one
CD, can be transferred at high speed in a short
period of tinme. In known RFID systens, electrodes (EFC
antennas) of a transmtter and a receiver are
generally attached to each other, which is
i nconvenient for a user. It is thus desirable to
rfaormshordt.- di.stance co ni.cation_in which the
Lot gies Sis soshr Shed By R L paneahgpietlc g1,
TheXARLQITR 8l (1 B oL A0GLAENLHCHEN ELYCOURLENT 1 the
scherre using signal's™in a relativel'y Tow frequehcy
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ransmtter and e receiv I's negligible relative

indu@chhe1wayelengtin,) qand the Rrapadati e# Less,behweens a
the transnmtter and the receiver is not a serious
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hi gher-frequency, w deband signal such as a UVWB
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approxi mately one-half of the wavel ength of an
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between the el ectrodes of the transmtter and the
othesecewberhi 3sconspdeeabeyt| 6ny eebkaerve Itoishghus

wavel ength. Therefore, the propagation |oss should -
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signal is transmtted using electric-field coupling.
the electrodes are separated by a distance of approximately
3 cm.

In an electric-field coupling scheme using signals in a
relatively low freguency band, the 3-cm distance between the
electrodes of the transmitter and the receiver is negligible
relative to the wavelength, and the propagation loss between
the transmitter and the receiver is not a serious problem.
However, when transmitting a higher-frequency, wideband
signal such as a UWB signal, a distance of 3 cm corresponds
to approximately one-half of the wavelength of an operating
frequency of 4 GHz. Since the propagation loss occurs in
accordance with the propagation distance relative to the
wavelength, the distance between the electrodes of the

transmitter and the receiver is considerably long relative

to the wavelength. Therefore, the propagation loss should
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SUMVARY OF THE INVENTION It is desirable to provide an
excel | ent communi cation systemthat can perform

hi gh-capacity data comuni cati on between informtion
devi ces using a UWB comuni cation scheme enploying an
RF wi deband signal. It is also desirable to provide an
excel l ent conmuni cati on system comruni cation
apparatus, and EFC antenna that can transmt a UAB
comuni cation signal between information devices

I h d b
be %ng?ros%atlver g% %%égag%tgﬁégF?ég be%eflepg§ S gnﬁl is
tran@qﬁ%g%de'u%% eqbielde bt ohg alg ﬁﬁgl rable to

rovi de an excel I ent  Communicati stem
communi cati on apparatus, and EFC antenna that can
perform hi gh-capacity transm ssion by efficiently

SUMM@@QS@@t@H@gI@qEﬁﬁnggnal bet wen EFC ant ennas of
i nformati on devices using an electrostatic field or an

i nduced ebectablel gl grovede aanesycsNDELt dbshRREEcation
According to an enbodi nent of the present invention,

systhar ehs rzaﬁv'pdedoamcaﬁrqunbaphb@ﬁysy&atarrpbmmhuﬁibag:Lbhe

following elements: a transmtter including a
betWweansihssiroantionr davt casi tisdagf kgUWesdcbomganesnat enaBcheme

RF signal for transmtting data and an EFC ant enna
empéonfinguradRFowtidaehanilt signaflhe RF signal as an

electrostatic field or an induced electric field; a

r ebki veralsel deld plake BRC pnteita amdescel kewpt i on

circuit unit configured to receive and process the
communication system, communication apparatus, and EFC
antenna that can transmit a UWB communicaticn signal between
information devices placed at a very short distance by using
an electrostatic field (guasi-electrostatic field) or an
induced electric field.

It is also desirable to provide an excellent
communication system, communication apparatus, and EFC
antenna that can perform high-capacity transmission by
efficiently transmitting an RF signal between EFC antennas
of information devices using an electrostatic field or an
induced electric field over a very short distance.

According to an embodiment of the present invention,
there is provided a communication system including the
following elements: a transmitter including a transmission

circuit unit configured to generate an RF signal for

transmitting data and an EFC antenna configured to transmit

- 12 -




RF signal received by the EFC antenna; and an

i npedance matching unit configured to nake an

i npedance of the EFC antenna of the transnmitter equa
to an i npedance of the EFC antenna of the receiver.
The RF signal is transmtted by electric-field
coupling between the EFC antennas, facing each other,
of the transmtter and the receiver. The "systent
nentioned here refers to a Iogical assenbly of a

| f d f d
R T ) LNl T
o1 9HGt a0 Pel een st er 06 0g! SHhedlowt ges.or ot

uncti on nodules are con si ngl e casi ng

rec% 8 on a%ﬁ&bﬁithﬁhgkn@&h QﬁeEofEbgggbbn V\g‘}ocess the

roved in the case ata trans

RF %E@Eal‘%E%@H%EBOByd%KbC%%C aHebnas ; WaeR agaﬁﬁ edance
i nél udi ng i mages or music is exchanged betmeen a smal

ma tichfi eGMehien cdaviefrandtd REkel &ni MRbepBAtedoiENtRe EFC
cabl el ess nmanner. However, nmany W rel ess

. ante@RBUBIFC8hORrayiShenBerr @Qnaieﬁbednbymweﬁ@heésotﬁAblﬁe EFC
use a radiated electric field generated by allow ng
anteunnrept taef kewetheaughTas ARt engazl Thetetasmitradi by
waves are enmtted regardless of the presence of a
elecomiunif¢afbonoppiingr beSivaer the E&QiI ahednnekectrrcding
field is attenuated gradually in inverse proportion -
each3othert hefdibeahcentmohieheandt thaareacsivgnal reaches
relatively far. This may generate janm ng waves which
di Bireir bs Y $leem'Ci pgiblot omrd depmminfete Fantsyast baglicdue to
t he
assembly of a plurality of devices (or function mcdules that
realize specific functions) and does not make any
distinction between whether or not the devices or the
function meodules are contained in a single casing (the same
applies hereinafter).

User~friendliness is improved in the case where data
transfer between small information devices, such as when
data including images or music is exchanged between a small
information device and a PC, is Ilmplemented in a cableless
manner. However, many wireless communication systems
represented by wireless LANs use a radiated electric field
generated by allowing current to flow through an antenna.
Therefore, radio waves are emitted regardless cof the

presence of a communication partner. Since the radiated

electric field is attenuated gradually in inverse proportion
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surroundi ng janm ng waves, the sensitivity of an
antenna at a receiver side is reduced. In short, it
is difficult to inplenent wireless conmunication
using a radi o comruni cati on schenme in which a
communi cation partner is limted to that |ocated at a
very short distance. In contrast, in a conmunication
systemusing an electrostatic field or an induced
electric field, no coupling relationship occurs in
the case where no nearh conmmuni cat i o artner

to g Pl RS eyt R o PP T RduCed  SBPacEFRE FPel d or

re @R 9L9¢! LAl i Ll ALY L8nLaRLd! ¥ oAl fnUaLed Iicn
inverse proportion to-thHe square-or cube™ of "the

dis$hsaree L9 B%%iﬁgugﬁgprQE%QﬁonTg LtbRs."ODue to the

unnecessary ['ectri S are generateaq, and

surSloRetiing g%hﬁh@% daveat reachehancivhereby ahhehtenna at
comuni cafion systens are not disturbéd. Even in the

a reaseveheredeadiso rwanesd.ar thvenbi-em fiar iaway £etibeit to
coupling el ectrode receives no radio waves, and hence
implle@esys e el @ sBOLomfliai tatednWukinby a @kbBeb communication
conmuni cati on systens. However, this type of known
scheopmMini ¢gaticanasyshamhastliow pammuaircati ahmipeddto that
because of wusing a |ower-frequency signal and is thus
locansdi kdbkevekoy shpgh- dapaentyg.data transm ssion. In
the case of a conmunication schene using an induced
el Betronbyheti cifi el domiiunicat beges pbadmaruaien 4
necessary for mounting a coil. Such nounting problens
elegisopbandci Aiehdsorype dnduearunlestren fisehdmeno

coupling relationship occurs in the case where no nearby
communication partner exists. The strength of an induced
electric field or an electrostatic field is rapidly
attenuated in inverse proportion to the sguare or the cube
of the distance from the source thereof. That is, no
unnecessary electric fields are generated, and electric
fields do not reach far, whereby other communication systems
are not disturbed. Even in the case where radio waves
arrive from far away, the coupling electrode receives no
radio waves, and hence the system is not interfered with by
other communication systems. However, this type of known
communication system has low communication speed because of
using a lower-frequency signal and is thus unsuitable for
high-capacity data transmission. In the case of a

communication scheme using an induced electromagnetic field,
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In contrast, the communi cation system according to the

enbodi nent of the present invention is configured to

transmt a UMAB signal between the transmtter

configured to generate a UAB signal for transmitting

data and the receiver configured to receive and

process the UWB signal by establishing electric-field

coupling between the EFC antennas of the transmtter

and the receiver. Since an electrostatic field and an
a 157 %Cﬁﬂa%g%cg&% E%ebgc%% ag%tkggu%%%gtﬁﬁglgvggﬁ§. Such

proportion to the Cube an e square, ‘réspectively,
mou%%ih@e l$hd %¢ar%eE$uWQaﬁnr@ﬂHg %@ %So%hbgﬁmuggcggﬁon

cal fgr the licensing of a wrele station can be
schefetted. It is also unnecessary to take into

consi deration prevention of hacking on a transm ssion

i ng abdt 886! | AHe Obomm@Ri Laenbhakitem BeSAYSEI Ao the

comuni cation, systemperfornms the UWB communi cati on,
emobddhe=gapaci tyeCpraYBhEal hQBNBYEBH as VBRhY¥igheEeH to

di stance can be inplenented. For exanple, a |large
traasodnt sobWdatagnalcheaseanmaiengromageteernushéidatrad to

contained in one CD, can be transferred at hi gh speed
genemade shiWB péghed dbrttmensSinténgndREacanduthei megesver

propagation |l oss in accordance wth the propagation
condiigtardetpelkratevwet enthprowasel hgt HWBi sipsahebgssary

to sufficiently suppress the - 15 propagation |oss in
estphéighsagwhépetahcRFIsignabursiiol hstacenwBhsi GR&l, is

transmtted. In the comrunication system according to
anteprBagnBédihentransmitter and the receiver. Since an

electrostatic field and an induced electric field are
attenuated in inverse proportion tc the cube and the sqguare,
respectively, of the distance, wvery weak radio waves which
do not call for the licensing of a wireless station can be
emitted. It is also unnecessary to take into consideration
prevention of hacking on a transmission line and securing of
confidentiality. Because the communication system performs
the UWB communication, high-capacity communication over a
very short distance can be implemented. For example, a
large amount of data, such as a moving image or music data
contained in one CD, can be transferred at high speed in a
short period c¢f time.

Since an RF circuit incurs propagation loss in
accordance with the propagation distance relative to the

wavelength, it is necessary to sufficiently suppress the
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of the present invention, in the transmtter, an

RF-signal transmssion line for transmtting the RF

signal generated by the transmssion circuit unit may

be connected substantially to the center of an

el ectrode of the EFC antenna via the inpedance

mat ching unit and a resonating section. In the

receiver, an RF-signal transm ssion line for

transmtting the RF signal to the reception circuit

unit . .may .be cqnne ted substantially to,the_center of
PrOERIGTITT dESS O THE EPESaNEARa v KTt RO RpedaNca o5 @
Uwgngﬁéﬁang unit. _and a. _.resonating section. The inpedance

e d &ﬁiF§a§§¥étFﬁ " inpedance of the EFC antenna

Bhﬁhér?8§ﬁ%h£8£t%8Ha£y% %@ggccéﬂﬁfgsnESig%etgﬁb5§§ﬁent

of
antenna o recei ver, y Suppress

of ?%%'%%%%@n@a&%%e %HW%?”ihﬂ%hEF@EQHEﬁ@@%%rangn ﬁ%@%igﬁgl

he propagation [oss. Each inpedance mat chi ng uni
tra%%%hggg%gnq&h@gfo§e%kbﬁem§&%iﬁenEhQUR@ds&gnaqhgﬁg%rated

i npedance mat chi ng between thé el ectrodes of

by thansiahkal safdnt Bereacei vaht kA3t bbSconhBcleaoupl i ng
portion, and to suppress reflected waves. The

subkfpedaace ymabchhagcentbrapd theel esoraticngfseski grcMay
serve as a band-pass filter with a desired RF band as

antanpasstandhebéhpnedanthemkEChangennas ahdt heresonating

transmtter and the receiver. Mre specifically, the
sectapedande thtchengiuart amyRFAeligdelatratbmission line

| unped-constant circuit. Alternatively, the inpedance
formarehengtunny bhy RAchidpad tontbet oecapthoa kbémgtht unit

dependent on an operatin% wavel ength. In the latter
-maychgecognected substantially to the center of an electrode
of the EFC antenna via the impedance matching unit and a
resonating section. The impedance matching units make the
impedance of the EFC antenna of the transmitter equal to the
impedance of the EFC antenna of the receiver, thereby
suppressing reflected waves between the EFC antennas and
reducing the propagation loss.

Each impedance matching unit and each resonating
section are configured to achieve impedance matching between
the electrodes of the transmitter and the receiver, that is,
in a coupling portion, and to suppress reflected waves. The
impedance matching unit and the resonating section may serve
as a band-pass filter with a desired R¥ band as a passband

between the EFC antennas of the transmitter and the receiver.

More specifically, the impedance matching unit may include a
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- conductive pattern with a |l ength dependent on an
operating frequency (nay also be referred to as a
"stub") is fornmed on a printed circuit board on which
the EFC antenna is nounted, thus operating as an
i npedance matching unit. The EFC antenna may achi eve
i npedance matching by reducing, relative to a
characteristic i npedance at an input side to which
the RF signal is input fromthe transm ssion circuit
unit, a characteristic iLnpedance_at_ an_oputput side

LGRS R GrECERTe- 1 PARG BBUPFERY. 1 6hg Tbedanle
ni [ rtner. T ' er of
macEATIATLARY! By BAGLEE o SRhekPsadn ke Bota oy
depEhBEhtOdRS anl BobhLS:68SGaytienbE. aBheRnas LodUte dse, a
stronger electric fielfd, thereby allow ng the
conBhL8eikedga ke rRe,sthongh¥ngeHPLEdWHEReBGN At BBErating
More specifically, the EFC antenna includes an
freglie6blOdRayaa3ebi 88 kRdUEHAH, tandsaapacalbel ERdeetAEd on
all of which are connected to an RF-signa
a pkransedl ssreniki BeardTha RhishgRak EF@NsALs&hANiki ABunted,
menti oned here corresponds to a coaxial cable, a
thuni epesttipgl kBeanaimppbianae mbhoehing uhhe.like. If it
is only necessary to achi eve i npedance matching and
t Csaippfesantreitzcied awivesvdelmpetatde netectinodeg of
the transmtter and the receiver, that is, in the
redgolpti ngepativentoi & thasaffeciehicf ompedenEfFCat an input
antennas - 17 to have a sinple structure in which the
side| eet vodehahbet RE ssenpésipndopubr fape tbanttepdmission

. the RF-signal transmssion line. In contrast, in the

cirgusk WhetEe thehgrechparéphici dmpedance at an output side

establishing electric-field coupling to a communication

partner., That is, a larger amount of current is allowed to

 flow through the coupling electrodes. In this case, the EFC
antennas induce a stronger electric field, thereby allowing

the electrodes to be strongly coupled with each other.

