COMMUNICATION SYSTEM AND COMMUNICATION APPARATUS
CROSS REFERENCES TO RELATED APPLICATIONS The present
invention contains subject matter related to Japanese Patent Application
JP 2006-245615 filed in the Japanese Patent Office on September 11,
2006, and Japanese Patent Application JP 2007-148673 filed in the
Japanese Patent Office on June 4, 2007, the entire contents of which are
incorporated herein by reference. BACKGROUND OF THE INVENTION
1. Field of the Invention The present invention relates to communication
systefE8F Eofm G c SRS BYaril RinfGuRLOR daATH6NeBR RABATESON
devices, and more particularly to a communication system for performing
data communication between information devices without interfering with

CROGHER SORHRWIRICISYSICNS Y HPIPY ARalecipstatic field

(quasi-electrostatic field) or an induced electric field. More specifically, the
présentimestion relates:toiarcommusicatonssysiemdorinyrenenting c ed
high-capacity transmission of radio-frequency (RF) signals by using
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Pat distangghetweenoglesiodes whigh grespravided to achigyve glectric-field
Patent Office on June 4, 2007, the entire contents of which

are incorporated herein by reference.

BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to communication systens
for communicating a large amount of data between information
devices, and more particularly to a communication system for
performing data communication between information devices
without interfering with other communication systems by
usin@ an electrostatic field (quasi~electrostatic field) or
an induced electric field.

More specifically, the present invention relates to a
communication system for implementing high-capacity
transmission of radio-frequency (RF) signals by using
electric field coupling, and more particularly to a
communication system for making the arrangément between a

transmitter and a receiver and the design of a communication



coupling, of the transmitter and the receiver. 2. Description of the Related
Art Recently, the use of wireless interfaces in transferring data between
small information devices, such as when image data or music data is
exchanged between a small information device and a personal computer
(PC), is becoming more widespread in place of data 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

apPerause they.do pet iryylve%ﬁbgr{%%@%n&igeafﬂ%%o qrLihe

wiring of a cable every time data transmission is performed. Various
eldiformdten devices haviagablelesscommanication fuctions iaresom 4

available. As methods of cableless data transmission between small
cogbided,; bedidés wirklesspddl trea Artivdrks (LZeNS)1 vepresented by the

Institute of Electrical and Electronics Engineers (IEEE) 802.11 and
2 Blzjgt%%ﬁf(a%%é)d?o 88?&%\5?“&‘&%%%%&%&5 of performing

trangrpisgienireception ofsadie sigpals using anteppas have been

developed. For example, a proposal has been made for a portable image
t raaedreling: mpparatus cettaining andnternah astenna pacetatia 2sposition as
not covered with a hand holding a grip (for example, see Japanese
whegndRanifiedPatetApplicatof PublicationNtianged between a small

information device and a perscnal computer (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
invelve the reconnecticon of connectors and the wiring of a
cablé every time data transmission is performed. Various
infoémation devices having cableless communication functions
are éow available.

iAs methods of cableless data transmissién between small
deviées, besides wireless.local area networks {LA&Ns)
repr;sented by the Institute of Electrical and Electronics
Engi#eers (IEEE)} 802.11 and Bluetooth®, radioc communication
schemes of performing transmission/reception of radio
signéis using antennas have been developed. For example, a
prop§sal has been made for a portable image recording

apparatus containing an internal antenna placed at a



2006-106612). Since the internal antenna is not covered with the hand,
correct image data is received. Even in the case where the antenna for
wireless communication is placed inside the apparatus, the antenna can
exert its characteristics. 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
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example, in the casewhere a plurality of pairs of wireless devices rm
insvideless eomppuieation, withia aanarcew sarge, didsion 3; rulltiplexing

such as frequency selection is necessary to be done in order to perform
chagirneihicaliofi that does not

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
desiged waves from the transmititer, but also radio waves
arriving from far away. Thus, the antenna at the receiver
side;is susceptible teo the influence of ambient jamming
waveé, resulting in a reduction of the reception sensitivity.
In the case where a plurality of communication partners
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

wiréless communication within & narrow range, division



interfere with other pairs of wireless devices. Since a radio wave
perpendicular to the direction of polarization is not communicated, the
directions of polarization of the antennas of the transmitter and the
receiver are necessary to be aligned. For example, in the case of a
contactless data communication system in which communication is
performed within a very short distance from a few millimeters to a few
centimeters, it is preferable that the transmitter and the receiver be
coupled strongly within a short distance, but a signal not reach across a

lP qig in Qrder tg a¥oid interferenc Witlg other .systems. It is also
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-doregardless@f the: erigatationsa(divections) thereghindhg rcageuherethe
data communication devices are placed in close proximity with each
ingtherethat ¥ iths préferate that thé devices diave dewdireetivity. $ri oedera
to, perform high-capacity data communication, it is preferable that the
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an - 4 electric-field coupling scheme or an electromagnetic- induction
tostisembéigeatployed in existing contactless

For example, in the case of a contactless data
communication system in which communication is performed
within a very short distance from a few millimeters to a few
centimeters, it 1s 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 communicétion devices be coupled with each cther
regardless of the orientations (directions) thereof in'the
casefwhere the data communication devices are placed in
closé 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
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



communication systems mainly used in radio frequency identification
(RFID). An electrostatic field or an induced electric field is inversely
proportional to the square or the cube of the distance from the source
thereof. In this type of contactless communication system, a transmission
signal is rapidly attenuated according to the distance. In the case where
no nearby communication partner exists, no coupling relationship occurs,
and hence other communication systems are not disturbed. Even in the
case where radio waves arrive from far away, an electric-field-coupling

| eze@;t@rﬂeaf@%@éﬁ%@ﬁg@&%"%Fc%éﬂgengé">af§0%iy%%g%ﬁgi nhayes, and

hence the present system is not interfered with by other communication

incsystéms. Bahexample, ampraposatifor anRE D tagpystant has been
made (for example, see Japanese Unexamined Patent Application
corpgplicatibn No. 2006502883 4R this By S, Npairsidfcdrnmunioation
., auxiliary units ar ed so that, RFID tags are positioned between a
e iy o hiLon aldlidry SRS By Arafigihg REDAgE"  1nduced
e 1Ritacheddoa glurality gl merchandisejisms saasfo bg sandwighed . .
between the communication auxiliary units, stable reading and writing o
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overlap one another. 5 A proposal for a data communication apparatus
LYPEsiAg afP THe ek Siagrietietielii kasbeen Aiaslesfor examplegekssion

'signal'is rapidly attenuated according to the distance. In
- the case where no nearby communication partner exists, no
coupling relationship occurs, and hence other communication
systems are not disturbed. Even in the case where radio
waves arrive from far away, an electric-field-coupling
antenna (hereinafter called "EFC antenna™) réceives ne radio
waves, and hence the present system is not interfered with
by other communication systems.

Eor example, a proposal for an RFID tag system has been
-made (for example, see Japanese Unexamined Patent
Application Publiication No. 2006~60283). 1In 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 items so as to be
sandwiched between the communication auxiliary units, stable
readiﬁg and writing of information can be implemented even

in the case where RFID tags overlap one another.



Japanese Unexamined Patent Application Publication No. 2004- 214879).
The apparatus includes a main body, a mounting tool configured to mount
the main body to a physical body of a user, an antenna 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 is en
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ensures a communication distance without sacrificing portability (for

inexampleysgesiapanese ldnexamined PateriAppficatinkBuplicationdNo.
2005-18671). A memory card to be inserted into the portable information
JapepRegnélngesmn e it coitcdifigbfetkioismfopmbdadtgat ion No, 2004-

icat ith t | device. An RFID ant il i ided
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an induced electric field use lower-frequency signals, the systems
a esmmuricateratemiow speed, antharesthys trot suiiable fer highbrcapacity

data transmission. In 6 contrast, the inventor of the present invention
copilieves thachigis-capacityransmisdion Taddednplementedddion with an
external communication épparatus via the antenna coil. The
antenna coil and the data communication unit are placed on
an outer casing provided above the main boedy of the
apparatus.

A proposal has been made for a cellular phone, which is
en exemplary portable information device, provided with an
RFID, which ensures a communication distance without
sécrificing the portability (for example, see Japanese
Unexamined Patent Application Publication No. 2005-18671).

A memory card to be inserted into the portable information
devicé includes an antenna coil configured to perform data
communriication with an external device. An RFID antenna coil
is provided in the exterior of a memory-card insertion slot
of the portable information device.

Because known RFID systems employing an electrostatic
field or an induced electric field use lower-frequency

signals, the systems communicate at a low speed and are thus

not suitable for high-capacity data transmission. In
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transferring higher-frequency signals using electric-field coupling. The
strength of a radiated electric field is gradually attenuated in inverse
proportion to the distance. In contrast, 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. That is, a signal is greatly
attenuated according to the communication distance. A propagation loss
is defined according to the propagation distance relative to the
wavelength. In the case of transmitting an RF signal using electric-field
conGaupling, thedrobles, ebtheqpropagatjondess, @cearding tothey o 1 1 aves
interelectrode distance becomes striking. It is thus necessary to attach
thagoupligy eteqtrodes of @r tassmitter @and carecbive i ap ckras:gossible.
This involves fine alignment of the electrodes. During data
L adGHh fthicafion L PRSIoshiIHEUT Ry cetibaésantsidessanrtrbe-field
ﬂr}t@iped, which is inconvenient for a user. Also, the transmitter and the
ecelver have difficulty in performing direct communication over a long
distarces # thegeasecwhare-aachefdhe coupling;elegtiodes is mopntad 1
inside the casing of the communication apparatus, it is necessary to place
atteaclréledtrode asclosestopthemutsiderY obtheheasitigsas passiblenn

order to reduce the interelectrode distance during data communication.
Conglp@ast, the strength of an induced electric field or an

Cou

electrostatic field 1s rapidiy attenuated in inverse
proportion to the square or the cube of the distance. That
is, a signal 1is greatly attenuated according to the
communication distance. A propagation loss is defined
according to the propagation distance relative to the
wavelength. In the case of transmitting.an RF signal using
el@ctric—field coupling, the problem of the piopagation loss
according teo the interelectrode distance becomes striking.
It 1s thus necessary to attach coupling electrodes of a
transmitter and a receiver as much as possible. This
involves fine alignment of the electrodes. During data
communication, the positions of the electrodes are necessary
to be maintained, which is inconvenient for a user. Also,
the transmitter and the receiver have difficulty in
performing direct communication over a long distance.

