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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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 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



field) or an induced electric field, and more particularly 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
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_transmission using a general cable, such as an audio/visual (AV) cable or
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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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schemes of performing transmission/reception of radio signals using
antennas have been developed. For example, a 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
schexed itst charattensting. A cansmuniedtior scheme teferred teagio
"ultra-wideband"” (UWB), which has been drawing increasing attention in
sigpadentWddrs, By Rireresskonimbisicaticle ieehabgy fofindplementng . &

high-capacity, wireless aata transmission at. approximately 100 Mbs,
pro?hogsl?gin %\%Sr éo ShHort s aencfe?ﬂsﬁlgp S rve%%v‘?"’delf?‘ggﬁer{c Cﬁ)ﬁwddlﬁlgm 3.1

app £z 10:10.6.GHzn sEherefore..a large amaupt.af.datg, such;as a moving

image or music data contained in one compact disc (CD), can be
pos frabsterrestatduigh speed:in-a short pedod of timeg TRe MB  (for example,
communication has a communication distance of approximately 10 m due
see o b eIan6nSHIp ¥AthitrasnTiasioR t pdwed. Usiig DWB U Sheaidistante -

500 I%eél%sf’sr%% mmugncatlon %‘chem% such as a personal area network
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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



- 3 scheme of transmitting data having 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
scHahle te 10t6-Giizy andithe simplicityofi fabrigating-ar RFseitouitt The
inventor of the present invention believes that a data transmission
incsyistEm enplBying P UWE fowlbandisene of effe@ivecdirelessitrol scheme
communication tech,ni%ue,s to be applied to mobile devices, For example,
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storage device, can be implemented. In the case where the strength of an
of alectric finlk-fthessirengtn of/tagia waveshatasdistanee«f 3imiffam e ace

wireless facility is less than or equal to a predetermined level, that is, in
foxh&€ase where very weak radio waves merely causing noise for other

W”%ﬁgsg¥§§gﬁa%§§@%3gbstems using a UWB low-band from 3.1
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 ncise for other wireless systems existing in

the neighborhood are emitted, the licensing of a radio



the neighborhood are emitted, the licensing of a radio - 4 station is
unnecessary (for example, see the Regulations for the Enforcement of
the Radio Law, Article 6(1-1) (Regulation 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

statadia comnuricationscheme for perdarmiag trapsmigsionzang 1eception for
of radio signals using antennas, en electric field generated therein is

the difiduit: geBesuppiessed tGatiery wak |évet. iMary kidwh wirdless:1ation

icati t emplqy radio communication schemes and allow
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devihgre.cyirent, flows through an aerigl (antenna); ILHIS.CaSE, & oy can be

transmitter side emits radio waves regardless of the presence of a

redgemmunicationtparines. Thisamay gengrate; jJamming:waves wihich distush |
the neighboring communication systems. An antenna at a receiver side

theradepies 1ot only egdirBd Wavesritom dae tramsnvitter, up iseeradica. short-
waves arriving from far away. Thus, the antenna at the receiver. side is

A5 5G8teptiBle™to the InfHEe br anibisht jarinting: 2t @ reiatively low

electric~field level. However, 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



waves, resulting in a reduction of the reception sensitivity. In the case
where a plurality of communication partners - 5 exists, a complicated
setting is necessary to be done in order to select a desired
communication partner from the 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
exiwireless device$.iShced sadiowayveipemendicular {o the direclionaofin
polarization is not communicated, the directions of polarization of the
ordggtehAas Bt fifeltransifitter aHd arETBERET Bté Rebddddr to e liged.

For.e amplg in the case ch a contactltess data cpmmunicaticln systemCiH
plural o’ communica on(ﬁfr nerd, q$ eéa%F e, 00 e
whic mmunication 1s performed within a very short distance’from a

castewymilimeters 1,2 fewr cenfimeters; dt is preferable thatdhe traasmiterrorm

and the receiver be coupled strongly within a short distance, but a signal
wi rrdtaeach annoss aclongaistanté imoraento-avoid riaterference withwther
systems. It is also preferable that data communication devices be
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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



close proximity with each other, that is, it is preferable that the devices
have no directivity. In order to perform high-capacity data communication,
it is preferable that the - 6 devices can perform broadband
communication. In wireless communication, besides the above-mentioned
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
devicommunicapen systemsrnaiiitysused-inriadioifrequency identification
(RFID). An electrostatic field or an induced electric field is inversely
propottiohal fsthe B BT the tdqUinre 'of tHeldistahee fedva e Betreeoned

d thereof. The.refot[_e, verL}/ weak radio (\ivaves Clp which the strfen%rgiof an .
raiSe e el (stiendth OF ratho Wavas) R1ESs thahior'etual toa® Various

comRifdetermineddeyelat a distance of 3.m from gwirgless facility cap be,

emitted, and hence the licensing of a radio station is unnecessary. In this
indiuypei obtentactiesst cemmunieation=system«a trapsmissictngigoal isn

rapidly attenuated according to the distance. In the case where no
eleqigaky EdmhilricatiohipErtne?exidts, 9o coupling relativhghiptéceurs,
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communication systems mainly used in radio 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



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-short- distance communication using
electric field coupling - 7 employing an induced electric field or an
electrostatic field is suitable for emitting very weak radio waves.
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

emp Bokelatlyelnlongdistance; the-quality of the radiossignaldp @ tasie range
is deteriorated due to a neighboring reflector or an increase in the
fielebmimunication distdnoe. émcontiast, skory- distakce edimmudgaton is not
dependent on its surrounding environment and can transfer a high-quality
sighRISRItH & S1dWr ert6rrate 3P & hight frAAstefrate R HNET S-Sy stems

distance cgmmq:nication s\ystem there is na ch%nce for an unauthgrized
have, some advanta over generall w eﬁs colmpunicaclion

deviceto |nterceptCtjr(':falsﬁsmlgs|orc1J data. her:(LaFoeFe, IS unnecessary to take
sysdateconsideration. pravention afiiacking-ona treasmissien ing apdal is

securing of confidentiality. In radio communication, it is necessary for an
exclamenrni e have a Size 0fapproximately erie-half of enefedrth bb:its

~operating wavelength X, which leads to an increase in .
dlstance, the guality of the radio signal in a radic 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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the size of an apparatus. In contrast, there are no such limitations in a
very-short-distance communication system using an induced
electromagnetic field or an electrostatic magnetic field. For example, a
proposal for an RFID tag system has been - 8 made (for example, see
Japanese Unexamined Patent Application Publication No. 2006-60283).
In this system, 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
maddtiens 80 asdabes sandwiched betweenthecommenicatior auxiliary units,
stable reading and writing of information can be implemented even in the
App ldasetiiiveretRIBIDL gt overlbp onelHotlhérZ Aropodal foia daty stem,
communication apparatus using an induced magnetic field has been

painfiadd (forBREMple: 58 u4pEMese Uextitingd Pafert Appheator © hat
re1WiGA191 NG, 2004 214879). [he apparglus.ipchudes a,main body, a

mounting tool configured to mount the main body to a’physical body of a
comuUSel -t antenaaxcoll iand;a@ata somnuinication it gonfigured 49 s

perform contactless data communication with an external communication
attappadatus via thevarténtay coif. T dnterthascoilidmithedatas to be

communication unit are placed on an outer casing provided above the
sanqﬁémQﬁ%yQﬁquen the communication auxXiliary 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 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).



apparatus. A proposal has been made for a cellular phone, which is en
exemplary portable information device, provided with an RFID, which
ensures a communication distance without sacrificing the portability (for
example, see Japanese Unexamined Patent Application Publication No.
2005-18671). -9 A memory card to be inserted into the portable
information device includes an antenna coil configured to perform data
communication with an external device. An RFID antenna coll is provided
in the exterior of a memory-card insertion slot of the portable information

A mdlevice. Because knewn i brsystems empleyipg an-eleeirostatic-fietd: omn
an induced electric field use lower-frequency signals, the systems

devigemmonitattesat abwsieaand aid thi Adosuitbld fortigh-eapacigt a
datg transmission. In the case of communication scheme using an

oMU aghettidtd TR GEESBY ah artemiaccol, O commuRicatian ¢af >
s Fopedamed in e caseuhere amelal plate s posiioned behid e, o

coil. A large planar area is necessary for mounting the coil. Such

of theuiingReblems arerdfannddn thistype of communication scheme.
Further, a transmission line has a large loss, and hence the signal
trdifspigsionkefficienty IS9p6ors e tentrast Lihglingertor 6flthetpresénttic

. _Invention , ,
field or an induced electric field 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 -



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 is, transmitting the above- mentioned
UWB communication signal by employing an - 10 electrostatic field or an
induced electromagnetic field. The inventor of the present invention
believes that, in the UWB communication system using an electrostatic
eledield or aniindoced elestricstield nallarge amotnt obdata, sudlras be1d.
moving image or music data contained in one CD, can be transferred at
The Highspééd irrd shbR gerdot imé 1R Rhéwh R DI/ stems haéetrodestne

(EFC antennas) of a transmitter.and a receiver are 5gener‘ally gttaf ed to
o)