More specifically, the EFC antenna includes an
electrode, a series inductor, and a parallel inductor, all
of which are connected to an RF-signal transmission line.
The RF-signal transmission line mentioned here corresponds
to a coaxial cable, a microstrip line, a coplanar line, or
the like. TIf it is only necessary to achieve impedance
matching and to suppress reflected waves between the
electrodes of the transmitter and the receiver, that is, in

the coupling portion, it is sufficient for the EFC antennas
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connected to ground in front of the electrode at the
tip of the RF-signal transmssion line with the
paral l el inductor interposed therebetween, the EFC
antenna al one functions as an inpedance conversion
circuit configured to reduce the characteristic

i npedance Z1 at the output side of the EFC antenna
relative to the characteristic inpedance Zo at the

i nput side of the EFC antenna. Accordingly, a | arger

t t fl th |
o FRPoBy TR 5 24 LeForor NGt Fire Gk doRRIeRd. the

alJowing the el ectrodes t e r ongl pled The
el el ln&uCtSF ST tRe el 3 b %ﬁauéﬁ ﬂ iy “Bgr oS on

1inlenel r%stunﬁ%dt%%n%%%gt % %U%BGO%F% antenna is
& str n& P

ute -constant circuit |nclud|ng a co

coﬂNéH%e@ tlegg %n@eE%”%SBBtOB tQﬁeogﬁ%@EEBQe“@¥eE§%9EEp of

The el ectr i ncl ude e EFC antenna nay

the”@@ﬂgg%n%@0%§aﬁs&r%@E%ﬁ Gk heuit thoakd parWRER, ihAhctor
exanp e, a communi cat1 on proceSS|ng circuilt 1s

inteRyBised. theecheirglen,f tam the phitehad elbeui FubeardnkOas
the el ectrode is determ ned according to the foll ow ng

an ¢epddhnesscohiersebacthireufitebéngaypleAgtborgrauadtan
the printed circuit board is suppressed; a series
chairaduetras thecesparignter 2, ashi eké ngut het abbye- a&nt heneHC
i npedance matching is fornmed; and the em ssion of
antennecesdatyveatlbothavesadaeteoistuicenmpedi8cef Egwangthe
. in the series inductor is suppressed (that is, the
inpupepaticonfotha E€Somatengasechiconrdacbisi ng Lhegser emgunt
i nductor as an antenna is not so strong%.
of current flows through the electrodes, thereby inducing a
stronger electric field and allowing the electrodes to be
strongly coupled. The series inductor and the parallel
inductor may be included in a lumped-constant circuit or a
distributed-constant circuit including a conductor with a
length dependent on the operating wavelength.

The electrode included in the EFC antenna may be
mounted above a printed circuit board on which, for example,
a communication processing circuit is mounted. The height
from the printed circuit board to the electrode is
determined according to the following conditions: the
electric-field coupling to ground on the printed circuit
~board is suppressed; a series inductor necessary for

achieving the above-mentiocned impedance matching is formed;

and the emission of unnecessary radio waves due to current
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In radi o communication, it is not allowed to pl ace
nmetal such as ground near a radi ant el enent of an
antenna. In contrast, in comrunication using
electric-field coupling, the characteristics of the
EFC antenna are not deteriorated even in the case
where netal is placed facing the backside of the

el ectrode of the EFC antenna. The EFC antenna can be
made nore conpact than a known antenna by

1 ERBOR. B eSS ppable Sonmtata oh L perios
{ , | t tati ti field .
or SIS 2 LIS BL RSB R0  B
ind@aldt % can %ﬂ%% ﬁ% %%hh%%egoe%%QoW'gh a different
orientation. n F e communi cat 1 on Sg ten1accord|ng to

th§n699896U88ﬁmu8§%£P§oHre%@” siﬂM@?ﬁi?@wed te place

conmuni cati on can be perforne € case ere t

metBICsaRhennag Bhinkhgek-aasmlti6hraRd k8 HECELVELtERRE .
each other, "and a capacitance is generated between

In thattwetel eat ceARSniYAkike ashadi atedtekeckiktd tbabding,
an el ectrostatic magnetic field has no pol arization.

theThaeehorerikhecshapetht eachagkeahkodeci soROHekkRtibedted
to a plate shape and can be freely designed in

eveacdtar danceawkt hhetbemdeat ghisoplacetdr éhesagdevecrackefide
exanple, in the case of a hem spherical electrode, an

of bpti mhkcekeder o€- thel AFC &8teoonapl | igel EAE eahebea can be
realized w thout depending on the relative positiona

madeematreonshipcbeterenat keovwhesttodas byaepngopachtely

ot her.
selecting the constants of the series inductor and the

parallel inductor. Unlike an antenna, an electrostatic
magnetic field has no polarization. A predetermined level
of communication quality can thus be achieved even with a
different orientation.

In the communication system according to the embodiment
of the present invention, communication can be performed in
the case where the EFC antennas of the transmitter and the
receiver face each other, and a capacitance is generated
bétween the two electrodes. Unlike a radiated electric
field, an electrostatic magnetic field has no polarization.
Therefore, the shape of each electrode is not limited to a
plate shape and can be freely designed in accordance with
the design of a wireless device. For example, in the case

of a hemispherical electrode, an optimal electric-field
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According to the enbodi nents of the present invention,
there is provided an excell ent conmuni cation system
that can perform high-capacity data conmunicati on
bet ween i nformati on devices using a UAB comruni cati on
schenme enpl oying an RF w deband signal. According to
t he enbodi nents of the present invention, there is
provi ded an excel |l ent communi cation system
comuni cati on apparatus, and EFC antenna that can

nsm

bet
CO%R%%ﬂ%n%ﬁﬁsnC&QVPeegeﬁqé%EE’OEF%'%&geﬁpgﬁgﬁpgd o1 Shee
t t at. I
reldt % B B rCer e Prohac acker d1ng E6 Ehe
facqg%o%lgﬁn%% f. the present invention, there |s

an excellent conmuni cati on systen1

Bkaﬁﬁ?oﬁ aeﬂéreﬁﬂédlﬁ@HtEstaaﬁg %Qﬂ£ £ﬁFention,

capacity fransni ssion I cl ent

the&%a&%ﬁbkbw&@e@naBFex%bgﬁehtb%bmﬁﬁﬁléggléﬁt%QQQ%mOEhat can
i nformati on devices using an electrostatic fiel

perdd rinndyead cabaet i dhical dopManhiaa¥eby behaeenduﬁka@eetlon
According to the enbodi nent of the present invention,

deviikeseuissnpr avuwed camnahy cahebh- @bﬁbﬁecempqaymnbcehige
system that can perform hi gh-speed data transm ssion

widebawhi etigaallMB signal is transmtted using

electric-field coupling between - 20 EFC antennas of

a Acansding ero ablde aemieceinent s Byf bthagbngsemlesineention,

comruni cati on devices physically closer to each
thegehes, pacvoArdnivatkonlpantnepmingniptbibhvelytssl ect ed
communication apparatus, and EFC antenna that can transmit a
UWB communication signal between information devices placed
at a very short distance by using an electrostatic field
{quasi-electrostatic field) or an induced electric field.

According to the embodiments of the present invention,

there is provided an excellent communication system,
communication apparatus, and EFC antenna that can perform
high-capacity transmission by efficiently transmitting an RF
signal between EFC antennas of information devices using an
electrostatic field or an induced electric field over a very
short distance.

~According to the embodiment of the present invention,

there is provided a very-short-distance communication system

that can perform high-speed data transmission in which a UWB

signal is transmitted using electric-field coupling between
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wi t hout conplicated setting, and a conmuni cati on

operation starts. In the conmunication system

according to the enbodi nent of the present invention,

no radio waves are emitted in the absence of a

conmuni cati on partner nearby since no coupling

rel ati onship occurs, and hence the comruni cation

system does not interfere with other communi cation

systens. Even in the case where radi o waves arrive

fromfar away, the EFC antenn receives no radjio. .
EEC G PsET0aA e ERE TS5BSt Foh CCoStoRr | BinBELnaing

Lnterfered with. ther, co ni.cat i on stens, Th
desdartl KRRRnd gy 3 ALl S EeR Py SR h e T E SR e, L8

e pr I ati.0 VeLys 1 - a

o B b B T AR AL P "B epred
withBu@FE%ﬁ W@EQ%edtB@ttEHgUUQhaaE'EBmﬁﬁﬁESHkﬁéﬁ operation

dlffICU|Py in performn communi cati on over a Fong
sta®i-gtance. Therefore, the communication system can

reduce the risk of being hacked by an unexpected

deyih Cehe | BoRmeRi @it ide Eré ant eabasd tsgdcd Nchdeembodiment

transmtter and the receiver, the backside of the
of ehecphredencannbenfebal ngredado Gatreenkeat bRNttadnoh the

affected by the presence of netal behind the EFC
absantennd. aAnomhent. chtcibhepdrgeaer atedbyf sbnceéhao coupling

el ectrode has no adverse effects on a circuit - 21

. relbthpndht hecEECrant endahehnet hkecasemohitetnsmn sgsbamofloes

a UMB signal using an electric-field coupling schene,
notagntarfhccenbdli ahes opmpppication systems. Even in the

case where radio waves arrive from far away, the EFC antenna

receives no radio waves, and hence the communication system

. is not interfered with by other communication systems.

The communication system according to the embodiment of
the present invention is a very-short-distance communication
system using electric-field coupling. In other words, the
communication system has difficulty in performing
communication over a long distance. Therefore, the
communication system can reduce the risk of being hacked by
an unexpected device.

In each of the EFC antennas used in the transmitter and
the receiver, the backside of the electrode can be metal
ground. Communication is not affected by the presence of
metal behind the EFC antenna. An electric field generated

from the electrode has no adverse effects on a circuit

- 21 -




present invention, there is no polarization, unlike
radi o communi cati on using antennas. A uniformlevel
of comunication quality can thus be achieved
regardl ess of the orientation of each EFC antenna.
The shape of each electrode can be freely designed,
and the EFC antenna can be nade nore conpact than a
known antenna. Further features and advantages of the
present invention wi Il becone apparent fromthe

] n des t|on of exenplary enbodi ments with
ehl%’e%ﬁ%cﬁEFo B2 ached dr awi ngs. BRIEF DESCRI PTI ON
F I agr
cobti Girartoh oF *Qa‘&%mm%%%?%ﬁt.%ngs%@ PofXETHRELY o

ele%@rg%b?q qﬁ”%oﬁ%lﬁﬁ% sPHERENT JLNYEN hgneEEEglm%nk§ 8f the

|agram of an e errp ary struct ure o ant enna

pre@%ﬁ%ean%n%é%H OEhérEréﬁsﬁbtb%ﬁa%ﬁga%16909hM§EkeFdelé
is a diagramof the structure in which électrodes of

comhll@iEE€iant @BRag khkusheat edal Gnkirgrn2185e1 diFsposed
facing each other; Fig. 4A illustrates characteristics

commhn&hatibﬁghQaEEGy anhefRasi bkusthatedd Rebh@d18ss- 022the
Fig. 4B illustrates characteristics of the single EFC

oriantentani bfustchat 8d8Ci ankefgna?2; Fhg. shApkl biskeahes t he
i nduction of an electric field by the EFC antenna
elewkrhdeheafiubet Eonedy dasigpedaneed the EFC antenna can be
made more compact than a known antenna.
Further features and advantages of the present
invention will become apparent from the following

description of exemplary embodiments with reference to the

attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a diagram of an exemplary configuration of a
communication system according to an embodiment of the
present invention;

Fig. 2 is a diagram of an exemplary structure of an EFC
antenna placed in each of a transmitter and a receiver;

Fig. 3 1s a diagram of the structure in which
electrodes of the EFC antennas illustrated in Fig. 2 are
disposed facing each other;

Fig. 4A illustrates characteristics of the single EFC

antenna illustrated in Fig. 2;
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converter; Fig. 5B illustrates the induction of an
electric field by the EFC antenna with the function
as an i npedance converter; Fig. 6 is an equival ent
circuit diagramof a band-pass filter including a
pair of EFC antennas; Fig. 7 is an equivalent circuit
di'agram of an inpedance conversion circuit including
a single EFC antenna; Fig. 8 illustrates an exenplary
structure of the actual EFC antenna; Fig. 9 is a

h of th o
o288 Bt AEAEERRY e R e e S Re P Leanee bR atRate c
tg L ITel induct d
B s B ARORI%arAI I 6 Tnouctors) whi oh ar e

p'@%g 5Ea9mg E?&P QtPﬁ lﬁagctég& Ek“§£réigét99c field

exa ectr O ant ennas are

by-%%%P%ﬁfﬁ%n%%%%%e%atﬁ'Qhel%uhbkﬁéhf%%e%naﬁm %EBE%VY
comuni cation system using EFC antennas; Fig

coriidrshy.at es an exenplary structure in mhlch in
comruni cati on using frequencies of kHz or MHz, a

trepg bbeillus@3ata@hdtAer e6@h¥EIioLA6H AAVE18BLEEE field
antenna including only an electrode, and a coupling

by poet EQC ahfphyaopétat ehcasuacplianeaspanhalh@kedance
capacitor; Fig. 13 illustrates a propagation | oss
convaused by signal _

Fig. 6 is an equivalent circuit diagram of a band-pass
filter including a pair of EFC antennas;

Fig. 7 is an equivalent circuit diagram of an impedance
conversion circuit including a single EFC antenna;

. Fig. 8 illustrates an exemplary structure of the actual
EFC antenna;

Fig. 9 is a graph of the measurement results of
propagation losses obtained by changing the distance between
antennas, EFC antennas (with parallel inductors), and EFC
antennas (without parallel inductors) which are placed
facing each other;

Fig. 10 iliustrates an example in which electrodes of
EFC antennas are shaped as spheres;

Fig. 11 illustrates an exemplary communication system
using EFC antennas;

Fig. 12 illustrates an exemplary structure in which, in

communication using frequencies of kHz or MHz, a transmitter
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refl ection froman inpedance m smatch portion in a
coupling portion in the case of comrunicati on using
hi gher frequencies of GHz; Fig. 14A illustrates the
flow of current in an electrode of an EFC antenna in
the case where an RF transm ssion line is connected
to the center of the electrode; Fig. 14B illustrates
the uneven flow of current in an electrode of an EFC
antenna and the radi ati on of unnecessary radio waves

J n the case where.an RF t sm ssion l.ine i.s 1
and, g FSCEad oS4 BolPt EoR"of f Sot PF EBRFt HBCABHLBE SPL¥nan

| de: JFi.Q. i f. | f
o1 O Bnal ol i B el AR OL ABRT BN RLUC 2SOk Blane

par%E%QQiggﬁg@g%ngpio (VSWR) ) obtai ned by disposing two

antennas facCing each other and changing the

di §L§DC§3 bei veep-£oup! & n&@bg&é{%@%& Ocad€edi SbR signal
graph of measured val ues of paranmeter (propagation

refh@esi821x roht ahnefphYadbaPRASsREtEWOpEEEi 8At €ANEScoupling
faci ng each other and changi ng the di stance between

por¢aupl iAgthel eakeodEStofgnititsehetBihgahlyher
illustrates the structure of a - 24
freyoapatetantecHaaded"” antenna in which netal is
attached to the tip of an antenna el enent, thereby
i ndugi npda 1Thpsicr4 e et e df Y@duct nguthentheighdn of the
antenna; Fig. 18 illustrates an electric field
eleconpdaent an EFC antenna in the case where an RF
transmission line is connected to the center of the
electrode;

Fig. 14B illustrates the uneven flow of current in an
electrode of an EFC antenna and the radiation of unnecessary
radio waves in the case where an RF transmission line is
connected to a position offset from the center of the
electrode;

Fig. 15 is a graph of measured values of § parameter
(reflection characteristic: voltage standing wave ratio
(VSWR}) obtained by disposing two EFC antennas facing each
other and changing the distance between coupling electrodes;

Fig. 16 is a graph of measured values of S parameter
(propagation loss S,;) obtained by disposing twe EFC antennas
facing each other and changing the distance between coupling

electrodes;

