COMMUNICATION SYSTEM, COMMUNICATION APPARATUS, AND
ELECTRIC- FIELD-COUPLING ANTENNA CROSS REFERENCES TO
RELATED APPLICATIONS The present invention contains subject matter
related to Japanese Patent Application JP 2006-245614 filed in the
Japanese Patent Office on September 11, 2006, and Japanese Patent
Application JP 2007-150500 filed in the Japanese Patent Office on June
6, 2007, the entire contents of which are incorporated herein by
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communicating a large-amoynt-gf ¢atapetwgen jpfgrmation 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-frequency (RF), wideband
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Japandsaudadelectricffield;canshmeegpastisularly 1, 2006, and Japanese
Patent Application JP 2007~150500 filed in the Japanese

Patent Office on June 6, 2007, the entire contents of which

are incorporated herein by reference.

BACKGROUND OF THE INVENTICN
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 td a communication system for
performing high-capacity data communication between
information devices using an ultra-wideband (UWB)
communication scheme using a radio-frequency (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 communication system, a communication apparatus, and an EFC
antenna for enabling high-capacity transmission by efficiently transmitting
an RF signal between EEC antennas of information devices using an
electrostatic field or an induced electric field over a very short distance. 2.
Description of the Related Art Recently, the use of wireless interfaces in
transferring data between small information devices, such as 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
distransmissiomgsig & general chble] suthas an @udic/viseakA\)ocabie or
_a universal serial bus (USB) cable, to interconnect the information
fie@Vices ot UsHitfa RfctiGmEtich =S & hfetflory Tard "WirelBssintérfalces! Y
co 2retserfiendlier becayse they do not invalve the reconneetion.of 4 .,
connectors and the W|ri¥1g ofd cable every time data transmission is
zrcPeHerned. Yarous, information: deviees having cableless:comewinication
functions are now available. As methods of cableless data transmission
e f f betweeri small adevices, begides Wikelessitogal dretwrmetwokKS(LANS)nnas
represented by the Institute of Electrical and Electronics Engineers

of YEEEYEZ 1 af@ BlGEB ot PFadi® cBATNCAtIoR -2 schenfesdt an
s nafigdaingansmissionlieception of radlp. signals ysing apiennas have

een deveFope%iI. For example, a
2. Description of the Related Art

Recently, the use of wireless interfaces Iin
transferring data between small Information devices, such as
when image data or music data is exchanged between a small
information device and a personal Computér {PC), is becoming
more widespread in place of data transmission using a
general cable, 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 recconnection of connectors and the wiring of a
cable every Time data transmission is performed. Various
information devices having cableless communication functions
are now avallable.

As methods of cableless data transmission between small
devices, besides wireless lccal area networks (LANg)

represented by the Institute of Electrical and Electronics

Engineers (IEEE) B0Z.11 and Bluetooth®, radio communication
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proposal has been made for a portable image recording apparatus
containing an internal antenna placed at a position not covered with a
hand holding a grip (for example, see Japanese Unexamined Patent
Application Publication No. 2006-106612). Since the internal antenna is
not covered with the hand, correct image data is received. Even in the
case where the antenna for wireless communication is placed inside the
apparatus, the antenna can exert its characteristics. A communication
scheme referred to as "ultra-wideband" (UWB), which has been drawing
schéncreasing@ttention imrecent ryeais; 93 anyirelesscammunication o
technology for implementing high-capacity wireless data transmission at
s 19 phFoxifrately A00 MBS thagie overa sHE distaifcd, usifigra aerymide 2
frequEngy baBd from 3a1_ GHz to 10.6 GtH .. Therefore, a Iarﬁecgmount of
ProMata suthasa (rannovrflr?g f?naj:)erora1 nUsic at%lecoinrflgi%%d v oné bﬂﬁ)act

appgis&@)cgawfnir@%sfgﬁregfﬁééﬂgmp%ctméhg@Q@Q@d,9&tigne- The

UWB communication has a communication distance of approximately 10
posintlue teds relatiernship withriransnmission cgonierg UsingldWB( for example,
short-distance wireless communication scheme, such as a personal area

see ndfRSRPAN figlBe ednfigliedt Fopekamplel i EEP 802a5i3 br the:
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with the hand, correct image data is received. Even in the
case where the antenna for wireless communication is placed
inside the apparatus, the antenna can exert its
characteristics.

A communication scheme referred to as "ultra-wideband"
(UWB) , which has been drawing increasing attention in recent
years, 1is 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 UWB communication. Intel Corporation in the United States is
studying, as a UWB application, a wireless version of USB, which has
been widely used as a general. 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
scHbaka data transmissiom gystetn emplaying a WWABUdew-bkandiisonesof
effective wireless communication techniques to be applied to mobile
incdeldtesy Forreaple chigh-shieaddnta trafsmissisiings skertdisthngeheme
area, such as an ultra-high-speed shot(%t-distance device areatggtwork‘

in k) tHB UMY Stora BBvice LT e STEth&ted” I the ‘dhse WHdred
Stagg% strengthof an glectricfield fthe strength of radio waves) at a distances ; on,

m from a wireléss facility is less than or equal to a predetermined
of leval, thak is; in thescaseswheraivery weakyadio waves:snerelyicaustig:ce
noise for other wireless systems existing in the neighborhood are emitted,
foxh&Gieensing of a radio - 4 station is unnecessary (for example, see the

Regulations for the Enforcement of the Radio Law, Article 6(1-1
(Rééﬂ ansmEESEon systems usi%g a UWB Eowagn from 3.1

{atioh

GHz to 4.9 GHz have been actively developed taking into
consideration that the UWRB communication can transfer data
at a rate exceeding 100 Mbps without occcupying 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 technigques 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
implemeﬁted.

In the case where the strength of an electric field
{the strength of radio waves) at a distance of 3 m from a
wireiess facility is less than or egual to a predetermined
laevel, 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 Committee, 1950)). Therefore, the development
and production cost of a wireless system can be reduced. Due to its
relationship with transmission power, the above-described UWB -
communication can implement a short- distance wireless communication
system at a relatively low electric-field level. However, in the case of a
UWB communication system using a radio communication scheme for
performing transmission and reception of radio signals using antennas,
en electric field generated therein is difficult to be suppressed to a very

staweak leveluMaay kaewnwirgless earmmpnication systemnsemployradios sor

communication schemes and allow signals to propagate using a radiated
the efeetifisingeherdied e titackise Where durreht flows(thrdugh(&e aefialt ion
No ( ngenna). In this case, a transmitter. side emits radio waves regardless of

the présahtd ot eoRimtnicaticR phrhEr This may genetde  fartthifg the
devURYER wich.distush dae peidbhorlng commmupication, SYSIems. Ay can ne

antenna at a receiver side receives not only desired waves fro
redtraagmittepubutalsa tadie waves oarsiving from farawaysrihus; e power,
antenna at the receiver side is susceptible to the influence of ambient
thejaimiiyg daves Hesaltiighin eomducticrmbfithe receptionrserrsitivity 2 s thert -
case where agluralit of communication partners - 5 exists, a

distemGhicatbd ety iSHEEEESATS td BR dohd b brikr f SSleétd dedived-o¥
eleEQ@ﬂHu%¥gE@‘¥EU@iﬂon%QW%ver, in the case of a UWB

communiication system using a radio communication scheme for
performing transmission and reception of radio signals using
antennas, en electric field generated therein is difficult
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 example, in the case where a
plurality of pairs of wireless devices perform wireless communication
within a narrow range, division multiplexing such as frequency selection is
necessary to be done in order to perform communication that does not
interfere with other pairs of wireless devices. Since a radio wave
perpendicular to the direction of polarization is not communicated, the
directions of polarization of the antennas of the transmitter and the
receiver are necessary to be aligned. For example, in the case of a

ex ieantactiessagta icomprdinicationsystem irewkish £ommonicatiowise in
performed within a very short distance from a few millimeters to a few

ordgdntirfetéfs §G8 preféfable tattREHrANshttet SMdRAE Lretkiver BB the
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ong istafice i order to g\géi(c)lnin?é;‘r¥erence with o?ﬁeres}il%téjms.’lt is alSo
caskrefgrable thap dafa communication.deviges.he-equpled ydthieach ofbek o rm
regardless of the orientations (directions) thereof in the case where the
wirgdtacommuonication dévices atdr placed i close proximeity with eachn
other, that is, it is preferable that the devices have no directivity. In order
mu Mo igekforan Righ-Capatity ek e rmurictont it 48 preterablé thiat the £6 Pe
devices ca Qer{orm brofadrband comrp}t:ﬂréig%tionﬁ Irélg\g%el%sges not
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interfere with other pairs of wireless devices. Since a
radic wave perpendicular to the direction of polarization is
not communicated, the directions of polarization of the
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, 1t is 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 alsoc preferable that
data communication devices be coupled with each other
regardless of the 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. 1In order to perform

high-capacity data communication, it is preferable that the



radio communication using a radiated electric field, various
communication schemes using an electrostatic field or an induced electric
field are available. For example, an electric-field coupling scheme or an
electromagnetic- induction scheme is employed in existing contactless
communication systems mainly used in radio frequency identification
(RFID). An electrostatic field or an induced electric field is inversely
proportional to the cube or the square of the distance from the source
thereof. Therefore, very weak radio waves in which the strength of an

dev ietectrie sfielg éstrength of radid suaveshisnessi thaniosrequal to a
predetermined level at a distance of 3 m from a wireless facility can be
erhitted BAd hehce WEEersiig 6ha radié istatort lseunnscessas i thisd

di Xpe of contactless communlcatlon S stem atrﬁnsmlssmn slgg% is
ra l|rap|d1)y Arihtiaiet “dtcording 6 the dis Lnes. fthe cass wher various

comMER B EQmmunigation partngr exists, no.caupling relationshippoceurs,

and hence other communication systems are not disturbed. Even in the
indwcase wheretradio Wavesdarave froms faraway, ani=hC antennbereceives
no radio waves, and hence the present system is not interfered with by
elegipdc chimdvhication systeris TR I8 Tcotactibss, Veryastont Histance
mmunication using electric field coupling - 7 emplo nduced
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comt AHIDWAVES, systems mainly used in radioc frequency
identificaticon {RFID). An electrostatic field or an induced
electric field is inversely proportional to the cube or the
sqgquare of the distance from the source thereof. Therefore,
very weak radio waves in which the strength of an electiric
field (strength of radio waves) is less than or equal to a
predetermined level at a distance of 3 m from a wireless
facility can be emitted, and hence the licensing of a radio
station is unneéessary. 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
reliationship 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



Contactless, very-short-distance communication systems have some
advantages over general wireless communication systems. For example,
in the case where a radio signal is exchanged between devices located at
a relatively long distance, the quality of the radio signal in a radio range

is deteriorated due to a neighboring reflector or an increase in the
communication distance. In contrast, short- distance communication is not
dependent 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-

emp Jdistange sammunication:gystem; there ds Ro ghange for an: Upautherized
device to intercept transmission data. Therefore, it is unnecessary to take

fielintoiconsideraticre prevertiontafivackingron ad@hsmission ¥ag and
securing of confidentiality. In radio communication, it is necessary for an
alteRia AR a 398 BT APProximatdly BRE-haf BF gredhiftA b Sivss tems

operatinga\(/%avelgn%th X, which leads tolr?n increlase in_the size of an
have Tgone Vantdges over enera vr.:Lre eSS, Communication
apparatus.’Incontrast, there are no such limitations in'a

sy s Mg shoit-distancegammunication system ysing ap induced signal is
electromagnetic field or an electrostatic magnetic field. For example, a

exclpropeshl ferare RE | Ditag. systefrivas bder & 8: made: (fovedample)see

~Japanese Unexamined Patent Application Publication No. 2006-60283).
dlsqﬁ%ggsyg%ﬁnquallty of the radio signal 1n a radlc range
is deteriorated due to a neighboring reflector or an
increase in the communication distance. In contrast, short-
distance communication i1s not dependent on its surrounding
environment and can transfer a high—guality signal with a
low error rate at a ﬁigh transfer rate. In a very-short-
distance communication systemn, thereKis no chance for an
unauthorized device to intercept transmission data.
Therefore, 1t 1s unnecessary to take inte consideration
prevention of hacking on a transmission line and securing of
confidentiality.