VB SR Bther Ahich iS itonVetignt for A user St isthDS “desirabte’s” ©F 2"

i naetermsharidistance,communication ipwhich the elgettodesaie 5 4
separated by a distance of approximately 3 cm. In an electric-field

mov icoy pling sehemenusing-signals inanrelatively low frequenty band, te
3-cm distance between the electrodes of the transmitter and the receiver

trang hegigble2 felath tosthestavielerfgth nand-thesprbpégatior168§ between

the transmitter_and the receiver is not a seripus lem.
Dﬁqqmmm R%ID systems, e ectrodes‘%g?g antennas) of a

transmitter and a receiver are generxally 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 -



However, when transmitting a higher-frequency, wideband signal such as

a UWB signal, a distance of 3 cm corresponds to approximately one-half

of the wavelength of an operating frequency of 4 GHz. Since the

propagation loss occurs in accordance with the propagation distance
berelaiiveito iba rwavelepgths fhe distance etweentheielecirodesnbtheignal

transmitter and the receiver is considerahbly long relative to the

L S\hyBIHGHT Tiveraforad te fropagation T0ss Shotild =4 be sufficiently

suppressed in the case where a UWB signal is transmitted using
electric-field coupling. SUMMARY OF THE INVENTION It is desirable to

5 UWe 4R eXcBllent Eothmithication system that can perform
highieapagityidata-ecemmunicatien-netwegn inferraation devieasusing:a: 1 on
UWB communication scheme emplaying an RF wideband signal. It js also

SY§é&iFanietd provide drféiceiBnt "edhnftmication'systahi! commiliidation "

beapRaratus; and-dEEi antenpesthatean transmit a;UWBrsomansieation: « i on
signal between information devices placed at a very short distance by

SCOSRG A EiecoRta el (flaseiedtrostdttttield) or an induced electric

fieldrk is also desirable tadsovide an exegllent egmmunication system,1ent
communication apparatus, and EFC antenna that can perform

cqmaﬁqﬁﬁ%&hgqmngﬁﬁgﬁgnbycommunicatlon apparatus, and EFC

antenna that c¢an ftransmit a UWEB communicaticn 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



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 transmission
&1 eircuit unif cohfigurad-tol generateca nadio< frequency signdl fortrarsmifing. o

an SRANG. A0 elegics field-caupling antenna capligured o HENSMILIG,  cne
radio- frequency signal as an electrostatic field or an induced electric
refigldy arecelveE Meluditg an Electric-fidfaicouplirg ahfehnatandrgrnsmitted
pyreception girgdit Unitconfigured; tog regeivesand pragess theectric-field-

radio-frequency signal received by the electric-field-coupling antenna; .
oG AN ABRL Thatdhin At SO Tgur 6 halcs an e daes SHFe
and? etectriefieldresupling antenna of the transmitter equal to an

impegdancef the glectrie-fieldseoupling antenna ef.the: receaivers wheseinded
the radio-frequenc si%nal is transmitted bg electric-field cougi

ling . ,
¢ petWEBAthE Btectfic-figfd: tbtipling antefiRas, Tatihy eath o%e?,”%ﬁh%atlon
citransmitteriand-theftepeiver. nca seconc aspect af the- inventioncthers snal

£oprovided, a.communication apparafys comprising, &GOMMLUNICAIoN 51 i ng
circuit unit configuréd to process a radio-frequency signal for transmitting
aﬂaﬁﬁﬁﬁn&%ﬁ@ﬂ@&ﬁ%ﬁmﬁﬁc&ﬁﬁmallSh electric-Tield coupling to

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.



antenna configured to establish electric-field coupling to a communication
partner facing the communication apparatus at a very short distance,
wherein the electric-field- coupling antenna has an impedance matched to
that of the communication partner with which electric-field coupling is
established:the compnanication partngrdeing disposedrat the very shofers
~distance. In a third aspect of the invention, there is provided an |
O eldttric-RgitEéouplig aitenta (skd it cottmtfitatifg & fadivFrediiehey (©F
= signabusing @lectrc field:coupling,; eompesing: an electrodenaiselgs does
inductor; and a parallel inductor, wherein the electrode, the series ,
NOInBRtST, ARd the Pataiiel ifductsr 4 Corhitttédto & TadiG redtient§y <=2
orsignal transmission knesanskwherein te electrictfield- coupling;artenna ing
has an impedance matched to that of a communication partner with which
(CBRchifcfiefFtouptinig i TEStBIisEY, the communication partner being
disposed at a: ¥ary1shert distancarl2areexample-embediments; ¢he  data
"system" mentioned refers to a logical assembly of a plurality of devices

S fiictiontbtfiies that realiZe Spetitic fRctidhEy Ghd dods! Hot Miake ™ e"

dadny distingtiom hetween whetherof net the deviees rdhedunetion & small

~ modules are contained in a single casing (the same apdplies hereinafter).
information device and a PC, 1s 1mplemente

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.
. Therefore, 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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User-friendliness is improved in the case where data transfer between
small information devices, such as when data including images or music
is exchanged between a small information device and a PC, is
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 an antenna.
Therefore, radio waves are emitted regardless of the presence of a
communication partner. Since the radiated electric field is attenuated

to ighed IR NANRRrSE ProbBRIGFIEI e dstdnéfom R EMEnna, a
e15l9nal reaches relatively far, This may generaie jamming waves which
T& L Yistdrb the e ic X\u%e ' eé

e neighboring com ication systems. Due to the surrounding
distApming,wayes dhe sensiivityehan antennart sg secaiver sideis to the
reduced. In short, it is difficult to implement wireless communication using
sur adqadidicamiemicatignwsctreme imwhichreséammunication parther gnna at
limited to that located at a very short distance. In contrast, in a

3 Tegmhificaticifsysteriiishig an elEBrGStaT field bor & ilddded Bibbtric®
S e kR il R
schehelegtrostaticfield iss@Ridly cation partner is limited to that
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 radio waves
arrive from far away, the coupling electrode receives no
radio waves, and hence the system is not interfered with by
other communication systems. However, this type of known
communication system has low communication speed because of
using a lower-freguency signal and is thus unsuitable for

high-capacity data transmission. In the case of a

communication scheme using an induced electromagnetic field,



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 fields do not reach far, whereby other
communication systems are not disturbed. Even in the case where radio

a Wwaves arivedfrom far-away, the-seupling electrederaceivesana:4adio such
waves, and hence the system is not interfered with by other

MO EBhEniERtIN- §Vsterfis SHOWEVET, this thpd Bf Kngwn SomAiHicatigH: = 1o

s cB¥stem has low communication speed because of using a
lower-frequency signal and is thus unsuitable for high-capacity data

transhhissioH: A The c4S8 of R EBHITA KA N SEREAE Wiy aRinduced 2

emslectromagnetic fielghe 14, a-large: planatarea isshecessarydior meuntng ao
coil. Such mounting problems are found in this type of communication

CrEPREHE. n Cofftratst the confiiffcation SySent alddrdig fotar toured to

ge8mhodiment ofthe presentinvention is-configured-to, fransmit:a UWB  the
signal between the transmitter configured to generate a UWB si@nal for

refangfitting dataland the” fecef/et thnfigired 1 féceive dritf protssthe™
pyUWBsignak By.egtablishing electric-figld eouplingrhetwaenthenEFGhe - rrC

antennas of the transmitter and the receiver. Since an electrostatic field

anhRBENSIndRiced S8 ctricfiddare L aftendiated iMver&E proportiontothe 2%
c16Ube andihe- 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
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square, 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 system performs the UWB communication, high-capacity
communication over a very short distance can be implemented. For
example, a large amount of data, such as a moving image or music data
contained in one CD, can be transferred at high speed in a short period of
PTOoPamat Sitelat RFgrclit inits profpiyation Tosstin Sactutdan e with dffe 2
) ggftioq Sdis%ell:récne rr% tivg (}9 the wavelength, it is necessary to
sufficiently Suppress e § propagation loss in the case where an RF

signat sichaedu M WEBSIgnals igtransmitled, a 1hg commuypicaligthd i ment
system according to the embodiment of the present invention, in the
of thengmitesnan REvsignalottansmission linesfostransmittingtheRRF sigyrad 1
generated by the transmission circuit unit may be connected substantially
trangrthe cepterof 3 dledtrddesfhe BEREC SarftBfindViathe impedshceated
h trrqatc@%%g%it Sagg anreggr;:%t&n.gc secti' n. In th receglgzrl,e%nth-signal
Y Yyansmiscion line  for transmlt%ing%ﬁe I'—mgiﬁna %o The recep%on circuit unit

sub sP&% Peconpected:substantially to the,penterofangleckede ne wrc
antenna via 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
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of the EFC antenna via the impedance matching unit and a resonating
section. The impedance matching units make the impedance of the EFC
antenna of the transmitter equal to the impedance of the EFC antenna of
the receiver, thereby suppressing reflected waves between the EFC
antennas and reducing the propagation loss. Each impedance matching
unit and each resonating section are configured to achieve impedance
matching between the electrodes of the transmitter and the receiver, that
is, in a coupling portion, and to suppress reflected waves. The
lumpimpedansd ardiching unittand théresorstingskcton htaylsurvdaass

band-pass filter with a desired RF band as a passband between the EFC
13 AT P B Harb A Snd e TRTHRER IMr Epdcifi Il the