Fig. 17 schematically illustrates the structure of a
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(1 ongi tudi nal wave conponent) E. causing vibration
parallel to the direction of propagation; Fig. 19
illustrates the mappi ng of an el ectromagnetic field
i nduced by an infinitesinmal dipole on a coupling

el ectrode; Fig. 20 illustrates an exenplary nethod of
produci ng an electrode portion of an EFC antenna by
perform ng sheet netal processing; Fig. 21
illustrates another exenplary method of producing an

ca é%%ﬂé%§%4¥§§déﬁm %Et%%. ana 8! an@¥a1p§%f%%%g%%ed to
g. |

heet netal processing; Fi ustratés another

tneEXSEDIAT Lo of o Radicl R0.e) eadagpart | on of

an EFC antenna by perform ng sheet neta cessi ng;

capalcd:t addd s trical RS ndn cexemRlidhy Sk wekunetehnan EFC
antenna produced by formng a'signal line, a

resopat iBgilsastiofesant aleevphing;elgctengdenasta
wiring pattern on one board; Fig. 24 is a diagram of

(1loawy iexelipladr waster tohpot el )t B ceasenyheiBribeon parallel
comruni cation systemillustrated in Fig. 1 is applied

to theedéckritd opower progagheripnand 25 Fig. 25 is a
di agram of anot her exenplary structure of the case
whEie.t he tbmehirebesonhsysseping| ot aat etletréhggnetdic
is applied to electric power transfer. DESCRI PTI ON OF
fieRAFiPPREFERRED ENBODENENTSsimal dipole on a coupling
electrode;

Fig. 20 illustrates an exemplary method of producing an
electrode porticon of an EFC antenna by performing sheet
metal processing;

Fig. 21 illustrates another exemplary method of
producing an electrode portion of an EFC antenna by
performing sheet metal processing;
| Fig. 22 illustrates another exemplary method of
producing an electrode portion of an EFC antenna by
performing sheet metal processing;

Fig. 23 illustrates an exemplary structure of an EFC
antenna produced by forming a signal line, a resonating
section, and a coupling electrode as a wiring pattern on one

board;

Fig. 24 is a diagram of an exemplary structure of the
case where the communication system illustrated in Fig. 1 is

applied to electric power transfer; and
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Preferred enbodi nents of the present invention wll

now herein be described in detail below wth

reference to the draw ngs. The present invention
relates to a communi cation system for perform ng data
transm ssion between information devices using an

el ectrostatic field or an induced electric field.
According to a conmuni cati on schene based on an

el ectrostatic field or an induced electric field, no
raghg, ygves Qrﬁisﬁ}gﬁegf'Qn%@ﬁe§b§§8ﬁ§18£ structure of
conmuni cat1 on partners nearby since no coupling

the @ladld QMIHeP tPeCUbimuaREdaReREe syALBRN 1GNEURLERHI QR Fig.
systens are not disturbed. Even’in the case where

1 ikadipd Weves caklibve ri EopLlar awansranr EFC antenna
recei ves no radi o waves, and hence the conmuni cati on

system is not interfered with by other comuni cation

systens. I n known radi o comruni cati on usi ng antennas,
DESCRE PTSONengt MHaf PREFEAREDedMBbECHMENTSfiel d is

inversely proportional to the distance. In contrast,

t hergfeengd hembodamennslucEdtled eptesent | Ehdentsion will now

attenuated in inverse proportion to the square of the
hergiist krcdesgndbeteist dehgtih belcanwétberebstranice tpekte

Is attenuated in inverse 26 proportion to the cube of
drayhBeggi st ance. According to a communication schene

based on the electric-field coupling, very weak radio

wates Pie? eyt cHUSE Myl ¢ioi Belders ot her SRTIBRELER BioR epgstem
£ existinﬁ,in t he nei ghborhood can be emtted, and ,
OrpBREECE éngi@@F@iEﬁaB?méSF58P0b§F§??6n16§€6ﬁ%§10n devices
using an electrostatic field or an induced electric field.

According to a communication scheme based on an
electrostatic field or an induced electric field, no radio
waves are emitted in the absence of communication partners
nearby since no coupling relationship occurs, and hence
other communication systems are not disturbed. Even in the
case where radio waves arrive from far away, an EFC antenna
receives no radio waves, and hence the communication system
is not interfered with by other communication systems.

In known radio communication using antennas, the
strength of a radiated electric field is inversely
proportional to the distance. In contrast, the strength of
an induced electric field is attenuated in inverse

proportion to the square of the distance, and the strength

of an electrostatic field is attenuatéd in inverse
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unnecessary. Although an electrostatic field changing
wth time may be referred to as a
"quasi-electrostatic field', this is also included in
an "electrostatic field" in this specification. Since
known communi cati on enpl oying an electrostatic field
or an induced electric field uses | ower-frequency
signals, the known contmuni cation is unsuitable for
transferring a | arge anount of data. In contrast, a

pr&UPUNLald Al SYSERMACGYHAING L AN eﬁ%%%iﬂc‘ﬁ'i‘%g cll,fol the

present invention transfers higher-frequency signal s

condfirliGatite @l@Eld Gafdetl drcwRl NS crand-Farag tc'&%plfing,

conmuni cati on systemcan transfer a |arge anount "o

verdatuiba MMafRli cSReGidd erldaly @Siuishndl hioasw debarg HeWW\B)
comruni cation, a comrunication schene using high

wi ferleee noisaseney &fx ias tiirdebiandchd snapibeehd tden be emitted,
electric-field coupling, thereby 1nplenenting
anchihginceamde ty cdatsd ngomfuri eatiion stisitAgny ey omeeak
radi o waves. The UWB communi cation uses a very w de
unnecegdaney band from3.1 GHz to 10.6 GHz and
inEIenents, t hough over a short 27 distance,
wi féFbeyohranseiest basbiticl igbd anbanging dath atmeamay
rate of approximately 100 Mops. The UAB communi cation
be refegredmranréati GAVREENROPEGYC6ERGEARAipldEvelbpedias
18 radio conmuni cation schenme using antennas. For
alsgyihpladefnipegr "882CtEo8taF iené1FLRE, 1phéhdshene of
speti2IRILLLLN0 data having
Since known communication employing an electrostatic
field or an induced electric field uses lower-frequency
- signals, the known communication is unsuitable for
transferring a large amount of data. In contrast, a
communication system according to an embodiment of the
present invention transfers higher-frequency signals using
the electric-field coupling, and hence the communication
system can transfer a large amount of data. More
specifically, as in ultra-wideband (UWB) communication, a
communication scheme using high frequencies over a wideband
is applied to the electric-field coupling, thereby
implementing high-capacity data communication using very
weak radio waves.

The UWB communication uses a very wide frequency band

from 3.1 GHz to 10.6 GHz and implements, though over a short
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a packet structure including a preanble is designed as
an access control schene in the UAB comruni cati on.
Intel Corporation in the United States is studying,
as a UWB application, a wireless version of USB
whi ch has been wdely used as a general interface for
PCs. UWB transm ssion systens using a UAB | ow band
from3.1 GHz to 4.9 GHz have been actively devel oped
taking into consideration that the UAB comuni cati on
: ansf.er t t rat edi_ng .1 S
S e sng e s ah R B e AR og gars ot

a rHtd Hgy iR& e 1) MRl G . Of Thabrigating @ BEion is

circuit. he 1 nventor of the present invention

a dghieMes thika! 13 Fala dhARS e $i-an v @él%teqraab%@p LQYNG &1 o

UYB | ow-band is one of "effective Wrel ess

con@@ITTHtGRi R heAeNRisq¥eS ahe Beaappl ired ke -MPhkl,ein IEEER
devi ces. For exanple, high-speed data transmi ssion in

802a 1$har or dhst ange,area, sstehcasram rdhismathigh- seeedhaving
short-di stance device area network (DAN) including a
a psicheagetdeviccee danlbeingnpl ereatede The desygnkar aef an
the present invention believes that, according to a
acceB comtupilcathemesyst éheelffBogbnguancat28n. Intel
el ectrostatic field or an induced electric field, data
CorpematinbtathothgsUngtadvétyptweak sestutyiiogf i ekdacdiBbe
i npl erented. The inventor also believes that,
arradestdPrhg BoviteheasuvBresanunitcHbBonwhyshehpsabkange
. .amount of data, such as a novin% ina%e or nmusi c data
Wld@éﬁtﬁ?ﬁ@da?naoﬁgnéD?l interface for PCs.

UWB transmission systems using a UWB low-band from 3.1
GHz to 4.9 GHz have been actively developed taking into
consideration that the UWB communication can transfer data
at a rate exceeding 100 Mbps without occupying a
transmission band from 3.1 GHz to 10.6 GHz, and the
simplicity of fabricating an RF circuit. The inventor of
the present invention believes that a data transmission
system employing a UWB low-band is one of effective wireless
communication techniques to be applied to mobile devices.
For example, high-speed data transmission in a short-
distange area, such as an ultra-high-speed, short-distance
device area network (DAN) including a storage device, can be
implemented.

The inventor of the present invention believes that,

according to a UWB communication system employing an
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can be transferred at high speed in a short period of
time. Fig. 1 shows an exenplary configuration of a

contactl ess conmuni cati on system usi ng an
el ectrostatic field or an induced electric field. The

conmuni cation systemillustrated in the draw ng

includes a transmtter 10 configured to perform data
transm ssion and a receiver 20 configured to perform
data reception. As illustrated in Fig. 1, in the case

eié@%?&%t%%gca%ﬁ ﬁ%a%rogntQ%dh%%gsgh%%%ri%n%gkg%, data

recelver are dl spose faC|ng each ot her,

cor®hBGIH=2deS, QB! ga%ev%%yaw%%ﬁa%h%%Egiﬁg%i%ﬁ% Egﬁtgs

&l
antennas as a whole operate as a band-pass

implikekelv £l f mtleenhhyntbraRsmt biend «38 sREngkgnakcBetvegn to
the two EFC antennas. A transni ssion el ectrode 14 of

suchhe UWane@rd 86 ch@ iaRd s§steaGept 1arqel aablhade o244aka,
the receiver 20 are arranged facing each other with a

suchapsoh, mbefingxamake, o2 asiandathereataanepr @dUe8e CD,
electric-field coupling. In response to a transm ssi on

canr bguéstnisssneddf nomhaghuppeedappl ecahben, pariod of time.
transm ssion circuit unit 11 of the transmtter 10
geheg at &sshaws RNt eaespd 357 onosi jmatat sachofisaa UWNB
signal, on the basis of transm ssion data, and the

con§pglakspr epaganésatiom sysgemt heingamsnedscbnostatic

. electrode 14 to the reception electrode 24. A

fieldcept pBnicfreaft chartr2e éicdfe r &hei gemmppication
denodul ates and decodes the RF signal received to

SYSEelr odbeatgatgdahn tb?aﬁ§ﬁ@a§gth@cgeaeédacéaaaamatt@r 10

confIEYRRCL 2BRLLCAL an Apeording 1o = cqmunication ,,
configured to perform data reception. As illustrated in Fig.
1, in the case where EFC antennas of the transmitter and the
receiver are disposed facing each other, two electrodes
operate as a capacitor, and the EFC antennas as a whole
operate as a band-pass filter, thereby efficiently
transmitting an RF signal between the two EFC antennas.

A transmission electrode 14 of the transmitter 10 and a
reception electrode 24 of the receiver 20 are arranged
facing each other with a gap of, for example, 3 cm, and
hence can produce electric-field coupling. In response to a
transmission request issued from an upper application, a
transmission circuit unit 11 of the transmitter 10 generates

an RF transmission signal, such as a UWB signal, on the

basis of transmission data, and the signal propagates from
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frequencies over a wi deband as in the UAB
communi cation, ultra-high speed data transm ssion at
a rate of approxinmately 100 Mops can be inpl enented
over a short distance. In the case where the UNB
conmuni cation is performed using electric-field
coupling instead of perform ng radio conmunicati on,
the strength of the electric field is in inverse
proportion to the cube or the square of the distance.
B .Ql J.i t trengt,h. of .the electric field
e R e G vl bR Sy 35 Peas 20
A f%é%?ﬁﬂéﬁ*%ﬂ%?ﬁﬂﬂ iEo2qufe%§etQ%%eQQe%q§%ld%%g%ulates
r e

predeterm ne evel, very wea adl o waves can

ancBddRds t%%dRﬁeQQ%n%ﬁeﬂéd%ﬁQ%BnQooge oadle $hatl Qg

becones unnecessary. Therefore, an i expensi ve

tra@@TEHY eald QRpIkehRld GaRabed MRkenppledaphi ibhe jease
of very-short-di stance data comuni cation using an

el petbiraifibetd godphihniifi 86DEHR, sth8me qUal hEYhofna
signal is not deteriorated due to a nei ghboring
frenekhediesr oveur thetdeblnids aal Sa thee @SS abyma itakeon,
into consideration prevention of hacking on a
ulttreahsghs sperd daéa amdnsedesing at eombicdentiality. In
contrast, the propagation |oss increases with the -
app3oxipespayal PonMpst anoebeelimpilemendetiheveavel ehgtch.
~In order to allow an RF signal to propagate using
disgpeeeri cIni ha cesapihage the PWBpagamiioAckodeni §s
necessary to be reduced to a sufficiently snal
perfgryped PaipHeceBRAAFCALRPOA SeHBPAEnEf infEgASNPLti ng an

RF wi deband signal, such as a UWB signal '
performing radico €ommunication, the stréngth of the electric

field is in inverse proportion to the cube or the square of
the distance. By controlling the strength of the electric
field (strength of radio waves) over a distance of 3 m from
a wireless facility to be less than or equal to a
predetermined level, very weak radio waves can be emitted,
and hence the licensing of a radio station becomes
unnecessary. Therefore, an inexpensive communication system
can be implemented. In the case of very-short-distance data
communication using an electric-field coupling scheme, the
quality of a signal is not deteriorated due to a neighboring
reflector. Further, it is also unnecessary to take into
consideration prevention of hacking on a transmission line
and securing of confidentiality.

In contrast, the propagation loss increases with the
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using electric-field coupling, conmunication over a
very short distance of approximtely 3 cm corresponds
to approximtely one-half of the wavel ength of an
operating frequency of 4 GHz. Thus, such a very short
di stance should not be neglected. Particularly, the
characteristic inpedance causes a nore serious
problemin a higher- frequency circuit than in a
| ower-frequency circuit. An inpedance m smatch at a
li.n [ et we lectro s of smtter
oroFARLER B S Eone, BT RsTete iR %ﬁgwswfeis GERTD Thbrder

to EHQQ%raBrﬁ%“Qﬁgﬁﬁﬁ' 8“hEop§g§%% FQ rapagay! Q”fhgiﬁ

INn space 1S S n ca IOﬂ usi ng

coubﬁ%ﬁﬁen%hgspQEp%EétQBanéssa§s hEEE%E%?Peq8'BeFEQdu&%d to

desi red data transm ssion can be per even 1 n

a suteicasarWesmaalt kansai tten and éomﬁﬁﬁgbg%&oﬁa%eheageof
an EFC antéenna including only an el ectrode and

tra@@HplticA8gPaht ReNwSHBBLYAOREHALES B85 ca ahaaeuwga%@bhgh
capacitor. In contrast, comrunication using higher

usihgeglencires— @ﬁeﬁhtcbaﬁlanbargemmﬁﬁ@aga&bﬁnob938alnery
space. It is thus necessary to suppress signha

shoref Hésthoneand tpprorpmavelyr ansm ssirensebhiiei ency. As
illustrated in Fig. 13, - 31 in the case where an

appRExséinghal vyt paashid$i oA theewefedentthnsini theppandtang
RF-signal transm ssion line of a receiver are

freadFQ§Vedfté @lipr edéhesni pedhcharacyeshsticdimpedancehould

no |ngedance mat chi ng_can be achieved in a
nOtcbﬁpﬂ?ﬁéeﬁ pei onPabliskipFyyeotippi Aharhetewdstic

transm ssion |ines using_a plane
impedance causes a more serious problem in a higher-

frequency circuit than in a lower-freguency circuit. An
impedance mismatch at a coupling point between electrodes of
a transmitter and a receiver has a more striking effect in a
higher-frequency circuit.