In the case where each of the coupling electrodes is
mounted inside the casing of the communication apparatus, it

- is necessary to place each electrode as close to the outside



limits the degree of freedom in. designing the layout of the casing. The
coupling electrodes are preferably small and inexpensive. SUMMARY OF
THE INVENTION Example embodiments can provide an excellent
communication system that can perform data communication between
;info:_r ation devices using an glecggstatic field or an indyced electric field
S witholt interering with othér” gdmmunication sysféhis. Ex@mpl&cHce  the
ingmbodimentsican provide @n estoeliert camraunicationrsystemdhat canThis
11Redam higtseanactydata Laaemissionof Rk sianals by enipjeing g ..

communication” scheme using an electrostatic tield or an in electric
Cafidfdd Examplé efitbstirmehtseatrprovitianéxcelért: esaimunicatiohl and
insysteAxthat can make the arrangement between a transmitter and a

receiver and the design a communication apparatus flexible by expanding

the distance between coupling electrodes of the transmitter and the
SUréeiveroh atirst’aspect oPthe invention, there is provided a

commupigation systam.gompusing: a transmitteringuding, a transmission,
circuit unit configured to generate a radio- frequency slgnaﬁl or transmitting
COWEtE and ahBlectrict figtd-couplingcaitennardotifiguréd &6 transwitiaation

betadienfreguenscy-sigaal byelongitydinal wave gomponeptafanic fiela or
an induced electric fileld without interfering with other
communication systems.

Example embodiments can provide an excellent
communication system that can perform high-capacity data
transmission of RF signals by emploving a communication
scheme using an electrostatic field or an induced electric
field.

Example embodiments can provide an excellent
communication system that can make the arrangement between

a transmitter and a receiver and the design of

w

communication apparatus flexible by expanding the distance
between coupling electrodes of the transmitter and the
receiver.

In a first aspect of the invention, there is provided
& communication system comprising: a transmitter including
a transmission circult unit configured to generate a radio-
frequency signal for transmitting data and an electric-
fleld~coupling antenna configured to transmit the radio-

frequency signal by longitudinal wave component of an

M
fount

ectric field generated from an infinitesimal dipole; a

recelver including an electric-field-coupling antenna and a



electric field generated from an infinitesimal dipole; a receiver including
an electric-field-coupling antenna and a 8 reception circuit unit configured
to receive and process the radio-frequency signal received by the
electric-field- coupling antenna; and surface-wave propagation means for
_re%opvtiqligg a surface-wave transmission line to transmit the longitudinal

Wave component of an"8léctric fidld shanating “front tie V& 10 Process
thelectridifietd-coupting antenna:of thestransmitter ywithhlowsdrepagatiof ieid-
coﬁE@iH@a§§99Q9n§§pe§58fﬂyag%g%ggaaggyeﬁ§éEQEQEQO% means for

communication apparatus comprising: an apparatus casing; a
PT e8rmmdication iretift Urfttcthfigtirser o srocess a radiofreduericssignaine
LofoF fransimiting.data, thegesmayRication: cireuibunit beingaccompadated:, o
TCvikpmthte aJ)pa{atu{gupasi_nfgi; a][ CEgsonzalt'kn, section configured to allow the =
£ PRtlio-freqlisncy ‘signal oUtput rom the Cofhmanication cirdlit (it it = te
v 1rdisovate at acdesireddrequency, the resonating section being

accammodaled.inthe apparalls casing; a.cqupling elecrode whose ., . g

central portion is connected to the resonating section, the couplin
& &lefitode bring’ Tacésmpdotiatéd irPtRe appdidtus TasingPand Bis casing;
a suracerwave: ransmission ling dispesed inyfrentof the coupling - radic-
frelectrode Whereinﬁthefsghrface-wave, transmission line captures .

“fohgitudinafwaVé component B &ff erdctii fiéld “Generated FGAT AR 2= 1on

c1linfipitesimral digole generatedtirotfret e in the apparatus casing: a
resonating section configured to allow the radio-freguency
signal output from the communication circuit unit to

resonate at a desired frequency, the resonating sectio
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being accommodated in the apparatus casing; a coupling
electrode whose central portion 1s connected to the
rescnating section, the coupling electrode = Dbelng
accommocdated in the apparatus casing: and a surface-wave
transmission line disposed in front of the coupling
electrode wherein the surface-wave transmission line
captures longltudinal wave component of an electric field
generated Irom an infinitesimal dipole generated in the
vicinity of a front side of the coupling electrode and
transmits the captured longitudinal wave component o0f an
electric field as a surface wave in an interior of the
surface-wave transmission line.

In a third aspect of the invention, there is provided
a communication system comprising: a transmitter including
a transmission circult unit configured to generate a radio-

frequency signal for transmititing data and an electric-



vicinity of a front side of the coupling electrode and transmits the captured
longitudinal wave component of an electric field as a surface wave in an
interior of the surface-wave transmission line. In a third aspect of the
invention, there is provided a communication system comprising: a
£ 1 ransaitieningluding - transmissienccircuit unit configyred; to generate.a; -
radio- frequency signal for transmitting data and an electric 8a
LT RgREeSupling - dRRhna configGRet-td fakérhit tHé FadioSfRHGERES sighal an
e bytangitudinal wave-eempoaent of an electriafield generated fropvane; »
-e [EsImal Aipale;a TeceyeLinading an elecicfleld couping antenna
and a reception circuit unit configured to receive an process the
repadibffequenéyESighal tecdived by thniskedtricdieldeceupling antenpapcess
chand asurface-wave propagation medium, configured,to provide.d ¢ 14-
surface-wave transmission line to_transmit the longitudinal wave .
“Cebmpoherit’of A Eléctrit” fieldf enanating réi the et Fretd-eBuplifig L m
coantenna:af the transmitier withdowipropagatien 10ss.-Aecordingto anne to
¢ §hadiment of the present.invention,, there is provided a communication ;
system including the Toﬁi‘owmg elements: a transmitter including a
21 frehshiigsion 18t cifcuitunibeorffigured 6 géneraie aniRF signadforenna of

tn&ransmitiing:.dasa apgran ERE antgnna.configured to transmit
According to an embodiment of the present invention,
there 1s provided a communicatlion system including the

ter including a Transmission
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following elements: & transmi
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the RF signal as an electrostatic magnetic field; a receiver including an
EFC antenna and a reception circuit unit configured to receive and
process the RF signal received by the EFC antenna; and surface-wave
propagation means configured to provide a surface-wave transmission
line to transmit a surface wave emanating from the EFC antenna of the
transmitter with low propagation loss. The "system" mentioned here refers
to a logical assembly of a plurality of devices (or function modules that
realize specific functions) and does not make any distinction between

ci q]tgehgr tgggevglcgggr the functlon module re conta neﬁ ina
sing

e casing (thes e applles relnaﬁer‘? l?ser nené’lﬁwes
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devices, such as when data including images or music is exchanged
thehdtWeen grsmhak snformefiertevisé ahda REgisdmpleniértedina receiver
cableless manner. However, mzé}/ wireless communication systems

inGL Bl b WirefIsS TN G586 aFadiafRePdIEic Fikld yehetatad by
corftipdiigguugntiodion raugh g sojenna, Jherglore jadip waves.aiey o,

S
emitted regardless of the presence 6t a communlcatlongpar ner."Since

thaagdiated releetrs fieldhis atiepuated graduallyda inverse propition.- 9 to

the distance from the antenna, a signal reaches relatively far. This may
corgererardarmmipgwwavés whiclhirface-wave transmission line to

transmit a surface wave emanating from the EFC antenna of
the transmitter with low propagation loss.

The "system" mentioned here refers to a logical
assembly of a plurality of devices {or function modules that
realize specific functions) and does not make any
distinction between whether or not the devices or the
function modules are contained in a single casing {(the same
applies hereinafter).

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

electric field is attenuated gradually in inverse proportion



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

to ahelegirostatiedield-isqapidly attenuated in invegse proportion to the
square or the cube of the distance from the source thereof. That is, no

relgiriecessardcelectrit fieksmre geeecated canichelectis fialds dosrgtarach
far, whereby other communication systems are not disturbed. Even in the

distue hBR REHE A0S HHriGe BRI AvE theysotplisg elditodeo the

I gg/(ﬁ q_‘iﬁ.\/vaves and hence the system is not interfered with by
sur -
other corx#%Lﬁr%catf“orﬁgsy%%gn%.kngglﬁn a6 %%%els%léco%r% nitatigRtenta at

a reysiems pisiigian iejectrontaticdlield py agjndyced;elegtiic field-arg Aot .
suitable for high-capacity data transmission since they use

inplberegfiequeney sighatsoimiherinverntaref the present »A9i mveskidRnicat ion
believes that, even in this type of contactless communication system,

SChﬁF@ﬁ-c’a{ba‘&Wﬂata?trgﬁgfﬁi‘é@bﬁada‘l% partner is limited to that

located at a very short distance.

In contrast, in a communication system using an
electrostatic field or an induced electric fieid, no
coupling relationship occurs in the case where no nearby
communication partner @xists.r 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 scurce thereof. That is, no
unnecessary electric fields are generated, and electric
fields do not reach far, whereby other communication systems
are not disturbed. Even in the case where radio waves
arrive from far away, the coupling electrode receives no
radio waves, and hence the system is not interfered with by
other communication systems.

Known contactless communication systems using an
electrostatic field or an induced electric field are not
suitable for high-capacity data transmission since they use

lower-frequency signals. The inventor of the present
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implemented by using higher-frequency signals: 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. The use of
RF signals, which have short wavelengths, leads to a large propagation
loss. It is therefore necessary to attach the coupling electrodes of the
transmitter and the receiver as much as possible, meaning that
communication over a long distance is difficult. In order to place the
coupling electrodes sufficiently close to each other, the electrodes are

invRegessanLioibe aligned g very fine WWSTQ%ﬁSané%{%%t less

electrodes are necessary to be maintained during data communication,
commhithds nconverientfor anisgh.-lo:0oatrasty thimneemmsicatiopsystentan be
. according to the embodiment of the present invention employs a
1mPSRATUNRGALE S&HdtHe b ghssmittiRrae RESIGAa IRy electric-field

coupling. Since the surface-wave propagation means, .transfers a surface
S o R Elkchbas of fe FATIEF dha

retn =39 lq
wave emanating fromthe couplingelec

elelfansipissioncanie Jmplemented withgui bringing the glectrdes of the

transmitter and the receiver sufficiently close to each other or without
properfarming venytfire aligrnmentaf thehelecitogdesr- 1hel b swiaceswavehe

propagation means includes, for example, a line-shaped dielectric or
use gngﬁb§éﬂgé§ﬁkwﬁhi3h have short wavelengths, leads to a
large propagation loss. It is therefore necessary to attach
the coupling electrodes of the transmitter and the receiver
as much as possible, meaning that communication over a long
distance is difficult. In order to place the coupling
electrodes sufficiently close to each other, the electrodes
are necessary to be aligned in a very fine manner. The
positions of the electrodes are necessary to be maintained
during data communication, which is inconvenient for a user.