dep%‘&ggﬁh%ﬁyﬁ‘%g%%i’%ﬂ%y includeq, =16 lumped:consfant Giguit, s, 4

ternative impedance™ matching unhit may include a conductor with
condulengihe dgpendent gniamn openaingivavelengibdndhefatter caserating
conductive pattern with a length dependent on an operating frequency
fre¢mayaiso be yefehed tbasre fstulyds formed on apridtéd cikeuit boart! on
on which the EFC antenna is mounted, thus operating as an impedance

a PRAStERfgTCHRE BEG Biehhahas Rehidbe hpeddidd Matching By £
cnufeOYEIG. selalve Jo acharadgusicmpsdianea 4t anjeut side to which
the signalis input from the 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
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circuit unit, a characteristic impedance at an output side establishing
electric-field coupling to a communication partner. That is, a larger
amount of current is allowed to flow through the coupling electrodes. In
this case, the EFC antennas induce a stronger electric field, thereby
allowing the electrodes to be strongly coupled with each other. More
specifically, the EFC antenna includes an electrode, a series inductor,
and a parallel inductor, all of which are connected to an RF-signal
transmission line. The RF-signal transmission line mentioned here

to hadfespoRdBPtfa baxial cdste, A'mithdStip iRg, & tBHRRAFME Y the®

serilg(g ’ |1fr|1t Sv:otfnf%ngg%ssgé%%oe%%hé%vec@ ptlefgg nﬁ _@a%:ﬁlgig %r:f]_%{losmiss ion
suppress re eécted waves between the electrodes o e transmitter an

1indhe receiver, thatds, in; the.galiphing pottiony it i sufficient tor the\EECi s
antennas - 17 to have a simple structure in which the electrode and the
conrsetiesdnductgrareconnecfecbtotthe REignalteansmigsioatlindigntip of
contrast, in the case where the EFC antenna is connected to ground in

the Rt of e &lcthdBEMt 75 i of: 1R RELSiGnditrareiti&sidis find WithThe ™

i ne QEAIELAYClon Iterposed therebeiween, e RECANBINGAIONE; ors as
ctions as an impe ance conversion circul conﬁgureg o reé‘uce tﬁe

an Ghatasteristicimpedance 7! at the gutpetside glithe FRG anignpa relative
to the characteristic impedance Zo at the
characteristic 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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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

flowig the phiffePEFAShIdrE 16 1 eléEtr6YPRT BERFMINdd @ cording t8S
the following conditions:tthe electric:field co%plliné;.to r%lfglnd onéh%

OPeRG IS ciféuf Board i€ SuppTessed: a series ndUctor necessary for -

i nanAchigving the abovesmentioned tnpedance malghing is formed; and the
emission of unnecessary radio waves due to current - 18 flowing in the
seriesriaduetoc isnguppressecb(thatiis, the operatdn ofvadesonatihgce
section including the series inductor as an antenna is not so strong). In

met F3diswHmmBinicativndit ROTet allohd 16 place! Aietallsueh 8 grdlinG Hear

a radiant element of an antenna.  In conyast, iT coEanuqiggtécirau%ngpling

In %T&Wf@-ﬁ%l’d &SupiiRG " the Characteristics 6f the EFC ahterina are not
the defgriorated. even inthecasewhere meatal isplacedfacing tedacksider od

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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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 of the transmijtter and the receiver face

COURdFd T thdPandPE cAfadititt s JeHeratst beffEs the o Bletisdes.

re1400€ afaiaiedelectyic, leld. on glastrpatatic mponelc feldthas. o .
polarization. Therefore, the shape of each electrode is not limited to a

fac Plateshapesntean be freely designed in accordance with the design of
a wireless device. For example, in the case of a hemispherical electrode,
arhoptimdlelectric-fidld - igoedaplingtinecdantie raalizged withpuvention,
depending on the relative positional relationship between the electrodes

thergeing AR b AtBofding to-tHe"ernBBHIHRALS SR préSétihveittion™"
oo AR B o0 Selen o S SR
devWB commynication sebpme-employng aittREme employing an RF
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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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 electrostatic field (quasi-electrostatic field) or an induced electric
field. According to the embodiments of the present invention, there is
provided an excellent communication system, communication apparatus,
and EFC antenna that can perform high-capacity transmission b

EFC SRty reeniiting S RE  S3harSweeR BEC Aftohnad b OTHISH
e SEHCED HAING A, plegtrostatic eld or.an nduped elactic field vey avery

short distance. According to the embodiment of the present invention,
othethere isspravided-a vernshort-distance communicatien sysieme thaican

perform high-speed data transmission in which a UWB signal is
withpahsmitenlusieg efecaittidld Coupling BetwesRu20cEFGantenRas oi an

transmitter and a receiver. By bringing desired communication devices
starbfysically closer to each other, a communication partner is intuitively

LR S a0 o
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 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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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

Lefaravay,dhe&FG.antenna receives no radio waves, and hence the
communication system is not interfered with by other communijcation

systbinstrfie edifimuticatibirsystém dtortingto tHE embdtfirherttof the3 "
o1 Rrasent invention is-a venxshost-distance gammunieationesysiemndsing of

electric-field coupling. In other words, the communication system has
Chliffiedmy i performmy-ésMmunication over adnddistance? THerefora! the"

raGommunication system, candedyce the Lisk of being hagked by apevelr of
unexpected device. In each of the EFC antennas used in the transmitter

cogfg Nthefreteiverd e bagksiidof g &le&tfodé CAnBEmMetaf Grotngss ©f

«hEommunicafionis nelraffected by the prasence.of metal behipd the EFEach
antenna. An electric field generated from the electrode has no adverse
elgfécsbh &eifcuits 217 behihdthé EFC antehd. Mfe tase ot tenna can

pelrangmission ofa JWB-signalusing.an, elegtric-field coupling scheme, as
in the embodiments of the present invention, there is no polarization,
unlike: Fallivrcomilfiidatiticusing artefinad*Atinfornfeveféfrents 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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communication quality can thus be achieved regardless of the orientation
of each EFC antenna. The shape of each electrode can be freely
designed, and the EFC antenna can be made more compact than a
known antenna. Further advantages of the example embodiments will
become apparent from the following description of exemplary
embodiments with reference to the attached drawings. BRIEF
DESCRIPTION OF THE DRAWINGS Fig. | is a diagram of an exemplary
configuration of a communication system according to an embodiment of
thiei gpresemt inventionakigs 2 d$ a chagrami eftain-exerniplansstsueiyte-of:amn
EFC antenna placed in each of a transmitter and a receiver; Fig. 3 is a

antegifgrain oF ferstisciurklin Wifsich électrodes of the EFC antennas
illustrated_in Fig. 2 are_disposed facing each other; Fig. 4A illustrates._ .
et T T EAGTS EREE e M SE T i 5 b Fig 461

by tiustiaies characterisfics of thesingle BRG antenng illugtrated in Fig. 2;
Fig. 5A illustrates the induction of an electric field by the EFC antenna

conwitht the; function as an impedance converter; Fig. 5B illustrates the
induction of an electric field

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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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
and other &g. dxillastrates anexampie dn whickhrelectiodes ofi &6 Coantenaas
are shaped as spheres; Fig. 11 illustrates an exemplary communication
eledysfsif - usiRg EFC-ahfehhas Fgri2 Mustafe’lan exanplanpsttdctar@ipne
a\ggl-iicq, in comn'%unic_ation using frequencies of kHz or MHz, a transmitter -
parxr e capacicor, . .
and & Féteiver each have an EFC antenna including only an

elpgirode, and 3 covpling.Rorjop sitpply Aperates 85 plangcpaidlel j gna1
capacitor; Fig. 13 illustrates a propagation loss caused by signal
ref reflection ffammansinpetanda mismaichrpartinn i acoupling 2 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 <¢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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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 parameter (reflection characteristic: voltage

" capstanding weavecratiod(VSWR)obtaimediby disposing two £RC aatgnpasto
facing each other and changing the distance between coupling

the digirstest Fig TR Wgaph bt Heasuled Valied of Spdidniter
cap<RioRAGALOD I0S. 321 0Rigined by dizposing pug FEC.apignpas facing
each other and c

anging the distance between coupling electrodes; Fig.
1% sghematigally Husteates the steucturerefa £ 241 crapagiianegrioaded”

antenna in which metal is attached to the tip of an antenna element,
( lontpetebyiinducing ee capagitamee andthedureingithg heidght of thenaptenaa;lel
to tnd Hirection BropropanaLiony o

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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(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
electrodé poitioreofam EF@ranténaa by hperfarring Sheet metaicture of
processing; Fig. 23 illustrates an exemplary structure of an EFC antenna

the 538Gcad By Formifig 2CSGHAI iR F4 P8sshatihG sectibh® hRd 55bubling +9 -
1 1 legiade s pyviing paltern pn.gne board Fig, 24 s a diagram of an
ex plary structure of the case where the communication system
illustrated in Fig. 1 is applied to electric power transfer; and 25 Fig. 25 is
a diagram of another exemplary structure of the case where the
DEsSTiomminication BysteAriltistrated ibFHig D1NS afplied to electric power
U%ﬁgggrred 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.