Since the propagation loss in space is small in the
case of communication using frequencieé of kHz or MHz, as
illustrated in Fig. 12, desired data transmission can be
performed even in the case where a transmitter and a |
receiver each have an EFC antenna including only an
electrode and a coupling portion simply operates as a plane
parallel capacitor. In contrast, communication using higher
frequencies of GHz has a large propagation loss in space.

It is thus necessary to suppress signal reflection and to

improve transmission efficiency. As illustrated in Fig. 13,
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paral | el capacitor. Therefore, a signal is reflected
from an inpedance m smatch portion in the coupling
portion, thereby causing a propagation | oss and
reducing the efficiency. For exanple, in the U/B
comuni cation systemusing an electrostatic nagnetlc
field, which is illustrated in Fig. 1, even in the
case where an RF-signal transm ssion |line connecting
the transm ssion circuit unit 11 to the transm ssion
in .etlh%ct a%%e w]nérlef h cf{%a)élﬁ%lnal éwsgnhlsasf'%t %_I?L%d ]pf a

I npedance or exa inthe case o

tran@ﬂﬁ%ﬂ@ﬁ?anﬂf%ﬁf%@h51 nd C%%%g! SRALH Q1 Retvyeen 1he ;o

transm ssi on ectrode 14 an e reception el ectrode

areZ%d]%s%kﬁp%] %Spr%%%k%%hﬁ%eﬁpch%%%%t%&%%%g%th%@eh%%%e Zor
In the enbodi nent, EFC antennas provided in th

no h @kkkﬁhm%@h@&% iAnt PR HesiVRy 36 bn%b%ﬁganﬁsportlon
ustrated in Fig. 2, the electrodes 14 and 247in

by @h@k&y &b@@&in@e&héstM@dﬁQh@%&lb%l@ﬁdl&%esa@@lﬁgr&'b&bne
i nductors 13 and 23, which are connected to the

parREleilgrapaiansn sThemrefbirae. al gighalcase reffeeethbe from
above-nenti oned EFC antennas are arranged facing each
an dtmpedanas nlikostrcat edriciobi gn 3he- c32pltihg pwation,
el ectrodes operate as a capacitor, and the EFC
thegpbgnraysasgaanbobpagpéiane lassaabandegass nfyi ther .
Therefore, an RF signal can be transmtted efficiently
effpei@pen-the two EFC antennas. The RF-signa

transm ssion |ine nmentioned here corresponds to a
CO%Q¥a$X%%%l%r ypn the UWB communication system using an

electrostatic magnetic field, which is illustrated in Fig. 1,
even in the case where an RF-signal transmission line
connecting the transmission circuit unit 11 to the
transmission electrode 14 is a coaxial line with a matched
impedance of, for example, 50 Q, in the case of an impedance
mismatch in a coupling portion between the transmission
electrode 14 and the reception electrode 24, a signal is
reflected to incur propagation loss.

In the embodiment, EFC antennas provided in the
transmitter 10 and in the receiver 20 include, as
illustrated in Fig. 2, the electrodes 14 and 24 in a plate
shape, series inductors 12 and 22; and parallel inductors 13
and 23, which are connected to the RF-signal transmission
line. 1In the case where the above-mentioned EFC antennas

are arranged facing each other, as illustrated in Fig. 3,
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mcrostrip line, a coplanar line, or the like. If it
is only necessary to achi eve i npedance matching and
to suppress reflected waves between the el ectrodes of
the transmtter 10 and the receiver 20, that is, in
the ~coupling portion, it is not necessary for, as
illustrated in Fig. 4A, the EFC antennas to include
the pl ate-shaped electrodes 14 and 24, the series
i nductors 12 and 22, and the parallel inductors 13
Q%’ %lé@yf% e%r%p% t%C%%d t%aFF%ltgngéggatE EFC4B

transm ssi on , as | ustra

antletma% Suf f 'wh%% Lok £5e E5CaaBLaRnas *sof_nilgsra sinpl e

structdrein which'the pl at e- shaped“e Pact esS 14 and

Thedd raRd, the R%ersh%%a'ln@'éﬁt %St%ﬁsﬁ@@@@et egf&eltaﬂ%ly

RF- S|gnal transm ssion |1 ne. i's, by sinply

bet@b%ﬁoih%gt%BeE$@rhﬁ%enhB@UCtQhé R@ EH?nBE $kdAdhission
transmssion line in the case where the EFC ant enna

linef mehe ibhaashetbetok-aeepohie EECa aBhenAa ehpblihe a
receiver at a very short distance, the inpedance in

nictrbeteapplling, par tbphaaar bendesbgnedet 0ike.
.continuous. Note that, in an exenplary structure
i | TOsitatedonhy FigresdBrytherachseve Ohaadgends mdeching
characteristic i npedance - 33 before and after the
andcbapbiipgrpest refileahddhenrest hetwapuntheofleutredes of
does not change either. In contrast, as illustrated
thej rengmigperi A0t Ardcabe wheeéveheZfFCthatehna iy the

connected to ground via the parallel inductance
couphiBPpBeElioBet WbehSt REt| APLES8pdE 6Prt haselbéurbyetad in

Fig?hEAEIEhng%Eeantennas to include the plate-shaped
electrodes 14 and 24, the series inductors 12 and 22, and
the parallel inductors 13 and 23, which are connected to the
RF-signal transmission line. Rather, as illustrated in Fig.
4B, it is sufficient for the EFC antennas to have a simple
structure in which the plate-shaped electrodes 14 and 24 and
the series inductors are connected tc the RF-signal
transmission line. That is, by simply disposing the series
inductors on the RF-signal transmission line in the case
where the EFC antenna of the transmitter faces the EFC
antenna of the receiver at a very short distance, the

- impedance in the coupling portion can be designed to be
continuous.

Note that, in an exemplary structure illustrated in Fig.

4B, there is no_change in the characteristic impedance
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RF-signal transm ssion |line and ground, the EFC
antenna alone functions as an i npedance conversi on
circuit configured to reduce the characteristic

i npedance Z1 at the output side of the EFC antenna
relative to the characteristic inpedance Zo at the
i nput side of the EFC antenna (that is, Zo > Z1).
Therefore, the output current I1 of the EFC antenna
can be anplified conpared with the input current 10

F
e g 0T T LR FLGh P a8 SEPRC P, Afgnt
oflaﬁﬂﬂgiﬁﬂdggéwﬂbg'éﬂéﬂ ounleiRg be&We%%nkQ%s%le%%rodes

of the EFC antennas mnth and wi't hout parallel

113d§%%%&§ﬁ§§% Fiks M%.Cﬁ%ﬁ%h%r%E%%h%h@%@mt%%SEF@ antenna .is
stronger electric field can be induced by providing

com¥ctldele d RGN Silah taddichiran 160 (S s ncRIUEEaNSolsRd
the EFC antennas, thereby allowing the electrodes to

betheest rtmgllylpmugha@ @ eaehedtherodenatheheCase Wiekae
a strong electric field is induced near the
RF-aliecialodesnamiisislivst ndhed and BirgunbA, thiee Egenaenatada
electric field propagates in the front direction of
alonke felnettioode assanf dnpedsnael ocogiveudinal cwaveicausi ng
vi bration along the direction of travel. Due to this
congiigetreidc Lbi skedumgy sheachad4cteirgnaliccanpbdancangni 4t ethe
between the el ectrodes even when the electrodes are
outpahapatedoat ther EF4t pRERPNRargéadigeaficethen a
conmuni cation systemfor transmitting an RF signal,
chaggekead skionBMBREARLS Bsidly electRPEtfsele ebubhe ngEC

the necessary condltlons of the EFC antennas are as
antgpppowghat isy Z; > 2;). Therefore, the output current I,

of the EFC antenna can be amplified compared with the input
current I, input to the EFC antenna (that is, I, < I;).

Fig. 5A and 5B illustrate the induction of an électric
field by the electric-field coupling between the electrodes
of the EFC antennas with and without parallel indﬁctances.
As is clear from the drawings, a stronger electric field can
- be induced by providing parallel inductors in addition to
series inductors in the EFC antennas, thereby allowing the
electrodes to be strongly coupled to each other. 1In the
case where a strong electric field is induced near the
electrodes as illustrated in Fig. 5A, the generated electric
field propagates in the front direction of the electrode
surface as a longitudinal wave causing vibration along the

direction of travel. Due to this electric-field wave, ‘a
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(1) the presence of electrodes for establishing
electric- field coupling; (2) the presence of paralle
i nductors for establishing stronger electric-field
coupling; and (3) the setting of the constants of the
i nductors and the constant of a capacitor including
the el ectrodes such that the inpedance matchi ng can
be achieved in a frequency band used for

conmuni cation in the case where the EFC antennas are

Slgpllag.c% o 3¢ W ﬁt%?n'it%'&e eéT%%np%%%b%ﬁ% E:E%%%n%%e‘howﬂ

pass I nc Ing a palr antennas

theh%! %%r%g%%t%%@e%e a¢hRdg Sgcg QEEEEav@E 'ha#%%réﬁggance

can be eternlne bas
i @Qust @%ﬁ@ngtcatﬂ%nsws%m AYCtars, A4 dihg, Raret | &lgnal,

i nductors and the capacitance of the capacitor

suchnelsudi oget Re gahect nedas. ckearrbclg$iandeauipaiant the
circuit dlagran1of a band-pass filter including a

necpashrgf cbh@itaBhenbasthe ven hhecehakagker bstifellows:
i npedance R [0], the center frequency fo [Hz], and
(1)t haepbasecdickf efentecarofeadifan] egnaklixh<ngnklbetwneen
an input signal and a pass signal, and the
fieddpaoupancg:;C 2 of the capacitor including - 35 the
el ectrodes, the constants of the parallel inductance
(2) Ltheandeshocsepifepairadlel anoduc2oracifodedsiabiighing
band-pass filter can be calculated in accordance with
Strpﬁéeép@ﬂaﬂtﬁgc ﬂ@édeﬁ@ypﬂengsu agdt he fol | owi ng

equat i ons: %1 + cos a%
(3) the settlng of the constants of the inductors and the

constant of a capacitor including the electreodes such that
the impedance matching can be achieved in a frequency band
used for communication in the case where the EFC antennas
are placed facing each other.

The passband frequency f; of a band-pass filter
including a pair of EFC antennas having electrodes facing
each other, as illustrated in Fig. 3, can be determined on
the basis of the inductances of the series inductors and the
parallel inductors and the capacitance of the capacitor
including the electrodes. Fig. 6 is an equivalent circuit
diagram of a band-pass filter including a pair of EFC
antennas. Given the characteristic impedance R [Q], the
center fregquency f; [Hz], and the phase difference a
[radian] (m < oo < 2m) between an input signal and a pass

signal, and the capacitance C/2 of the capacitor including
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I 2/tfosina L L 1+zfOCRsina rH 2 47t2fo2C L 1 (1)

In the case where a single EFC antenna functions as an

i npedance conversion circuit, an equivalent circuit

thereof is illustrated in Fig. 7. In the circuit

diagramillustrated in Fig. 7, the parallel inductance

L1 and the series inductance L2 are selected in

accordance with the operating frequency fp so as to

satisfy the followi ng equations and expression,

there i ! enentin n_i.npedance _conversion circuit
thecoeﬁfecbcyrod? T co%[s taﬁltrgp o%at eeﬁagta?i eii &ﬁlgalgﬁ.@élce L,

i'guredt'o conver e “char ac

ond 9P RS B Ty BTl B vanadbicen

£11985CTdhed above,, liéﬁietdh F':Linc QURAGHERS Gy %ilﬁéagg)%@ ating

systemillustrated in Fig. 1, comunication Vi ces

frddigthRerd opan hige+ (MBreoMBynhgathant Ysgst he EFC
antennas illusfrated in Fig. 2 instead of antennas
used in wreless comuni cation devices enploying a
known radi o

B R(1+cosa) [H]
27f,sinax
1+ 7f,CRsinax
= H
47’ f,’C 7]

1

L,

(1)

In the case where a single EFC antenna functions as an
‘impedance conversion circuit, an equivalent circuit thereof
is illustrated in Fig. 7. 1In the circuit diagram
illustrated in Fig. 7, the parallel inductance I, and the
~series inductance L, are selected in accordance with the
operating frequency f, so as to satisfy the following
equations and expression, thereby implementing an impedance
conversion circuit configured to convert the characteristic

impedance from R; to Rj:
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conmuni cati on schene. Therefore, very-short-di stance
data transm ssion with features that have not been
achieved before can be inplenented. As illustrated in
Fig. 3, two EFC antennas whose electrodes face each
other at a very short distance operate as a band-pass
filter for allow ng passage of signals in a desired
frequency band, and a single EFC antenna operates as
an i npedance conversion circuit configured to anmplify
current. In contrast—i case where the single EFC
antenna is_placdd in frE@ spacq, the input inpedance
of the ERHG &hterme [does not tch the characteristic
i npedance of 47g R-Bj gnk), transnission line. As a
result, a signal input fromthe RF-signa

transm ssion lineJis rfefll ected i C
antenna anfd, s if t-+-ed- 2@‘6 R n{s)i—eIR2 Q‘ﬁﬂdi ng
to the comruni ch? y6t em of ° the odi . “unlike

an antenna, the tr Asm tter does not conti nuously

emt radi Rwavgs in the absence of a communication

partner. Chly when a conmuni cati on partner approaches

the transmtter and an el ectrode of the conmunication

partner and the electrode of the transmtter. .f.qem a

capacitor, inpedance nmatching is achieved, as

i |Reshaatleder ndsgriBedwiiereby am tIRF sogbattisss

transmtted. An electromagnetic field generated by a
compguprirhgonebsetendélofsararads it Fég. will | chamgramphédn

Fig. 18 illustrates an electromagnetic field induced
devbgegnthat perform the UWB communication use the EFC

antennas illustrated in Fig. 2 instead of antennas used in
wireless communication devices employing a known radio
communication scheme. Therefore, very-short-distance data
transmission with features that have not been achieved
before can be implemented.

As illustrated in Fig. 3, two EFC antennas whose
electrodes face each other at a very short distance operate
as a band-pass filter for allowing passage of signals in a
desired frequency band, and a single EFC antenna operates as
an impedance conversion circuit configured to amplify
current. In contrast, in the case where the single EFC
antenna is placed in free space, the input impedance of the
EFC antenna does not match the characteristic impedance of
the RF-signal transmission line. As a result, a signal

input from the RF-signal transmission line is reflected in
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infinitesimal dipole. Fig. 19 illustrates the mapping
of this electromagnetic field on the coupling

el ectrode. As shown in the diagrans, the

el ectromagnetic field is largely classified into an
electric field conponent (transverse wave conponent)
EO causing vibration in a direction perpendicular to
the direction of propagation and an electric field
conponent (Iongitudinal wave conponent) ER causing

theréoﬁrce\t ef a}ag?e}ll ls no he %rr%ctro hofop opa ation. A
na netd'c f §§ generate ar o €

c%&ﬁ%ﬁ'n%l Hgﬂé%mﬁUh caﬂ%&dn% é%“@%'ggé embodiment,

represent Jan electronagne I el i nduced

unlifd it 681N i RYJL + AL GYII %n;t/iog%' e %tn'tqrﬁu%%%l@e

regarded as a dont i nuous assenb such

emitfdddtesiamls dinPalhes apEheref e o @oﬁﬁhﬁl@@@ﬁ%ﬁ'ﬂ GartIRr.
fields induced by these infinitesiml dipoles have

OnlSi MHeA a ARG RIS UINC palfol re Xl chete tYaStr@nsmitter
Mushi ake, "Antenna Denpa Denpan (Antenna/ Radi o- Wave

ancPraepagaidran)ide, giulthies ketmy i cGariena pBtlhieshiang €oe,
Ltd., 1985, pp. 16-18). pejkR 1 jk k2 EB 4fzs R3 + R2

eleRtﬁQd@ Of ere) KRahspk tERr- foricasOap2icdsck3 BREpddHnce
jape-jkR1 + k sin 8 4,z (R R (3

matching is achieved, as illustrated in Fig. 3, whereby an

RF signal is transmitted.