In contrast, the communication system according to the

embodiment of the present invention employs a communication
scheme of transmitting an RF signal using electric-field
coupling. Since the surface-wave propagation means
transfers a surface wave emanating from the coupling
electrqde of the transmitter, data transmission can be
implemented without bringing the electrodes of the
transmitter and the receiver sufficiently close to each

other or without performing very fine alignment of the

electrodes.
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transmission line. The surface-wave transmission line is disposed along
the direction of travel of a longitudinal wave of an electromagnetic wave
emanating from the coupling electrode of the transmitter. Such a
surface-wave transmission line allows a surface wave to efficiently
propagate inside and on the surface of the transmission line. Compared
with the case where a surface wave propagates in free space where no
surface-wave transmission line is disposed, the propagation loss can be
reduced since the surface-wave transmission line is interposed between

the'EECsaptennaswof the sansmitier ane thesreceivesdmibe £ase -of
contactless transmission, it is no longer necessarily for the user to directly

cXa@Rdéh the cbupfing efsttddds of thet raasmittenagnahe receivdiatoeachve
other. The surﬁce-wave transmisgion line may include, for example, a

Lr e Wit atdiSiectric Condtt AGFEARY thit ABLEF it UbnSidHE gbs
a1 5L SUch @ case. a: swiaceaeindhe didledlic propgoaies parle

to the interface and is totally reflected at the interface. In the “case where
wava sufface waveds ingidemtonithe intedor-aidhe tdialeclriccat ahe coupling

appropriate angle, the surface wave propagates efficiently without any
elepfssqfifleYeild Tepsartmifefieced af tdinterfacebatweenthe inside

and - 12 the tlutside of{he dielectric. The surface-wave transmission line
transmLSﬁﬁaga ine allows a surface wave to efficiently

may inc
propagate inside and on the surface of the transmission line.
Compared with the case where a surface wave propagates in
free space where no surface-wave transmission line is
dispcsed, the propagation loss can be reduced since the
surface-wave transmission line is interposed betweén the EFC
antennas of the transmitter and the reéeiver. In the case
of contactless transmission, it is no longer necessarily for
the user to directly attach the coupling electrodes of the
transmitter and the receiver to each other.

The surface-wave transmission line may include, for
eXampie, a dielectric with a dielectric constant g greater
than a dielectric constant g of air. In such a case, a
surface wave in the dielectric propagates parallel to the
interface and is totally reflected at the interface. In the
case where a surface wave i1s incident on the interior of the
dielectric at an appropriate angle, the surface wave

propagates efficiently without any loss while being

repeatedly reflected at the interface between the inside and .



dielectric whose dielectric constant becomes greater toward an inner part
thereof. For example, the surface of a dielectric with a higher dielectric
constant may be covered with another dielectric layer with a lower
dielectric constant. In this case, the amount of a surface wave which
propagates in the surface-wave transmission line and emanates to the
outside as a transmitted wave can be suppressed, and a signal can be
transmitted more efficiently. For example, the surface-wave transmission
line may be embedded in a rack including another dielectric with a lower
thediglectiig congtapt, Altefnatively, the surface-wave transmission line may
include a magnetic body with a magnetic permeability greater than a
magretiopefmeabililyrgo of ai stithisi 6ase, asurace wave indbe,
~ magnetic body travels parallel to the interface and is totally reflected at
dielifcinrdiface Criterdforé Sitthé casevhern t SuFfacewaveis invident omard
the interior of the magnetic bgdy at an appropriate angle, the surface
%V%Q/%rprBSé:é:atE%%ﬁ%?ngy ﬁ&oﬁ%ﬁ?ﬁ’oﬁ%’ whité bethg rRpRatdy
diefeflacted atthey ntgr@@ig%};@]gwggg 1tbe insjde égﬂ the, gutside ofthe covered
magnetic body. The sufface-wave transmission line may mglﬁde a
witimagneticdooy Mdesesmagnetic permeability beeqmes greater« A38:
toward an inner part thereof. For example, the surface of a magnetic body
Conghtnd high€k nidgheticpeemelbiityamaybe of a surface wave which

propagates in the surface-wave transmission line and

an

emanates to the outside as a transmitted wave can be
suppressed, and a signal can be transmitted more efficiently.
For example, the surface-wave transmission line may be
embedded in a rack including another dielectric with a lower
dielectric constant.

Alternatively, the surface-wave transmission line may
include a magnetic body with a magnetic permeability p
greater than a magnetic permeability gy of air. 1In this
case, a surface wave in the magnetic body travels parallel
to the interface and is totally reflected at the interface.
Therefore, in the case where a surface wave is incident oﬁ
the interior of the magnetic body at an appropriate angle,
the surface wave propagates efficiently without any loss
while being repeatedly reflected at the interface between
the inside and the outside of the magnetic body.

The surface-wave transmission line may include a

magnetic body whose magnetic permeability becomes greater
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covered with another magnetic layer with a lower magnetic permeability.
Accordingly, the amount of a surface wave which propagates in the
surface-wave transmission line and emanates to the outside as a
transmitted wave can be suppressed, and a signal can be transmitted
more efficiently. For example, the surface-wave transmission line may be
embedded in a rack including another magnetic body with a lower
magnetic permeability. The surface-wave transmission line may include a
plurality of separate dielectrics or magnetic bodies, instead of one

[ ric netic.body. That js, the, surface-wave transmission line

tc‘wgagr%‘13 t%%lgéﬁ]?aﬁlygs%%gr%ég Jiﬁ]eat(goism')ortie(E;ﬁ:gf, aenﬁaatﬁgﬁs%ba%g}g p&h(*JLr’tlro?n‘—’}sC anc’f a

maghe usedwaithpul teuching egsl pthel ghhereforg JthaLommunication, e
system can be applied to contactless communication in which devices or

covgiryiceidnd anwdmhber deogortidve d physical contact Withe eaata gther ikn
this case, the separate dielectric (or magnetic) portions are not

Perpgalssatilyin contRt THth SR ofties: it Pteterafiedhatihéazp wave
whiBEMseiLthe separaty diglectis (or magnetic) portions be as small as

possible in “order to reduce loss, and that the sepa%?gbgﬁfb%s be 1E)‘?acaertljd

emafuel that sSignek trangmissivndfaces theseehcandage weach othgr. 14
According to the layout inside casings where the transmission/reception
SuppFgFicanits andlthe coupling can be transmitted more efficiently.

For example, the surface-wave transmission line may be
embedded in a rack including another magnetic body with a
lower magnetic permeability.

The surface-wave transmission line may include a
plurality of separate dielectrics or magnetic bodies,
instead of one dielectric or magnetic body. That is, the
surface~-wave transmission line can be electrically separated
into portions, and the separate portions can be used without
touching each other. Therefore, the communication system
can be applied to contactless communication in which devices
or a device and a member do not have a physical contact with
~each other. 1In this case, the separate dielectric {(or
magnetic) portions are not necessarily in contact with each
other; it is preferable that the gap betwesen the separate
dielectric (or magnetic) portions be as small as possible in
order to reduce loss, and that the separate portions be
placed such that signal transmission faces thereof can face

each other.



electrodes are mounted on respective main circuit boards in
communication devices, in the case where nothing is placed in front of
each electrode, which is housed deep inside a corresponding casing, a
signal emitted from the electrode is dispersed in air in the casing and is
lost. In contrast, in the case where a dielectric or a magnetic body serving
as a surface-wave transmission line is disposed in front of each coupling
electrode, an electromagnetic-field signal emitted from the coupling
electrode is guided by the surface-wave transmission line to the surface

ohibe casg, WhEreiNIhe 008l sabalransmiteq efiiently. 4g Ine
transmitter, an RF-signal transmission ine con |gur%% to transmit an RF

t rarsigniol gepgrated By the rransrrission GHEWL uRikis Gannectsdio; ny
substantially the center of the electrode of the EFC antenna via a

elegesonmingz sectisruwhietl resonatesata predeterimined fregirenbydndthein
receiver, an RF-signal transmission line configured to transmit an RF

COMHRIG Hr<EBPHGHT Srcdifufit’ CBRfecE® kP sisstiritidly the RéARRd
in Afihe elegtrode,of the EFG antenna.via aresonating section which
Phetiidiy. Each of e rodoRRung Sadtr

o
resonates at a predetermlne frequency. ac e reson

coragy ciudeya huapeds constant circuitrMeresspecifically,pachresenafing ; s
- 15 section includes a parallel inductor connected between a signal line
di spsftise RE raasmissiontime armbgrogndmndiss lost. In contrast, in

the case where a dielectric or a magnetic body serving as a
surface-wave transmission line is disposed in front of each
coupling electrode, an electromagnetic-field signal emitted
from the coupling electrode is guided by the surface-wave
transmission.line to the surface of the casing, whereby the
signal can be transmitted efficiently.

In the transmitter, an RF-signal transmission line
configured to transmit an RF signal generated by the
transmission circuit unit is connected to substantially the
center of the electrode of the EFC antenna via a resonating
section which resonates at a predetermined frequency. In
‘the receiver, an RF-signal transmission line configured to
transmit an RF signal to the reception circuit unit is
connected to substantially the center of the electrode df
the EFC antenna via a resonating section which rescnates at
a predetermined frequency.