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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DESCRIPTION OF THE PREFERRED EMBODIMENTS 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,

pro@andihencet othef €ommunicatiamsysiems:ate aot disturbed.ibven i the
case where radio waves arrive from far away, an EFC antenna receives

compgvhfRtwaves drtercesthe comrhtiricatict systemt isAst irteMetddy,
with @/kothecricommunication %ﬁstems. In_.known r,adiodciommuriilceation

Ver{isifig antennas, the “Sirerigth of 4 radited lelffit Held iinversely

wir®iRartionalia the distance, in coptrast the sigpgthiefoaninduced eniteed,
electric field is attenuated in inverse proportion to the square of the
and distance, @nd the strepngthy of ainelectmistaticfiald is.attenuated in inverse
26 proportion to the cube of the distance. According to a communication
unngghRémebased on the electric-field coupling, very weak radio waves

merely causing noise for other . )
%lgﬁoué% %n electrostatic field changing with time 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

_27_.



wireless systems existing in the neighborhood can be emitted, and hence
the licensing of a radio station becomes 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

disipiesent invendion sransters fighesfrequency sighatssusing ihe of data at
electric-field coupling, and hence the communication system can transfer

a rafjgrqefamponestidaacyord Kpdivieally, ashn ufBwidapanai@wsyn is

communic%tion a com nication schem Esing@}igﬂfregéencies over a

m
S Cedand” |sl§1>|icf)ipli:ee 10 the efectic-tidn Coupling. therety mﬁl%maen?ﬁal ©

comti@-capaciy data communicafion ysing yery weak radigiwaves. The;ppp
UWB communication uses a very wide frequency band from 3.1 GHz to
802 105 GHzrandknplements; likougthever aoshork a2y tistanee, dvirelessaving

transmission of a large amount of data at a rate of approximately 100
a P%MﬁﬁﬁTﬁéqyﬁﬁpéﬁnﬁﬂmk%ﬁéﬁgsa preamble 1is 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 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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a communication technology originally developed as a radio
communication scheme using antennas. For example, in IEEE 802.15.3
or the like, the scheme of transmitting data having 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
eledbkingtiatoi corsidération that thediWEicammunication cahdransferadata

at a rate exceeding 100 Mbps without occupying a transmission band
comnfgin $f GHY 165108 GHZ SN tHe? Sinpifdty bf fabricatiflg @ RP Zircuit.

. The 'inveg{tor o% the prese tinveniion tgali?ves that ghdarta transmission
1mplem?nte . he ﬁ?ﬁ&? cr a go ell Vﬁs at., according to
system employing a ow-band is oné of efféctive wifeless

suctCommHBicatiomischriques-foheappliedfo moebjle devices: &or example,
high-speed data transmission in a short- distance area, such as an

suctultza-highrspeedy shoradistanceudevicel atea netwosnk (RAN) mctuding &,
storage device, can be implemented. The inventor of the present .

can jRerftioielieves that aceRlimP RS UWBTomimthicafidn efstefn time.

eploying 2y, 28 electiostalic field or an induced electric field, data

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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communication using a very weak electric field can be implemented. The

inventor also believes that, according to such a UWB communication

system, 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. 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
the reteiven26 sgonfigated-torpelfori data rebeptior: Astilustrated irt Figilel 24 .

in the case where EFC antennas of the transmitter and the receiver are

A TefERSSet fatingBhch dtRer thd etdctidifes 6peratebas a‘tapalitsranges
and [g & antgnnas asa whole PQS% 1623 %%a'}dé%?%% er, thereby, .

efficiently transmitting an RF signal between the two EFC antennas. A
trarifansmissing elegiodeldaf thedransmiteelQppd a kgeeptionelegirode
24 of the receiver 20 are arranged facing each other with a gap of, for
exampled 3ropn, tanck hepreiean produce elebteiodielt: ¢ouplingan
response to a transmission request issued from an upper application, a

£ T e GRS SioR EREu ulit 1167 e Trandfhitiet L0'§bheraEe Hn & o
ultrtdgg_ﬁ%{@ﬁ& Bé@@agasygh@éa%y Bsjgnal.qn the, bagis of transmission

ta, and the signal propagates from
approximately 100 Mbps can be implemented over a short
distance. In the case where the UWB communicatiocn 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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- 29 the transmission electrode 14 to the reception electrode 24. A
reception circuit unit 21 of the receiver 20 demodulates and decodes the
RF signal received to reproduce data and transfers the reproduced data
to the upper application. 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

propgerforaing radid eomenuridatiory ¢he stréhgth of theel elegtric. fieltnisdrder
inverse o%ortlon to the cube or the square of the distance. By

to aao%%uﬁ% & strERGth-of theRFERAG d@@h@tﬁ&ﬁ&%waéégl&/er
coud gl &m o 3m }Iev 'Qa%%e'efs;gcw&y @ebcee'§%§£§nlt8f %%U%J Afed to

pre étermine ery weak radio waves can ted, and ence

a sibe licensing of anadio sfation:hecanes Hennespssay chhareforecBme of
inexpensive communication system can be implemented. In the case of

trangnpshordaistanée datadebmmiunicationl usisg ah slectrcfidll coupling,
scheme, the quality of a signal is not deteriorated due to a neighboring

USlr}gfls&afﬁﬁ}rﬁ]e‘f‘f.Fdea@%ﬁﬁé@@gsamsﬂféﬁéﬁ&l@éﬁﬁa&ﬁt@nvery
shozp{ekg jonaf hacking on & rapspuissjon ling, %”od&%%'&gc?s to
confidentiality.
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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In contrast, the propagation loss increases with the - 30 propagation
distance relative to the wavelength. In order to allow an RF signal to
propagate using electric-field coupling, the propagation loss is necessary
to be reduced to a sufficiently small value. In the communication scheme
of 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
in tdistaneesheuldraotbe Reglectath Particinany; #ie charactesisbe a
impedance causes a more serious problem in a higher- frequency circuit
tranfga i § Towerfraéguéicysdiftuitl AR rimsetianed Phismbfch atfa eoupslingl ver

are PO ntuqdegw en eIectrodeg og a transrgitt%r and e}c receivgr has a mqre 7
St ing effect iha rﬁgrheerﬁ‘reeqrur%%? circtie. 'Siice ﬁ]lesprlo(ﬁaégﬁaéen [04&Tn “or

no iﬁﬂﬁﬁééé%é@‘a}ué@éﬁﬁ&gs‘éﬁ communicationusing fregugngies, gf kidz of .,
V4

, as illustrated in Fig. 12, desired data transmission can be
by sperformedceyeniinghe case where artransmitierrand acecaivengach pave.e
an EFC antenna including only an electrode and a coupling portion simply

parippktdtes HeE plae - pardiiercdpacitor. An ToARast, éosmirinictibhdisingm

[ uencies of GHz has.a large propagation lgss in space.
an f%ﬂgﬁaggg mgsmatch portion gnF%R%Q%oupl%ng pé&t%on,

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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It is thus necessary to suppress signal reflection and to improve
transmission efficiency. As illustrated in Fig. 13, - 31 in the case where
an RF-signal transmission line of a transmitter and an RF-signal
transmission line of a receiver are adjusted to a predetermined
characteristic impedance Z0, no impedance matching can be achieved in
a coupling portion 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
the propagationdessiand ceducing:thes efficiencycFopexample, irmthediWwB
communication system using an electrostatic magnetic field, which is
ant qREFEteSinAFig e, ever i theccase h&R T RESSigrial HamEmission line

connecting the transmission circuit unit 11 to the transmission electrode
9 e ansmissio WSoEes

Theﬁﬁ i§ 5 oaXial fine With & matche ?m%gagﬁc%lof{f?or examlp éﬁe%kf Yin

bet {R&caseQl animpedance: mismatch ina.coupling postion betwsendhe .,
transmission electrode 14 and the reception electrode 24, a signal is

1 inseflsetad tminduhpropagationr lgssn isthecembediment, IERG mntennas
_ provided in the transmitter 10 and in the receiver 20 include, as
michrRgtrated ihFig. 2, ahe elciiories 14gnd 24 it B platé kshape, series

'nq%gQE?%%ag%fg’%@%Qg§y§§mggcggﬁ%gve impedange 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 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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and 23, which are connected to the RF-signal transmission line. In the

case where the above-mentioned EFC antennas are arranged facing

each other, as illustrated in Fig. 3, - 32 the two electrodes operate as a

capacitor, and the EEC antennas as a whole operate as a band-pass

filter. Therefore, an RF signal can be transmitted efficiently between the

two EFC antennas. 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
befguppress reflected Waveschatwéeen the electrodesiofi the trapsmitteratount

and the receiver 20, that is, in the coupling portion, it is not necessary for,

of QUIRFSHatEP it Fig A RE BFC dhtdrhas td Thchiide-thegHate?shaped

.y 4 €l ctrogl 14 agd 24, tjl'u series.inductors 12 and 22, and parallel .
11 g . £ & ﬁf ) |
* ?ns&%?orsémlgn ﬁ% th%h are connected to the ﬁF-ts;%gena rgngrrﬁls%florha o

confiBetRather, ag-lustiatedn Fig. 4Bt is sufficigntfor the-EFCantepnas o
to have a simple structure in which the plate-shaped electrodes 14 and
bet@4sandtthe seres insuctors are benmdcted toothe RE-sigral ttignsmiissioa

line. That is, by simply disposing the series inductors on the RF-signal
RE-gafsfissidi & i theCase! Whefd thePERB Mhterthis ofthe tPaHsMitter