An electromagnetic field generated by a coupling
electrode of a transmitter will be examined. Fig. 18
illustrates an electromagnetic field induced by an |
infinitesimal dipole. Fig. 19 illustrates the mapping of
this electromegnetic field on the coupling electrode. As
shown in the diagrams, the electromagnetic field is largely
classified into an electric field component (transverse wave
component} Eg causing vibration in a direction perpendicular
to the direction of propagation and an electric field
component (longitudinal wave component) E; causing vibration
parallel to the direction of propagation. A magnetic field
Hy is also generated around the infinitesimal dipole. The
following equations represent an electromagnetic field
induced by an infinitesimal dipcle. Any current

distribution can be regarded as a continuous assembly of

such infinitesimal dipoles. Therefore, electromagnetic
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As is clear fromthe above equations, the electric-
field transverse wave conponent includes a conponent
in inverse proportion to the distance (radi ated
electric field), a conmponent in inverse proportion to
the square of the distance (induced electric field),
and a conponent in inverse proportion to the cube of
the distance (electrostatic field). The electric-field
| ongi tudi nal wave conponent includes a conponent in
. l-nyer.se. proportign to.t .squar e .of ..the distance. .
£ R R B oo B i S b e o P fopg Lar
y 0 t fot di.st e l.egt r ostali
T e Lot B
Derdiflgd £l (?&%tt_re‘?mg’@i%_tdi%—wa%led:Pr-B%%Lg%ltel% hinC 1.8hd Ry by
- 39 reaches its maximumin directi‘ons ere Icos& =
Corbna b 1isnind) cdl.r,eetions 1igadi cated 1y 1gnrows in Fig.
18. In radio comuni cation wi dely enployed in wirel ess
conmuni cation, a radio wave emtted froman antenna is
a transverse wave Eg ausi ng vibraEion in a direction
per pendi cul ar t gat/$%di recti opjof ayel . A radi o wave
per pendi cuylgr=t ¢ i#gcqieék—of--]gel irzétion is not
conmuni cat ed. | ndopnt {ag? anRél ectRoyragneti c wave
emanating froma coupltng el ectrode enpl oyi ng a
comuni cation schene using an el ectrostatic field or
an induced el e?jé‘iJ’&Rfl el d infku es, besides a
transver sgftyave ; 1onpg- tudi S\Wve ER causing

vi bration al'ong Diygs ig@%tiqﬁzo travel . The
| ongi tudi nal wave E. i

. — jkR ]
H¢=Ja)pe 12+Jk sin @
4 R R

. (3)

As 1s clear from the above equations, the electric-
field transverse wave component includes a component in
inverse proportion to the distance (radiated electric field),
a component in inverse proportion to the square of the
distance (induced electric field), and a component in
inverse proportion to the cube of the distance
(electrostatic field}). The electric-field longitudinal wave
component includes a component in inverse proportion to the
square of the distance (induced electric field} and a
component in inverse proportion to the cube of the distance
(electrostatic field}, but does not include a component of

the radiated electromagnetic field. The electric field E;
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referred to as a "surface wave". By the way, a surface
wave can al so propagate through the interior and on
the surface of a medium such as a conductor, a
dielectric, or a nmagnetic body. O transm ssion waves
using el ectromagnetic fields, a wave whose phase
velocity v is slower than the velocity of light c is
referred to as a "slow wave", and a wave whose phase
velocity v is faster than the velocity of light c is

f d "f ast. " f ,
reaf%?fgégbnhBXl%uH&ﬁ aségﬁgr?§P€M/m§%ga eﬁMchon%acFngsls’
: I tted
in FATRALCOL IDISYSLEM 10 Shondle GANES, eanonitied,

el egt phgi bi gbﬂlnuﬁfc§£§8}1r9§&§%#’at e%fbgedaﬂﬁl pgyged

electric fiel However, a ra ectric

corMlingRatiiSni, Nker-aeliy REYROLHiQRaL R okhgndi Ia%tt@%% 1BBY
interfere wth other systens |ocated relatively far

tradw@rskt whset RYScaRs ef §rabbeat Do UPRY £5§; ther L a4i at ed
electric field component, that is, to perform

perpentidetlless toOARENHE @L-@A olsS bifig tﬁrhee_ﬂ. ongi tddiBakavwave
ER containing no radiated electric field conponent
perpbirbHecslppr essihg theetranaverseowavezEgieantai Abnag
the radiated electric field conponent. Fromthe
commboveatedt i ohedcenenpeiknt ant kéeEEComagranas waegeor di ng
to the enbodi nent are devised in the follow ng
emapahheg. LThat ai souphengbevechenticohgdemhlegiaquati ons
representing the el ectromagnetic field show that, in
compgpication scheme using an electrostatic field or an
induced electric field includes, besides a transverse wave
Eg, a longitudinal wave Ep causing vibration along its
direction of travel. The longitudinal wave E; is also
referred to as a "surface wave". By the way, a surface wave
can alsoc propagate through the interior and on the surface
of a medium, such as a conductor, a dielectric, or a
magnetic body.

Of transmission waves using electromagnetic fields, a
wave whose phase velocity v is slower than the velcocity of
light ¢ is referred to as a "slow wave", and a wave whose
phase velocity v is faster than the velocity of light c is
referred to as a "fast wave". A surface wave corresponds to
the former slow wave.

In a contactless communication system, a signal can be

transmitted through the intermediary of any of a radiated
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case where A = 0 holds true, EO = 0 holds true, and
the E. conponent reaches its maxi num More
specifically, Ea reaches its nmaxi numwhen it is
perpendi cular to the direction of current flow, and
ER reaches its maximumwhen it is parallel to the
direction of current flow. In order to maximze ER in
front of the electrode, which is perpendicular to the
~electrode surface, it is preferable to increase
curr.ent_.c onent s perpendi cul ar. the electrade. . In
oL g ST PR <d L et Send Fadai AGparnd g Ced
crcidisel eiflnom the, aenter Lof e BLeahLode, CULESAl upicn
conponents ‘parallel " to the électrode i ncrease dle to
s 4RES 0EhSeLY R r1306aRRRCe W L DG GUr FEDt 3oy s
e @OHponghii%rpherég%c%nponent in - %%c fron? of the " °

wit® 8¢hede JReheaIes ot Lhekeh ake ve8ach0f amag. EFC is thus
antennas according to the enbodi nént provides the

preffeediond Rl Muppisiantialdan it ddecrent efc of idhe component,
el ectrode (described later), as illustrated in Fig.
thatd4As, steh pkhdb rineonERcE0aBENERINMGAR cBe 1 FaX g agd £ hkn
known antennas, besides a radiated electric field, an
loneliectiiaatatibeef Egl doandiaingndoceddehestireétefteld ateld
al so generated. The electric-field coupling occurs in
compheentagbinkesepartsansg seeohranternacandva Egception
antenna are placed near each other. However, since
confregniofl the redeérgypdi slenitrtiedfasld cadpatedtel ectric
field, such known antennas are insufficient to
peF o nteontbeve gsent tomediny tewpohnt | ntkontrasent eeas

EFC antennas illustrated in . ‘
according to the embodiment are devised in the following

manner. That is, the above-mentioned three equations
representing the electromagnetic field show that, in the
case where 8 = 0° holds true, Eg = 0 holds true, and the Ep
component reaches its maximum. More specifically, Eg
reaches its maximum when it is perpendicular to the
direction of current flow, and Ep reaches its maximum when
it is parallel to the direction of current flow. In order
to maximize Ep in front of the electrode, which is
cperpendicular to the electrode surface, it is preferable to
increase current components perpendicular to the electrode.
-In contrast, in the case where the feeding point is offset
from the center of the electrode, current components
parallel to the electrode increase due to this offset. In

accordance with the current components, the Eg component in
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Fig. 2 include the coupling electrodes and resonating
sections in order to inprove the transm ssion

ef ficiency by generating a stronger electric field ER
at a predeterm ned frequency. In the case where the
EFC antenna of the transmtter illustrated in Fig. 2
is used al one, a |longitudinal-wave electric field
conmponent ER is generated on the surface of the
coupling electrode Since a transverse-wave conmponent

fr%ﬁﬁagochfhi %cac | g%ﬁ%e%ls(%m ri %hfelr%lf%rles, sna I g)rf the

y neg iI'0 waves are emt

EFéHEHtéﬁhaéMQGE%rdl EEEfeEg%g R%E%l%%%%r Q%bq%%%rkﬂ%

systens are not generate Ersighals i nput

fedd e ERE %%k%%%%tQQQl§Ef%e%%%dcen%%r o&oghgh%leﬁtrode

el ectrode back to an input end. In contrast, in

(déﬁﬁﬁib@@ﬁﬁ%t@r@al%soﬁlﬁﬁgt%%E%@nﬁ%.Eh% used, Lhah %%at the
in the case where EFC antennas of a transnitter and

Er tesebMentacenphacmdxahigeghort distance, coupling
el ectrodes are coupled to each other mainly by a

quasi kebent anséahsas, fhetddeonponeniaand epecatecasiald,
capacitor. As a result, the EFC antennas as a whol e
an epercdtrestasia Wamddpass knl tleructhuslachiréwi figeld are
i npedance mat chi ng. At passband frequencies, signals
alsgndepewertedre Caegelypctriansnietftedotplangoprunirsatinonhe
partner and are negligibly reflected back to the
-casenphierend. tThasngReiondastanove” angent renedtheneansenna
defi ned by wavel ength X, that is, corresponds to the
areqdpdpgREeNBEEWEBANt RENESUp| HAYCEEEet F6HES mOSt of the

energy is emitted as a radiated electric field, such known
antennas are insufficient to perform contactless
communication. In contrast, the EFC antennas illustrated in
Fig. 2 include the coupling electrodes and resonating
sections in order to improve the transmission efficiency by
generating a stronger electric field E; at a predetermined
frequency.

In the case where the EFC antenna of the transmitter
illustrated in Fig. 2 is used alone, a longitudinal-wave
electric field compoﬁent Er is generated on the surface of
the coupling electrode. Since a transverse-wave component
Eg containing a radiated electric field is smaller than Eg,
only negligible radio waves are emitted. That is, waves
interfering with other neighboring systems are not generated.

Most of the signals input to the EFC antenna are reflected
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d being d << % 27t. For exanple, in the case where the
operating frequency fo is 4 Gz, the "short distance"
bet ween the electrodes is a distance of 10 mm or | ess.
In the case where the EFC antennas of the transmtter
and the receiver are placed at a nmedi um di stance, an
el ectrostatic field is attenuated and a

| ongi tudi nal -wave electric field E. mainly containing
an i nduced electric field is generated in the

frﬁﬁ Gl Ly of the eaupling electr%de of the

ansn1tter e Iongltualnap wav e electrlc field E

'Slﬁeg8h¥ﬁgspy gﬂetﬁsueggggwﬁéfétibggl %hﬁFéegﬁtg

whereby a sighal is transmtted conpar e

1S\M§@@ thercase wﬁeEﬁetEgséFgaeageE@@Saﬁ%sﬁagecsé_at a

short - 43 “di'stance, it is nore at a signa

tranBRYttee LhE gFgec@ab@enarefpqaeeara@salgh%&twahgtaﬁce,
reflected fromthe electrode back to the input end

couﬁh@ng”@db@ﬁk@d&%a@@@"coﬁpmbdoﬁédeE@heotﬁeQeﬁb&ﬁbeMy a
the wavel ength X, that is, corresponds to the

quadiistaescerbetween Ehe1aouahpageﬁkeahHOdparadeb@sng
approximately one to a fewtines X/ 2n. In the case

capehértert heReper atsngtfr equeRey bOteandsCGhE, at heoleedpuiate
di stance" between the electrodes is a distance from 10

as anbtod-posamiiFtgr, Sthhewschneexegpliapydstcachatehofy.
the actual EFC antenna illustrated in Fig. 2. In the

At prafppedshoesuencEeg, s8gnehe ERC pawvennaref lehgely
transmtter 10 is illustrated. However, the receiver

trappmihEpddes a SPMMALCEFCoAnPeARAsr and are negligibly

reflected back tc the input end. The "short distance"”
mentioned here is defined by wavelength A, that is,
corresponds to the distance between the coupling electrodes
d being d « A/2n. For example, in the case where the
operating frequency f; is 4 GHz, the "short distance"
between the electrodes is a distance of 10 mm or less.

In the case where the EFC antennas of the transmitter
and the receiver are placed at a medium distance, an
electrostatic field is attenuatéd and a longitudinal-wave
electric field E; mainly containing an induced electric
field is generated in the vicinity of the coupling electrode
of the transmitter. The longitudinal-wave electric field E;
is received by the coupling electrode of the receiver,
whereby a signal is transmitted. Note that, compared with

the case where the EFC antennas are placéd at a short
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Referring to Fig. 8, the electrode 14 is di sposed on
the upper surface of a cylindrical dielectric 15 and
is electrically connected to an RF-signa
transm ssion line on a printed circuit board 17 via a
t hrough hole 16 penetrating through the dielectric
15. The EFC antenna illustrated can be fabricated by,
for exanple, formng a through hole in a cylindrica
dielectric of a predeterm ned height, formng a
: cti.ye .pattern,.seryin s_a Ling electr
o1 R A T e 1575 Mall rnacer B [rehy the e BRC
dhrauel hole JptiGendyct,on, gad o1
=n %?gﬁectrlceon g'pF?%?gg CI}%U?? 6gg?§%b§%rg%p§wtée _
e1e32:401d B tlhed Kepur 4ha.ThenReghtyifromargpreui t
mounting surface of tﬁe printed circuit board 17 to
merfth®nERURIERY 1@l eelriode b4, thRabavkIenbit® henghhof st he
t hrough hole 16, is adjuSted appropriately in

coraeepogance omhlk thetapekabiegewavehengbipiongaklewttBges
t hrough hole 16 to have an inductance, wﬁich can

d behermehopeoxaplhaed vt baeseni @s fendugies 122kl | ushr ahedcase
in Fig. 2. The RF-signal transmission line is

whecentéet etdetratdnguiidegh8neiya £t hes paratit el thadteéof ud 3

- having a chip shape. The dielectric 15 and the through

dishieheelcbpltagenhéheokéecofrodesi deng tiheteoopl fmgm 10 mm to
bet ween the coupling electrode 14 and the ground 18

40 @nd the role of fornming a series inductor. Having a
sufficient height fromthe circuit nounting surface
of Fitie Hrineed 27 reXfTP boRy dSIvueBuEheo bl bt rafdeual EBC

form
antenna illustrated in Fig. 2. In the example shown in Fig.

8, the EFC antenna of the transmitter 10 is illustrated.
However, the receiver 20 includes a similar EFC antenna.
Referring to Fig. 8, the electrode 14 is disposed on the
upper surface of a cylindrical dielectric 15 and is
electrically connected to an RF-signal transmission line on
a printed circuit board 17 via a through hole 16 penetrating
through the dielectric 15.