Each of the resonating sections may include a lumped-

constant circuit. More specifically, each resonating
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series inductor connected between the signal line of the RF transmission
line and the electrode. Alternatively, each resonating section may include
a distributed-constant circuit. More specifically, a conductive pattern with
a length dependent on the operating wavelength (which may also be
referred to as a "stub") is formed on a printed circuit board on which the
EFC antenna is mounted, thereby operating as a resonating section.
According to the embodiments of the present invention, there is provided
an excellent communication system that can perform data communication

secebyeen (bfgrpation devicesusing an eleciostalic field of aninduced
electric field without interfering with other communication systems.

s igrcrolding te thecermbadiments ohthesaresentinvention, dhereds psevded
an excellent communication system which can implement high-capacity

seriduta rAASMIRIOCONRE Slgrald dyvermploying asdanmunication sthéine RE
using an elec;ftrostatic field or an_induced electric field. According to the

AN dimahts of the Presdt inventich = Hire is providdtPar B%ddllengach
resdREMYYCAON sy3temwhieh [Gapymake the ayapgement betweena

transmitter and a receivér and the design of a communication apparatus
cirdlexible byiexpangiag ilfe distanee betweaaceuplng pi6+elestrades, of,

the transmitter and the receiver. In the communication system according
lengghhslerpdanénton the operating wavelength (which may also
be referred to as a "stub") is formed on a printed circuit
board on which the EFC antenna is mounted, thereby operating
as a resonating section. |

According to the embodiments of the present invention,
there is provided an excellent communication system that can
perform data communication between information devices using
an electrostatic field or an induced electric field without
interfering with other communication systems.

According to the embodiments of the present invention,
there is provided an excellent communication system which
can implement high-capacity data transmission of RE signals
by employing a communication scheme using an electrostatic
field or an induced electric field.

According tb the embodiments of the present invention,
there 1s provided an excellent communication system which
can make the arrangement between a transmitter and a

receiver and the design of a communication apparatus

flexible by expanding the distance between coupling
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of the present invention, the surface-wave propagation means transfers a
surface wave emanating from the coupling electrode of the transmitter in
an efficient manner with low propagation loss. When performing data
communication, it is no longer necessarily for a user to directly attach the
coupling electrodes of the transmitter and the receiver to each other,
whereby data communication over a long distance can be performed
using electric-field coupling. In the communication system according to the
embodiment of the present invention, it is no longer necessary to finely

<1890 theelpetiodes [aLplegticfeld couaing,audh, Laate electrodes can

be placed sufficiently close to each other. Further, it becomes

urnmecessary daplacedhe i elgcqdas-as elese taitheouisideref thasasingen+
of the communication apparatus as possible. Therefore, the degree of

of fhedpAripadesigniig tHallbyoeuttdfehes sadingés-wscreasethiadias ion means
co munlcatlon system according to the embodiment of the present

E X AR fehtion 2the o piifig BettrodBe bR  Fan st BhdiRERed&iFer can
=1 LE0007 sontagt with he aiface waye fanseyseion ine pIavided by fhe o,

surface-wave propagatlon means, or the surface-wave transmission line

progagabe sapamied intnperiops andthe sgpaate pedipnscandeiob! it is
used without touching each other. The communication system can thus
no  hergiplied ¢6 eparciiéss Eommunizagion ipwllichectly attach the

coupling electrodes of the transmitter and the receiver to
each other, whereby data communication over a long distance
can be performed using electric-field coupling.

In the communication system according to the embodiment
of the present invention, it is no 1ongef necessary to
finely align the electrodes for electric-field coupling such
that the electrodes can be placed sufficiently close to each
other. Further, it becomes unnecessary to place the
electrodes as close to the outside of the casing of the
communication apparatus as possible. Therefore, the degree
of freedom in designing the layout of the casing is
increased.

In the communication system according to the embodiment
of the present invention, the coupling electrodes of the
transmitter and the receiver can be out of contact with the
surface-wave transmission line provided by the surface-wave
propagation means, or the surface-wave transmission line can

be separated into portions and the separate portions can be
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devices or a device and a member do not have a physical contact with

each other. In the communication apparatus according to the

embodiment of the present invention, a surface wave emanating from the

coupling electrode can be guided by the surface-wave transmission line

to an easy-to-use position. It thus becomes unnecessary to place the
usgeupling sleétréde Hedkthe exteriof of the caSing opbtfeucommuhications tem
ca%pp;_aﬁ%tusblherem{e, the degree of freedom in mounting components

and in"designing the 15Jout of the Casing f&® thcfeddsd! Eufther™ 17 which
geddvantages of the.example embodiments will shecome apparent fram the . . .

following description of exemplary embodiments with reference to'the
coattachedvdrawiagshBRIEE DESCRIPTION OF THE DRAWINGS Fig. 1

illustrates the propagation of a surface wave in a dielectric surface-wave

transraissioitlineS FgLU2 Hikistrates thelprépadgation ofecsudacewave in ahe

agnetic surface-wave transmission line; Fig, 3 is a diagram of an

v : g
S SXEmprary coﬁﬁgur%@n ofa ecso?ﬁﬁﬁunijcﬁﬁ&g sySteém acordingt6an  Weve
emgﬂp?%er}trgmthghl@ Q@é@ﬂ& W@le@ti%%t@gdé 'Sc%vd'a&éa"@&f &Qci_ by the

exemplary structure of a surface-wave emitting portion of a transmitter
sul@akig-5asa diagnasmof anexemplary stiucturef 8, -+to-use position.

.

It thus becomes unnecessary to place the coupling electrode
near the exterior of the casing of the communication
apparatus. Therefore, the degree of freedom in mounting
compeonents and in designing the lavout of the casing is
increased.

+

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 DRAWING

851

Fig. 1 illustrates the propagatlon o©of a surface wave
in a dielectric surface-wave transmission line;

Fig. 2 illustrates the propagation of a surface wave
in a magnetic surface-wave transmission line;

Fig. 2 is a diagram of an exemplary configuratiocn of a

communication system according to an embodiment of the

18



capacitance-loaded antenna; Fig. 6 is a diagram of another exemplary
structure of the surface-wave emitting portion of the transmitter 10; Fig. 7
is a diagram of an exemplary surface-wave transmission line formed as a
plate; Fig. 8 is a diagram of an exemplary surface-wave transmission line
formed as a strip; Fig. 9 is a diagram of an exemplary surface-wave
transmission line formed as a line; Fig. 10 is a diagram of an exemplary
surface-wave transmission line having a pyramid shape; Fig. 11 is a
diagram of an exemplary structure in which the surface of a dielectric

predface;wave trapsmission line with a higher dielectric constant is
covered with another dielectric layer with a lower dielectric constant; Fig.
1215 g diagram ef an exemplasy sufaceswaye dransetssion line whosg
dielectric constant changes continuously with a distance r from the

surdefter Fiy 2 33 st diagean of b idisleétfic suase-wal/et gandrission line
with a higger. dielectric constant,_which is embedded in another dielectric

with =lower tieldctic 2Sr6bopbtait: PRETA4E R Midgranrorgs of 2

caps¥iacerwave trapgmissign.lipg,including, instead of one dielectric (or
magnetic body), a plurality of separate dielectrics (or magnetic bodies);

Fig. 6 is a diagram of another exemplary structure of
the surface-wave emitting portion of the transmitter 10;

Fig. 7 is a diagram of an exemplary surface-wave
transmission line formed as a plate;

Fig. 8 is a diagram of an exemplary surface-wave
transmission line formed as a strip;

Fig. 9 is a diagram of an exemplary surface-wave
transmission line formed as a line;

Fig. 10 is a diagram of an exemplary surface-wave
transmission line having a pyramid shape;

Fig. 11 is a diagram of an exemplary structure in which
the surface of a dielectric surface-wave transmission line
with a higher dielectric constant is covered with another
dielectric layer with a lower dielectric constant;

Fig. 12 is a diagram of an exemplary surface-wave
transmission line whose dielectric constant changes
continuously with a distance r from the center;

Fig. 13 is a diagram of a dielectric surface-wave
transmission line with a higher dielectric constant, which

is embedded in another dielectric with a lower dielectric
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Fig. 15 is a diagram of an exemplary structure of a contactless
communication device using a surface-wave transmission line; Fig. 16
illustrates an electric field component (longitudinal wave component) ER
causing vibration parallel to the direction of propagation; Fig. 17Ais a
graph of the relationship between the length of a surface-wave
transmission line and a propagation loss in the case where a
polyphenylene sulfide (PPS) resin serving as a dielectric, a nickel-zinc
(Nizn) ferrite serving as a magnetic body, or a magnet is used as the
consWidage-wave transmission line; Fig. 17B illustrates materials used in a
surface-wave transmission line; Fig. 17C illustrates a propagation loss;
Fig:ikBA illastiates thie ow:0f cufreat mart electragde-of annbG anenna
in the case where an RF transmission line is connected to the center of

Linghel pfeciddpoFigl 18BSRGStRieS T Gisvbndlow.6f defemagnaatic body),
Iectrggg of g@ EFC antenna ndltggtradiatior& of unnecessar radio

- 2 .
e phird 28 ISR aBaRg a5

waves In %e cassée\ﬁﬁé:raétéan #etransn%:l%é:lgn

position offset from the.centgr of the electradei £ig, 198 a-diagram pf gn
exemplary configuration of a
contactless communication device using a surface-wave
transmission line;

Fig. 16 illustrates an electric field component
(longitudinal wave component) Ez causing vibration parallel
to the direction of propagation;

Fig. 17A is a graph of the relationship between the
length of a surface-wave transmission line and a propégation
loss in the case where a polyphenylene sulfide (PPS) resin
serving as a dielectric, a nickel-zinc (NiZn) ferrite
serving as a magnetic body, or a magnet is used as the
surface-wave transmission line;

fig. 17B illustrates materials used in a surface-wave
transmission line;

Fig., 17C illustrates a propagation loss;

Fig. 18A illiustrates the flow of current in an
electrode of an EFC antenna in the case where ah RF¥
transmission line is connected to the center of the
electrode;

Fig. 18B illustrates the uneven flow of current in an

electrode of an EFC antenna and the radiation of unnecessary
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contactless communication system using an electrostatic field or an
induced electric field; Fig. 20 is a diagram of an exemplary structure of an
EFC antenna placed in each of the transmitter 10 and a receiver 20; Fig.
21 is a diagram of the arrangement of EFC antennas shown in Fig. 20
facing each other, the entirety of which functions as a band-pass filter;
Fig. 22 is an equivalent circuit diagram of a band-pass filter including a
pair of EFC antennas; Fig. 23 is an equivalent circuit of the case where
the single EFC antenna illustrated in Fig. 20 functions as an impedance

radggh@@@gnqrrguqhgigcgg(;s ghataph of themeasyrement tesylts of

propagation losses obtained by changing the distance between antennas,

conkEG-antennas (Wit paralie! nduetors)r and EFG: antennas (witheut:
parallel inductors) which are placed facing each other; Fig. 25 illustrates

eleghexdmplary structure of the actual EFC antenna illustrated in Fig. 20;
Fi%,26 illustrates the mapping of an electromagnetic - 21 field induced

by drfinfinitesitaf dipofo A colipiifig IEERdde” Fig: 27itdstrates e o @
conlaNsMssion of an RE signal in the cage where adieleciric surfaceswave

transmission line
field or an induced electric field;