facels the EFC antenna of the rgceiver at a_very short distance, the
alon@ unctions as an lnpeanCe CONverslon ClICUlt

configured to reduce the characteristic impedance 7, 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 vibfation along the

direction of travel. Due to this electric-field wave, a
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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 33 before and after the coupling
portion, and hence the amount of current does not change either. In
contrast, as illustrated in Fig. 4A, in the case where the EFC antenna is
connected to ground via the parallel inductance interposed 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
sigrgirbuit sconfigutediosredute thé charaeteristic impedancecZisat ehve roupign
side of the EEC antenna relative to the characteristic impedance Zo at

the ifid fiput Sitieofthe EEC dmefifla tthafisT 2075 715, Fhereforé, the S -ance-
Pyt C@é&%ﬁl&ﬁ@ié@%ﬁgg@sm%wg amplified compared.with g, 21 ,

input current Ip Input to the EFC antenna (that is, Ip < 11)."Fig. 5A and 5
suctillustrate thesinduetion of an: elegtric) fieldhy-the electriediglsh couplinghe

between the electrodes of the EFC antennas with and without parallel
necdpductances: did isceleactfornithe dFawings ca srongercelactrié dieldoosy

be induced by providing parallel inductors in addition to series inductors

t1) it tfe BEBSETIEANAY, thefeby dMofmgithe EREABAESIHBE skofgiy™1C-
fiefc?%!?%?ﬁ%p other. In the

(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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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 - 34 signal
can be transmitted between the electrodes even when the electrodes are
separated at a relatively large distance. In a communication system for
transmitting an RF signal, such as a UWB signal, using electric-field
coupling, the necessary conditions of the EFC antennas are as follows:
the (¢} thetpredence ohelectrodés forestdblishingralectiiéefleldedupling:42) L1
the presence of parallel inductars for establishin stron%%r electric-field

and Gplifg: ard(3) M SERNG D the TORSENTE of the iHGUCIErS ARd
£1 1,€0pstant of.3 capaeliarpelyding e slsciiades sypbihat, e
matching can be achieved In a frequency band used for communication’in
f redbie gase where {he; EFCzamiennas iarg placedfasing:each other. The
passband frequency to of a band-pass filter including a pair of EFC
antennas having electrodes facing each other, as illustrated in Fig. 3, can
be determined on the basis of the inductances of the series inductors and
the parallel inductorgdjditipgy itance of the capacitor
Stk i

! 27f,sina
e CRsing
= AR

477:f0

{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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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 [0], the center frequency to [Hz], and the phase difference a
[radian] (n < (x < 27t) between an input signal and a pass signal, and the
capacitance C/2 of the capacitor including - 35 the electrodes, the
constants of the parallel inductance L1 and the series inductance L2
included in the band-pass filter can be calculated in accordance with the
operating frequency fo using the following equations: ] L R(1+cosa)
I[H11 2#~sinal §+~g GREW 1Hi 4z'2.f02C (1) In the case where a
single EFC #inten ctjons’as.an jifgpedance conversion circuit, an
equivalent cirtuit tﬁe%‘ﬁoo iﬂpustfa ed in"Fig. 7. In the circuit diagram
illustrated in Fig. 7, the parallel inductance L1 and the series inductance

L2 are selected in accgrdange jwith the operati 0sp asto
satisfy the fdllpwi idns-and 25 Q(R]erekﬁzi [e‘ﬁﬁ?%ting an

impedance convesipi fbrc itGonfigured to convert the characteristic

R, >R,

. {(2)

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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impedance from R, to R2: - 36 _ R1rR2L, 2 ;fo R2 [H] L2 4~2.f 2 CC -2;
fo R2 -R2))fl R1>R2 (2) As has been described above, in the
contactless communication system illustrated in Fig. 1, 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 transmission with features that have not been
achieved before can be implemented. As illustrated in Fig. 3, two EFC
the anfennastwhese glectrogesdace rach other at arvery.shert distance
operate as a band-pass filter for allowing passage of signals in a desired
fleduendyant carid g singe EFC-anteAna perates a5 ahlimpedancd ment,
conversion circuit configured to amplify current. In contrast, in the case
unlﬁ% 5

wherd the 8hgId ErCt BRtenhals Placedtin A8 Spacs, fReihpaeousty
emi@nEQQBQ§%é¥$Q§ @ﬁcﬁﬂEeQB%QPSéUQE”Eﬂ%ﬁﬁ&%ﬁ@ﬁﬁ%@%gﬁ“bartner.

impedance of the RF-signal transmission line. As a result, a signal input

Onlfronnthe RFesighal iransmissiopdine teteflepieddaches 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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- 37 the EFC antenna and is not emitted to the outside. According to the
communication system of the embodiment, unlike an antenna, the
transmitter does not continuously emit radio waves in the absence of a
communication partner. Only when a communication partner approaches
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 RF signal is transmitted. An
electromagnetic field generated by a coupling electrode of a transmitter

fielwilk berekarsidet yFigh&8<illastfates ansslectiomidgnetieficidindused bya r
an infinitesimal dipole. Fig. 19 illustrates the mapping of this

chargedifdmadnétic fidld onthaBolpling BfectrBde s "hdlhati the " Antenna
pengleRM ihe giccomennetc Jelis araely dassifed into A0, 818 e by

leld component (fransverse wave component causing vibration in a
cord&lirgctom perpandicular. 2 ta 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 iqu.@jite imal dipole. The, folowing equations

represent anelectrgitfagneti¢ field g}d d byran nﬁrﬁgimal dipole. Any

current distribaition c&r}z%e r gﬁde aRa c":”o"ntﬁu embly of
~ kR .
e 1 k
E, = P -+ J > |cosO
2ne \R° R

: — kR :
7 = 1ore 1 +Jk

sin &
/ 47\ R?

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
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such infinitesimal dipoles. Therefore, electromagnetic - 38 fields induced

by these infinitesimal dipoles have similar characteristics (for example,

see Yasuto Mushiake, "Antenna Denpa Denpan (Antenna/Radio-Wave

Propagation)”, published by Corona Publishing Co., Ltd., 1985, pp.

16-18). pe ~kR 1 jk k2 Ed 4;Tc R3+R2- R sin8 pe ikR 1 jk +- cosO ER 2;

Tc R3 R2 -~kx HO =jo4~ R2 + R )sin9 (3) 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
readdosspdrentiainverse propditionctoithe squbkeref theodigtarrcel(induced is,

electric field), and a component in inverse proportion to the cube of the

in idtaRté perectbsthfie fierd) Prherdlecti-fidld forgitudihal wave

camponent includes a.component in.inverse proportion to the square, of
(e HHBAGE (ARRd Sleetric fid) Snd & copOABAL N Taverse proportion
comi@the.sube of the distance. (alectigstatic:field)y but deesnetingludea »

component of
fransverse wave Ey causing vibration in a direction
perpendicular to its direction of travel. A radio wave
perpendicular to the direction of polarization is not
communicated. In contrast, an electromagnetic wave
emanating from a coupling electrode by employving 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 dielectric, 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
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the radiated electromagnetic field. The electric field Ex - 39 reaches its
maximum in directions where (cosOj = 1, that is, in directions indicated by
arrows in Fig. 18. In radio communication widely employed in wireless
communication, a radio wave emitted from an antenna is a transverse
wave EO causing vibration in a direction perpendicular to its direction of
travel. A radio wave perpendicular to the direction of polarization is not
communicated. In contrast, an electromagnetic wave emanating from a
coupling electrode by employing a communication scheme using an
elesledtrostatd fieldzor anl induced tedectrc fiekllincludes| besideslaced
transverse wave EO, a longitudinal wave ER causing vibration along its

eledifettion bf Havel. THEQGRGiItUNAT WEVE'ER i§ ARG feferréd %0 @s avh el

s iRylacewaver. By theway,a surfase wave, can.also propagple tigygh
e interior and on the surface of a medium, such as a conductor, a

witfieleglic, erarmagnetichedys QLtransmissipnwavessing 1t is thus
electromagnetic fields, a wave whose phase velocity v is slower than the

pre fretedityeof thght eip referetite as &d'stove wave't andiawave Wwhosemponent,
phase velocity v is faster than the velocity of light c is, referred to as a

thabiylss wav" PAShffake FRIVEXOrrESPEndS T the: fotmer 310\ Waene

longitudinal wave Ep containing no radiated electric field
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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In a contactless communication system, a signal can be transmitted
through the intermediary of any of a radiated - 40 electric field, an
electrostatic field, and an induced electric field. However, a radiated
electric field, which is inversely proportional to the distance, may interfere
with other systems located relatively far away. It is thus preferable to
suppress the radiated electric field component, that is, to perform
contactless communication using the longitudinal wave ER containing no
radiated electric field component while suppressing the transverse wave
froEp edntaining:theradiaied etectric:fiedd compoaent: &rem thech of the
above-mentioned viewpoint, the EFC antennas according to the

EFC opicuiment arcaeisédin the tbfoviig omanaert Thapis: ffs the

bove-mentjoned three equations representing the electromagnetic field
fee g R 0 RAER AL B DO T EE & noldlt v A piele

(de &R 1G0MPONANL Feaches itsmaxipum JMore specifically nEg 1eaches I8 he
maximum when it is perpendicular to the direction of current flow, and E.