The EFC antenna illustrated can be fabricated by, for
example, ﬁorming a through hole in a cylindrical dielectric
of a predetermined height, forming a conductive pattern
serving as a coupling electrode on the upper end face of the
cylinder, filling the through hole with conductor, and
mounting the dielectric on a printed circuit board by reflow

soldering or the like,
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the series inductor 12, the electric-field coupling
between the ground 18 and the electrode 14 is

avoi ded, and the function as the EFC antenna (that is,
the electric-field coupling to the EFC antenna at the
receiver side) is ensured. Note that, when the height
of the dielectric 15 is large, that is, the distance
fromthe circuit nounting surface of the printed
circuit board 17 to the electrode 14 is so |ong

rebﬁblMglgatt@@ogpsreakeal%amshﬁeghg gnékag@eoﬁi§§gnce

is difficult to be ignored, the series 1nductor

print®d drdi@3oniig 19e¢ld ehe QRRLALSS %ﬁe%&r%@%eﬁqa that
and adversely enits unnecessary radi'o waves due t

is,cuheenterfgdt@nWioTg the theoug®r hes e NAYCter abidusitd hl S
case, the attenuation of radio - 45 waves emtted by

appirop riesenat iing aseotridancef wike ERC aplkeardngbehadiRgqds to
an antenna relative to the distance is smaller than

allpwatthef tamoelgbctiodst a6 ¢of hebved an andunduced,ek@dichi ¢an
field. It is thus difficult to suppress these radi o

theggfese repterg whak seadies wavestwhedlé tiAéustremgtihief Fig.
an electric field at a distance of 3 mfroma

2. wihel 8§ssfigeplli tyansmiessont haneoisegeahetsed to ground

predeterm ned_| evel . Therefore, the height of the
18 HF@IEE?rPérfélﬁé defleFiPied3ohavhadbasichisf shepe-
condjtions: the coupling to the ground 18 is

I
%h%g%f STeFthel randcile? i Sireadhshe e EEQ@baY eblg role

u a, series inductor necessar¥ for
6

of %BSFQ%P§5¥Q§ CaﬁpiﬁﬁgdaﬁE@eﬁﬁtEhﬁnaoepﬁeagte#@C Pﬁ§d94
ano 208 HPoRTBeho Ehi"EGFRSER YolAhS LRUERE Muceor.
Having a sufficient height from the circuit mounting surface
of the printed circuit board 17 to the electrode 14 to form
the series inductor 12, the electric-field coupling between
the ground 18 and the electrode 14 is avoided, and the
function as the EFC antenna (that is, the electric-field
.coupling to the EFC antenna at the receiver side) is ensured.
Note that, when the height of the dielectric 15 is large,
that is, the distance from the circuit mounting surface of
the printed circuit board 17 to the electrode 14 is so long
‘relative to the operating wavelength that the distance is
difficult to be ignored, the series inductor 12, i.e., a
resonating section, operates as an antenna and adversely

emits unnecessary radio waves due to current flowing in the

series inductor 12. 1In this case, the attenuation of radio
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i nductor is suppressed (that is, the operation of the
resonating section including the series inductor as an
antenna is not so strong). In general, nmetal hinders
efficient radiation of radio waves emtted from an
antenna. For this reason, it is not allowed to place
nmetal such as ground near a radiant elenent of an
antenna. In contrast, in the conmunication system
according to the enbodi nent, the characteristics of

W 1 a . @) d e. n
atde Hhikt ANIRNNG AN 0L 55%5&%%% t?lCﬁY?%.BEE%ﬂ% 33%a

where netal 1's placed faci acksi

berfl Gl ofde skf-ankheufF Ge1anteRNa £ DG MRS PLS smaller
conpact than a known antenna by appropriately

thaelerdd g the censtraicsitafe tthe1sedresd NGl 148t ric
12 and the parallel inductor 13. Unlike an antenna, an

fiedldact rmstiat ithumgnatiiedliteltd Rappie spoltdkiszatiseno Aaves
predeterm ned | evel of communication quality can thus

to bervachiagdy ed déve vanetsh v edief fr@rent: renigent atfi an. eARctric
antenna transmts a signal using a radiated electric

fieflicelad whiddls tiamcat todnBatmed riom ienwenrsé eprofactildnyt dst hess
di stance. In contrast, the EFC antenna according to

thapher ewvedi kene pradstiersiacsi geake lnai Ahyresong,anhe
dnduced electric field which is attenuated in inverse

heighgpneft iths cdelesériquabe i6f denerniisednea ahed basis of
el ectrostatic field which is attenuated in inverse .

thepfoddriigd £onghéionse ofheneougildpanée. thar greungr 1§ is

the ¢ seﬁgf an electrostatic field, the electric

avoggﬁGIVHé PapPdl (I aEakERE 185 1CRe 28 $hnBEC antenna are

fully achieved; a series inductor necessary for operating as
an impedance matching circuit is formed; and the emission of
unnecessary radio waves due to current flowing in the series
inductor is suppressed (that is, the operation of the
resonating section including the series inductor as an
antenna is not so strong).

In general, metal hinders efficient radiation of radio
waves emitted from an antenna. For this reason, it.is not
allowed to place metal such as ground near a radiant element
of an antenna. In contrast, in the communication system
according to the embodiment, the characteristics of the EFC
antenna are not deteriocrated even in the case where metal is
placed facing the backside of the electrode 14. The EFC
antenna can be made more compact than a known antenna by

appropriately selecting the constants of the series inductor
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bet ween the el ectrodes increases, leading to
difficulty in performng conmunication. This neans
that this is suitable for comunication over a very
short distance using a very weak electric field.
Figs. 15 and 16 illustrate nmeasured values of S
paranet ers obtai ned by disposing two EFC ant ennas
facing each other and changi ng the di stance between
coupling electrodes. The S paraneters include a
[ ; ratiha (V. .1 COLL e 1.ng a
12 ] O R A TR PR N T B PRI, B
e1RBAJRE il OMa@nelidN il i G sSihde RNd fiehlected from a
receiving sidé back to the transmtting side; and a
preficaRagdinedn 1ess 821 cobu@ini At iocs g;&alli\ﬁg! elnl $hus be
emtted fromthe transmtting side and ich reaches
acHikeeeesicni nd toi de dififgrebd bhlivsteaties.the VSWR  and
Fig. 16 illustrates the propagation |oss S21. Note
t hat abhensazeraefisgiosnd oigeathukbtyant eandatsdldigbtric
X 17 mm the size of each coupling electrode is 8 mm
fied dgminichhé sheitgknuetedt he éhwetrsederbbemngtbnofioathet al
~line) is 4 mmwhereby substituting for a series
disittagget or Inaggntiespar theeEFCi pdienancecicsrdi8anko khe
general, the VSWR is recommended to be | ess than or
embggiBpntoteansnitsi 3 ekennrlf nodmitygusipgt Rat infloceBFC
ant ennas operating around 4 GHz, in the case where the
elegtstantéchet vesrlt he pEARBHREEEr LANdNYRESPeREPPErTLSN to

_ |l ess than or equal to 10 t he VSWR becones a_ snal
thevggagrgnag tLe 8Estance angngn electrostatic field which

is attenuated in inverse proportion toc the cube of the
distance. Particularly in the case of an electrostatic
field, the electric couplihg rapidly weakens as the distance
between the electrodes increases, leading to difficulty in
performing communication. This means that this is suitable
for communicaﬁion over a very short distance using a very
weak electric field.

Figs. 15 and 16 illustrate measured values of S
parameters obtained by disposing two EFC antennas facing
each other and changing the distance between coupling
electrodes. The S8 parameters include a voltage standing
wave ratio (VSWR) corresponding to a reflection
characteristic S,; of a signal which is emitted from a
transmitting side and reflected from a receiving side back’

to the transmitting side; and a propagation loss S,;; of a
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i npedance matching is achieved. In this case, it is
regarded that the coupling el ectrodes of the EFC
antennas are coupled to each other through an

el ectrostatic field and operate as a capacitor. In
contrast, in the case where the distance between the
transmtter and the receiver is greater than 10 mm
the VSWR becones a relatively | arge val ue and

i npedance matching is not achieved. In this case, it

sidral hEgafed that dhe du ERG %%ﬁ%‘?ﬁ%t%? cquRl ed 2085 o
I 'y i nal -wave

transmt a Ssignal maln using a longitu

reddiiicatLheeldib nd igldd . Fird.g 9 13hqws | GRMRRIHS AR O swr,

the neasurenent results of propagation |osses

anddtiaj.nad By 16handinRg the ¢roanee iRet VeRR s, 48 Note that
ant ennas, EFC antennas (wth parallel inducfors), and

theERG z cantfe girasinwidtheutchp@ra el enfduaions) mehikch 7amd, the
pl aced facing each other. In the case of antennas,

s 1 zche fpreapdg acupil ines & 1dees odet 1sb@caie xasmhar gBeadetBat of
in the case of the EFC antennas (with paralle

the pdegcttarsle evemowherft he nditsfladdesi) ndiseds es, whaneby
signal disturbing other wireless systens may possibly

sublsé 1Gendngt €¢r bBnseléesadadoktome ERG aheepaas lwiethout

. parallel inductors, the propagation efficiency is |ow,

indyg§ancre igr dpdgati-on 1 oss is large even in the case

where a communjcation partner is nearby. In contrast,
i nTRheceasel of thfeVEEC aht ERRAENERTeR tpapal less than or

deuctors), t he EFC_antennas are strongl¥ coupl ed
equal to two. It is clear from Fig. 15 that, for EFC

antennas operating around 4 GHz, in the case where the
distance between the transmitter and the receiver is less
than or equal to 10 mm, the VSWR becomes a small value and
impedance matching is achieved. In this case, it is
regarded that the coupling electrodes of the EFC antennas
are coupled to each other through an electrostatic field and
~operate as a capacitor. 'In contrast, i1n the case where the
.distance between the transmitter and the receiver is greater
than 10 mm, the VSWR becomes a relatively lérge value and
impedance matching is not achieved. 1In this case, it is
regarded that the two EFC antennas are coupled and transmit
a signal mainly using a longitudinal-wave induced electric
field.

Fig. 9 shows comparison of the measurement results of

propagation losses obtained by changing the distance between
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to each other up to a short distance of approximtely
1 cm and the propagation loss is snmall. However, the
signal is rapidly attenuated as the distance

i ncreases, resulting in characteristics that do not
interfere with the surroundi ng neighborhood. By

i ncluding the parallel inductors in the EFC antennas,
i npedance mat chi ng can be achieved in an operating
frequency band in the case where the coupling

antedBedd odes ofnddig HFGante 188 q_rnrcgfn&g:%tqrhsg %EE%% EFC

each other at a very shor I st ance,

anﬁﬁHﬁHH“¥WﬁﬂH%uﬂx§H¥é¥iéﬂ3fﬁﬂﬂbﬂaﬁ@qrm&ﬁkﬁp%ﬁeagﬁk&ﬂﬁger

electric field. The el ectrodes of the EFC ant énnas are

facgionnesded diandhe RF transmission |ine, such as a
coaxial cable, a mcrostrip - 49 line, or a coplanar

|'i na. thkecaBECodntenaasasiefheopedphfattiBhSloss does not
speci fication solve problens inherent in RF circuits.
bedameeach IBRFQeanrtemtat iin itheassuredt hake Ere Bhtennas
transmission line (or a series inductor) is connected
(wittdy toseralderit émdofctiche ) elegrety etien Byec dimeahiceg ihhecBEes,
transmssion line to the center of the el ectrode,
ande@r sdeinafl] s tewdring ofthetrhe igledetssody stemer eby possibly
preventing unnecessary radi o waves fromemanating in
be peprraded-he 18l sber 686 pfatigb&Fanenskenpas without
pgrpendicular direction relative to the el ectrode
parghleicdnduste ey g theaRyorpaatdrny &€ 1ichensanasciiig and
th the RF ttansqission [ine to a position offset from
t RECPEARELO8f 1OPRe 18 dBEPEIEY CBUrPeRfSf FE6RE UREVENRY
Com&ﬂnghete%ectro e, and the el ectrode operates as a
TEr68EHCF RRESRRE aRdRERTPY -

In contrast, in the case of the EFC antennas (with
parallel inductors), the EFC antennas are strongly coupled
to each other up to a short distance of approximately 1 cm,
and the propagation loss is small. However, the signal is
rapidly attenuated as the distance increases, resulting in
characteristics that do not interfere with the surrounding
neighborhood. By including the parallel inductors in the
EFC antennas, impedance matching can be achieved in an
operating freguency band in the case where the coupling
electrodes of the EFC antennas are arranged facing each
other at a very short distance, and the EFC antennas are
coupled to each other through a stronger electric field.

The electrodes of the EFC antennas are connected to the

RF transmission line, such as a coaxial cable, a microstrip

- 49 -




unnecessary radi o waves (see Fig. 14B). In the field
of radi o comrmuni cation, "capacitance- |oaded" antennas
in which netal is attached to the tip of an antenna
element, as illustrated in Fig. 17, thereby inducing

a capacitance and reduci ng the hei ght of the antenna,
are wdely knowmn. At a glance, this type of antenna
has a structure simlar to that of the EFC antenna
illustrated in Fig. 2. A description will be given of

1irde o8 ff elpnces r Retween ran EE@Cth%%ﬁﬁagsgﬁghQi%ned in

transmtter/receiver of the enbodinent an
thiGapaeidiancatieaded 3ot rad 1 AsCapaeiktancen! aaded rcuits,
antenna illustrated in Fig. 17 emts radio waves in

di racthonsEBl antleBlapr otnds aas8@ha@At that S5Ohe ekenent
of the antenna. However, the antenna emts no radio
tranawgssiipndilieet i(or A, sehieB saBvesocas asnhdbhnpeikBH. to the
El ectric fields generated around the antenna are
cengraniliedhieneldetaibe . Sp8yi toeakkying tadi aFedraheatskion
field attenuated in inverse proportion to the
lingi $ratibe feoierhefanhenrdecanodenduvedesktetioive Bivehdy in

attenuated in inverse proportion to the square of the
thedpdepahceder orhehebanpearantand anneresterost ardéof welds

attenuated in inverse progortion to the cube of the
trogi eraReeingoiit AECRKt eAnhhar elgehepdeedn apsshasenthally

indgced electric field and the electrostatic field
perprRIACHeAGat eHSFEIaRi TelebivRetdi ShaneterbERIpaprafgce
K thgn th$4£?diaéed electric field, onlg the radi ated

Se8| ecfri r el 47 SCRFEEE5seBYi ROGRREFAPIwF eI BES

tra§¥%£5g§bnafgnéhgo a position offset from the center of
the electrode, current flows unevenly in the electrode, and
the electrode operates as a microstrip antenna and emits
unnecessary radio waves (see Fig. 14B).

In the field of radio communication, "capacitance-
loaded" antennas in which metal is attached to the tip of an
antenna element, as illustrated in Fig. 17, thereby inducing
a capacitance and reducing the height of the antenna, are

widely known. At a glance, this type of antenna has a

structure similar to that of the EFC antenna illustrated in

' "Fig. 2. A description will be given of the differences

between an EFC antenna used in a transmitter/receiver of the
embodiment and a capacitance-loaded antenna.
A capacitance-loaded antenna illustrated in Fig. 17

emits radio waves in directions B; and B, around a radiant
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i nduced electric field and the electrostatic field are
often neglected. Even in the case of the

capaci tance-|l oaded antenna illustrated in Fig. 17, an
i nduced electric field and an electrostatic field are
generated in direction A but are rapidly attenuated
in air. Therefore, such an induced electric field and
an electrostatic field are not actively enployed in

radi o communication. Fig. 8 illustrates an exenplary
elediCl & rf ARG, amlgana hiel %g%e%% a@&h}%dnboradlo
t he communi cation system |IIustrate

Vel det@ 19 Ut Wihe @f skheeBFGs antenna g npot
I|n1ted thereto. For exanpl e, an el ectrode portlon of

Eledt rikC rartienng <t ateddhrol@deasil ¥nkeaducadcatxh@Wned in
cost by perform ng sheet netal processing. Figs. 20

dettad 122 iSipledstfriatag 1REt Aodsdab terodueicheict e e3adMBttenuated
Referring to these drawi ngs, a sheet netal nade of

in doppesecoproperitike ite phechedthackofioa pbet sanewhiachan

wi Il beconme a coupling electrode and a portion which
indgickeld géeomwria lfegldorntenungethhéncanpkirng ekepbradent to
an RF signal line. Next, the sheet netal is bent to

theaﬁn@@meh@flé@epdﬂﬁtencetérb@.béﬁtasubsnamtaaulyn
perpendi cular to the coupling electrode portion,
eleﬂﬁépéﬁﬁtﬂﬁefneédpéﬁﬁﬁaﬁaﬁeﬁuévegnaeaégupéaphétghn tphghe

desi red hei ght nmentioned here corresponds to the size
cub?haﬁ &R BﬂéyaBS?hfrﬁ@ EBPeaBEenBdordEngcBEHpLRAg

bet ween t he coupli el ectrode portion and
Because the 1nduce8 el ctr?c fgeldpand the electrostatic

field are attenuated relative to the distance more rapidly
than the radiated electric field, only the radiated electric
 field is discussed in general wireless systems, and the
induced electric field and the electrostatic field are often
neglected. Even in the case of the capacitance-loaded
antenna illustrated in Fig. 17, an induced electric field
and an electrostatic field are generated in direction A but
are rapidly attenuated in air. Therefore, such an induced
electric field and an electrostatic field are not actively
employed in radio communication.