Tn radio 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 Very—short—distancé communication system
using an induced electromagnetic field or an eslectrostatic

magnetic field.

For example, a proposal for an RFID tag system has been
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pairs of communication auxiliary units are arranged so that RFID tags are
positioned between a plurality of communication auxiliary units. By
arranging RFID tags attached to a plurality of merchandise items so as to
be sandwiched between the communication auxiliary units, stable
reading and writing of information can be implemented even in the case
where RFID tags overlap one another. A proposal for a data
communication apparatus using an induced magnetic field has been
made (for example, see Japanese Unexamined Patent Application
maddPulilicatien Ng: 2004s214879) a hke appatatusinchigesa-main body, a
mounting tool configured to mount the main body to a physical body of a
App lysertdwanizana lcoil tand alfiata comematiedtivh. unift kohfiguredietem,
perform contactless data communjcation with an external communlcatlon

P31 Lo farattS Ui theSarttdfia 881 The Bhtehha coiFdiid thetddtgsd o that
RETIFAD Q”%@EO%H%@{%R@&GQ@&@@ Lﬁe";ﬁa}?y}nglﬁ’_@é‘/e S ded above the

main body of the apparatus. A proposal has been ma a cellular
comnphiones which isuen exemplaty porablesipfasmation devicerprovidecswith

an RFID, which ensures a communication distance without sacrificing the
attgsoreability (for examplel see Jdpaness: AribkamidddPatent Applitatiore

Publlcatlon No. 2005-18671). - 9 A memory card tQ be inserted into the
San b BT ST on HEﬁc&Wéﬁéﬁ%nﬁ‘é@oﬁ%ﬁYg&%ﬁ%f stable

rea&%%g"gHﬁnarltlng of information can be implemented even
in the case where RFID tags overlap one another.

A proposal for a data communication apparatus using an
induced magnetic field has heen made {for example, see
Japanese Unexamined Patent Application Publication No. 2004-
214879). The apparatus incliludes a main body, a mounting
tOOi configured to mount the main body to a physical body of
a user, an antenna coil, 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 ig
en exenplary 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).



communication with an external device. An RFID antenna colil is provided
in the exterior of a memory-card insertion slot of the portable information
device. Because known RFID systems employing an electrostatic field or
an induced electric field use lower-frequency signals, the systems
communicate at a low speed and are thus not suitable for high-capacity
data transmission. In the case of communication scheme using an
electromagnetic field induced by an antenna coil, no communication can
be performed in the case where a metal plate is positioned behind the

A m&od A largedlanarareans secessary for moungng the ceil. Suthrmat ion
mounting problems are found in this type of communication scheme.

devigthiencd ransmissiemiifa iasePlatge foss Land hente theginam data
transmission efficiency is poor. In contrast, the inventor of the present

co%%ﬁlﬁ@lié(fe"s_}lhﬁf?hi_aﬁ-ts%’éﬁaha‘?&Yr‘aﬁ?miss%h %%% Atg-enna codl
is FPOSideLationconfidepality £an bedmplemanted by, emiting a,very, weak .

electric field which does not call for the licensing of a wireless station in a
of Mesy-short-gdistance, tommunicatior:system for transmitting an RF signal

using electric-field coupling, that is, transmitting the above- mentioned

UVAB-eorptutiicationtsidinl Hysermployrigrdrry 10 celestrestatic: fisldtertane

£ induced electromagrgleticlfielg. Thefinvelrgjtor of thj? presenft invention
le%ﬁmS&é?ﬁu&ﬁﬁ%ﬁg electric fie use lower-freguency

signals, the systems communicate at a low speed and are thus
not sultable for high-capacity data transmission. In the
case of communication scheme using an electromagnetic field
induced by an antenna ccil, no communication can be

performed in the case where a metal plate is positioned

behind the coil. A large planar area is necessary for
mounting the coil. Such mounting prceblems 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 station in a very-short-distance
communication system for transmitting an RF signal using
electric—field coupling, that ig, transmitting the above-

rmentioned UWB communication signal by employing an

- 106 -



UWB communication system using an electrostatic field or an induced
electric field, 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 of time. In known RFID systems, electrodes (EFC antennas) of a
transmitter and a receiver are generally attached to each other, which is
inconvenient for a user. It is thus desirable to perform short-distance
communication in which the electrodes are separated by a distance of
approximately 3 cm. In an electric-field coupling scheme using signals in
eleca relativelydow frequeney band nihed:-admedistaneehetyveanithefield.
electrodes of the transmitter and the receiver is negligible relative to the
The iavsength, and Hepiopagaicn lossdeivesn pé bansmitidradnd the the
— receiver is not a serioust‘problem. Howeverz when tra{tns‘gnitting.a 1d
hgléjﬁg}gfl?éqclfe%:b?/?wisd’é%a%ﬂ éliarllgfjsuacrﬁ asd %W@Ssigana},ca istance of 3
s nanfiR goUespends. to approximately. one-half of the wavelength-afan a5 a
operating frequency of 4 GHz. SincCe the propagation loss occurs in
moviacgordange with thespropagationcdistancesalative tothez wavelangtl, the
distance between the electrodes of the transmitter and the receiver is
trangphgigersbly fory Elathiee fslthewavelength. PRerbfsteCthetpmpagation

loss should - 11 ﬁ§ sufficiently suppressed jn the E%%e Whgre a UwB ¢
sighal st ansthitted Ty alEetric-fetd &8 HTing . antennas) of a

transmitter and a receiver are generally attached to each
other, which is inconvenient for a user. It is thus
desirable to perform short-distance communication in which
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 1s not a serious problem.
However, when transmitting a higher—-frequency, wideband
signal such as a UWRB 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 recei%@r igs considerably long relative

to the wavelength. Therefore, the propagation lcss should

- 11 -



SUMMARY OF THE INVENTION It is desirable to provide an excellent

communication system that can perform high-capacity data

communication between information devices using a UWB

communication scheme employing an RF wideband signal. It is also
bedesirable-ic: providesapexeeliei commuaicaiion:system ccomnunication a1

apparatus, and EFC_antenna that can transmit a UWB communication

L Ssighal* Behhesh infotmation devices pladed af 8 Rry 8fort distance by

using an electrostatic field (quasi-electrostatic field) or an induced electric
field. It is also desirable to gr_ovide an excellent communication system,

SU%%rﬁgat%WaﬁggFéﬂg, 4hd EFC antenna that can perform
highieapaeityigansassion-by efficiently tianseiting amRF sighalnication
between EFC antennas of information devices using an electrostatic field

SYSAR indited EELtiE fisid&ler B Vely SABA didtince® fri'a firSfEepectvr o

bethgdBywention; dhererisprovided acommunigationssystem comphising.ction
transmitter including a transmissijon circuit unit configured to generate a

S OIS FrEGUEHEY Sighal for trAhSRTENG dHtd 2hd -an electric- field-coupling
antenpa canfiguegdsto trapsgiit-theiradio+ frequeney signal as.an excellent
electrostatic field or an induced electric field; a receiver including an

COBIBLHCSTEId S Boupingtaritennd ARG B récEption ciréit thit CoRfigurddto BFC
anfegehve and processithe fadiefrequengy sigmal receivedhby-ation signal

between information devices placed at a very short distance
by using an electrostatic field (gquasi-electrostatic field)
or an induced electric field.

It is alsc 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.

In a first aspect of the invention, there is provided
a communication system comprising: a transmitter including
a transmissicn circult unit configured to generate a radio-
frequency signal for transmitting data and an electric-
field-coupling antenna configured to transmit the radio-
frequency signal as an electrostatic field or an induced
electric field; a receiver including an electric-field-
coupling antenna and a reception circuilt 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

12



the electric-field-coupling antenna; and an impedance matching unit
configured to make an impedance of the 12 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
e 1 by tetactric-fieldi ecuplinig: betweersthezelediric-field: ceuplng antenmasal to
anEING.2360. 0thek, afje Lanemmifter gad ihe teceiver, n 3.50capd agheclye
of the Invention, there is provided a communication apparatus _
e BERIPRISINGY BEOPMURICALiIOA CCiIFSUHIRTEESIGUFEd TG process Ransmitted
pyradio-freguency signal festransmiftingdata; @nd amelectsitdfield-coupling d-

enna configfured to e%gglish electéig-figlghcouplincgfto X corrémunicatigger

an
Cofigr ﬁélrgfa&ﬂ"g Ré Edmmunication %%paratus ata very shiort distré%%%ﬁm

anwhebreinthe elettiic-field- coupling antenna has an impedance matched to
that of the comypunicatien pagnrerwith which elegtric-figld,coupling is,vided
established, the communication partner being disposed at the very short.

& diSEHRE 4 thifd aspdtt of fie’ fvetidH ‘fﬁér%a“ig provided g™ cE O

cielectric-fieldwcoupfifig @antennatvsedrinccommanicating -af radiodreguenpcynal

£ osignal using, electric field coypling, comprising;.an electrade; & SEries, o1 i ng

inductor; and a parallel inductor, wherein the electrode, the series
aningRitor, i tHe pParallePinB &Y aré Rormected tearabicifrédqientcytd Lo

a communication partner facing the communication apparatus
at a wvery 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 communicaticn partner being disposed at
the very short distance.

In a third aspect of the invention, there is provided
an electric-field-coupling antenna used in communicating a
radio-freguency gignal using electric-field coupling,
comprising: an electrode; a series inducteor; and a parallel
inductor, wherein the electrode, the series inductor, and
the parallel inductor are connected to a radio-freguency-
signal 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.



signal 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. 12a In example embodiments, the
"system'csmentioned:refers e alogicahassemply: ef.a phuality of geviceser s
_ (or fuqction modules that realize specific fuﬁnction,st) and does not make
“Can§ disthEtich betvaah WhethePor nét the'devices or the fuf&ibh~cs  (°F
fumedules arecontained in a single £asinge(the same.applieshereinafiefioes
User-friendliness is improved in the case where data transfer between
noEnaft fifoRmdtion dbvices 8l as Widh dattitiudify fvdgdd'sr MEge~=®
oris exehangedheiweenasmall infermation-device and aPGisgle casing
implemented in a cableless manner. However, many wireless
(CBEmPidicalith systents” fepreSefited by wireless LANS use a radiated
electric-field rgenerated by allewingsusestito flowitheoughan amenra. data
Therefore, radio waves are emitted regardless of the presence of a .
tr@%ﬁ%ic‘%%ﬁ%%‘?tnéﬁ%}rﬁceltﬁé Pabiated elethit fféld is dttentiated e
dagtadually ininverse. freportipnd3sto-the distance fromithe-antesnasa small
signal reaches relatively far. This may generate jamming waves which
information device and a PC, 15 implemented 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 zan antenna.
. Therefcre, radic waves are emitted regardliess of the
presence of a communication partner. Since the radiated
electric field is attenuated gradually in inverse

propertion
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disturb the neighboring communication systems. Due to the surrounding
jamming waves, the sensitivity of an antenna at a receiver side is
reduced. In short, it is difficult to implement wireless communication using
a radio communication scheme in which a communication partner is
limited to that located at a very short distance. In contrast, in a
communication system using an electrostatic field or an induced electric
field, no coupling relationship occurs in the case where no nearby
communication partner exists. The strength of an induced electric field or

to igheclBdFSStatE idlaas rapiaiy? AafERisted i AYEREPropBRIthTo the
re1 SAYALE, Or the cube,.of the distance ftom he%%%](% erg9k Thatis, 5o
d elect

unneceé’sari:?1 electric fields ate Yenerate , ic fields do not reach
disfarWwherebyether communication.systers e Net distwrbedplven in thee

case where radio waves arrive from far away, the coupling electrode
sur receiveso Jradieiwgves; e, herice the systenvisot ddtesferedhwithiby at
other communication systems. However, this type of known

a resmbfificatictEsysterd B commuritation speed Beldise 6 bSinga

imp{LogYneégEe%jf rn CX Sl nac':gxpugx i%}_fg:uastlﬂ”rgg.itggl%(ér Qi%af%%a%yngﬂﬁication
ransmission. n?he case of a communication scheme using an induced
schélgctromaghetie figld; 5. alargeRlanasarea is-necespany fos aunting a

coil. Such mounting problems are found in this type of communication
located at a very short distance.