Fr deapghesis maximum whernrnitiisgarallel to the direction of current flow. In
order to maximize ER in front of the electrode, which is perpendicular to

théeleetide sutfavRlitfs pFeterhBRSto increhise @trént @ohiponehiss L

an BEPeicylar o the eleciode, 10 coirass n e case where e feeding

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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from the center of the electrode, current components parallel to the
electrode increase due to this offset. In accordance with the current
components, the Eo component in - 41 front of the electrode increases.
Therefore, each of the EFC antennas according to the embodiment
provides the feeding point substantially at the center of the electrode
(described later), as illustrated in Fig. 14A, such that the E. component
can be maximized. In known antennas, besides a radiated electric field,
an electrostatic field and an induced electric field are also generated. The
f rorelectrcdiekheouplingroceursin the gagauwhesea transmission antenna
and a reception antenna are placed near each other. However, since
mbst oftheremergy is ehiitedas @ rablizted aleetricficld, siich lkavowmnas
antennas are insufficient to perform contactless _communication. In

is wiRttast #e¢ EFE antBnhis iItRF &R Eigh 2 indlds & Sodlingy
trane%ﬁu%@cdeeé and.resonating .sectigns in arder to improve the tragsmission. |

efficiency by generating a stronger electric field E. at a predetermined
cougdlenugney.dpithe gase mhere thep EEC anfeanapf thentsansmitiely by a

illustrated in Fig. 2 is used alone, a longitudinal-wave electric field
quasonfporent E5 isageneratetiioh thamafacetofativg couplingelectrotle.

Since a transverse-wave component
capacitor. As a result, 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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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 generated. Most of the signals input to the EFC antenna
are reflected - 42 from the electrode back to an input end. In contrast, in
the case where a pair of EFC antennas is used, that is, in the case where
EFC antennas of a transmitter and a receiver are placed at a short
distance, coupling electrodes are coupled to each other mainly by a
guasi-electrostatic field component and operate as a capacitor. As a
distesult the EFCsantennas ag@lwhaleopesate ias a bandspasstiidter Fibus 1'C
achieving impedance matching. At passband frequencies, signals and
antgeier afe digelyraanshitiedtoalcomifinicafién parfef dad afé e
negli%f'gly ref ectebd Q%ck to the input{nd. i(}tllg "s,l];ln%rédistarép.e" mentigned

ele%%ré)ls detine bty Wavgleﬁaﬁl%,?ﬁ‘a ‘is, correspondlsut%t & Histance

nenPEbMeeD the coupling elegitades., d being.d 55 kizn,Frprexample, indhe

case where the operating frequency fo is 4 GHz, the "short distance”

cor betreenithetelectredesiis ardistance tofd@rmmher lessign they case whetele s

the EFC antennas of the transmitter and the receiver are placed at a
d bejgdiumrieanésedit te@rostdtie field Rratteitated-4fia In the case

whe Yiudingl wave , electric field £ ainly;confainipg an induced glectric
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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field is generated in the vicinity of the coupling electrode of the
transmitter. The longitudinal-wave electric field E. is received by the
coupling electrode of the receiver, whereby a signal is transmitted. Note
that, compared with the case where the EFC antennas are placed at a
short - 43 distance, it is more likely that a signal input to the EFC
antenna of the transmitter will be reflected from the electrode back to the
input end. The "medium distance"” mentioned here is defined by the
wavelength k, that is, corresponds to the distance between the coupling
electrotdes ghbeifgapproximately onedoatféwdinses K/i2ne Infhé base
where the operating frequency f0 is 4 GHz, the "medium distance"
prirfefiesh e dlechonss isd distatdefroMPe hid 16 145 hiifideigt 8- that

1=, Tipusan sxemplary siucre of e aqual EEC santenna llusyated i

ig. 2. in'tHe example shown in C antenn e transmitter

appbisilusirajed., Howeyer dhe ceqgiver 2Q,Bclides aSimaEFS ength to
antenna. Referring to Fig. 8, the electrode 14 is disposed on the upper

allcsurface of areyligtrical teeléétricd Shandtisa electritalty gomegcted toancan
RF-signal transmission line on a printed circuit board 17 via a through

thenpie16 petlelrafify throuthrthe didiBeific ST Thé EFC anternatiffustratédd -

2. 9@%P%§g§§8§§f”%§%hsmission line is connected to ground

18 via the 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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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 circuit board by
reflow soldering or the like. - 44 The height from a circuit mounting
surface of the printed circuit board 17 to the coupling electrode 14, that
is, the length of the through hole 16, is adjusted appropriately in
accordance with the operating wavelength to allow the through hole 16 to
wavdmavear inestctanpcehwhich=cam: thergforeaeplace tie seresiinduetot d2na
illustrated in Fig. 2. The RF-signal transmission line is connected to _
behajtétiAd 218 via the paralfel fifthietori3 Kavifga chiF sSRase The ddrekfer

15 and the.through hole 16 play the rale. of avoiding the coupling.between
thar ti8ipfitg Blectrbds 1AORd 16 groL At 1 And the Fo15 OF forietig 4 -

£1.e 58r1es rducior. Having Arsufigientheightfreradhe cirewt mounting wave s
surface of the printed circuit board 17 to the electrode 14 to form the

to seriesvrdictanl?, dhe electricHfieldecaupiing betwegn the groundit8andc
the electrode 14 is avoided, and the function as the EFC antenna (that is,

fie }re dlectricliiéldB66plmg to the BFO antenhBat $6E rdceifer side)is Less

thaSTSEred, Note hat, when,the. Nelght of the diglectrig 12 1S I08,  the

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 is suppressed (that is, the operatidn 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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that is, the distance from the circuit mounting surface of the printed circuit
board 17 to the electrode 14 is so long relative to the operating
wavelength that the distance is difficult to be ignored, the series inductor
12, i.e., a resonating section, operates as an antenna and adversely
emits unnecessary radio waves due to current flowing in the series
inductor 12. In this case, the attenuation of radio - 45 waves emitted by
the resonating section of the EFC antenna behaving as an antenna
relative to the distance is smaller than that of an electrostatic field or an
12 dnduceskelpetric: field. Hisithussdifficylt to suppress heseradimwaves, to
very weak radio waves where the strength of an electric field at a
eledlistante bl 8 maonea Wircléssifachinsisiessy tHaroredqualto a A

edetermined_level, Therefore, the, height of the dielectric 15 is
Precg%‘f&w&&%n%ﬁg DasR o HETSIdWnG CIndtehs the CStpling i e

ach ggg.grgld 18is aypided.while-the, charagteristics.as fhie EFC antenna are

fully achieved; a series inductor necessary for operating as an impedance
matching-eireuit is formred; vnd:the amission of ynnecessarytadiosvavasric

due to current flowing in the series inductor is suppressed (that is, the
fie gpevdtiorofithe atesonatirig: dectioniineleding the gesies imducter ddian
T N oA e R S B
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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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 compact than a known antenna by
appropriately selecting the constants of the series inductor - 46 12 and
the parallel inductor 13. Unlike an antenna, an electrostatic magnetic field

sigihas nenpelarizations & psedeatesnineddevel of epmmunigatiorsgualifyicam i ch
thus be achieved even with a different orientation. An antenna transmits a

reagigial Usingre pdiatedeledtre -field ihichlis attehyatachincdnvarse VSWR,
prqoportion tQ le distance. In contrast, the EFC antenna according to the

and e%di%%nfﬁr HEME 2%igridl T&RRFISIAG 4R Tnd e erectric il that

the WHiCh is attenuated; in,invetse prppertion.to. the squaye of the, dista the

and an elecftrostatic fieild which is attenuated in inverse proportion to the
siz€ube of the distapce rRaréicelaty iitheicase efancelpatiostatie firldgthe of

electric coupling rapidly weakens as the distance between the electrodes
the jqoregsesdeadihg e Bitficultydn mgarforming eomisurficationy Taisngans

that this is suiitable for communication over a very short distance using a
sub%%h;utlng or a serles 1lnductor, and’ the parallel

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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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 side back to the
transmitting side; and a propagation loss S21 of a - 47 signal which is
emitted from the transmitting side and which reaches the receiving side.
antdng.akh illastrates thenV:SWRy idrtd kigr i blidustrates the-propagation oss
S21. Note that the size of ground of each EFC antenna is 17 mm x 17
antepm2 thel $izelsiEach ifig eleetfodbas 8 mmx-8mnd, the kgt &f
facfp}e e!eeggodeé&gleggth of a metal line) is 4 mm whereby substituting for a
PN mclbcct)or, and the parallel inductance is 1.8 nH. In general, the

VSWR isrecqmmended,tobg, less than.or, egyaltotyo. Itis cleas from 1

Fig. 15 that, for EFC antennas operating around 4 GHz, in the case
becautiera the distanee behween thettransmitier arfd thesregeves istless athan

or equal to 10 mm, the VSWR becomes a small value and impedance
(withateRingid ashibvead Thakis cazBe ivhegarbed thatthaedaplifgreases,

and?gﬁggé§gfﬁgyéggr %@5”8%%er wireless systems may possibly

be generated. 1In the case of the EFC antennags 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
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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 measurement results of propagation losses
obtained by changing the distance between - 48 antennas, EFC
linegntemnas (withl parattelihductors)hand EFC antennasyWitheut paradlel in
inductors) which are placed facing each other. In the case of antennas,
thishaprepadetiohliess d6és Aob HekdRiesas afge &8 thatlin te cddcyithe-