Fig. 8 illustrates an exemplary structure of an EFC
antenna which can be applied to the communication system
illustrated in Fig. 1. However, the structure of the EFC
antenna is not limited thereto.

For example, an electrode portion of an EFC antenna can
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ground and the role of enabling the leg portion to
serve as a series inductor. The coupling el ectrode
fabricated in this manner is fixed to a correspondi ng
position on, for exanple, a printed circuit board
using a jig or the like (not shown) and nounted in

pl ace by refl ow soldering or the Iike. The nunber of

| eg portions operating as series inductors nay be
two, as illustrated in Figs. 20 and 22, or one, as

be Iéaléasltg fg&sﬁda&f'agce 1%k c%sttte Hﬂ/a?e\f:%c%m:_ltn%r e RS

| eg portions may fornme nativ

prAYang canrile eas vy f@brl'l(‘l%tsec(}atk%y QYT o% R ing

line, a resonating section, and a - 52 couplin
theelLgidg.0de as a wring pattern on one board. Fig. 23
illustrates an exenplary structure of such an EFC

anketfiearinbote thakenargwougd, shoshdebenprayi dgde of
behi nd the coupling electrode. The EFC antenna

copddrusirr athed liiskd €3S pacdivartiageods rm Bapodtion which will
t hr ee-di nensi onal EFC antenna in that the illustrated

becERE antempd iogn edelcy resteabhidsk weakdonc epkhngiand bieteme
frequency band is narrow. However, the illustrated EFC

a legt evmdavds rad v age liimg ei‘lrEBZUIfOCbEr ooucin RF cosgnandline.
conpact size (thinner in thickness). As has been
delextbehabshectimetad tonhent chei dhlogyshenieg portion
according to the enbodi nent, high-speed conmunication

to e RephpSypgihantian liePrrprafdRtidd usPngheheoupling
characteristics of an electrostatlc field or an

eleFﬁaﬁdePQFE&PPv whegeRy the leg portion achieves a

desired height. The desired height mentioned here
corresponds to the size that can play both the role of
avoiding coupling between the coupling electrode portion and
ground and the role of enabling the leg portion to serve as
a series inductor.

The coupling electrode fabricated in this manner is
fixed to a corresponding position on, for example, a printed
circuit board using a jig or the like (not shown) and
mounted in place by reflow soldering or the like.

The number of leg portions operating as series
inductors may be two, as illustrated in Figs. 20 and 22, or
one, as illustrated in Fig. 21. Alternatively, three or
more leg portions may be formed.

Alternatively, an EFC antenna can be easily fabricated

by forming a signal line, a resonating section, and a
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Since the strength of electrostatic coupling or

i nduced- electric-field coupling greatly weakens in
accordance with the conmuni cation di stance,

i nformati on can be prevented from being hacked by an
unexpected communi cation partner, and confidentiality
can be ensured. A user can intuitively select a
comuni cation partner by bringing the user's device
physically closer to a desired conmuni cation partner

copllihg WLl Addfe USely YaNLS o %a]‘i’:stte&l*i’l' l$h _o%%'t” ReCLion and

exchanging information wth the comrunication

23 parteira ti NG NG dmddli Loy WavSs- @& e t4&h O tRBC antenna.
out si de of the comuni cation system according to tﬁe

NoteTho@itTent g ridi@icC GHBNIC el 9 o9 He@Md@8sd RO coupling
interfere with other wirel ess systens. Since no - gé

elesittrerdeal Imadi Groavescane Hedeistedthy tike leermidveatiagRous
system the conmuni cation systemis not affected by
thaex erthalee worees iand 1t BECr @acephnan isendiati vhiy itheseebted
is not deteriorated. In the conmunication system
EFCaeadedinag cea vhé vemistdicdesh, weaedmmunocplioy ean hés
perforned in the case where a capacitance is
fregegacyt eanbetive8Arrew - el doweudes. tbrl ikéuatresddaEed
electric field, an electrostatic field or an induced
- antgnpgt hpé pA¥RALRESSNéNpERaNEZzaLi BPHodTRELeNoFeStt Rad
shape of each electrode is not limted to a plate
Comgﬁﬁge?l?8r(EQéﬁﬁ?é,thEhépééﬁﬁéﬂes can be spheres, as
ilJustrated in Fig, 10, or can be freely designed in
ac%%r@%%%e%@t%e?%glb%s?%v%f i r PR sSOHRYS ERRT 1R
sys%gﬁ Ekkg%&ﬁggegoe%ggpg%boﬁygent, high-speed communication
of a UWB signal can be implemented using the characteristics
of an electrostatic field or an induced electric field.
Since the strength of electrostatic coupling or induced-
electric-field coupling greatly weakens in accordance with
the communication distance, information can be prevented
from being hacked by an unexpected communication partner,
- and confidentiality can be ensured. A user can intuitively
select a communication partner by bringing the user's device
physically closer to a desired communication partner with
which the user wants to establish connection and exchanging
information with the communication partner. Since no radio
waves are emitted to the outside of the communication system

according to the embodiment, the communication system does

not interfere with other wireless systems. Since no
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conductor spheres A and B wth radius a [n] and radius
b [mM, respectively, are arranged at a distance d [n]
in anmdium with a dielectric constant ¢ [F/m] (note
that the distance d between the center of the two
spheres should be sufficiently I|arge conpared wth
the radii a and b of the spheres A and B). A
capaci tance C between the two spheres is expressed as:
C 4,zs [F] (a+bJ (4) - 54 1In the case of spherical
ext®d BELT 08I0 A SIADI £ L1 RL Gy T £l LRl G ddg can
be realized wi thout depending on"the relative .
sy$asi,t il cdrelati Qs hetreeen 4 he el86dQdes by a6itgnal
each other. Since a netal plate can be disposed
noiehi rtheadhe aeleeigade, dde ERGiant emassan bedireel y
arranged in corresponding wirel ess devices w thout
detrepuintdatgd. imtations. Fig. 11 depicts an exenplary
structure of a conmunication system using EFC
adterhas cABybriicrgiimg aysteredcodel it ©of ahpoehbblément,
wirel ess device 100 closer to an electrode 201 of a
comguatlicaaon wiare lbes peddvirpe 200, tédleeclsiec whisirel @
coupling is established between the el ectrodes 101 and
CapAFLLaase & Scanmeriacad oetypgenativon edeatirodeBhe Unlike a
portapble wreless device 100 includes a pen-shaped
raddadiedy elard tiive f ikl spRefileatt resteticddisde g an

: zﬂtﬁmidtoiheiip of the . )
induced electric field has no polarization. Therefore, the

shape of each electrode is not limited to a plate shape.

For example, the electrodes can be spheres, as illustrated

in Fig. 10, or can be freely designed in accordance with the
design of wireless devices. 1In the illustrated example, two
conductor spheres A and B with radius a [m] and radius b [m],
respectively, are arranged at a distance d [m] in a medium
with a dielectric constant & [F/m] (note that the distance d
between the center of the two spheres should be sufficiently

large compared with the radii a and b of the spheres A and

B). A capacitance C between the two spheres is expressed
as:
4re
C=——|F]
| I 1
a b
(4)
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casing. Accordingly, a stable electric-field coupling
line can be realized w thout depending on the
relative positional relationship with the el ectrode
201 of the stationary wreless device 200, which
faces the el ectrode 101. By enploying a w deband

wi rel ess communi cati on schene, such as UWAB, in the
illustrated very-short-di stance conmunication system
using electric-field coupling, data such as inages or

NMoYhNghiTREeS e%nsgﬁeggweh0@ﬁsét95degp'Qag%gbm%tghgc@ric-

short period of tine. In another embodi nent

ficafd SAMEAN PR cardPe realized without @%@%h@%@g o%hthe
a contactless integrated circuit (1C) card. In th

relCas@e PosYttiemalln rehizeh Rehs PN dle takdehe rthieCc allien r%e s
accounting is perforned and content such as nusic or a

faciog Rgdhmaghers downlceadethetan peagenihgubeddiBhesed
foregoi ng description concerns the nechanismin which
behangli gaah ied cictaiosie, t tthed BECweencanpai tadf bEFEraatignnas
in the communi cation systemillustrated in Fig. 1. The
arrapgesinissicon refpansiiggalvipeflween dewd cdevivdeébhout mounting
necessarily involves the transfer of energy.
limfkatéprose, this type of conmmunication system can be
applied to electric power transfer. As has been
deBi¥i bbl APBVELStHe SXewPIREYfserdctEre geherat ed by
the EFC antenna of the transmtter propagates as a
compypiseEiay&Yeheni psiraeEFEcanyernasde BinbPriapiapl §n

.elecgggag E8%Bof g Eg%%ELXIn%igggeggaggbhégn%oo gigggk to an
electrode 201 of a stationary wireless device 200, electric
field coupling is established between the electrodes 101 and
201, and a communication operation starts. The portable
wireless device 100 includes a pen-shaped casing, and the
hemispherical electrode 101 is attached to the tip of the
casing. Accordingly, a stable electric-field coupling line
can be realized without depending on the relative positicnal
relationship with the electrode 201 of the stationary
wireless device 200, which faces the electrode 101.

By employing a wideband wireless communication scheme,
such as UWB, in the illustrated very-short-distance
communication system using electric-field coupling, data
such as images or moving images can be downloaded or
uploaded within a short period of time.

In another embodiment, this type of system can be
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received by the EFC antenna. Fig. 24 illustrates an
exenpl ary structure of the case where the

comuni cation systemillustrated in Fig. 1 is applied
to electric power transfer. In the illustrated system
by bringing a charger connected to an alternating
current (AC) power supply and a wreless

comuni cation device closer to each other, power is
transmtted in a contactless manner to the wrel ess

confBAHBHI 3% %nd@%@éa%fééi'ﬂHﬁ?@?@te@F91§%h§%nq%c card.

cont al ne the ch arger an W rel ess

In GOMMURIGRL T QN SARNIGE i ARG iRENCR r SR8 WL 8heS% ication or
communi cat'i on device is charged with power. - 56 The

acdfa tame NRAS TR rteed 2 Ydr@ htaRSler a8l elshicC JRower .
In the case where no power-receiving EFC antenna is

moviogatiatgeedls degmpeaeled KAms Met ond 1Bh@eant enna, nost
of the power input to the power-transmtting EFC
anThandcksgolafl detedibatknt coAacdrnectheuneentnl b)) LAC
inverter. Therefore, the em ssion of unnecessary
whichdieo sigved tie thencuotisitdel dredwkeke aopsumpbifoEFef antennas
power beyond necessity can be suppressed. Although
in the examphéciltiost sastdm Alilhetdieagdanm ¢dncedns fThe
case where the wreless communi cati on device is
tragREigedon PR powépnad Betweenchapgegviicer pewerssigidot

limted to a wreless device. For exanple, electric
invpdKEr tBantEENFLaRsPEr PEETON-a EBATAEPIEsS CRAANENPEOOK

nmusi, ¢ @Ia er or a digital canera.
communica system can"be applied to electric power

transfer. As has been described above, the electric field
Er generated by the EFC antenna of the transmitter
propagates as a surface wave in air. The recelver side can
reliably obtain power by rectifying and stabilizing a signal
received by the EFC antenna.

Fig. 24 illustrates an exemplary structure of the case
- where the communication system illustrated in Fig. 1 is
applied to electric power transfer.

In the illustrated system, by bringing a charger
connected to an alternating current {AC) power supply and a
wireless communication device closer to each other, power is
transmitted in a contactless manner to the wireless
communication device via internal EFC antennas contained in
the charger and the wireless communication device, and hence

the wireless communication device is charged with power.
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Fig. 25 illustrates another exenplary structure of the

case where the communi cation systemillustrated in

Fig. 1 is applied to electric power transfer. In the

illustrated system the EFC antennas and the

surface-wave transmssion |ine are used to both

transfer electric power and perform conmrunication.

The timng to switch between comuni cati on and power

transm ssion is controlled by a comunicati on/ power
The EHS MRSl HECEREANLNTY kohing Siranale ;8eRt i fr QA

transmssion circuit unit. "Alternatively,

COMAURhEath8R ARHrePAYEEOHEADSELEST ORGCRRCPSntenna is

alternately perfornmed on a - 57 predeterm ned cycle.
lodatddhing:aGas@e PhecROWRENEHARTANGS ECT a0uERWL,CaBsReor the

mai nt ai ned at an opti num | evel by feeding back a
poweliarigipng sbathe powaddictbBmie tangORIUNiagdkhoa Sisgnal

to the charger. For exanple, when charging is
refenpleet @dck itof ar piteen-codireati MQCH HACCaAmplketiean i S

sent to the charger, thereby changing the power
Thetredngri, sshenemdspibnt ofzenoecAkshoyghhatihe ehaegeroi she
_ connected to the AC power supply in the system
outisfidgsengt é8ei ponkamptanings, poherspsvend magebeity can be

applicable to the case where power is supplied froma
SUPP&REEFEr phone to another cellul ar phone with | ow

battery power remaining therein. The present

| AL TR Hatse HRRATRILR oF - bedt e of nifhoves | 2 g Ram

cont ext . of gEeci i c enpodi nments thereof. It iis to be

CONGRABPSEBEACAREWAVEFS Fhat YAbELFPEaFPBRYNSFaGLoN device is

cha%&ggrﬂ?£hvggwer, a device charged with power is not
limited to a wireless device. For example, electric power
can be transferred in a contactless manner to a music player
or a digital camera.

Fig. 25 illustrates another exemplary structure of the
case where the communication system illustrated in Fig. 1 is
applied to electric power transfer. In the illustrated
system, the EFC antennas and the surface-wave transmission
line are used to both transfer electric power and perform
communication.

The timing to switch between communication and power
transmission is controlled by a communication/power
transmission- (reception)-switching signal sent from a
transmission circuit unit. Alternatively, communication and

power transmission can be alternately performed on a
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to the enbodi nents can be nade by those skilled in the

art wthout departing fromthe scope of the present

invention. In this specification, the enbodi nents

applied to conmunication systens in which data, such

as a UMB signal, is transmtted using electric-field

coupling in a cabl el ess nanner have been mainly

descri bed. However, the scope of the present

invention is not limted thereto. The present
prédé\‘ceéltrdi%d Sig .l arﬂny t@ﬁ@ Jesss | e tth%’ fo%rere)ﬁ%'mlﬁ?rfis%ion

conmuni catl on system usi ng an RF S|gnﬁ ot her than

outdidt dah Hhe B Corinicat A tIGa"8 Q18 by, fe.edin(g)]f back

comuni cation system perfornmng data transri ssion

a char@figld walat dOWr REMeneY to08 @i Wik% signal to
electric-field coupling. In this specification, the

theerpedigaRnt s rappld@eie, shehemhariyiwi Gk dat@licseq,
communi cat ed between a pair of EFC antennas have been
infraialty cdeserdibed.ing ree: tdwend reayison Sid den®©ft@ sh@naharger,
bet ween two devi ces necessarily involves the transfer
thegfebenehgygitki $hieypewelr carmsnicatioon csysiemtecareral.So
be applied to electric power transfer. In short, the
pr&sehoughvehei ohahasrbiencdinsetbseédtbytheafCopower
exanpl es, and the disclosure should not be construed
SUPR4 Yt B8 ittt siyetiele 1dAdustRetedehe tikaldrapé ngade the sstem
appended clainms for delineation of the scope of the
mayppPeserPLiraPéfht teénthet caRsuldcle vardersisogubplikdsérom a

skilled in the art that various nodifications,
cellBABrnRIPERs FOs@pOEBREI ASLilYAsT phone with low battery

power remaining therein.