In coﬁtrast, in a communication system using an
electrostatic field or an induced eliectric field, no
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 square or the cube
of the distance from the source thereof. That is, no
unnecessary electric fields are generated, and electric
fieldé do not reach far, whereby other communication systems
are not disturbed. Even in the case where radioc 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-freguency signal and is thus unsuitable for

high-capacity data transmission. In the case of a

communication scheme using an induced electromagnetic field,



scheme. In contrast, the communication system according to an
embodiment of the present invention is configured to transmit a UWB
signal between the transmitter configured to generate a UWB signal for
transmitting data and the receiver configured to receive and process the
a UWBsignalrby establishing eleetric-field covpling-between thedzhC. such
antennas of the transmitter and the receiver. Since an electrostatic field
MORHE Fifindacd ekttt Tield A ttéAuated fh ifiv&tse Proporlidh to-friz"* "
scEedhe and the square, respectively, of the distance, very weak radio
waves which do not call for the licensing of a wireless station can be

emittéd. RIS innéddssanT iy takednto™ Considération prévértivh df> "
emPAekng:aN a gransmigsion ire and seeuring-afeonfidentialiy.:Because to
the communication system performs the UWB communication,

I ARy dpacity” Eor irflitidatfon o\ a v&r§ shortdiSthntetanBe toured to

gelBplemented. berexampleaa largerameuniefdata. such asaamoying  the
image or music data contained in one CD, can be transferred at high

reEhEE In £SROMPEFDY of ime®SicarPRE cREGt fttrs Bropadation” 974+

bylosssipaaecandange with-the-propagation distapcerelativedodbe  the ErFC
wavelength, it is necessary to sufficiently suppress the 15 propagation

2[R TheCaseWhere AATRE Sigridl, sBER asEUWES Signdifis  S10ce  an
c1rapsmitted.i » field and an induced electric field are

attenuated 1n inverse proportion to the cube and the
sguare, respectively, of the distance, very 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
gsystem  performs the UWB communication, high-capacity
communication over a very short distance can be
implemented. For example, & large amount of data, such as a
moving image or muslic data contained in one CD, can be
transferred at high speed in a short period of time.

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

wavelength, it is nscessary to sufficiently suppress the

15
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In the communication system according to the embodiment of the present
invention, in the transmitter, an RF-signal transmission line for
transmitting the RF signal generated by the transmission circuit unit may
be connected substantially to the center of an electrode of the EFC
antenna via the impedance matching unit and a resonating section. In the
receiver, an RF-signal transmission line for transmitting the RF signal to
the reception circuit unit may be connected substantially to the center of
an electrode of the EFC antenna via the impedance matching unit and a

PropPfekdhafifig $8étont Thelifpediafce At LRRts fdkedthe Misdtahte?

UWE %fit(gg F1FC antecnrnaancg H'EQ fransmitter equal to the impedance of the EFC

a S .
Sntdhina of the receiver, théreby suppressing reflected waves between

the, EEG-anispnas aed teducing dbeRrepagatian iess: EachdmpedanGnent
matching unit and each resonating section are configured to achieve

of timpedansermatchingriietween ithetdlecttodesof the ransmittek Bneitheal
receiver, that is, in a coupling portion, and to suppress reflected waves.

tranpfid Shpeblahés thateHing btk the tesdhfing Betfch fiaysalvs aisd

by tl%%tnqc-g%ss filter with a desired RF band as a %};sgand between the EFC

15 ss10n ciyrouit unit ma onnect
ennas O?ﬂ’]e transmlfter an& the re_celvey. ore speuﬁcéﬁ Y, the

subsMpadence matghing unitapay inclydesq - 6. mpegsconstantCireuit.

Alternatively, the impedance matching unit may include a conductor with
anteatengtia the impedance matching unit and a resonating
section. In the receiver, an RF-slignal transmission line
for transmitting the RF signal to the receptlon circuit unit
may be connected 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 egqual 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 seciion may serve
as a band-pass filter with a desired RF band as a passband

between the EFC antennas of the transmitter and the receiver.

More specifically, the impedance matching unit may include a

- 16 -
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dependent on an operating wavelength. In the latter case, a conductive
pattern with a length dependent on an operating frequency (may also be
referred to as a "stub") is formed on a printed circuit board on which the
EFC antenna is mounted, thus operating as an impedance matching unit.
The EFC antenna may achieve impedance matching by reducing, relative
to a characteristic impedance at an input side to which the RF signal is
input from the transmission circuit unit, a characteristic impedance at an
output side establishing electric-field coupling to a communication
lumpsattneprFiatns, alergeridmoultdfconeht isedliibwede fowehfsugh the
coupling electrodes. In this case, the EFC antennas induce a stronger

mat cliddific RBfT thsEby Rfidwiy theeRasHsE0be Stréndly 28lipbled with
qep&2gh ather, Mare specifically, the EFC.anfepna includeg.an glegtode, g, 4

series inductor, and a paralléel inductor, all of which are connected to an
condfesignal tansmissioniline. aThe Ritsigaaldansatission ling mentionedng

here corresponds to a coaxial cable, a microstrip line, a coplanar line, or
frequefike, Iflitis/only hecessary i achidvé Impedances mdching=anidotoned on

suppress reflected waves between the electrodes of the transmitter and

a PHI& récbiver hiat s, i ARE Bty pirtioh Sit R SufficiEAt IR e ERE ™ o
cnu STISNNRS- 47, 19 haye asimple rictyre inhich ihe electrode and the
series inductor are connected to the RF-signal transmission

The EFC antenna may achieve impedance matching by
reducing, relative to a characteristic impedance at an input
side to which the RF signal is input from the transmission
circult unit, a characteristic impedance at an output side
establishing electric-field coupling to é 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
electrodse, a series inductor, and a parailel inductor, all
of which are connected to an RF-signal transmissiocn line.
The RF-signal transmission line mentioned here corresponds
to a coaxial cable, a microstrip line, a coplanar line, or
the like. If 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

_17_



line. In contrast, in the case where the EFC antenna is connected to
ground in front of the electrode at the tip of the RF-signal transmission
line with the parallel inductor interposed therebetween, the EFC antenna
alone functions as an impedance conversion circuit configured to reduce
the characteristic impedance ZI at the output side of the EFC antenna
relative to the characteristic impedance Zo at the input side of the EFC
antenna. Accordingly, a larger amount of current flows through the
electrodes, thereby inducing a stronger electric field and allowing the

to hAEErGdes IBE stiohyRf Edipléd: T%é%?ie%%dt?&t@f:mﬂ% garangihe
inductor,may be included in a lumped-constant circuit or. S

Ser lcﬁétri%ﬁ%%%ﬁstgﬁte cti%riﬁ%cﬁg ﬁ% %Ocoér}qd%ctn%}?"\}\ﬁt]hég aigné:tﬁa esprg%lagﬁto "

11noN theroperating wavelgngth, ol he-glectioda-includedsirthesEECrantenna
may be } mounted above a printed circuit board on which, for example, a

conrgammdnicatign puocessingfeirouit is Moumted: Thetheiglat fromtthe printed £
circuit board to the electrode is determined according to the following

the RRgRibAB2the. BRECH-fEHITOUPRRGIIGiound ok the fRihtsd citditic o

. board is suppressed: a series. indu nec ievi .
interposed there edc’wefn, tHe gc.a? Sg%%afoél%cﬁéequgl&elo S as
apove-mentioned Inipedance matching is formed; and the emission o

an HRpegessary fadipsvaves dus; ta-qurkent 18 s lowing in the-sefirsindyetor

is s_uppressed (that is, the operation of a resonating section including the
chasetiegristic impedance Z, at the output side of the EFC
antenna relative to the characteristic impedance Z; at the
input side of the EFC antenna. Accordingly, a larger amount
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-mentioned impedance matching is formed;

and the emission of unnecessary radioc waves due to current
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inductor as an antenna is not so strong). In radio communication, it is not
allowed to place metal such as ground near a radiant element of an
antenna. In contrast, in communication using electric-field coupling, the
characteristics of the EFC antenna are not deteriorated even in the case
where metal is placed facing the backside of the electrode of the EFC
antenna. The EFC antenna can be made more compact than a known
antenna by appropriately selecting the constants of the series inductor
and the parallel inductor. Unlike an antenna, an electrostatic magnetic

£1owigh has nbhsolaRZdton. MstedfFminedBRA T 6E&S M Uhiation fualify®

o ercan'thxlils b aChJigzveodn%\éeJ_nnWitgéacgi'ﬁgrtxer:l} Ocr:iggt :Lion' % tera]eseries
Pe I mimtinitatidn sygtem accgrdlng t6'the embodiment- of the present

i nanRveNtion, commupication can pe pedgrmed i, dhe case where the EFC
antennas of the transmitter and the receiver face each other, and a

capacitadde is-generatec: bebween theitworedectrodesw Balike apradiated
electric field, an electrostatic magnetic field has no polarization.

met Fhevefole, Ahe SHAPB D aeh efeckiidéas hotiiifsd o £ plafe SiHFE AT
can be freely designed in accordance with thel%ecscigrm of a wireless

In HaGick® Bot exAmplaTin the ase” 0f & hienispherical elec dGe Carvophnard”

electro n op

theegﬁé@ﬁg%%kig%ﬁg%mﬁ@gHﬁ%CE@@eéﬁﬁgﬁ@éN@¥3ﬂﬁ@@eHQE@ﬁﬁbgﬁted
relative positional relationship between the electrodes
even in the case where metal is placed facing the backside
of the electrode of the EFC antenna. The EFC antenna can be
made more compact than a known antenna by appropriately
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 cof the transmitter and the
receiver face each other, and a capacitance is generated
between 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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facing each other. According to the embodiments of the present invention,
there is provided an excellent communication system that can perform
high-capacity data communication between information devices using a
UWB communication scheme employing an RF wideband signal.
According to the embodiments of the present invention, there is provided
an excellent communication system, communication apparatus, and EFC
antenna that can transmit a UWB communication signal between
information devices placed at a very short distance by using an

courdid B st G (Jtfask- BfeclroStht field) oF anTRatEET Getiic .

re1 £G5PLig 19 fhe gmbodiments gf ihg present invention, there ispigyided
an excellent communication system, communication apparatus, and EFC

facajernathat €an perform high-capacity transmission by efficiently
transmitting an RF signal between EFC antennas of information devices
using andelegtrostatibiefdrordi irduted efecticfigld ovena vieny sshioron ,
distance. According to the embodiment of the present invention, there is

theggtovided AVer ShoftdiStinte CofimamEatioh syterf inal tafPetofth 2"
perPc'rgf%S_Ree?,Qé‘? t%%ﬁsﬁ}'sé%a'”%@&&huﬁi%‘é’&é@ naLis transmitted psing .,
%g L}D etween - 20 EFC antennas of a transmitter and a

electric-field coupling
deviecaivers Bypringing: desied:copymunisationderdcesmphysically clesexto
each

wideband signal.