Fig. 20 is a diagram of an exemplary structure of an
EFC antenna placed in each of the transmitter 10 and a
receiver 20;

Fig. 21 is a diagram of the arrangement of EFC antennas
shown in Fig. 20 facing each other, the entirety of which
functions as a band-pass filter;

Fig. 22 is an equivalent circuit diagram of a band-pass
filter including a pair of EFC antennas;

Fig. 23 is an equivalent circuit of the case where the
single EFC antenna illustrated in Fig. 20 functions as an
impedance conversion clrcuit:;

Fig. 24 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. 25 illustrates an exemplary structure of the
actual EFC antenna illustrated in Fig. 20;

Fig. 26 illustrates the mapping of an electromagnetic
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is interposed between two EFC antennas 1 and 2, which face each other;
Fig. 28A illustrates a change in the distribution of electric fields in the zx
plane for a half cycle at intervals of one-twelfth of a cycle in the case
where an RF signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure illustrated in Fig. 27;
Fig. 28B illustrates a change in the distribution of electric fields in the zx
plane for a half cycle at intervals of one-twelfth of a cycle in the case
where an RF signal is transmitted through the intermediary of the

£1e3WTacRivaYe tiapsayissien-ing as in the strugtire. illystrated in Fig. 27
Fig. 28C illustrates a change in the distribution of electric fields in the zx
eleplaneder; a half cycle at intervals of one-twelfth of a cycle in the case
where an RF signal is transmitted through the intermediary of the _
suffhfe-walelttansiissibR finb&s ik ¥He sidatGienustrated MFigignal in

Fig. 28D illustrates a.change in the distribution of - 22 electric fields in
the (0 A A o S KB  oT S Y8 bl 11

is ¢asewhsreanRh signal is,ansmitted dhrgugh the intarmediaty;ofithe .o
surface-wave transmission line as in the structure
each other;

Fig. 28A illiustrates a change in the distribution of
electric fields in the zx plane for a half cycle at
intervals of one-twelfth of a cycle in the case where an RF
signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure
illustrated in Fig. 27;

Fig. 28B illustrates a change in the distribution of
electric fields in the zx plane for a half cycle at
intervals of one-twelfth of a cycle in the case where an RF
signal is transmitted through the intermediary of the
surface~wave transmission line as in the structure
illustrated in Fig. 27;

Fig. 28C illustrates a change in the distribution of
electric fields in the zx plane for a half cycle at
intervals of one-twelfth of a cycle in the case where an RF
signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure
illustrated in Fig. 27;

Fig. 28D illustrates a change in the distribution of
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illustrated in Fig. 27; Fig. 28E illustrates a change in the distribution of
electric fields in the zx plane for a half cycle at intervals of one-twelfth of a
cycle in the case where an RF signal is transmitted through the
intermediary of the surface-wave transmission line as in the structure
illustrated in Fig. 27; Fig. 28F illustrates a change in the distribution of
electric fields in the zx plane for a half cycle at intervals of one-twelfth of a
cycle in the case where an RF signal is transmitted through the
intermediary of the surface-wave transmission line as in the structure

clectibstratediin Fig. 27; Fig29Allistates a.changg in the.disiribution of
magnetic fields in the xy plane for a half cycle at intervals of one-twelfth of

intayeledandlie case wheld ah RE signatis traismitted tbrotighvihere an RF
intermediary of the surface-wave transmission line as in the structure

sigf@drdfdinFigTo7 Fig JoB Mushiatel e didiyens e astidutiohcof

suxfianetic felds,in e xy piage 1ot  hall.oycle gt 23, Interwals of
one-tweftth of a cyc:fe i the case Where an RF signalis fransmitted

i11theeugh the intermediary-of the surface-wave transmission line as in the
structure illustrated in Fig. 27;

Fig. 28FE iliustrates a change in the distribution of
electric fields in the zx plane for a half cycle at
intervals of one-twelfth of a cycle in the case where an RF
signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure
illustrated in Fig. 27;

Fig. 28F illustrates a change in the distribution of
electric fields in the zx plane for a half cycle at
intervals of one-twelfth of a cycle in the case where an RF
signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure
illustrated in Fig. 27;

Fig. 29A illustrates a change in the distribution of
magnetic fields in the xy plane for a half cycle at
intervals of one-twelfth of a cycle in the case where an RF
signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure
illustrated in Fig. 27;

Fig., 29B illustrates a change in the distribution of

magnetic fields in the xy plane for a half cycle at
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Fig. 29C illustrates a change in the distribution of magnetic fields in the xy
plane for a half cycle at intervals of one-twelfth of a cycle in the case
where an RF signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure illustrated in Fig. 27;
Fig. 29D illustrates a change in the distribution of magnetic fields in the xy
plane for a half cycle at intervals of one-twelfth of a cycle in the case
where an RF signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure illustrated in Fig. 27;

intkigy29E ilistrates @ £hangs, inthe distribytion of magnetic fieldsinthe Xy g
plane for a half cycle at intervals of one-twelfth of a cycle in the case
sigwhereian REasignatisdransmitiedthrough therintermetiary of the:he
surface-wave transmission line as in the structure illustrated in Fig. 27;
SUrERCogr ANRraleT S Rh&TIE M thetistAButich 6 fhatheti€ HBlks in the xy
i1 l%IaQ]e: gt%r aﬂhalf C}LC|e at it}t_ervals of one-twelfth of a cycle in the case

ed, I, KL

wherean s?gna% IS transmitted through the intermediary of the
SUrgee-waye transussion ine as i, g sirugture, dlustrated in 9. 475 o r

Fig. 30 illustrates the distribution of electric fields
magnetic fields in the xy plane for a half cycle at
intervals of one-twelfth of a cycle in the case where an RF
signal 1s transmitted through the intermediary of the
surface-wave transmission line as in the structure
iilustrated in Fig. 27;

Fig. 29D illustrates a change in the distribution of
magnetic fields in the xy plane for a half cycle at
intervals of one-twelfth of a c¢ycle in the case where an RF
signal 1s transmitted through the intermediary of the
surface-wave transmission line as in the structure
illustrated in Fig. 27;

Fig. 29E illustrates a change in the distribution of
magnetic fields in the xy plane for a half cycle at
intervals of one-~twelfth of a cycle in the case where an RF
signal is transmitted through the intermediary of the
surface-wave transmission line as in the structure
illustrated in Fig. 27;

Fig., 29F illustrates a change in the distribution of

magnetic fields in the xy plane for a half cycle at

intervals of one-twelfth of a cycle in the case where an RF

- 24 -



and the distribution of magnetic fields generated around a dielectric
surface-wave transmission line; Fig. 31A is a diagram of the propagation
of a longitudinal-wave electric field ER generated on the surface of a
coupling electrode of an EFC antenna as a surface wave at an end of a
dielectric surface-wave transmission line; Fig. 31B is a diagram of the
propagation of a longitudinal-wave electric field ER generated on the
surface of a coupling electrode of an EFC antenna as a surface wave at
an end of a dielectric surface-wave transmission line; Fig. 32 is a graph of

sigiheresylt of obtaining a4Pigpagatian 19ss S21-10,the sase where, ip the

structure illustrated in Fig. 27, thé size of a coupling electiode of a
surtfansmitterand the sizeef aoeoupling electradewfa seceivenare changed,

the result being obtained by a simulation using a finite element method,;
111lpyt83§ed graph 68 thelrbsult of obtaining the propagation loss S21 in

th e, jn the struct illustrated.in Fig. 27, the thick fth
SUFAAG wAle' BANEIEUORirg' cRARGE e SELIPhaly BhTaned by 3t 0=

andaSippuationusing afinite element method; 26, Fig, 3445 a,araphof the, .4 4

result of obtaining the propagation loss S21 in the Case where, in the
diesteucturec ilkstrateckindzige27,the selative dielectrie.constant and the
relative magnetic permeability of the surface-wave

Fig. 31A is a diagram of the propagation of a
longitudinal-wave electric field Ex generated on the surface
of a coupling electrode of an EFC antenna as a surface wave
at an end of a dielectric surface-wave transmission line;

Fig. 31B is a diagram of the propagation of a
longitudinal-wave electric field Eg genérated on the surface
of a coupling electrode of an EFC antenna as a surface wave
at an end of a dielectric surface-wave transmission line;

Fig. 32 is a graph of the result of obtaining a
propagation loss Sz; in the case where, in the structure
illustrated in Fig. 27, the size of a coupling electrode of
a transmitter and the size of a coupling electrode of a
receiver are changed, the result being obtained by a
simulation using a finite element method;

Fig. 33 is a graph of the result of obtaining the
propagation loss S;; in the case where, in the structure
illustrated in Fig. 27, the thickness of the surface-wave

transmission line is changed, the result being obtained by a

simulation using a finite element method;
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transmission line are changed, the result being obtained by a simulation
using a finite element method; Fig. 35 is a diagram of an exemplary
structure of the case where the communication system illustrated in Fig. 3
is applied to electric power transfer; and Fig. 36 is a diagram of another
exemplary structure of the case where the communication system
illustrated in Fig. 3 is applied to electric power transfer. DESCRIPTION
OF THE PREFERRED EMBODIMENTS Preferred embodiments of the
present invention will now herein be described in detail below with

refefencestp the Qra&‘ﬁﬁ%% The prasentJavention Felates 103 o the
commiunication systém for performing data transmission between
projfermation desiees: ysing an-elecirostatiafiald or an inducedtelecttic field.
According to a communication scheme based on an electrostatic field or
1llyatinddced elacthiidield ho rallin wWaves areentittelbintthé absencgefit and
comg]unjcation partners nearby since no cougriin relationship occurs,

the hd hdhid Sothar BSmaturiEatiin By stehis alt ndt ifistdtbet® ESe i fhe -
t;:a%@m&%%el‘élﬂe&el@g'%‘é’@v%%é%’gétoneIfl%r %%f‘@ %%9 t%@ained by

receives no radio waves, and hénce the communication system Is not
a sinerferedamithuby other commuricatienmsystems.tiRddnown radio

communication using antennas, the strength of a radiated electric field is
invékgely 3> is a diagram of an exemplary structure of the
case where the communication system illustrated in Fig. 3 is
applied to electric power transfer; and
Fig. 36 is a diagram of another exemplary structure of

the case where the communication system illustrated in Fig.