EEC antenn with parallel inductors) even when the distance_increases,
and’ aes?gcr?laliﬁétu?&ﬁa%?ﬁér W?Felégs %)?sstlérr%%gm%l %%sggﬁl %gj

t rarggnesatednImthecags,of the EFC.antennas without paraligl inductorsthen
propagation efficiency is low, and the propagation loss is large even in
centthe case where ae communication partnesds hearbyhin eanttastpisdhesion:

case of the EFC antennas (with parallel inductors), the EFC antennas are

LinestighghPEoied 16 eabhdtfercd - 3B dRIEHER6F ARproRiniateRly in

the(gqéctrode, thereby preventing unnecessary radic 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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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
elerterthe RF traasmissiombne, susheasa coaxial cable;ammicrosttip n49radio

line, or a coplanar line. The "EEC antennas" mentioned in this
wavespetificdficrr soielproblenisiinhefent e REAEcRits 1 In-e&6h EEC

antenn% it i§$ssumed that the RE transngssion Léré%gor a series inductoQ in

Bleqd phfinacted 16 1S Eehtarot the lEetold SRy Boheding the RE T 1e
det dtansmission ;ling tojthe center.of the electrode. qurrent flows everlifated

the electrode, thereby preventing unnecessary radio waves from
in @manaiingdndont of the electrode inia suhstantialty: perpensictdama, an
direction relative to the electrode surface (see Fig. 14A). In contrast, by
induenfeetritrthelRE fraAshmissiomiinetech positiory 6fset from Bse Ednter 6P

the electrode, current flows unevenly in the electrode, and the electrode
the GURES adia iictoStip At6find AR ehilfs ~rtenne, and ar

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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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

be ccapacifapees-toaded antennaillystrataghingddg: drreits ragic-waves K
directions Bl and B2 around a radiant 50 element of the antenna.
proddewever; thé'agtenna entits B@ radid wwavestin dirgctiod A, whichr selvesny
as a null point. Electric fields generated around the antenna are examined
the jjafigail. Specifically, a radiated electric field attenuated in inverse

p%@@?&%&&?&“@c@'%@%@@% enhaa, é’(& §gaele?tt5f8é'e!§'f

attenuated in inverse proportion to the square o the stance from the
coprantenna, @ an electresiatis diekdiatienuaieehiminyersei propeHionHOWhe 1

cube of the distance from the antenna are generated. Because the
becdndueed-sleptrictfipl¢ and the diectrostaticofield bre attbavated rélative tome

the distance more rapidly than the radiated electric field, onlg[ the radlated
ege&ﬁgnecting the 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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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
coustrugture of the EFE antennaiising limiteddherete, kotexample,.an rig.
electrode portion of an EFC antenna can - 51 be easily produced at low
23 icbsuby peHforming sheetmetaly processingrRigs £26: -2 dluskidfe antenna.
methods of producing the same. Referring to these drawings, a sheet

Notan i indife SF EHBisEr e fike Ts BARCHENTD 1Bfft A sortiG whidH witid
e1ed1860ME a copplingleciiode and:a padion which will hecome gJed 5 geous

connecting the coupling electrode to an RF signal line. Next, the sheet

tharnetal isrhentda allew the lag portioanta:-be benpsubstantially illustrated
perpendicular to the coupling electrode portion, whereby the leg portion
EFC athievesa desireshReight Tieldesiredaaight mentionedchered its

frequency band is narrow. However, the illustrated EFC
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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corresponds to the size that can play both the role of avoiding coupling
between the coupling electrode portion and ground and the role of
enabling the leg portion to serve as a series inductor. The coupling
electrode fabricated in this manner is fixed to a corresponding position
on, for example, a printed circuit board using a jig or the like (not shown)
and mounted in place by reflow soldering or the like. The number of leg
portions operating as series inductors may be two, as illustrated in Figs.
20 and 22, or one, as illustrated in Fig. 21. Alternatively, three or more
extdegportionsimay bedormed. Alteraatively r-an ERE antena cam béwasily
fabricated by forming a signal line, a resonating section, and a - 52
sy s teliplifd eletriiarasca Wiy patteron sné'Boardtt Figs 23dlldstrates apnat
. exemplary structure of such an EFC antenna. Note that no groynd should
NOL g5y p%@%e%ehﬁﬁ& Fﬁ%oet&%lplﬁegmglle%ﬁgatéy Tﬁ(lak\]l Eﬁﬁoailnt%ﬁnél ﬁtl%strated is
det d6S$,advantageous than a three-dimensional EEC antenna in that the
illustrated EFC antenna can only establish weaker coupling and its
frequeney band:is harrowe Howevernhe dlustrateddERC artlennachasiinent ,
advantages in terms of production cost and compact size (thinner in
comnhijekReds) OAs Has HernfestrbBg Abble L the esmnlitfication

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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system according to the embodiment, high-speed communication of a

UWB signal can be implemented using the characteristics of an

electrostatic field or an induced electric field. Since the strength of
electrostatic coupling or induced- electric-field coupling greatly weakens in
accordance with the communication distance, information can be .
prevented from being hacked by an unexpected communication partner,
and confidentiality can be ensured. A user can intuitively select a
communication partner by bringing the user's device physically closer to a
desiredltemmurications parnérwith avkich thelaser wantsab bstahlisbt ric~
connection and exchanging information with the communication partner.

flekfh@Wdrddie walss ardekittedad the diitside BPthe chmmudicatioan the

S)éstem accordingltoithe elmgodim nt thg:- communication system does
rela %V?I?OSltﬁ? re ionsnt §tween %ﬁ? e?ecg £s
not inferfere with  other wireless systems. Since no - externat radio

facVayes ke reaived by Hig eammupigation, system. the cemmunication

system is not affected by external noise, and the reception sensitivity
behiheteekisinot ldeterorited. th¢h& EOmmunication systemeaceaedingto the
embodiment, communication can be performed in the case wherea
arrapg&citahte s geRerted befiveeh vl cisdds Unlike tdr eadiatednt ing
15 eLCecIErlc field, an electrostatic field or an induced electric field has no
lral [3 .lO{:lS .
polarization. Therefore, the

Fig. 11 depicts an exenplary structurs 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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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 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
conkspherestsaxpiessettas: €l 4 d¢ [Fhieh {atkh (4)ir54in the case:at-d.
spherical electrodes, a stable electric- field coupling line can be realized
In thithoutdepending Ohthe Fdlatielpositiohaf latorshipsatveentthen or
. electtr.odes. facing{ ach ot£1er. Since ralltmeti_‘al plat%can be disposed
2CCDERiNd ‘Eact’ efdttrodé, the Ifﬁ’éaﬁ%nn%% can be fréély "atrarigedin®
rov 5o esRaRding Wikgless devices withowmoupfing, limitgtions. Fig. 11
depicts an exemplary structure of a communication system using EFC
armeesnas Bygbringing@acription concerns the mechanism in
which a signal is transmitted between a pair of EFC antennas
in the communication system 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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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

The at@ctrode::0h By employirglawideband wireless communication power .
scheme, such as UWB, in the illustrated very-short-distance
cdﬁﬂm@hﬁ:a‘ﬁ@ﬁ%y@fé@ﬁf%sﬁ@ alectfie-fisRIcoupling, data suéteasimages

own%lm%ﬁ:}s can be qtownloade or upE)%(rjed within a short [%erlop the

n another en‘"’l‘fte)aordlmenfl?ﬁlsjf fsys e tan B - 55

poweCP”lt?{B%@ with acﬁ%mﬁ%%is«'@%%?ﬁgt%@% (ipcarg, I fhis case, a
system in which personal authentication or accounting is performed and
reflcontent sbieh lastrausic@r @e mowing-aage isiolowMoadedearntbe .
configured. The foregoing description concerns the mechanism in which a
he]’s%gﬁ%%tréﬁ@mméélsﬁe‘t@ﬁéeﬁ% PAIFGFEFCBRteridl th heves to the
munication system illustrated in.Fig. 1. The transmission of a signal
out%l Weé‘iﬁxg %%v%é%s n%rggzéarz?y O p?ower geyoncsnnecessfkcygcan

suppressed.

loca

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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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 ER generated by the EFC antenna of the
transmitter propagates as a surface wave in air. The receiver side can
reliably obtain power by rectifying and stabilizing a signal received by the
EFC antenna. Fig. 24 illustrates an exemplary structure of the case where
the communication system illustrated in Fig. 1 is applied to electric power
transfer. In the illustrated system, by bringing a charger connected to an
preditematingseurrent (AC) power isupply:and,a wiielesseammemicationsion
device closer to each other, power is transmitted in a contactless manner
Cut Ry the Wirelsssieohhahication Hevice W intemalBFE arfenrf@eding back
contained in the char e:ﬁ?nd the wireless communication device, %%% o