According to the embodiments of the present invention,
there is provided an excellient communication system,
communication apparatus, and EFC antenna that can transmit a
UWE 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,
conmunication apparatus, and EFC antenna that can perform
‘high~capacity transmission by efficiently transmitting an RF
signal between EFC antennas cof 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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other, a communication partner is intuitively selected without complicated
setting, and a communication operation starts. In the communication
system according to the embodiment of the present invention, no radio
waves are emitted in the absence of a communication partner nearby
since no coupling relationship occurs, and hence the communication
system does not interfere with other communication 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

EFC ﬁf&ﬁ%ﬁe?éoﬁm%ﬁf&h%@%?erﬁ&%h% dotfimtikfcation SYstaht 19119
des198%”%'&%&8&9%;?{’1%99'@89&%_l;h%%r%%%"ﬂ_‘i%ﬁt&”oié& to each

very-short-distance communication “system using electric-field coupling. In
otheothes wosdsnihe ccammunicationsystes has difficiity in pegoeaingd

communication over a long distance. Therefore, the communication
withgydtemcsamlredate dhe Bk bh BeingMacked bymam ineskpgetie @ Hevies ipn

each of the EFC antennas used in the transmitter and the receiver, the
starfgckside of the electrode can be metal ground. Communication is not

afigeted Dy g RiRsene; ol Ml hehind e FHG anterng, AlBetien s
field generated from the electrode has no adverse effects on a circuit - 21
of thehipd theEECiantennadn, tha sase of tansmissionef a-WWB signah the

abseﬁigggg a communication partner nearby since no coupling
relationship occurs, and hence the communication system does
not interfere with other communication systems. Even in the
case where radic waves arrive from far away, the EFC antenna
receives no radioc 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 1s 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 circuilt
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electric-field coupling scheme, as in the embodiments of the present
invention, there is no polarization, unlike radio communication using
antennas. A uniform level of communication quality can thus be achieved
regardless of the orientation of each EFC antenna. The shape of each

Leglegirode-can-be freely. designed, and the EFC antenna can be made
more compact than a known antenna, Further advantages of the example

embldtimeéfits G SoeebmetaprateAtrom thé followify deseptiontot 9 an

e16xemplary; embodiments wath efesence tq the attached diawings BRIEF of
DESCRIPTION OF THE DRAWINGS Fig. | is a diagram of an exemplary
theonfigardtivh of-& VEdthitinicalion §§stem ad%%rdﬁ%lt%r&r?@ﬁﬂﬂ)‘aiméf‘ﬁgf ke

rallie, presentinyentian; Fig.2is 4 diggram.of an exemplary strictureefian o ¢
EFC antenna placed in each of a transmitter and a receiver; Fig. 3 is a
COHBGRARPGTIRE Stlictbie ih wiHieh dletifodes ofthe BRE Anfephasdiess of

cnilustrated in Fige 2 arg: dispeseddfacing,gach, gther; Fig. 4Arliystrates cach
characteristics of the single EFC antenna illustrated in Fig. 2; 22 Fig. 4B
el pesirafss chafachérisfics of the“Siigle'Ere aﬂﬂ@nﬁélmusﬁ‘t%é%e&ﬂfw@?@z; can

peFith 54 Wustatesthe dnduction of an slectric,field by the EFC antenna
with the function as an impedance
Further advantages of the example embodiments will

beccme 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 1s a diagram of an exemplary structure of an
EFC.antenna placed in each of a transmitter and a receiver;

Fig. 3 1is a diagram of the structure in which
slectrodes of the EFC antennas illustrated in Flg. 2Z are
disposed facing =ach other;

Fig. 42 i1llustrates characteristics of the single EFC

antenna illustrated in Fig. Z;
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converter; Fig. 5B illustrates the induction of an electric field by the EFC
antenna with the function as an impedance converter; 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
EFCy antennasi(witheut-paratteldnductars) shicksaresplaced faeing«eachc
other; Fig. 10 illustrates an example in which electrodes of EFC antennas
antegypashapedHsrsphedes; Fi§ 1T illdstrates an exemplary communication

system using EFC antennas; Fig. 12 jllustrates an exem Zkary structure i
R, i SO ATt GothG e SHGBE OF KEE of WS & bahSmitet S

by tdd ANFA [eceiver each havean ERGaniepna,including.only an. o
electrode, and a coupling portion simply operates as a plane parallel
conveapaeitor; Fig. 13 illustrates a propagation loss caused by signal

Fig. 5B illustrates the induction of an electric field
by the EFC antenna with the function as an impedance
converter;

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 illustrates 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 freguencies of kHz or MHz, a transmitter
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reflection from an impedance mismatch portion in a coupling portion in
the case of communication using higher frequencies of GHz; Fig. 14A
illustrates the flow of current in an electrode of 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 S
and parametarvfrefleetion ¢haracteristic:voitage standing-Wwade ratia(VEWR))
obtained by disposing two EFC antennas facing each other and changing
eleqhe titance BefiveeP Couplifg RfeciiotlesERHP 16 iR YFapls of meadurehne
a\é%%eis of Sgar.ametger (propagation loss S21) obtained by disposing two
par anlcearPna%lFaﬁ:lfﬁg each other and changing the distance between

cqupling; glectrodes; Fig..L7 schematically jlustratesthe STUchurg 0f & sna1

24 "capacitance-loaded" antenna in which metal is attached to the tip of
ref lasvaritennd etement, thesebiy: incelcingsanzcapacitanceiand teducing:thel ing

height of the antenna; Fig. 18 illustrates an electric field component
portion in the case of communication using higher
frequencies of GHz;

Fig. 14A illustrates the flow of current in an
electrode of 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 <¢f an EFC antenna and the radiation of unnecessary
radic 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 S 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 5 parameter
(propagation loss S,,) obtained by disposing two EFC antennas
facing each other and changing the distance between coupling

electrodes;

Fig. 17 schematically illustrates the structure of a
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(longitudinal wave component) E. causing vibration parallel to the
direction of propagation; Fig. 19 illustrates the mapping of an
electromagnetic field induced by an infinitesimal dipole on a coupling
electrode; Fig. 20 illustrates an exemplary method of producing an
electrode portion 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
" capeledtredeportiondsfdh ERCamenna:by tperforméigpsheist metabched to
processing; Fig. 23 illustrates an exemplary structure of an EFC antenna

the $6BuEdd BY f@r‘ﬁﬁﬁ@%%i&ﬂﬁ“l‘iﬁ@?a ré: Fi_ﬁ é‘é&i&ﬁ;‘"aﬁd A coupling
cap2i§eitode as aw 'PQQ&?;#‘?ET pnon e%%@; 519- 24 Js a diagram of an

exemplary structure o e “case wherethe communication system
illustgateddn Fig.dsisrappliedito electrde power fransferaphasrig. 25 is

a diagram of another exemplary structure of the case where the
( Lorspmmdhnication systenvilipstratet )in g cdus appliedi toreledtric powerllel
to tHE IO Ion ot Propagation; oiED EMBODIMENTS

Fig. 19 illustrates the mapping of an electromagnetic
field induced by an infinitesimal dipole on a coupling
electrode;

Fig. 20 illustrates an exemplary method of producing an
electrode portion 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 embodiments of the present invention will now herein be
described in detail below with reference to the drawings. The present
invention relates to a communication system for performing data
transmission between information 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
afeigot distuibeds Evendn dhe cdaserwhiére radioanavesr arrive frontfare of
away, an EFC antenna receives no radio waves, and hence the

the Gfmulitatin Syster e NBLrtdristed Witht5othet BmPffication F19-
. _systems. In known, radi mmunication using antennas, the strength of a
La “radiz r(raid1 %%(I:ﬁ%r?c %ﬁ‘%ﬁ%r&’e‘fyw %g&%@ﬁ%ﬁ 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
DESG#écdtrosiatiOfieldHs attehhate 8 b invérse) 28 EVdLortion to the cube of the
distance. According to.a communication scheme based on the

elBEFCEHeld Cobipfity - Tt edk rabiit wRYES Fidtely RAGShy HoideHot Bov
ror TSR ST UG I T oL AT,
drawings.

The present invention relates to a communication system
for performing data transmission between information devices
using an electrostatic field or an induced electric field.

Rccording 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 systenm
is not interfered with by other communication systems.

In known radio communication using antennas, the
stréngth cf 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 sguare cf the distance, and the strength

of an electrostatic field is attenuated in inverse
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unnecessary. Although an electrostatic field changing with time may be
referred to as a "quasi-electrostatic field", this is also included in an
"electrostatic field" in this specification. 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
progopmMunication isystaman transterdilargamamountetdataiMere o a
specifically, as in ultra-wideband (UWB) communication, a
compatiraiiéationt séitsie kafrhigh flettiefidies bvéra Wigdbarer il ing,
applieq to the.electric-field coupling, thereby implementing high-capacity
Ve A iR En Se ek 1AAB WATEe T CWE P
wir&QaaUNicaton uses.a verywide fraqiency. 937%&%&11 GHZ 0108 teed,
GHz and implements, though over a short - 27 distance, wireless
and tiapsmissionr: of a dargeiamout of dataiat asate: abappreximaately 100
Mbps. The UWB communication is a communication technology originally
UnnegegeBpéd as a radio communication scheme using antennas. For

PEMRSUGATEE SPE02 S e G AR SLIE ML SRS may

be referred to as a "quasi-electrostatic field", this is
alsc included in an "electrostatic field" in this
specification.

Since kneown communication employing an electrostatic

field or an induced electric field uses lower-freguency

signals, the known communication is unsuitable for

transferring a large amount of data. In ccntrast, a
communicaticon system according to an embodiment of the
present invention transfers higher~freguency 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 fregquencies 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 cver a short
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a packet structure including a preamble is designed as an access control
scheme in the UWB communication. Intel Corporation in the United
States is studying, as a UWB application, a wireless version of USB,
which has been widely used as a general 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

di sisimplicityvof faliricating mmBR Rk cireubnl hef inventor 9 thepresents data at
invention believes that a data transmission system employing a UWB

a rigg-Hahdispreeiefective wWitelddsréommihicatith techigudsibeon is
arRrEE]"ed to mobile,glev'&(lzes:L For example, hj h-s%eed %ata transmissio(g\;%n

@ SO dictaRce Area 30eR %€ anrditfa iign-$pe&d Shdrtdistance dévide

comfied BEMQIK (RAN)IRcluding 2 sigrage-device, sap be, implementgd TThe:
inventor of the present invention believes that, according to a UWB

802 communieatidnesyistém employingran.c29 felecteostatic field ordntiaduesd ng
electric field, data communication using a very weak electric field can be

2 PafipRnenied CTRE mvehtol iisie Pelievies shambaccordingas stichd BwWR D
communi srtlem, alarge a of data, such as a movin

o U BalA coR NG nf g Eo T Cortin I IRR MO RRTeoe
Corporation in the United States is studying, as a UWB
application, a wireless version of USR, which has been
widely used as a general interface for PCs.

UWB transmission systems using a UWBE 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 technigues to be applied to mcbile devices.
For example, high-speed data transmission in a short-
distanqe 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
exemplary configuration of a contactless communication system using an
electrostatic ,- 1 field or an induced electric field. The communication
system illustrated in the drawing includes a transmitter 10 configured to
perform data transmission and a receiver 20 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

el e operatezdasia bandpassHilten, therbbysefficiéntyt transmittihg aniRE:signal
between the two EFC antennas. A transmission electrode 14 of the

COMMEHTtT0 ARd R0 réceptibn dlédttode! 24 bf the reteivér 28rarke

. arranrgéad facing each other with g gap of,.for example 3 cm, and hence
implene 8d. '?%?.1pvgntor.a %o be'lieves at, accor 1ng to
can produce electric-field coupling. In response 1o a transmission requeést

sucHSSHEGEOM AMUPRLS APRISALQMN, B TangMiSsion. Cltglit unit 41 ofithe, |
transmitter 10 generates an RF transmission signal, such as a UWB

sucsigrnal zomthel hasisnofdransmission dats taanddthe tsignat propagates rom
- 29 the transmission electrode 14 to the reception electrode 24. A

can ReetiGH GIERILRHt 21°of tHereBBivEF 20 Methotlifdtes Paid B8codestthae -

RE Si n re%eci)\{fed tonregﬁr(%gnucleac}l:ata ggrgf Eraﬂ%fgga 'E)hne rOePr%duced data
to'th upperS appl?ca%on. ¥ Y gl

contactless communicaticn system using an electrostatic
field or an induced electric field. The communication
system illustrated in the drawing includes a transmitter 10
configured to perform data transmission and a receiver 20
configured to perform data reception. As illustrated in Fig.
i, 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 RE 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, &
transmission circuit unit 11 of the transmitter 10 generates

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

basis of transmissicn data, and the signal propagates fram
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According to a communication scheme using high frequencies over a
wideband as in the UWB communication, ultra-high speed data
transmission at a rate of approximately 100 Mbps can be implemented
over a short distance. In the case where the UWB communication is
performed using electric-field coupling instead of performing radio
communication, the strength 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

the wirelesgastilityto be texsithda of €qual toa predeteimimeddevelvarge 24.
weak radio waves can be emitted, and hence the licensing of a radio

A TeGERST BBcoMES UrinetBedary ! TRérefd1R, Af fifekpBhsive cORREMICAliGT
and WSEMCAN RS IMplementad. '94@%59@% o{geryﬁg%ta@g@ngg 214, 4

communication using an electric-field coupling scheme, the quality of a
trarsigRalds natdetererated-due 4@ anaighhatingurgflectarphburther: itds also
unnecessary to take into consideration prevention of hacking on a
trénsmisgiondinec and securing of tdnfideptiblitye nucohtrast; thé
propagation loss increases with the - 30 propagation distance relative to

Ereqigiiaveferyti inbridr O atsvah RE s %)I propayaiE usiAg + o
w1 e Eleglicyfied, coupling. the propagRUonIgssis necgssaly dg be reduced to

a sufficiently small value. In the communication scheme of
approximately 100 Mbps can be implemented over a short
distance. In the case where the UWB communication is
performed using electric-field coupling instead of
performing radio communication, the strength of the electiric
field is in inverse proportion to the cube or the sguare of
the distance. By contrclling 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 alsoc unnecessary to take into
consideration prevention of hacking on a transmission line

and securing of confidentiality.