3 is applied to electric power transfer.

DESCRIPTION OF THE PREFERRED EMBGDIMENTS

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 ceoupling relationship occurs, and hence

other communication systems are not disturbed. Even in the
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proportional to the distance. In contrast, the strength of an induced
electric field is attenuated in inverse proportion to the square of the
distance, and the strength of an electrostatic field is attenuated in inverse
proportion to the cube of the distance. According to a communication
scheme based on the electric-field coupling, very weak radio waves
merely causing noise for other 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

casDay,0e refergd fo.as.a quasi-electrostafic field”, thiss alzojncluded in,
an "electrostatic field" in this specification. Since known communication
recemplayingan electrostatiesfield o andnducechelecirigfield Uses on system
lower-frequency signals, the known communication is unsuitable for
is pansférrirtrd rge amidunt by datah & conasiia CorimanieAidesystem
ac ordifr%g to an empodiment of the present invention transfers
r_

hig Qlienty SiRalTeing + 27 tthe bld&riEFetl SSuphng afd fience
st rEIeAqMEnicalion ;system cap dransfer a lagge amoyptof datg, More

specifically, as in ultra-wideband (UWB) communication, a
progemmumicationschrmeiusing high. frequenciestoves @, widebaed risngth of

applied to the electric-field coupling, thereby
an induced electric field is attenuated in inverse
proportion to the square of the distance, and the strength
of an electrostatic field is attenuated in inverse
proportion to the cube of the distance. According to a
communication scheme based on the electric~field coupling,
very weak radio waves merely causing noise for other
wireless systems existing in the neighborhooed 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 “guasi-electrostatic field", this is
also included in an "electrostatic field" in this
specification.

Since known commrunication empliloying an electrostatic
field or an induced electric field uses lower-frequency
signals, the known communication is unsuitable for
transferring a large amount of data. In contrast, a

communication system according to an embodiment of the

present invention transfers higher-freguency signals using
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implementing high-capacity data communication using very weak radio
waves. The UWB communication uses a very wide frequency band from
3.1 GHz to 10.6 GHz and implements, though over a short distance,
wireless transmission of a large amount of data at a rate of approximately
100 Mbps. The UWB communication is 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

£ he@GEesscontrokscheme. in the; UWB cammunication, Intel Corporation in,

the United States is studying, as a UWB application, a wireless version of
syst&k, which has:.been widelyrugedzamagenetal intedace fos RCs. UWB

transmission systems using a UWB low-band from 3.1 GHz to 4.9 GHz
spegravelbedr Hetiviely develdpad raldnty e Cohiditfetativhhat e, &

commun{i:c.ation czﬂa%transfer,datahat ?ér%te exceedin% 100 Mbps With(c)iUtb 4
COMBECUpying & transiiSSion band from 3.1 BHZ 10 (0°6 G2, Andthg L deban

is sigwplicityof fabrigating an KK eirquit. Thedpygntar of - 28, the present
invention believes that a data transmission system employing a UWB
inmplbwaband iscone. oheffeqtive Wwikeless: coammunieationtechniguesdo bery
applied to mobile devices. For example, high-speed data transmission in
weal sheftl flistatit@area, such as an ultra-high-speed, short-distance

The UWB communicaticon uses a very wide frequency band
from 3.1 GHz te 10.6 GHz and implements, though over a short
distance, wireless transmission of a large amcunt of data at
a rate of approximately 100 Mbps. The UWB communication is
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 taking into
consideration that the UWB communication can transfer data
at a rate exceeding 100 Mbps without occupying a
transmission band from 2.1 GHz to 10.6 GHz, and the

simplicity of fabricating an RF circuit. The inventor of
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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 electrostatic
field or an induced electric field, data 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 compact disc
(CD), can be transferred at high speed in a short period of time. Fig. 19

theShOWs ap exemplary configuration of a; gantactless.commuynication ; .,

system using an electrostatic field or an induced electric field. The
sy stemmamicatiphnsy siemvitustrated imthe idrawing includes adransmitier-Q e s s
configured to perform data transmission and a receiver 20 configured to
compEfdAR Hafrreb8ptioh. Wftansmidsionidledtisde 13 oftHelttansininereo -
Foran(;{ aamrﬁggptlgq %le_(:ggegg 33 of the receiver 20 are arranged facing each

other With'd gl 8f. TOFSAEMPIaT3 chf. HATL 05 hahcd Laft pibdide
ai selestric-fisld goupling, Ir&ge%a@nﬁgE%g-ﬁaw_ﬁ@@&?qgﬁ%tf'%%%fgg%e
uni

an upper application, a transmission circui 1 of the transmitter 10
dev@ereratesa andRftraksmigsion signahidielyas addWhssignaleondbe can be
basis of transmission data, and the signal propagates from
implemented.

The inventor of the present invention believes that,
according to a UWB communication system employing an
electrostatic field or an induced electric field, data
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
compact disc (CD), can be transferred at high speed in a
short period of time.

Fig. 19 shows an exemplary configuration of a
contactless communication 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 réception.

A transmission electrode 13 of the transmitter 10 and a

reception electrode 23 of the receiver 20 are arranged

facing each other with a gap of, for example, 3 cm, and
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the transmission electrode 13 to the reception electrode 23. 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

henPerforming radio communication. the strengthiof the electric fieldisia, o 4
inverse proportion to the cube or the square of the distance. By
t racomticlling-thersirengtht of. thevelectficofield(strengtlh of padio avavesh pvar
a distance of 3 m from a wireless facility to be less than or equal to a
trapratfeterirife & fevel Vernpivehk tadie waved darcbearited dfd Hepegates

an 12 ICp0piNg;0f 8 radio siaion begames. undeqgsany; Fhetelors, an,
Inexpensive communicaton System “can Pe imp Einent&@loin th@ a8 of

basYeysshort-distance data communication wsing:ansleciicsfield coupling. .,
scheme, the - 30 quality of a signal is not deteriorated due'to a
thene¢ighbering séflectod. datrthedet is3also uhhecessasptoitakednioct rode 23.

consideration prevention of hacking on a transmission line and securing
A refeatifidentighity Cinidontrast, the prdpdditiondessiineleadss drtkrel ates

and decodes the RF signal received to reproduce data and
transfers the reproduced data to the . upper application.
According tco 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
pgrforming radio communication, the strength of the electric
field is in inverse proporticn to the cube or the square of
the distance. By controlling the strength of the electric
field (strength of radic waves) over a distance of 3 m from
a wireless facility to be less than or egual 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-shoert-distance data

communication using an electric-field coupling scheme, the
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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 the wavelength of an operating frequency of 4 GHz. Thus, such
a very short distance should not be neglected. Particularly, the

quagharactefistic gr{gﬁgﬁn%cw@%@@ﬁéﬂ%%p@@gema;n ahigherryoring

frequency circuit than in a lower-frequency circuit. An impedance
re fiismateh at Bucotipling point between-eleatiedessefa agransmittiercanchac
receiver has a more striking effect in a higher-frequency circuit. Known
conggrigétidssebrimaratideusing fleytihtiesof KHZA opNHtesiasmaline

O.[progagatjon Ios}g1 in s% ce Théjs, :p the case where a transmitter and a
ANt egéiver £8¢h haved 8 Hhcluding only an electrode and a

coypling.pertign simply.opsrates as.a plane paralle] capagitar, desired.;

data 31 transmission can be performed. In contrast, contactless
progeaunicationausing-higher tiequencies afeHz has rclatge, propagatiene r

loss in space. It is thus necessary to suppress signal reflection in coupling
to albéfvdesioRy trahgimtter tandbaveedivércantbtrinprovetransmissiohd
coungﬁﬁfthe 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 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~freguency circuit.

Known contactless communication using frequencies of

kHz or MHz has a small propagation loss in space. Thus, 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, desired data
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the communication system illustrated in Fig. 19, even in the case where
an RF-signal transmission line connecting the transmission circuit unit 11
to the transmission electrode 13 is a coaxial line with a matched
impedance of, for example, 50 0, in the case of an impedance mismatch
in a coupling portion between the transmission electrode 13 at the
transmitting side and the reception electrode 23 at the receiving side, a
signal is reflected to incur propagation loss. EFC antennas provided in
the transmitter 10 and in the receiver 20 include, as illustrated in Fig. 20,

t rathencospling elgetredes l3-and-234n a plateshape paralleljpductors,
12A and 22A, and series inductors 12B and 22B, which are connected to

comherREsignah transmissianginer I1f theocase: ivhere thesalovesmentioned e
EFC antennas are arranged facing_each other, as illustrated in Fig. 21,
PTOfRIN0SIBCHOTES bpefité &8 a capacksr, Hit the EFC 8Atenn&s aswppress

Whgﬂlergg%rezt as a bandégas%[fllter. Therefore, .an RF S|gnal can be

= Iiransmitted efficiently between the two 5R@RRaS e RECLIGRATter

andtransmissiopdine-mentionedhersLoriespands s 3210 aepaxiplrable, ar

microstrip line, a coplanar line, or the like. In the contactless
thecommumication isysteny dlustratetllin sEiga 18 thémeeegsary Tonditions for the

the EFC antennas to transmit an RF signal, such as a UWB signal, using
casgleifiere an RF-signal transmission line connecting the
transmission circuit unit 11 to the transmission electrode
13 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 13 at
the transmitting side and the reception eiectrode 23 at the
receiving side, a signal is reflected to incur propagation
loss.