8 ChEREE e Witd1dgs EBmtTHiCATSh d&Vice S EHAFgEE Hith Powet !
the WEEESantennas @e%tmde?nuﬁ%Haaﬁﬂslﬁ?gi%OV&%&HFJM%&?SG

where no power-receiving EFC antenna is located near the
inf qowerdransmitingHRGantennac agsl ot thenpawerivput todhéhe charger,
power-transmitting EFC antenna is reflected back to a direct-current
theypoy/ A aivetet, Therdferes ¥hé BrIssiom 6fiihecesvary ridioawaves to

the .outside and.the consumption of power beyond necessity can be
Alékough the chargeP gs cgnnectéé to the ﬁ% 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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suppressed. Although 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. In the illustrated system, the EFC
antennas and the surface-wave transmission line are used to both

s i grtrainsferielgcteit power antiparforn communication. The timing to switch
between communication and power transmission is controlled by a

cditmiurichtidRffoer Citanshissidit(reddstdnnenitenhing sldmd sbat from

a transmis%on cir%ui unit. AIternative.I;(/j omo{’ngni ation and_pawer
systems In which da ? s $omm?nl %}e %ﬁween % Paar of FFC
ransmission can be alternately performed on a - predetermined cycle.

antdRiRIS aasectheRaweldiansmigaion -uipyt canshe mainiained-atami ssion
optimum level by feeding back a charging status in addition to a

cf aosmimunitaben sigmal tovthelelarges. Fercexample, whemechdrging ishe
completed, information indicating the completion is sent to the charger,
tranfdfebychafigthe powet tiafstisdion SupUt ie 2éfon 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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Although the charger is 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 cellular phone to another cellular 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
WHATerﬁéo&%%@%p%%&d 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

ingentien ischetdimitedttherete yEhepresent triventign is similarly

applicable to, for example, a communication system using an RF signal

othef kst re thel OWB EbRmanitararPgcheniedr & Ebfitmtnieatdn

stem performing data transmission of a relatively low frequency - 58

COI'11§ % % 6? %_

ingel8EME figld cOupiity: T this Shedification J emBodiments
t rafBRlied 1o, Systems inwhich dafa is communicated betwesn A pak of £FC

antennas Have been mainly described. Since the transmission of a signal
con betueeni two devisasmeeessarily-invobvestheruency signal as an
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

receliver.

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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transfer of energy, 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 SCEPESF e appehdedciaths61RE SytiRalehts thet8er. 80 °* 2/
whe ¥ t'@&&%%&@%%ﬁ%é 1Acommynication gystem.comprising: ay_ o o5

transmitter in Ing a transmission"circuit unit configured to generate a
£1 1 vagdiogfrequency signad for-rangmiting;dataand-amalestiicfield coupting
antenna configured to transmit the radio-frequency signal as an
be tieteptrostaticsfield br an duckd-alectriéd fiefd; arreeceivesineludidgan

electric-field-coupling antenna and a reception circuit unit configured to
trapsapild hd 2pdcEES theSaiio friEquency signal received by the electric-

field-coupling antenna; and an impedance matching unit configured to
make an

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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impedance of the electric-field-coupling antenna of the transmitter equal
to an impedance of the electric-field- coupling antenna of the receiver,
wherein the radio-frequency signal is transmitted by electric-field coupling
between the electric-field-coupling antennas, facing each other, of the
transmitter and the receiver. 2. The communication system according to
claim 1, wherein the radio-frequency signal is an ultra-wideband signal
using an ultra-wideband. - 60 3. The communication system according to
claims 1 or 2, wherein the impedance matching unit serves as a

Int giRaSRkst ikdARR 45fdsired 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, whereindbgelectae-figlshcauplingrRniennar peHgrms inpadances,

conversion for reducing, relative to a characteristic impedance at an input
whe sitlencdrirecling ¢ddive: aramshuissiog cirodit uninaleliacteristimductoer

impedance at an output side facing the other electric-field-coupling

withnfenkan gt he RRAGRIEalioh &ystBREdctbidifg 6 4Ry SR8t - claims 1

to 4, wherein, in the transmitter, a radio- frequency-signal transmission
line for transmitting the

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-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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radio-frequency signal generated by the transmission circuit unit is
connected substantially to the center of an electrode of the
electric-field-coupling antenna with the impedance matching unit
interposed therebetween, and wherein, in the receiver, a
radio-frequency-signal transmission line for transmitting the
radio-frequency signal to the reception circuit unit is connected
substantially to the center of an electrode of the electric- field-coupling
antenna with the impedance matching unit - 61 interposed therebetween.

of Wi CHAMEAIEEoR XY stet Acddtting 1 TRIMSS WhE the

e raid gg%g%%nlaj!%@ng unit includes a conductor with a length dependent

on an opeérating 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
corimunitiation@irouit Lini configuape to protess actadiofrequencyt signaP
for transmitting data; and an electric-field-coui)ling antenna configured to

whe iRidblisheIEGRE R CoUpling i aRdAfdRicafotp&tier® faciit ket o< 3

and Cgmm%n?'ﬁ%%%%%p%%f a%“Sc%;paar‘]é%r%!aSHc‘%Q distance, WIS that the
electric-field-coupling antenna has an

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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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 - 62 of which
are connected to a radio-frequency-signal transmission line. 10. The
communication apparatus according to claim 9, wherein the constants of
. the parallel and series inductors and the constant of a capacitance are
un ity efinfiied 56 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

barmel-passfiter havingia desited mdienfrequensy band s passhiantn 12,
11. The communication apparatus according to claim 9, wherein the

whe repstahhef thequtaakelivdidorandie tonstantisftatgsaditance are
determijned so that the electric-field-coupling antenna serves as an

SUPRhféddnite ofivérsion circtttfor tiueiHy? reidtive {0 thaFadtBfist =

ci rMRgdance af aninput side conpgeted 1o e, commupication Gliclit Uit @,
characteristic impedance at an

achieving impedance matching, and a 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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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 - 63 unit
is mounted. 13. The communication apparatus according to claim 12,
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

Ji¥TAREE 10 reliicySERm&sion of tiinetess&ry rabidWwads dddith &lifent
low.in the series.induycto T unjcation. ap rdic
P nerain (e clechade & SUbEarialy ematetaa 18, The™ !
t racoRIBUIeation apparatus according to any one of claims 8 to 14, further
comprising electric-power generating means for generating electric power
byweetifying the radiedlerenty sighalwanshiitted detweers tHeaélestric-
field-coupling antennas. 16. An electric-field-coupling antenna used in

imp%@ﬁ%i&‘é’t £ fadis-fidftlenty stynaPigHG eldttricRe B2 &dding ~ £
whigg”%&%@@i§e§%¥g%ék%oupling is established, the

communication partner being disposed at a very short

distance.

17. The electric-field-coupling antenna according to
claim 16, wherein the radio-frequency-signal transmission
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



a series inductor; and a parallel inductor, - 64 wherein the electrode, the
series inductor, and the parallel inductor are connected to a
radio-frequency-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. 17.
The electric-field-coupling antenna according to claim 16, wherein the

radio-frequency-signal transmission line is connected substantially to the
ant gahter of tHe €leERBRE Withithé YeriBd diRtor Ffithe gatgId iductdrc~

. _Interposed therebetween. 18. The electric-field-cqupling antenna
fle%ééor%ﬂ%gtjonglaﬁgi%n& f’f w%%(arefﬁee%hso ?ﬁ% sgﬁegg inductor and the -~
a pRarplislinduetor ingludes,a,conducionwith @ length, depengeni On &und as

operating wavelength. 19. The electric-field-coupling antenna according to
a pasyienedf 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

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

- 65 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 radio-frequency
$i§F41SS ingtfU& ER&racteristic 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 elecrpde ismounied ataredetesminegrheighiahaverd; to

printed circuit board. 22. The electric-field-coupling antenna according to

any claim 2%, whereirsthetpredetsimiméd:height isheedisferct fordsuppressing

electric-field coupling to ground on the printed circuit board, a distance for

sub§5ahinge $&rdSREBRIF Forcadhieving impedance matching, and a

distance for reducing emission of unnecessary radio waves due to current
flow in - 66 the series inductor.

- 67 -



23. The electric-field-coupling antenna according to any one of claims 16
to 22, wherein the electrode is substantially hemispherical. 67
ABSTRACT OF THE DISCLOSURE COMMUNICATION SYSTEM,
COMMUNICATION APPARATUS, AND ELECTRIC- FIELD-COUPLING
ANTENNA A communication system includes the following elements: a
transmitter including a transmission circuit unit configured to generate an
RF signal for transmitting data and an EFC antenna configured to
transmit the RF signal as an electrostatic field or an induced electric field;
ABSTRAECeiVEr INgdiNgan.EFHCRantenna and a reception circuit unit
configured to receive and process the RF signal received by the EFC
antenna; and an impedance matching unit configured to make an

comwf@ﬁ?g%?@gjﬁf the &F a“mﬂfbg%%@gﬁiﬁ% Waldo anp pBngE@?%ID

ntenna of the receiver S|gna s transmitted
electric-field couplingshetweendhe ERE;antennasfacing each other, of

the transmitter and the receiver. Fig. 1 - 68

A communication system includes the following elements:
a transmitter including a transmission circuilt unit
configured to generate an RF signal for transmitting data
and an EFC antenna configured to transmit the RF signal as
an electrostatic field or an induced electric field; a
receiver including an EFC antenna and a reception circuit
unit cenfigured to recelve and process the RF signal
received by the EFC antenna; and an impedance matching unit
configured to make an impedance of the EFC antenna of the
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
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