In contrast, the preopagation loss increases with the
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transmitting an RF wideband signal, such as a UWB signal, using
electric-field coupling, communication over a very short distance of
approximately 3 cm corresponds to approximately one-half of the
wavelength of an operating frequency of 4 GHz. Thus, such a very short
distance should not be neglected. Particularly, the characteristic
impedance causes a more serious problem in a higher- frequency circuit
than in a lower-frequency circuit. An impedance mismatch at a coupling
point between electrodes of a transmitter and a receiver has a more
propstrking effedti inta higher<ftequeney tircoiteSines theepwplagatiom lossdr ©
space is small in the case of communication using frequencies of kHz or

Lo kY adnIidtratdd i Eigt 2 2P J88 At d&tat iR fhissi6ir Ean Gel e 1d
i h tr it i
coud&0 g%%ﬁgﬁ%%dg%i%w £re 8 @S@é%%%’;adfg recelver each have . |

an EFC anten ng only an electrode and a coupling portion simply
a soperatesasiy plangl paralleleapaciter.tn£optiast semMUNeAtINUSIRG o f

higher frequencies of GHz has a large propagation loss in space. It is
trarthos hedessary tRSupprasd sighabrafleelion andto amprovBiiansmission

efficiency. As illustrated in Fig. 13, - 31 in the case where an RF-signal

U e fSHRESIbN FRé BT A0 traRStie? And STREISIGRH HaRsHISSort i€ BY a
shozf@"%‘yg“cdﬂi% é‘dlauéteﬁ‘#%’r%%g%eé%rig”%d &Ha@gﬁg’%cﬁrﬁ?&%d%“e 20,

no impedance matc can be achieved in a coupling portion
approximately one~half of the wavelength of an operating
frequency of 4 GHz. Thus, such a very short distance should
not be neglected. Particularly, the characteristic
impedance causes a more serious problem in a higher-~
frequency circuit than in a lower-frequency 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 propagaticon loss in space is small in the
case of communication using freguencies of kiHz 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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by simply coupling the two transmission lines using a plane parallel
capacitor. Therefore, a signal is reflected from an impedance mismatch
portion in the coupling portion, thereby causing a propagation loss and
reducing the efficiency. For example, in 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 0, in the case of an
in tinpedanee whismateh iR@-couptng paitiondetweantheltrarsmission
electrode 14 and the reception electrode 24, a signal is reflected to incur
transgpadatorniods 2 thE emsbtimeht FFC dftehads pidvidéed intheeceiver
tracpsmi ter 12 and in thedreceiver ZOCjncIHde, as_illustrated in Fi%. , the
ATe GfSctrotieec14 Snd 241K AP SHERe Seted Thdictsrs 12 AR 22 2ANE Zor
no Rasalelinduciorsd3 and-23, which, are connecigd 1o the Ri-sighalo e 5 on
transmission line. In the case where the above-mentioned EFC antennas
by sre@rrangeddading egeh other, asdiustratediitrFigideSdHetva plane
electrodes operate as a capacitor, and the EEC antennas as a whole
parphbtdteds a Bhndpass fiteE e Therefore, 8 RESighal camiBe frhashittedn

an SIS bepween he two EEC antennas, The REignal transmission

thereby causing a propagation loss and reducing the
efficiency.

For example, in 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 €, in the case of an impedance
mismatch in a coupling portion between the transmission
electrode 14 and the recepition 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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line mentioned here corresponds to a coaxial cable, a microstrip line, a
coplanar line, or the like. If it is only necessary to achieve impedance
matching and to suppress reflected waves between the electrodes of the
transmitter 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
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
the ERM arteanas dabaveassimple strueture awhichrthe pfateishapedc
electrodes 14 and 24 and the series inductors are connected to the

ant EGignak transhisstorP e Atfat ¥ by SimpR dispésing e geries

inductors on thgﬁF-si n transmi}ssion line in.tie% case \%here the EFC
Thexe#%re, %H s%ﬁka can, be ﬁéanspl e? efricient %
antenna’of the transmitter faces the e antenna of the receiver at a very

bet S8QH disianes,dhe impedance ithe oupling-portion.gan be designed 4o
be continuous. Note that, in an exemplary structure illustrated in Fig. 4B,

lintherens ho:ebange ik theocharagteristic impedance:3i3: betareland after
_ the coupling portion, and hence the amount of current does not change
micaffért i coiifgst, ds Gustrated inlFiye 4A0h thiescabéXfhere the EFC

anjgnais; connected o ground vi the parallel Inductance nterposed

and to suppress reflected waves between the electrodes of
the transmitter 10 and the receiver 20, that is, in the
coupling portion, it is not necessary for, as 1llustrated in
Fig. 4A, the EFC antennas 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 to 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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between the input side of the electrode at the tip of the RF-signal
transmission line and ground, the EFC antenna alone functions as an
impedance conversion circuit configured to reduce the characteristic
impedance Zi at the output side of the EEC antenna relative to the
characteristic impedance Zo at the input side of the EEC antenna (that is,
Z0O > Z1). Therefore, the output current I1 of the EFC antenna can be
amplified compared with the input current Ip input to the EFC antenna
(thatis, Ip < 11). Fig. 5A and 5B illustrate the induction of an electric field

be f pydhe etectrid-fieldtdoupling tbeiweemthe: electrodesi df the-EFChantemnas: t
with and without parallel inductances. As is clear from the drawings, a

of chbrGetelderit Lt can e hdttEd By -proviBingPdrafé indddiors in

111 §d8tiondq serigs indugters in the,GFG. antennas, therehy gllowinghe -, ;.
electrodes to be strongly ¢oupled to each other. Intheé case where a

consteng glacric fieldds inducedmeas dhe 1eleatrodes.as iysteated i Hg S44
the generated electric field propagates in the front direction of the

be tetsotrodbesunface as adengifudinal wavectausityg vibration alapg the the
direction of travel. Due to this electric-field wave, a - 34 signal can be

RE~ fraf8itted BERERTthe electitted éven e thé efediiOded are nna

alo%gp%@ﬁ%dc%% relatlv%IX large d stance. Ina comq]émlcatlon sy,gtem for

transmitting anSRI@Ssignal,ls ch as %%ﬁ%lé’i‘aﬁ%, ugin(éleﬁggtnc-field

con EQURINGI RS reduce the characteristic impedance Z, at the
cutput side of the EFC antenna relative to the
characteristic impedance %, at the input side of the EFC
antenna (that is, Z; > Z,). 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 electric
field by the electric~field coupling between the electrodes
of the EFC antennas with and without parallel inductances.
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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necessary conditions of the EFC antennas are as follows: (1) the
presence of electrodes for establishing electric- field coupling; (2) the
presence of parallel inductors for establishing stronger electric-field
coupling; and (3) the setting of the constants of the inductors and the
constant of a capacitor including the electrodes 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 to of a band-pass filter including a pair of EFC
sigrantenas braving elestroties fading wwach dther, asdliustratebinaign3 wdem
be determined on the basis of the inductances of the_series inductors and

the tfid Sdraftél Tiadctors"ant e Eabatitaficd 6f thé chpatitdr® ridfudiig i e -
SI8CU0AES k|t P A AUNARNLATeUL GIagralata AR BASS Il gy

including a pair of EFC antennas. Given the characteristic impedance

sucHOk the: center freguency e fHz], and therphase: differenseys [raglian] e <
(x < 27t) between an input signal and a pass signal, and the capacitance

necdgy2aof the caprditopircluding L S5EHe eletteadess ther eorstaits lof thves *
parallel inductance L1 and the series inductance L2 included in the

‘1) bang-passSfiltéicdhibE LARhiRaT dctorGanc@ Wittt the Gp&rafifg ™+ ¢~
fief@qgggﬁgq}gs’,ing the following equations:

(2) the presence of parallel inductors for establishing
stronger electric~field coupling; and

{3} the setting of the constants of the inductors and the
constant of a capacitor including the electrodes such that
the impedance matching can be achieved in a frequency bhand
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
parailel 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 [€1], the
center frequency £, [Hzl, and the phase difference a
[radian] (m < o < 27n) between an input signal and a pass

signal, and the capacitance C/2 of the capacitor including
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] LR(1+cosa) l[H11 2#~sinal _ 1+~g GRsina 2 1Hi 4z'2.fo2C (1) In
the case where a single EFC antenna functions as an impedance
conversion circuit, an equivalent circuit thereof is illustrated in Fig. 7. In
the circuit diagram illustrated in Fig. 7, the parallel inductance L1 and the
series inductance L2 are selected in accordance with the operating
frequency to so as to satisfy the following equations and expression,
thereby implementing an impedance conversion circuit configured to
convert the characteristic impedance from R,to R2: -36 _ R1rR2L, 2
the fplR2Z {HPER 4-2ileCCosfosR2 SR2))fl tRE SIRZ )L AL haghegmncee L
described above, in the contactless communication system illustrated in

and fhe) SemREnItRINT daticed that Perori the UWE Tomifitnidatish use
£1110¢ BEG, antennasJllysiratgd in, F&%Qﬁ?ﬁg@fﬂ‘@{‘%&%“s@e@at ing

wireless communication devices employing a known radio
freguency f;, using the following equations:

R(l +CcOoSs a:) o

L=~
! 27f,sina
1+, CRsinc [H]
: 4r*fC

{1

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

impedance from Ry to Rjy:
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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 characterﬁtlc [ peggnce of the RF-signal transmission line. As
aresult, a S}Qna&: inpuit frgm.the?RE-$igihal transmission line is reflected in
- 37 the EFC’ antezlﬁ%a J& not/@mitted to the outside. According to the
communication system of the embodiment, unlike an antenna, the
transmitter does not cqntinupugly emit radj sence of a
communlca@paﬁﬁezv@ﬂ y-whenrgfy @zg_ﬂ;i(ﬁp@ﬂﬂgrin ddpproaches
the transmitter and ari gr 06}3 of the communication partner and the
electrode of the transmitter form a capacitor, impedance matching is
achieved, a@ﬂll}sttﬁ'&ed 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_ipgh&gd by
an

As has been described above, in the contactless

communication system illustrated in Fig. i, communication
devices that 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
tiansmission 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 R?—signal transmission line 1is reflected in
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infinitesimal dipole. Fig. 19 illustrates the mapping of this electromagnetic
field on the coupling electrode. As shown in the diagrams, the
electromagnetic field is largely classified into an electric field component
(transverse wave component) EO causing vibration in a direction
perpendicular 2 to the direction of propagation and an electric field
component (longitudinal wave component) ER causing vibration parallel
to the direction of propagation. A magnetic field Ho is also generated
around the infinitesimal dipole. The following equations represent an

the elactromagnetic fietd: inducesk:byan infinitesimal ipale Anyieurrent
distribution can be regarded as a continuous assembly of such
iAfs st andipoles TEhereforardlesfrdmag felict-<38 fidldslsdueddsiiment ,
these infinitesimal dipoles have simjlar characteristics (for example, see

10 Lk MUShERB 2 Artefind TB& P befpait tAfte R L/ REid-VaE S - v
emig’rsz@%ga&i%'a@ybw%@ Sfonabuplishing Go L. 1983, PRa rtner .