EFC antennas provided in the transmitter 10 and in the
recelver 20 include, as illustrated in Fig. 20, the coupling
electrodes 13 and 23 in a plate shape, parallel inductors
12A and 22A, and series inductors 12B and 22B, 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. 21, the two electrodes
operate as a capacitor, and the EFC 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
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field coupling are as follows: (1) the presence of electrodes for
establishing electric- field coupling; (2) the presence of parallel inductors
for establishing stronger electric-field coupling; and (3) the setting of the
constants of the inductors and the constant of a capacitor including the
electrodes such that the impedance matching can be achieved in a
frequency band used for communication in the case where the EFC
antennas are placed facing each other. The passband frequency fo of a
band-pass filter including a pair of EFC antennas having electrodes

to facingagash othesias illustrateddn Fig.21; can be deteymined pnjthe. o
basis of the inductances of the series inductors and the parallel inductors
theand the.capacitance of the capacitor including the electrodes. Fig. 22 is
an equivalent circuit diagram of a band-pass filter including a pair of EFC
antehnaBeGReNRE thartt iR mbed ARG RIS The cehtsrt rated in

. _frequency,to [Hz], and the phase, difference a [radian] <a<2n
FigloquP _ ; :
ctaon At SOt dd S0 53 oaal Bd (e CapRhas /5

t ra@fdhe capacitar inclyding, the elactiades, thescanstants of the paraleb e ric-
inductance L1 and the series inductance L2 included in the band-pass
T iefliter canrbel calculatedhia atedidanse with the operating frequency to
using the following equations:
(1} the presence of electrodes for establishing electric-
field coupling:;
(2) the presence of parallel inductors for establishing
stronger electric~field coupling; and
(3) the setting of the constants of the inductors and the
constant of a capacitor including the electrodes such that
the impedance matching can be achieved in a frequency band
used for communication in the case where the EFC antennas
are placed facing each other.

The passband frequency fy of a band-pass filter
including a pair of EFC antennas having electrodes facing
each other, as illustrated in Fig. 21, can be determined on
the basis of the inductances of the series inductors and the
parallel inducteors and the capacitance of the capacitor
including the electrodes. Fig. 22 is an equivalent circuit
diagram of a band-pass filter including a pair of EFC
antennas. Given the characteristic impedance R [£2], the

center frequency fy [Hz], and the phase difference o

[radian}] (m < o < 27) between an input signal and a pass

- 33 -



L _R(1+cosa)[H} 2ifo sin a L2-- 1+)~foCRsina [H] 4)7-2f 2C tI> In the
case where a single EFC antenna functions as an impedance conversion
circuit, an equivalent circuit thereof is illustrated in Fig. 23. In the circuit
diagram illustrated in Fig. 23, the parallel inductance L1 and the series
inductance L2 are selected in accordance with the operating frequency to
so as to satisfy the following equations and expression, thereby
implementing an impedance conversion circuit configured to convert the
characteristic impedance fromR1to R2:-34 L,=RRz[H] 20Ri _R2
s1gkad;26:2R2AR1 -R2NH] BIRR2 (2)2Figr 24122 95aph- 0k e inciuding
measurement results of propagation losses obtained by changing the
thedistance betseen ahtennassEECtanteinashewvitbeparallel induciors) cant: 1;
EFC antennas (without parallel inductors) which are placed facing each

andoﬁgﬁ series inductance I, included in the band-pass
filter can be calculated in accordance with the operating

frequency fy using the following equations:

R(l+cosa) H]

o 27f,sinc
1+ 72 CRsina
L, = ARSI ]
dz” 1, C

LoAD)

In the case where a single EFC antenna functions as an
impedance conversion circuit, an eqguivalent circuit thereof
is illustrated in Fig. 23. 1In the circuit diagram
illustrated in Fig. 23, the parallel inductance L, and the
series inductance L, are seiected in accordance with the
operating frequency fp; so as to satisfy the following
equations and expressicn, thereby implementing an impedance
conversion circuit ceonfigured to convert the characteristic

impedance from R; to Rj:
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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. In
contrast, in the case of antennas, the propagation loss does not become
as large as that in the case of the EFC antennas (with parallel inductors)
even when the distance increases, and a signal disturbing other wireless
systems may possibly.be g —In the case of the EFC antennas
without parallgl ir_l_duez%rs, the age[té'?n]ceﬁiciency is low, and the
propagation és”i“s%%e in - @5 Hheicase where a communication
partner is nearby. Botipliig eleétrodes of the EFC antennas are

connected to the RF trapnsmi n line, such as a coaxial cable, a
microstrip ling, or:mamnlg.uaLT

i
ine. The 7 n{ERNas"mgn in this
specification sdlve rgpte $ ir@arer%{ﬂ:? g Jilteé. Asﬁlgrljs qwger]d

described above, in the c¢ohtactiess communication systen illustrated in
Fig. 19, comrunicaffon devices that perform the UWB communication
use the EFCantennds illustrated in Fig. 20 instead of antennas used in
wireless communication devices employing a known radio communication
scheme. Therefore, very-short-distance data e (2

Fig. 24 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 cther.

In the case of the EFC antennas ({(with parallel
inductoeors), the EFC antennas are strongly coupled to each
other up to a short distance of approximately 1 c¢m, 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
neighborhoed. 1In contrast, in the case of antennas, the
propagation loss does not become as large as that in the
case of the EFC antennas {(with parallel inductors) even when
the distance increases, and a signal disturbing other
wireless systems may possibly be generated. In the case of
the EFC antennas without parallel inductors, the propagation

efficiency is low, and the propagation loss is large even in
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transmission with features that have not been achieved before can be
implemented. Assume that a resonating section 12 (or an RF
transmission line) including a series inductor or the like is connected to
the center of the transmission electrode 13. By connecting the RF
transmission line to the center of the electrode 13, current flows evenly in
the electrode 13, thereby preventing unnecessary radio waves from
emanating in front of the electrode 13 in a substantially perpendicular
direction relative to the electrode surface (see Fig. 18A). In contrast, by

the C000RCUAGIDE rescnating.secliondz 0.2 pasiion offseLfie the center
of the electrode 13, current flows unevenly in the electrode 13, and the
electeoder1P 1 B6gopdratesrasia micmostiipanteonaand:emits are
unnecessary radio waves (see Fig. 18B). Fig. 25 shows an exemplary
conrgiierfe bptHecthidl EF@NERteAAa ustrafed in Fig2( 3n theexample
hown in Fig. 25, the EFC antenna of the iransmit er 10 is iIILgtra;ed.

“abHowevef the t8éiver 20 Theludes £ siffifat B anéhifia. Ret&iringt6
ant &g L the eleeade 131s disposed on the 1inper sudage of g cylindrical

dielectric 15 and is electrically connected to a signal line on a printed
inheireuit hoark®7via-athrosgh hole 16 penetrating through the dielectric

15. The EFC antenna illustrated can be fabricated by, for example,
fofFingEethP6Egh HeleGy goed above, 1in the contactless

communication system illustrated in Fig. 19, communication
devices that perform the UWB communication use the EFC
antennas i1llustrated in Fig. 20 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.

Assume that a resonating section 12 (or an RF
transmission line) including a series inductor or the like
is connected to the center of the transmission electrode 13.
By connecting the RF transmissicn line to the center of the
electrode 13, current flows evenly in the electrode 13,
thereby preventing unnecessary radio waves from emanating in
front ¢f the electrode 13 in a substantially perpendicular
direction relative to the electrode surface (see Fig. 18A).
In contrast, by connecting the resonating section 12 to a
position offset from the center of the electrode 13, current

flows unevenly in the electrode 13, and the electrode 13
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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. The
height from a circuit mounting surface of the printed circuit board 17 to
the electrode 13, 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 have an inductance, which can therefore replace the

cpesehiessingyctor 1 2By dhe sighal Hine is, connected 1@ groutbi8 viathe radio
parallel inductor 12A having a chip shape. Although not shown in the

wavdrawingethBi-q37 pakllel inductance may be substituted for by a wiring
pattern on the printed circuit board, instead of a chip. This type of

indUidtanceinBRIOBS atdistFbETEUEdrstant BrditanPay disg beual EFC

refgrred as.a "stub’ iq heE,.f llo iBg de ﬁri tion. The dielectric 15 and ..
o B LE e e 118 O avoidig T sSURING Botwenha ™ £49-

25, elegtroded 3and-thea grotindr18 and thenrale efformingstheiseriesdnductor

12B. Having a sufficient height from the circuit mounting surface of the
Howprinted ditetit board Y2 to #He électrode 4340 sdistaibcan ifiductancenna .

equivalent to the series inductor 12B, the electric-field coupling between
Re£ﬁﬁ¥dﬁ%n8%8%ﬁﬁ%h%5’ the electrode 13 is disposed on the

upper surface of a cylindrical dielectric 15 and is
electrically connected to a signal line on a printed circuit
board 17 wvia a through hecle 16 penetrating through the
dielectric 15. The EFC antenna illustrated can be
fabricated by, for example, f@rming 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 scldering or the like.

The height from a circuit meounting surface of the
printed circuit board 17 to the electrode 13, 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 have an inductance, which can therefore
replace the series inductor 12B. The signal line is
connected to ground 18 via the parallel inductor 12A having

a chip shape. Although not shown in the drawing, the
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electrode 13 is avoided, and the function as the EFC antenna (that is, the
electric-field coupling to the EFC antenna at the receiver side) is ensured.
Note that, when the height of the dielectric 15 is large, that is, the
distance from the circuit mounting surface of the printed circuit board 17
to the electrode 13 is so long relative to the operating wavelength that the
distance is difficult to be ignored, the series inductor 12B, i.e., the
resonating section 12, operates as an antenna and adversely emits radio
waves. In this case, the attenuation of radio waves emitted by the

parf@sapating section, 12 of.the EECanienna hehaying,as ap antenny,

relative to the distance is smaller than that of an electrostatic field or an
patingucedreledidc fieltnltdsl- 38 Abus difieult-to, suppressthese radieniaves
_tovery weak radio waves where the strength of an electric field at a
Thigistaice 63 hfiomieWieless ety is fesd Hfdirabegadreanstant
Cirgredﬁetg&rr(yngd level. Thegefore,ffthe he(llghg of the dielectri¢c 15 js