The present invention has been described hereinabove in
the context of specific embodiments thereof. It is to be
understood, however, that modifications of or alternatives
to the embodiments can be made by those skilled in the art
without departing from the scope of the present invention.

In this specification, the embodiments applied to
communication systems in which data, such as a UWB signal,
is transmitted using electric-field coupling in a cableless
‘manner have been mainly described. However, the scope of
the present invention is not limited thereto. The present
invention is similarly applicable to, for example, a
communication system using an RF signal other than that in
the UWB communication scheme or a communication system

performing data transmission of a relatively low frequency
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and al terations may occur dependi ng on design
requi renents and other factors insofar as they are
within the scope of the appended clainms or the
equi valents thereof. - 59 WHAT IS CLAIMED IS: 1. A
comuni cation systemconprising: a transmtter
including a transm ssion circuit unit configured to
generate a radi o-frequency signal for transmtting
data and an el ectric-field-coupling antenna
'§HHWi g St qt i:Q-f requency signal as
. an el%}eict o(gslt%é{tr%qus?e iy %%O;u?ill% uced electric field;
a TeCenver shaeckivdicagian, ekaet EhsobhifbArSOUBLIAG to
antenna and a reception circuit unit configured to
sydtRGRl Vigh aih cHIRAESS & R 1Q@-flcRU¥RAGK e $NPair of EFC
received by the electric- field-coupling antenna; and
antdhridgeanc &dut elding Wlds GaMdgur ed nlc@ ke tadinsmission
i npedance of the electric-field-coupling antenna of
of tthesidmaAndrtiviean egualdetvd cad intpedancd 16f itk®1ves the
el ectric-field- coupling antenna of the receiver,
trantsdreel 0t Reargi,otfriequepey ofi graimung. catdsimstytseedrbyan
electric-field coupling between the
alsel drt ripp-lfiesl docedgictmg c aoremdsansdeirng each ot her
of the transmtter and the receiver. 2. The
cohfrufhestr oAhsyBrearREcoHRUENGied BRai been diketebad by
t he radi o-frequency signal is an ultra-w deband
-wayspéngga@glﬁé,a@ng|ﬁpg_ﬂpggggﬁgpe should not be construed

as the restrictive one. Reference shall be made to the

appended claims for delineation of the scope of the present
invention. -

It should be understood by those skilled in the art
that wvariocus modifications, combinations,'sub—combinations
and alterations may occur depending on design requirements
and other factors insofar as they are within the scope of

the appended claims or the eguivalents thereof.

- 59 -



60 3. The conmmuni cati on system according to clainms 1
or 2, wherein the inpedance matching unit serves as a
band-pass filter with a desired radi o-frequency band
as a passband between the electric-field-coupling
antennas of the transmtter and the receiver. 4. The
comruni cati on system according to any one of <clains 1
to 3, wherein the electric-field-coupling antenna
performns i npedance conversion for reducing, relative

wHATO 1& GhahaG eid.stic inpedance at an input side
connecting to the transmssion circuit unit, a
characteristic i npedance at an output side facing the
ot her electric-field-coupling antenna. 5. The
commuNACabinRin$¥st ebhasget 8hngohgragyngne of clains 1
to 4, wherein, in the transmtter, a radio-
frequeasymstgeal 1heananhgshobrhhBRiESLohr anssuiti Agit
the radio-frequency signal generated by the

. contfrignsreds sicogetietattiet a waidi o regneacted ignhAdt dat al |y
to the center of an electrode of the

traglsgdttiiogf deltd- eodpkbinnglactenca fuwet i-theplingedaneana
mat chi ng unit interposed therebetween, and wherein, in

confiaguredeitpetraasmadi 6her eqdéncyreagracy signadi esi en
line for transmtting the radio-frequency signal to

elegchaopéaépti dacdrr edi enuandursdcehnetred féghstantially
to the center of_an electrode of the electric-.
fi @l BeCHUPET nyRahidhna &t dleher i apbiahdecaupthnggantenna

unit - 61, interposed therebetween. )
and a reception circult unit configured to receive and

process the radio-frequency signal received by the electric-
field-coupling antenna; and

an impedance matching unit configured to make an
impedance of the electric-field-coupling antenna of the
transmitter equal to an impedance of the electric-field-
coupling antenna of the receiver,

wherein the radio-frequency signal is transmitted by
electric-field coupling between the electric-field-~coupling
antennas, facing each other, of the transmitter and the

receiver.
2. The communication system according to claim 1,

wherein the radio-frequency signal is an ultra-wideband

signal using an ultra-wideband.
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6. The conmuni cati on system according to claimb5,

wherein the inpedance matching unit includes a

conductor wth a | ength dependent on an operating

wavel ength. 7. The communi cati on system according to

claim5, wherein the inpedance matching unit includes

a lunped- constant circuit. 8. A comrunication

apparatus conprising: a comunication circuit unit

configured to process a radio-frequency signal for

t BANSMH I-RGhHERLS tyd.Gs.f4:eld- '

ar?t'ennmglteconfi gurlg)o‘_lﬂttta'%(iil ?S%S?ﬁgfs%d%%dcﬁﬁggc@%%ﬂ% Loor 2,
wheGQUB ithe Lo GAFRIRIGAH IR RAMNGE rviACiaR ot BRnd-pass

communi cation apparatus at "a very short distance,
filwker elinh ke RIsaidd Galdiel-GreopRhcRY ARle RRA sh3% s@band

i npedance matched to that of the commrunication partner
betwicen twel @h celtedto-ifd<flicel-dugpauply Bgtesinest alFl itsked,

the comunication partner being disposed at the very
tragisoritt tedi shantcdke FecBieezaomruni cati on appar at us

according to claim8, wherein the

el ectric-field-coupling antenna includes an

el ectrode, a series inductor, and a parallel inductor,

al #.- Bhe epmppnthabienconpeenedccording to any one of

radi o-frequency-signal transmssion line. 10. The
Claé@ﬁn&nﬁ@agkloéﬁﬁéﬂaFB§ géestaingtiele-gonrd inowhacenna

the constants of the parallel and series inductors
pergﬁﬁmﬁhém88ﬁ§95ﬁtC8ﬂvﬁréé6§c?Pénéédﬁpénﬂeté?ﬁﬁﬁéaeséo a

tha% the . . . . .
characteristic impedance at an input side connecting to the
transmission circuit unit, a characteristic impedance at an

output side facing the other electric-field-coupling antenna.

5. The communication system according to any one of
claims 1 to 4, wherein, in the transmitter, a radio-
frequency-signal transmission line for transmitting the
radio-frequency signal generated by the transmission circuit
unit is connected substantially to the center of an
electrode of the electric-field-coupling antenna with the
impedance matching unit interposed therebetween, and

wherein, in the receiver, a radio-frequency-signal
transmission line for transmitting the radio-frequency
signal to the reception circuit unit is connected
substantially to the center of an electrode of the electric-

field-coupling antenna with the impedance matching unit
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el ectric-field-coupling antenna, with a sim/lar
el ectric- field-coupling antenna of the communi cation
partner facing the conmunication apparatus at the
very short distance, serves as a band-pass filter
having a desired radi o- frequency band as a passband.
11. The conmmuni cati on apparatus according to claim?9,
wherein the constant of the parallel inductor and the
constant of a capacitance are determ ned so that the
int®d 8ddd £l LQ0pl{ ng antenna serves as an inpedance
conversion circult for reducing, relative to a
characteristic i npedance at an input side connected to
the comunication circuit unit, a characteristic
i mpedanee abmalnieHtRuh sidechasiperbii8gCeRMERLEAL EON
partner. 12. The conmuni cati on apparatus according to

whetdedirmthe iwpeiRintd heteligely ode v neldder’d & tRiductor
el ectric-field- coupling antenna is nounted at a

withr edateergtine:geeidgihit abowe opeprEtited waivieQueirgthqard on
whi ch the communication circuit - 63 wunit i s nounted.
13. The comuni cati on apparatus according to claim 12,
wherein the predeterm ned height is a distance for
suppr e$bengoriienichtibhebdsteupkiagridongr bandlanmt he
printed circuit board, a distance for formng a

wheggine§ hiendiipesanter magehilag wg litnpagandesmat dhimpgd-and
a di stance for reducing em ssion of unnecessary radio

conghgas Gd€ctdtcurrent flowin the series inductor.

8. A communication apparatus comprising:

a communication circuit unit configured to process a
radio-frequency signal for transmitting data; and

an electric-field-coupling antenna configured to
establish electric-field coupling to a communication partner
facing the communication apparatus at a very short distance,

wherein the electric—field—coupling antenna has an
impedance matched to that of the communication partner with
which electric-field coupling is established, the
communication partner being disposed at the very short

distance.
9. The communication apparatus according to claim 8,

wherein the electric-field-coupling antenna includes an

electrode, a series inductor, and a parallel inductor, all
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14. The communi cati on apparatus according to claim?9,
wherein the electrode is substantially hem spherical.
15. The comuni cati on apparatus according to any one
of clainms 8 to 14, further conprising electric-power
generating nmeans for generating electric power by
rectifying the radio-frequency signal transmtted
between the electric- field-coupling antennas. 16. An
electric-field-coupling antenna used in connunicating

of %Hl%qi O fd QAUENRCK 3 §Ral, li%ﬂdl%— 569{11

coupl 1 ng, conprising: an electro grl grlnductor
traahi & iR alslg!. 1 nductor, 64 wherein the el ectrode,
the series inductor, and the parallel inductor are
connected to a radio-frequency-signal transm ssion
line, and wherein the electric-field-coupling antenna

hasoan Thapedancfigatebgdappathatisohcace@imynteatianm 9,
partner with which electric-field coupling is

wheastiabltheh ethn stthe t sc efmithieC akiran 1par ther skeiiag dnsipesets
at a very short distance. 17. The
andeltéet coosftiasltdofoaplkiapg canbenea aaec dedergihed cbaithnat the
16, wherein the radio-frequency-signal transm ssion
elelcGtme oi¢ iedamecrpd isgbsngrninal | yitb wheivénter cdbctinéc-
el ectrode with the series inductor and the paralle
fieldggetpd ing antenna of the communication partner facing
the communication apparatus at the very short distance,
serves as a band-pass filter having a desired radio-

frequency band as a passband.

11. The communication apparatus according to claim 9,

- wherein the constant of the parallel inductor and the
constant of a capacitance are determined so that the
electric-field-coupling antenna serves as an impedance
conversion circuit for reducing, relative to a
characteristic impedance at an input side connected to the
communication circuit unit, a characteristic impedance at an

output side facing the communication partner.

12. The communication apparatus according to claim 9,
wherein the electrode included in the electric-field-
coupling antenna is mounted at a predetermined height above

a printed circuit board on which the communication circuit




i nterposed therebetween. 18. The

el ectric-field-coupling antenna according to clains

16 or 17, wherein each of the series inductor and the -

paral I el inductor includes a conductor with a |length

dependent on an operating wavel ength. 19. The

el ectric-field-coupling antenna according to any one

of clainms 16 to 18, wherein the constants of the

paral l el and series inductors and the constant of a
unapaciganse.pre determned so that the electric-field-

coupling antenna, with a simlar

el ectric-field-coupling - 65 antenna of the

comuni cation partner facing the electric-

fieB3d- coupl chgmantieanaoat apparyeny shebtrddhgt 8BC8Laim 12,
serves as a band-pass filter having a desired

whenadiro-tfhree gurenkyt dharicheas hed gpas ikand di2@anthe for
el ectric-field-coupling antenna according to any one

supgfregsdings el&dto ito.f iwlier eionplliegc arsgamtunaf odvhehe printed
paral l el inductor and the constant of a capacitance

cirgidt deradni redlissanicat folre felredingi e- Bieelidsc dmpluicigr for
antenna serves as an i npedance conversion circuit for

achigfieiongnredenge vetchiagehansceedistiaocenfedameduating
.an input side to which the radio-frequency signal is

CMLSFARN, C4 SRAPSEESAILSt radipnpayasc8ust tan cogepat $ilge in
estahlishing electric-field coupling to the

thee SeftRPcaPP8RtP4&rt ner. 21. The el ectric-fiel d-coupling
antenna according to any one of clains 16 to 20,
wherein the el ectrode is nounted

14. The communication apparatus according to claim 9,

wherein the electrode is substantially hemispherical.

15. The communication apparatus according to any one
of claims 8 to 14, further comprising electric-power
generating means for generating electric power by rectifying
the radio-frequency signal transmitted between the electric-

field-coupling antennas.

16. An electric-field-coupling antenna used in
communicating a radio-frequency signal using electric-field
coupling, comprising:

an electrode;

a series inductor; and

a parallel inductor,
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at a predeterm ned hei ght above a printed circuit
board. 22. The electric-field-coupling antenna
according to claim2l, wherein the predetermn ned

hei ght is a distance for suppressing electric-field
coupling to ground on the printed circuit board, a
di stance for formng a series inductor for achieving
i npedance matchi ng, and a di stance for reducing

em ssion of unnecessary radi o waves due to current

fl%ﬂbk@lﬁ6thgh§l§95 88el NAHEt QL3 23 5 gaﬁctor, and the

el ectric-field-coupling antenna according to any one

parfl 16hai ifguks 30 232, d@%ﬂé@t@dtﬁ% &l 86104 rieSyency-signal
substantially hem spheri cal .

transmission line, and

wherein the electric-field-coupling antenna has an
impedance matched to that of a communication partner with
which electric-field coupling is established, the
communication partner being disposed at a very short

distance.

17. The electric-field-coupling antenna according to
claim 16, wherein the radio-frequency-signal transmission
line is connected substantially to the center of the
electrode with the series inductor and the parallel inductor

interposed therebetween.

18. The electric-field-coupling antenna according to
claims 16 or 17, wherein each of the series inductor and the
parallel inductor includes a conductor with a length

dependent on an operating wavelength.

19. The electric-field-coupling antenna according to
any one of claims 16 to 18, wherein the constants of the
parallel and series inductors and the constant of a
capacitance are determined so that the electric-field-

coupling antenna, with a similar electric-field-coupling
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antenna of the communication partner facing the electric-
field-coupling antenna at the very short distance, serves as
a band-pass filter having a desired radio-freguency band as

a passband.

20. The electric-~field-coupling antenna according to
any one cf claims 16 to 19, wherein the constant of the
parallel inductor and the constant of a capacitance are
determined so that the electric-field-coupling antenna
serves as an impedance conversion circuit for reducing,
relative to a characteristic impedance at an input side to
which the radio-frequency signal is input, a characteristic
impedance at an output side establishing electric-field

coupling to the communication partner.

21. The electric-field-coupling antenna according to
any one of claims 16 to 20, wherein the electrode is mounted

at a predetermined height above a printed circuit board.

22. The electric~fieid-coupling antenna according to
claim 21, wherein the predetermined height is a distance for
suppressing electric-field coupling to ground on the printed
circuit board, a distance for forming a series inductor for
achieving impedance matching, and a distance for reducing

emission of unnecessary radio waves due to current flow in




the series inductor.

23. The electric-field-coupling antenna according to
any one of claims 16 to 22, wherein the electrode is

substantially hemispherical.