6-18). pe ~kR 1 jk k2 Ed 4;Tc R3+R2- R sin8 pe ikR 1 jk +- cosO ER 2;

On1 ¥ GRS R2r~K¥mhlOh3 04~ B2 RSO3y pproaches the transmitter

and an electrode of the communication partner and the
electrode of the transmitter form a capacitor, impedance
matching is achieved, as illustrated in Fig. 3, whereby an
RE signal is transmitted.

An electromagnetic field generated by a coupling
electrode of a transmitter will be examined. Fig. 18
iliustrates an electromagnetic field induced by an
infinitesimal dipole. Fig. 19 illustrates the mapping of
this electromagnetic 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) Ep causing vibration

paralliel 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 dipole. Any current
distribution can be regarded as a continuous assembly of

such infinitesimal dipoles. Therefore, electromagnetic
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As is 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
fiedgbesinofinciddea donsponent Of ithé ¢adiatet eléctromageticsfiedd.niher
electric field Ex - 39 reaches its maximum in directions where (cosOj = 1,

chaRR&HET 17 BirEEtionsARd AR arrdf/s in Eig 48, iPriig ke, "Antenna
penSQHRUNICANIR Widely employed ip wieless, Cé)g%@%@a'ﬁ?“",”sg?u@ﬂ‘)sﬂ’%eby
emitted Trom an antenna is a fransverse wave causing'vibration in a
cord&lirectom 1perpendicalar 1o its directiornaf trayel. A radig yvave
perpendicular to the direction of polarization is not communicated. In
contrast, an electromagnetic wave emanating from a coupling electrode
by employing a commuﬁ%;gt' n_.schemeg using gmelectrostatic field or an
induced electyic field’écludep, si%es] transverse wave EO, a
longitudinal Wave ER gcausin \ﬁﬂa orRa?Io"ﬁ"g Itﬁ dﬁé&@ of travel. The
longitudinal wave ER %iso

~ kR .
oy i B L3 PN
2ne \R> R

Jope (1 Jjk
H, = =+
47 R

sin &

L (3)

Ag 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
{eiectrostatic fielid}. 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 inciude a component of

the radiated electromagnetic field. The electric field Ey

- 39 -



\.J" ’

referred to as a "surface wave". By the way, a surface wave can also
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
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 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

readhe sntétrediaxy of:any of & fadiateton 40welectric fietd;n elettrostatic 1s,

. field, and an induced electric field. However, a radiated electric field,

in SfieR HsGRversBR e p6tioRal tBIRE Uistante hiky ihterfere with other
systems located relatively far away. It is thus preferable to suppr he
e e e e T R ot e

comr@OMMHRIcation ysingdhe lpagitudinalkwave ERgoNtainingma.radiated s
electric field component while suppressing the transverse wave Ep

t rarcontainingwhe cadigted ekettric fisld component: Frombithection
above-mentioned viewpoint, the EFC antennas according to the

PCIRSABGdithERE aFe déviSed IF HeTORGWIRG FaRRER Thatis tHe© wave
pergg%ggv %ﬁr{‘é ’%%Ot%‘;é’ three §gyations, renreseniing,the lectiomagnetic field
communicated. In contrast, an electromagnetic wave
emanating from a coupling electrode by employing a
communication scheme using an electrostatic field or an
induced electric field includes, besides a transverse wave
Fgr & longitudinal wave Ep causing vibration along its
direction of travel. The longitudinal wave E; is also
raeferred to as a "surface wave". By the way, a surface wave
can also propagate through the interior and on the surface
of a medium, such as a conductor, a dieiectric, or a
magnetic body.

Of transmission waves using electromagnetic fields, a
wave whose phase velocity v is slower than the velocity of
light ¢ is referred to as a "slow wave", and a wave whose
phase velocity v i1s faster than the velocity of light ¢ is
referred to as a "fast wave". A surface wave correspoeonds to
the former slow wave.

In a contactless communication system, a signal can be

transmitted through the intermediary of any of a radiated

- A0 -



case where 0 = 0 holds true, EO = 0 holds true, and the ER component
reaches its maximum. More specifically, Eg reaches its maximum when it
is perpendicular to the direction of current flow, and E. reaches its
maximum when it is parallel to the direction of current flow. In order to
maximize ER in front of the electrode, which is perpendicular 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
eleqiarakel fo ¢iel elecirodédndrease due ¢o this dffsetaint accoridaheeanith the

current components, the Eo component in - 41 front of the electrode
e16C‘rﬁéréﬁséé?l“?ﬁ%refd?@?"@é(&ffof the "BREEARENFASL Ao HinG B tHe wh-ch

. embodiment provides the feedin int substantially at the center of the

s DI o S oCis PR Savaniay Al pepiee Pl

wit IEOgRRNent sandesmaximized: Ipkngwnantensas; besides a radigtedthus
electric field, an electrostatic field and an induced electric field are also

pr e fgenerdted t The efgetricsfielt vouplinbl e¢cuds mlthet case whelaia component,

transmission antenna and a reception antenna are placed near each
thatyther, However L§iRBe RISt dFthES Bfiefdy & niftad hs™ ratiated efetric

LondBldh gush known, aptennas, are ingufficient to perform caniagliess ¢ 1
ommunication. In cd’ntrast, tﬁe%antennas }Iflustrate in

component while suppressing the transverse wave Eg

containing the radiated electric field compcnent.

From the above-mentioned viewpoint, the EFC antennas
according to the embodiment are devised in the following
manner. That is, the above-menticned three equations
representing the electromagnetic field show that, in the
case where § = 0° holds true, Eg = 0 holds true, and the By
component reaches its maximum. More specifically, Eg
reaches its maximum when it 1s perpendicular to the
direction of current flow, and E; reaches its maximum when
it is parallel to the direction of current flow. In order
to maximize E; in front of the electrode, which is
perpendicular 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
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 component E. is generated on the surface of the coupling
electrode. Since a transverse-wave component Eg containing a radiated
electric field is smaller than ER, only negligible radio waves are emitted.
That is, waves interfering with other neighboring systems are not

f romgeneratetle Mdst of theisighalsiapuide the EREraritenna ase teflecfed h42
from the electrode back to an input end. In contrast, in the case where a

EFC naif'GHERC anfehad iscuded, it i<hiw tbletwRERVEREantStnas of

. transmitter and a receiver.are placed at a short distance couglin
feod G Rk tro Co0 STt Ghlh b iy By b s oS g

(de SOMPONENE and pperale as1a capacitaraAs @ result, the £EFG antennasas: ne
a whole operate as a band-pass filter, thus achieving impedance

Fy duatchingn At passbandnfrequancies, signals and power are largely
transmitted to a communication partner and are negligibly reflected back

to tRe ifptitend TRE"Siort BREERS Medtishetitfstedd Befinédby teld,
an Jivelenglh 7t thaf Is,, epnigsponds 19, e digtapcg bepeen the coupling
alsc generated. The electric-field coupling occurs in the
case where a transmission antenna and a reception antenna
are placed near each other. However, since most of the
energy 1s 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 transmissicn efficiency by
generating a stronger electric field Ey 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 component Ep is generated on the surface of
the coupling electrode. 8Since 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 << k/2n. For example, in the case where the operating
frequency fo 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 attenuated 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

f rorSignal istransmitied. hlote thal, ecempanedwithdhe case where the EFC
antennas are placed at a short - 43 distance, it is more likely that a signal
input tothe1ERC ,anteniiaof thesttandmitter wilbed reflettdd froanthennas
electrode back to the input end. The "medium distance" mentioned here

is ysgdfindd'By tﬁeswaélgleﬁﬁf% kKRGt B EbTrebpondd o e distahcd
L raRgiveen J:heagﬁ%ﬁ Rling glegtyades, d.being approximately one to;afew .

times k/2m. In the case where the operating frequency f0 is 4 GHz, the
coupMesiun 1 distansas between-thealeetradesds ardistance fram 110,msy tay

40 mm. Fig. 8 shows an exemplary structure of the actual EFC antenna
quasliustratet-roRiga2 ln the ekanipleshowntin Eiyd & rthe BFEC antenna of

the transmitter 10 is illustrated. However, the receiver 20 includes a
capaGhiSEFCAMténesult, the EFC antennas as a whole operate

as a band-pass filter, thus achieving impedance matching.
At passband frequencies, signals and power are largely
transmitted to a communication partner and are negligibly
reflacted back to the input end. The "“shcort 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 fhe eslectrodes 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 Ep mainly containing an induced electric
field is generated in the vicinity of the coupling electrode
of the transmitter. The lcngitudinal-wave electric field Ej
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 placed at a short
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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, forming 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
discirawie poarnd Hysreflone soldesing ortthe like.s dddn Ihesheight fram aheirchitC
mounting surface of the printed circuit board 17 to the coupling electrode

antaanthaefiste [EAGRSHTHRE throddh hoke16, 98 afstst Bpprogristely in

accordance with the gperating wavelength to aljpw the through hole 16 to
e R ante, i cn H e Sore FAfac e SiRed AR
nenfliustrated in.kig; 2. Fhe Rizsignal rarsmissionding:is cpnneeted to s,

ground 18 via the parallel inductor 13 having a chip shape. The dielectric

coriSanshihe throughehale 4 6play: thesrole: @i avaiding-the lcoupling betweei: s

the coupling electrode 14 and the ground 18 and the role of forming a
d De@figs HIREE L Tevirg/a stfficieht hefdHt flofgie drctt-modiftingie case

whe S4T1RES, o the printed clreult board 17 tofhe glegirode 10100 s un
distance" between the electrodes is a distance from 10 mm to
40 mm.

Fig. 8 shows an exemplary structure cof the actual EFC
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, forming 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, fiiling 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 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
umhecassantradiccwaves due to currentiftowing irsthef sedes inductor 12.
In this case, the attenuation of radio - 45 waves emitted by the resonating

prindgfiof bf thel EFeCatendd Behavity £94R ahfehralieriveds the - that

. istance is small an that of an electrostatic field or an induced electric
LS gte??& I f"%sntﬂ%g‘ dﬁ%rcuﬁ {0 ;%ﬁ)?g pltﬁ!éé:éeﬁad?él ’vvalvsesafioj\?é%%geak radio
apppves.where the strengthyghan electic figld ataudistance af 3anfeem@n to
wireless facllity is less than or equal to a predetermined level. Therefore,
alldhe theightafdhgldidledtsc 15 is determinedhon thieibasis of , theHakowingn
conditions: the coupling to the ground 18 is avoided while the . _
the g bpae iS4 the EFC ahtéral &8 il achievid:l 4 $BFas fttuciorf 19 -

ol R e T R
18 ¥Efefhe parallel inductor 13 having a chip shape.

The dielectric 15 and the through hole 16 play the role
of avoiding the coupling between the coupling electrode 14
and the ground 18 and the role of forming a series inductor.
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 REFC antenna (that is, the electric-field
coupling to the EFC antenna at the receiver side) 1is 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 sectiocon, operates as an antenna and adversely

emits unnecessary radio waves due to current flowing in the

series inductor 12. In this case, the attenuation of radio
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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 deteriorated even in the case where metal is placed facing the
backside of the electrode 14. The EFC antenna can be made more

waveconapact than aknowa arienna bynappreptiately sdlecting theonstants a
of the series inductor - 46 12 and the parallel inductor 13. Unlike an _
behaghtena arf eledtiodtatit magRéticfeldhashp polatzdation. A5 smaller

naiPrefetermined level of communication ayality can thys be achiewed sven,
with a different orientation. An  antéenna transmits a Signal using a radiate

£1 e RleCHri¢ field whichsis atteppated indnverse prepartion 4 the. distaneg:Ja
contrast, the EFC antenna according to the embodiment transmits a
to signalweaiRlyrusinig an inducedh electrichield whichyistattehuate deindnverse
~proportion to the square of the distance and an electrostatic field which is
fielgiepbatedihShierse prdpottitn t& #e eubid srthes distarfee! Paticufarhdas
thm{.h% s of gn glectrostatic. field, the gleptric coupling ranidly weakens as
he distarice
height cof the dielectric 15 is determined on the basis of
the following conditions: the coupling to the ground 18 is
avoided while the characteristics as the EFC 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 1is suppressed (that is, the operation of the
resonating section including the series inductor as an
antenna 1s 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 & radiant element
of arn antenna. In contrast, in the communication system
according te the embodiment, the characteristics of the EFC
antenna are not detericrated 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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between the electrodes increases, leading to difficulty in performing
communication. This means that this is suitable for communication over a
very short distance using a very weak electric field. "-p 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 S parameters include a voltage standing wave
ratio (VSWR) corresponding to a reflection characteristic S11 of a signal
which is emitted from a transmitting side and reflected from a receiving
12 Side baek da tha transmitting side; and a papagatiamloss S24ref a a4/
signal which is emitted from the transmitting side and which reaches the
eleqbeeivinytside MRIgnES Mllostratesdhe MSWR, randeFigz & Biiflustratds the
preq%ropagagtion loss S21. Note that the size of ground of each EFC antenna

§9 M E7 TS the® Siz6 BFRARA CoUpiny Slketrodd i€8 ¥ emie
ach 10& bgiaht of the glectrode {length of a mefalline) is, 4 mm whereby

substituting for a series inductor, and the parallel inductance is 1.8 nH. In

generak the:MSWR ds: recommandeadita:be lassithan or eouat taitwa.dtisri ¢

clear from Fig. 15 that, for EFC antennas operating around 4 GHz, in the
fie kdselwihdre the adistanté betiveen thevtrarsmitterand theoreceivet issless

. than or equal to 10 mm, the VSWR becomes a small value and
distance. In contrast, the EFC antenna according to the

embodiment transmits a signal mainly using an induced
electric field which is attenuated in inverse proportion to
"the square of the distance and an electrostatic field which
is attenuated in inverse proportion fo the cube of the
distance. Particularly in the case of an electrostatic
field, the electric coupling rapidiy weakens as the distance
between the electrodes increases, leading to difficulty in
performing communication. This means that this is suitable
for communication over a very short distance using a very
weak electric field.

Figs. 15 and 16 illustrate measured values of §
parameters obtained by disposing two EFC antennas facing
each other and changing the distance between coupling
electrodes. The S 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 refliected from a receiving side back

to the transmitting side; and a propagation loss $,, of a
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impedance matching is achieved. In this case, itis 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, in
the case where the 3 distance between the transmitter and the receiver is
greater than 10 mm, the VSWR becomes a relatively large value and
impedance matching is not achieved. In this case, itis 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
sigiaeasuremient resulisof cpropagatiamlosses abtained by changing the which
distance between - 48 antennas, EFC antennas (with parallel inductors),
reagigsE FO cantenfag (withsutParallel intuctdrs ) whichtareisiacad  sadifg R,

each other. In the case of antennas, the propagation loss does not
and b%%:%meq-ags F;éggﬁg’fﬁﬁﬁﬁ i Cade SPAEERE ANntEfas’ twith Pithfelthat

the iRdugtorgyeyen when the distanea-increases, and.a signal, @Lstﬁ!FPiﬁ%, the

other wireleSs systems may possibly be generated. In the case of t

siz £ERG apterinasovithiout goarakiel induntorss the prepagatien efficiencyight of
low, and the propagation loss is large even in the case where a

the confrruniedton panaéhis nearbydi ebntrastein the chserofhe EFCY

antennas (with parallel inductors), the EFC antennas are strongly coupled
subst&tutféﬁ fog a serges igductor, and the paralf%% P

inductance is 1.8 nH.

In general, the VSWR is recommended to be less than or
equal to two. It is clear from Fig. 15 that, for EFC
antennas operating around 4 GHz, in the case where the
distance beiween the transmitter and the receiver is less
than or equal teo 10 mm, the VSWR becomes a small value and
impedance matching is achieved. In this case, it is
regarded that the coupling electrcdes of the EFC antennas
are coupled to each other through an electrostatic field and
~operate as a capacitor. In contrast, in 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
ca signal mainly using a longitudinal-wave induced electric
field.

Fig. 9 shows comparison cof 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 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
frequency 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.
anteiheselectrodeszoftther=hC antarinassare toanecdtediathe RE and EFC
transmission line, such as a coaxial cable, a microstrip - 49 line, or a
antepphar e THh "ERCEhEAnast fretitionad i thishspeetfication g6lve
fac roblemghing%rﬁgéin RE circuits. _In gach EEC_ antenna, it is assumed that
& RE transmission line (or a series inductor) is connected to the center

ofthe elpctiode. By coppectingthe RE dransmission fine tode capter of, o«

the electrode, current flows evenly in the electrode, thereby preventing
becanpeesessaty tadia svavestfram erhanating:indront iof thierelegtrodeaima

substantially perpendicular direction relative to the electrode surface (see

(w ity PR L Fedontrabe dhypasnnettifg the RE FranRsmissiomice fogreases,

g position off]se&f.rom the center of the e.Iect{odeé currejgt flows unevenly ir?O |
3N iRe Bletlidde “and the Bisttroe Bpelates a8 microstrp aiiénnd afd -2 1Y

be §%@E&ated. In the case of the EFC antennas without
parallel inductors, the propagation efficiency is low, and
the propagation loss is large even in the case wheare a
communication partner is nearby.

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 frequency 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

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

- 49 -



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 EEC antenna illustrated in Fig. 2. A description will be given of
the differences between an EEC antenna used in a transmitter/receiver of
the embodiment and a capacitance-loaded antenna. A
1inecapacitance>lohded antenra illustiatetidnEig: 1li7e emits' radiwaves:i in
directions Bl and B2 around a radiant 50 element of the antenna.
thisyspeder! teddeRnd ehiits id PAIEWaves iR idireetion AR WHidH Serves -
:a.f.[a null%)irﬂ:tyﬁlectr,ic%gelds gf(?er.ated around the ar'geQ%%a&%examined

in" defail. péeci CéﬁP, 3 radrated efetricfield %ﬁeﬁ&gted In‘inverse

t rarRIRRAEI0D10 The distaice.fram.the anienna, arinduced SIgatuG field: o the
attenuated in inverse proportion to the square of the distance from the

centantenria, ane ar electrostatic figld attenuated mginverseRropottiosatd the on -
cube of the distance from the antenna are generated. Because the

Lingndgedd slecrie Feld ahd He erbiiosiatic Sfiel§ aFe afténddtedFertiva ty 1n

th‘i distance mo %éax%g;% than the radiated electric field, only the radiated
[

the eeiec(:?tﬁg 1ield fs disEass 'Rrgee%%rrla Jvﬁ?aél?sn?fs?gr%%ff é”n(f ‘t:’hde:LO waves

from emanating in front of the electrode in a substantially
perpendicular direction relative to the electrode surface
{see Fig. 14A). In contrast, by connecting the RF
transmission line to a position offset from the center of
the electrode, current filows 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-locaded antenna.

A capacitance-loaded antenna illustrated in Fig. 17

emits radio waves in directions By and B, around a radiant
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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.
elerforexampiecamalesttode pontiereofan EFCantanranan enfilk bereasilydio
produced at low cost by performing sheet metal processing. Figs. 20 to
wavexp jilustretsansthotsbf préduding ¢he samesRefdtihg t&these drawings,

a sheet metal made of copper or the like js punched to form a portion .
Lo Ghich wilt betonté A G50y beHB8e BT aPOrHOR ATEFwAPBEbbTa 1

ecome a

det 489 conrectingthe coypling electrode to an RF.signal line. 1Next, the,shesly

metal is bent to allow the leg portion to be bent substantially
in ijperpendicyantootheicaupling telecttade porien fwherebydhe teg:poripnan

achieves a desired height. The desired height mentioned here
induerréspordd o thelsizd that chhplay Bthithe t6I8DTSavaiding Totipiig TO
the bseévt\llgi%re]atr!)efc%%pe”ngiesl%%t{loc%e ?:rcgir(n)ng?g antenna, and an
electrostatic field attenuated in inverse proportion to the
cube of the distance from the antenna are generated.
Because the induced electric field and 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 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

be dLsonating-sectiondand aohl «oupling efectrederasraywingpatiern On
one board. Fig. 23 illustrates an exemplary structure of such an EFC

procgiennal - Noka that nd{groand shodlbuse: providededghins thefcouptingeing
electrode. The EFC antenna illustrated is less advantageous than a

the HANe dimensional EEC antenna in that the illustrated EFC antenna can

oRly @éﬁqﬁg weakep coupling.and jis frequency.bapd,is i‘aﬁ’(%’ef of

However, the illustrated EFC antenha has advantages in terms o
copgeduetiomeost and eempast-size (thinnes inthickness). As has beerrill

described above, in the communication system according to the
becaambediawes, lhigh-spéed tonununitdtion of atUWB sighabcanibe becone

implemented using the characteristics_ of an electrostatic field or an )
a l?ﬁd&ﬁﬁﬂﬁ@&ﬁ%%eﬁpe coupling electrode to an RE signal line.

Next, the sheet metal is bent to allow the leg portion
to be bent substantially perpendicular to the coupling
electrode portion, whereby the leg portion achieves a
desired height. The desired height mentioned here
corresponds to the size that can play both the role of
avelding 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 porticns 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 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

couguisige ©f the eammunication:systempaceasdingda the emhediraent, they .
communication system does not interfere with other wireless systems.

23 Cince hoa53s extersa vadioawavestarereaaived by the sommunicationt enna.
system, the communication system is not affected by external noise, and

Notegp&hadedtionTenaitiity Hratedr Rt a8terGrated ntfe EBmnitiEation
e1e VSIS accqding.igthe embadiment,, communication,canbe pedaemed, .,

in the case where a capacitance is generated between two electrodes.

t hartUnlikerar dadiateg:electsic-field,ran electiastatic fieleheran: irduceth glectied
field has no polarization. Therefore, the shape of each electrode is not

EEFC |imiteehtosa phate shdpe.drorxhhiile mhelketactrodeslcanthe spherks, as
illustrated in Fig. 10, or can be freely designed in accordance with the

£re QR o iiteleds dBGIEES In the Tlshated Sksmplel g rated BFC

antenna has advantages in terms of production cost and
compact size (thinner in thickness).

As has been described above, in the communication
system according to the embodiment, high-speed communication
of é 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 acccordance with
the communication distance, informaticn 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 with radius a [m] and radius b [m],
respectively, are arranged at a distance d [m] in a medium with a
dielectric constant a [F/ml (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: C4;Tc[F] L1 (a+ b (4) -54 In the case of spherical
electrodes, a stable electric- field coupling line can be realized without
depending on the relative positional relationship between the electrodes

extdaeing eachiothet Ginceza metabplatecampe disposedbehind eaoh
electrode, the EFC antennas can be freely arranged in corresponding

sy s igifele$s devieBdWith6at motinfing dRfitatbns OFig2 1§ depfds gbi external

. exemplary structure of a. communication system using.EFC antennas. By
nomb‘?i’ng?ﬁng% ar%%eeleé—tﬁrzé:(?éo Td 8 gep%srt:éijrevﬁggle%s}sl%lé%f?zgg 100 crz}gée’er to an

det £lectrode.201 of a stationary wireless device 200, electric field coupling is
established between the electrodes 101 and 201, and a communication
aperatien startsuhhe poitables wiretess devicediGuincludesa penkshapednt ,

casing, and the
communication can be performed in the case where a
capacitance is generated between two electrodes. Unlike a
radiated electric field, an electrostatic field or an
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. In 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 & 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:

dre

C= 7]

1 1

_ﬁ,..i_i

a b

{4)
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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 positional 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

enbodiment;zhis type obsysténedarche ctiodombinedwithlae electric-

. contactless integrated circuit (IC) card. In this case, a system in which

fiepbdrsomaPaditénticatorrar deodiftthlis Perfoihba anddmenstisighes the

mtusic or a movin itlnage is downlgade ca}:n be configured. The
rel? Tve, ?fl Lo?a elatl?ns %P efween ?ﬁ%}e ect{odes
oregom% escription concerns the mechanism i which asighat is

faciragswiftad between a pair of EFGrantennas 4 the. sompunications .
system illustrated in Fig. 1. The transmission of a signal between two

behiledices nkcedsarity dneglves:theftFansferefrenesgy.athasefofe cthis,type of
communication system can be applied to electric power transfer. As has
ar I pBER YesErilsett ABEVE tHE Rfectric fidlfl SE Rfeherae dvbyihe BF@ount ing
15 agtenna of the transmitter propagates as a surface wave in air. The
1mltatlons . ) e - e
receiver side can reliably obtain power by rectifying and stabilizing a

Sighal . 11 depicts an exemplary structure of a
communication system using EFC antennas. By bringing an
electrode 101 of a portable wireless device 100 closer 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 positional
relationship with the electrode 201 of the stationary
wireless device 200, which faces the electrode 101.

By empleoying 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 & 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 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
conmipowet. w36 hThe EFC-antenpas afuser-anly 4o trapsfer elecinc pawer: .

In the case where no power-receiving EFC antenna is located near the
In tdolverdrrsmiing EECAniéhrid) hiost DE RO pewer iHpuetd theation or

. ow_er-transmitting #.FC antenna is [ﬂeglectted backl§ to a direct-current

ACCABE) A invaret " TREMSO e e 6RTEsidh of Unecagsaty FadioWavks to
mov 14 ouiside.and the, cansumption-of payeer heypnd pecgssity can be

suppressed. Although the example illustrated in the diagram concerns the

cageswheresthe witelessseommunication teyiceds eharged-with jpawerna

_ device charged with power is not limited to a wireless device. For

whigxamphd, SBléctrié poer "Gan. bé franSrefrédsn ascomtddtless Midriner i annas
in t %S'%gﬁgﬂl%ﬁ:gggag%%@%% illustrated in Fig. 1. The
transmissicn of a signal between two devices necessarily
involves the transfer of energy. Therefore, this type of
communication system can be applied to electric power
transfer. As has been described above, the electric field
Ep generated by the EFC antenna of the transmitter
propagates as a surface wave in ailr. The receiver side can
reliably obtain power by rectifyving 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

fthe charger and the wireless communication device, and hence

the wireless communication device is charged with power.
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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

The tREMSMissiencan beralternately-parformed-omas 57 peddetermined eyele.
In this case, the power transmission output can be maintained at an
optimiidevel By febdifRy Backe ahargifg statism dddiiemicana is

com unicati(%n signal to the char erc. For ex EI}P'G, when charIgin is
locate ne%r. e#%fweri}r%nsﬂﬁ tin ante?Pa of the
completed, infor ion Indicating the corrgple lon IS sent to the chargetr,

powdBereby ehapgingthepoyar. iransplissien PHIPUE fe-2aie: Althgugh the
charger is connected to the AC power supply in the system illustrated in

re f 1he deawings kthesystem renay -beapplicable o thie.case whete: power is
supplied from a cellular phone to another cellular phone with low battery

The el femailfingtHere o The foresayf saverivh haadbcerivdesribed the

ot JEIENEDOVE . the contex of specc empodiments hereot s fobe
{hdertB6d, HEwSBH AR ModiticatioRS ¥F or Siteriativey Y

suppressed.

Althecugh the example illustrated in the diagram
concerns the case where the wireless communication device is
charged with power, 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. 1In 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 controllied 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 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

predystem iperformjng data transmission:0f &, retativelydawfragueney + $8ion
signal using electric-field coupling. In this specification, the embodiments

outpplied o by stems imwhith ddtads commdnicatédvetvden 4 paik viERmick
antennas have been mairéé described. Since the transmission qf a sij(inal

3 CHEERREEH 1w Aeliced herasedriy Thviolied the WSS S eHergy, IR typé
the OfcoMMmunication systemcan alsa.be applied; ge'%%trie&gwfé%@asfef-

In short, the present invention has been disclosed by way of examples,
infanckthedhisclesire shotilg notdecconstrued cas the resfiietive-ongie charger,
Reference shall be made to the appended claims for delineation of the
the zebjie O e prederh sniehtion. RIshoEHLSdrderstvad By thoseskiled in

the arh that various modifications, combinatior&s, sub-combinations
Although the charger 1s connected to the AC power

supply in the system illustrated in the drawings, the system
may be applicable to the case where power is supplied from a
celiular phone to ancther celiular 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 alterations may occur depending on design requirements and other
factors insofar as they are within the scope of the appended claims or the
equivalents thereof. 59 WHAT IS CLAIMED IS: 1. A communication
system comprising: a transmitter including a transmission circuit unit
configured to generate a radio-frequency signal for transmitting data and
an electric-field-coupling antenna configured to transmit the
radio-frequency signal as an electrostatic field or an induced electric field;
a receiver including an electric-field-coupling antenna and a reception
sigrewtuit sitaconfiguredito-réceivd andupicaess the radio-frequency signal
received by the electric- field-coupling antenna; and an impedance
matchiby BnfeBRfiduredté fhake-&% iRpeddidebltthearplied to

sy Slglric-ield:coypling antenna of the, ransmiter egual (o an impedance,gf,
e electric-field- coupling anténna of the receiver, wherein't

ant dadioslreguancysignalds Hagsmitted by, electricsfield.coupling PeMeen: =i on
the electric-field-coupling antennas, facing each other, of the transmitter

of andithealedeptere2nl Hevcommunieationesystem attgrdingyiolclaim the

wherein the radio-frequency signal is an ultra-wideband signal using an
trangfsviddpsieergy, this type of communication system can
also be applied to electric power transfer.

| In short, the present invention has been disclosed by
way of examples, and the disclosure 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 various 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.
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- 60 3. The communication system according to claims 1 or 2, wherein
the impedance matching unit serves as a band-pass filter with a desired
radio-frequency band as a passband between the electric-field-coupling
antennas of the transmitter and the receiver. 4. The communication
system according to any one of claims 1 to 3, wherein the
electric-field-coupling antenna performs impedance conversion for
reducing, relative to a characteristic impedance at an input side

- e(% in% to helgansmission circuit unit, a characteristic impedance at
ant oultptit ik facing the other electric-field-coupling antenna. 5. The
piing

communication system according to any one of claims 1 to 4, wherein, in
the transmitter, a radio- frequency-signal transmission line for transmitting
the. radlo-dreguency sighahgenerated bytherttansmyssion circuit unit is
connected substantially to the center of an electrode of the
elactriesfietebbliping st RAA MEtHRthE L seeaReé Phatehifg it unit
interposed therebetween, and w ereir% in the receiver, a

i

COnTAdIdY é%&e%c%?é?geﬁaﬁtt‘?aﬁsrﬁ% oW Tine 3 frsitiiy the ©°*
t raf@ffiedreguensy. signglfothe teception cireyit ypitis connected nt enna

substantially to the center of an electrode of the electric- field-coupling
con ADieNnedwith the: iapedancermatehinigowTit- <6l dateypesiesktherebetwaen.
electrostatic field or an induced electric fielid;

a receiver including an electric-field-coupling antenna
and a reception circult unit configured to recelve and
process the radio-frequency signal received by the electric-
fieidwcoupling antenna; and

an impedance matching unit configured to make an
impedance of the electric-field-coupling antenna of the
transmitter egqual tc 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-freguency signal is an ultra-wideband

signal using an ultra-wideband.
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6. The communication system according to claim 5, wherein the
impedance matching unit includes a conductor with a length dependent
on an operating wavelength. 7. The communication system according to
claim 5, wherein the impedance matching unit includes a lumped- .. -,
constant circuit. 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

commtiftafichapparaiis 8t bs SHorediSiante " whefeifr the™s 1 ©or 2
whe 2 ‘%%“%1‘3'8'di?n%%"é@g@é‘tﬂt%f{jvc%%ﬁa” Impedance matched toghat ofihe o

communication partner wi electric-field coupling is established,

£11#ke Genmupicatien padnenbeing tisppset af thesveryshost distancen .
The communication apparatus according to claim 8, wherein the

be tietaotric-fieldecoupling anfermidincludes aneleotrode s serfes ineductor,
and a parallel inductor, all - 62 of which are connected to a

transdio Freuemey-sidifal tRifshiigdion line. 10. The communication

apparatus according to claim 9,- wherein the constants of the parallel and
series inductors

4. The communication system according to any one of
claims 1 to 3, wherein the electric-field-coupling antenna
performs impedance conversion for reducing, relative to a
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 fto 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 1s connected
substantially to the center of an electrode of the electric-

field-coupling antenna with the impedance matching unit
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and the constant of a capacitance are determined so that the
electric-field-coupling antenna, with a similar electric- field-coupling
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
InteEPRFEEING, FEIERTE £ & “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

communicatienaRRALAIHS aseordingterclaim-d,r wheseindhe elegtioge
included in the electric-field- coupling antenna is mounted at a
whe prédetéimineuriightcgbove t alprintedoeitduit boatddasvkick thgluctor
~communication circuit - 63 unit is mounted. 13. The communication
withnBakfid BRcSRRf APekin? B2 2IWHRFS R e PrediddiifBd Fight is a
distance for suppressing electric-field coupling to ground on the printed
circuit board, a distance for forming a series inductor for achieving

impedaneg Mmatehingi aad aslistanca: far reducing enissionofaim 5,
unnecessary radio waves due to current flow in
wherein the impedance matching unit includes a lumped-

constant circuit.

8. A communication apparatus comprising:

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

an electric-field-coupling antenna configured to
establish electric-field coupling tc 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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the series inductor. 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 paralle] inductor, - 64

of Whn&irfthe éi@@t‘?(?cfétﬁﬁ{e E&riés haddor, 8" parafePRadctor are

trang%ggg%tﬁgﬁla radio-frequency-signal transmission line, and wherein the

ectric-fie cl)ﬁﬁihg 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.
ThHe electtie=fieldrcoupling: Satenna e oringstoa claimdisy ywherein them 9,

radio-frequency-signal transmission line is connected substantially to the
wherghferigigheonstants 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 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 clrcult 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
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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- cqupling antenna, with a similar electric-field-coupling - 65
un i n{Sh Ao the Communication partner facing the electric- field-coupling
antenna at the very short distance, serves as a band-pass filter having a
desired radio-frequency band as a passband. 20. The

electric-freld-couplingranianna aceerdingtouany one pficlaims d640d8n 12,
wherein the constant of the parallel inductor and the constant of a

whe capacitdneerare dgéterminesdthag e électricdiefd-eogslingrantenna
serves as an impedance conversion circuit for reducing, relative to a

SUPRRERRICHBIE HpElARCE AEAf IMPUIRHETS WhicA G Sdiofredtiancy -2t
c1.x SIGTE! 50, acharasteristic impedancesal an.outaytside estanlshinosos

ctric-field coupling to the communication partner. 21. The

ach elegtrigfialdcoupling antenRiacgordingte, distance for reducing
emission of unnecessary radio waves due to current flow in

the series inductor.

14. The communication apparatus according te 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-freguency 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 paraliel inductor,
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any one of claims 16 to 20, wherein the electrode is mounted at a
predetermined height above a printed circuit board. 22. The
electric-field-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 - 66 the
series inductor. 23. The electric-field-coupling antenna accordingéo t%ng/

o 6f Eaind 16 1625 Whefkin thd EleciddeS Shbdtantidiy @
pa r%fgl\%/iﬁprl%{&%@gr %T%éggegléé%lEtQI%CEQ§HB—EEre%\uencyMs ignal

MUNICATION SYSTEM, COMMUNICATION APPARATUS,"AND
trafdfmGERIEr RAIELD;COMPLING ANTENNA A communication system
includes the following elements: a transmitter including a transmission
circoit vaitncoifiguedd (o yénerhie ad RFosigadlfor aansmitind:datagand
an EFC antenna configured to transmit the RF signal as an electrostatic

ATPRERforal tteed efeerid itidd recVBFBiitiy &R EFT dfifehn ahd
wh1 & GSRAN el Uk ORGP0 Tecelis ] putens AET signa!

receive e EFC antenna; an impedance matching unit
com@nfigured 4 makeranimpedanceof $he EES aiteanaettheshort

distance.

17. The electric-field-coupling antenna according to
claim 16, wherein the radio-frequency-signal transmission
iine is connected substantially to the center of the

electrode with the series inductor and the parallel inductor

interposed therebetwesen.

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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transmitter equal to an impedance of the EFC antenna of the receiver.
The RF signal is transmitted by electric-field coupling between the EFC

antennas, facing each other, of the transmitter and the receiver. Fig. 1 -
68

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-frequency band as

a passband.

20. The electric-field~coupling antenna according to
any one of 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 radic-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-field-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 1in



e

the series inductor.

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

substantially hemispherical.