Btermined oh the basis Of the following dondRions: tha d8upling td-fie

fol 9FHNd18;is; aveided yyhile the characteristics as the EFC antenna are
fully achieved; the series inductor 12B necessary for operating as a
resorant cirtwit isrformed; amdithersize bt dhesresenating segtionvinekuding>1 e
the series inductor 12B is such that the operation as an antenna is not so

of afteng inyereralCmistd Hintdrs effRfeht radiafidieetieits 13 and the

ground 18 and the role of forming the series inductor 12R.
Having a sufficient height from the circuit mounting surface
of the printed circuit board 17 te the electrode 13 to
obtain an inductance equivalent to the series inductor 12B,
the electric-field coupling between the ground 18 and the
electrede 13 is avoided, and the function as the EFC antenna
(that is, the electric-field coupling to the EFC antenna at
the receiver side} is ensured. Note that, when the height
of the dielectric 15 is large, that is, the distance from
the circuit mounting surface of the printed circuit board 17
to the electrode 13 is so long relative to the operating
wavelength that the distance is difficult to be ignored, the
series inductor 12B, i.e., the resonating section 12,
operates as an antenna and adversely emits radio waves. In
this case, the attenuation of radio waves emitted by the
resonating section 12 of the EFC antenna behaving as an
antenna relative to the distance is smaller than that of an

electrostatic field or an induced electric field. It is
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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 13. The EFC
antenna can be made more compact than a known antenna by
appropriately selecting the constants of the series inductor 12B and the
parallel inductor 12A. Unlike an antenna, an electrostatic field has no

t hulolatization. A presletarpyined: devel of communicatiopauality canthusbe,
achieved even with a different orientation. In the field of radio

radéommwainicatiohs tcapabitarsdes <139t loaned2 antehaas inwhichehéta ts a
attached to the tip of an antenna_element, as illustrated in Fig. 5, thereby

disiRRERgOA cApicitaite dndretRtRitthéHeight of tHebad@ffatden orf
id k At is, t f truct imilar t
equt%i eb? gog%é%e%g%]fﬁe@lslé@glo. an}%%h%'?gr% S I%:%eurﬁ Slmh%r gf

at of the antenna illustrated in Fig. escription wi %legglven

theotthedifferences etwegn eaRHG antenna-ysedin & tkansmittedreceiver
of the embodiment and a capacitance-loaded antenna. A

foldapdcitancesiobdedoartennd Hikestratgolinrkig 15 enlits radioiwaves ini s
directions B11 and B2 around a radiant element of the antenna. However,

2VoRfleshishia Bt RafG WavesTh Hircioh ADRhichsetidsaga mie

fulﬁgngchieved; the series inductor 12B necessary for
cperating as a resonant circuit is formed; and the size of
the resonating section including the series inductor 12B is
such that the operatibn as an antenna is not so strong.

in general, metal hinders efficient radiation of radio
waves emitted from an antenna. For this reason, it is not
allowed to place metal such as ground near a radiant element
of an antenna. In contrast, in the communication system
according to the embodiment, the characteristics of the EFC
antenna are not deteriorated even in the case where metal is
placed facing the backside of the electrode 13. The EFC
antenna can be made more compact than a known antenna by
appropriately selecting the constants of the series inductor
12B and the parallel inductor 12A. Unlike an antenna, an
electrostatic field has no polarization. A predetermined
level of communication gquality can thus be achieved even
with a different orientation.

In the field of radioc communication, "capacitance-
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Electric fields generated around the antenna are examined in detail.
Specifically, a radiated electric field attenuated in inverse proportion to
the distance from the antenna, an induced electric field attenuated in
inverse proportion to the square of the distance from the antenna, and an
electrostatic field attenuated in inverse proportion to the cube of the
distance from the antenna are generated. Because the induced electric
field and the electrostatic field are attenuated relative to the distance
more rapidly than the radiated electric field, only the radiated electric field

lLoalgsliscussed in general wirelesssystems, anghthe cinduced, eleglricfigld o= 4
and the electrostatic field are often neglected. Even in the case of the

anteapacitaheedoadeds40 ldntennailastratedir &ig. 5, antirduded electicing
field and an electrostatic field are generated in direction A but are rapidly

& Cafertidted iPaiPherefbie isGth-arinkited eleekiciicld ambsama, are

wid%hfctr(})(%tg&i]%fiel re notflaci:g\éely %rﬁglsoy d irérad%'o gorgeran%nicegiégsn. An
eIeXtromagnétic ield g erate%l’by a coup r\rﬁ% eféctrdds of Atransmitter

st ryihe-examineds Fig: é%ﬂ%{'ﬁtr_étﬁsﬁfbe'ﬁﬁﬁo @ﬁg_@%%ﬁ@@ inducedbyy in
an infinitesimal dipole. Fig. 26 illustrates the mapping of this

Figelegtromagnetic fieldooni the ecauplingelectrode. As showniinfitfierences
diagrams, the electromagnetic field is largely classified into an electric

betm@@%oﬁﬁxﬁﬁ%tﬂﬂ%ﬁﬁﬁﬁ%é%ﬁﬁ@ein a transmitter/receiver of the

enbodiment and a capacitance-loaded antenna.

A capacitance-loaded antenna illustrated in Fig. &
emits radio waves in directions B; and B, around a radiant
element of the antenna. However, the antenna emits no radic
waves in direction A, which serves as a null point.

Electric fields generated around the antenna are examined in
detail. Specifically, a radiated electric field attenuated
in inverse proportion to the distance from the antenna, an
induced electric field attenuated in inverse proportion to
the square of the distance from the antenna, and an
electrostatic field attenuated in inverse proportion to the
cube of the distance from the antenna are generated.

Because the induced electric field and the electrostatic
field are attenuated relative to the distance more rapidly
than the radiated electric field, only the radiated electric
field is discussed in general wireless systems, and the
induced electric field and the electrostatic field are often

neglected. Even in the case of the capacitance-loaded
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component) Ep causing vibration in a direction perpendicular to the
direction of propagation and an electric field component (longitudinal
wave component) Eta causing vibration parallel to the direction of
propagation. A magnetic field H4 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 fields induced by these infinitesimal dipoles

ant BRYE SIMipn charactgristicsy(for example, seeYasyio Mushiake, "Antepga,, ,
Denpa Denpan (Antenna/Radio-Wave Propagation)”, published by

an €EoanarBublishing €0 1dd.2 1985;epp: 16t18). <141 Paddkdaz B4nR3are
+R-Rsin8 ejkR1E=p-+Cos0 R2nR3RZ-kK1HO -J~4n Rz+
rapigdin(rpd (3PAs sceledrfrérithe abboe e§uatonss tidefeitrich flalged

eletr’%msver e waye component inc udesta campone t'n_ ir_1verse ropartion
o th CISTARCS, (‘ARTMIBE oTebTiC TSI 5 SompORaN i 1veiSa proporis ¥
emp%@géqﬂﬁ"rerghm@ communicaticn.

An electromagnetic field generated by a coupling
electrode of a transmitter will be examined. Fig. 16
illustrates an electromagnetic field induced by an
infinitesimal dipole. Fig. 26 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 directicon of propagation and an electric field
component (longitudinal wave component) Ex causing vibration
pafallel to the direction of propagation. A magnetic field
Hy 1s also generated around the infinitesimal dipcle. 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
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., 1285, pp. 16-18).
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distance (induced electric field), and a component in inverse proportion to
the cube of the distance (electrostatic field). The electric-field longitudinal
wave component includes a component in inverse proportion to the
square of the distance (induced electric field) and a component in inverse
proportion to the cube of the distance (electrostatic field), but does not
include a component of the radiated electromagnetic field. The electric
field ER reaches its maximum in directions where jcosO) = 1, that is, in
directions indicated by arrows in Fig. 16. In radio communication widely
employed in wireless communication, a radio wave emitted from an
antennais a - 42 transverse wave Eo causing viQration in a direction

perpendicular to its 'gcﬂ(ﬁﬁ f tfavel. ‘]@diokév perpendicular to the
direction of pﬂ'@riza%n—hﬂe ee%qmgé?(ed.—m—e gimsf! an

electromagnetic wavedersan t'LRg from/ couplilg ¢lectrode by employing
a communication scheme using an electrostatic field or an induced
electric field includes, besjgde alfl(ransver wave Eo, a longitudinal wave
ER causing \e/lj%;a@nl&fong it ec_tikor:l t %ﬁ: ?‘ue longitudinal wave
ER is also refétred t?z{‘g "surfgce sz'. $f ce wave can also
propagate through th ro meditmy such as a conductor, a

dielectric, or a magnetic body;twhich,will be.g cribed later).
wpe 1 :
H,= Jer 5+ /% \sing
47 R R

L (3)

As is cilear from the above equations, the electric-
field transverse wave component includes a component in
inverse proportion te the distance (radiated electric field),
a component 1in inverse proportion to the sguare of the
distance (induced electric field), and a component in
inverse proportion to the cube of the distance
(electrostatic field). The electric~field longitudinal wave
compenent includes a component in inverse proportion to the
square of the distance (induced electric field) and a
component in inverse proportion to the cube of the distance
(electrostatic field}, but does not include a component of
the radiated electromagnetic field. The electric field Egx
reaches its maximum in directions where lcosf] = 1, that is,
in directions indicated by arrows in Fig. 16.

In radio communication widely employed in wireless

communication, a radio wave emitted from an antenna is a
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In a contactless communication system, a signal can be transmitted
through the intermediary of any of a radiated 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 Eo

t raGORtainiRg thesadiatedeleatris fieldgampenentFromythes o+ 1 on
above-mentioned viewpoint, the EFC antennas - 43 according to the

perembddimentare deviseddn thesfollowingt ntararee Thatds,théio wave
above-mentioned three equations representing the electromagnetic field

PeIBRGN AL theCcddPwHerEE EiPRols tRie! BB =26 hbRis thie i the
- Omﬁ\& fgglﬁpé)&_ent r&@m@g%{@ gg%ximgrrp. (_M%re ts]per(I:IificaI‘I_:y Ee reaches its

maximum when itis perpendicufar to the d?rectcl}ona8?0l}ir%ecnt‘“]zlfil)‘\ivﬁi and ER

emafeaches itshpaximusy whenn i ispaalieltadhe diregtionof:cigrent flow. In
order to maximize ER in front of the electrode, which is perpendicular to

comthenélestrode safacendt is preferable ¢0. dndrease stirrenticonmponents n
perpendicular to the electrode. In contrast, in the case where the feeding

InduGif i e et o thE tenddh of Hiteélecthbdd, Sofret Esmpoiestse wave

Eg, a longitudinal wave Ez causing vibraticn along its
direction of travel. The longitudinal wave Ep is also
referred to as a "surface wave". A surface wave‘can also
propagate through the interior of a medium, such as a
conductor, a dielectric, or a magnetic body (which will be
described later).

In a contactless communication system, & signal can be
transmitted through the intermediary of any of a radiated
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 1s, to perform contactless communication using the
longitudinal wave Er containing no radiated electric field
component while suppressing the transverse wave Eg
containing the radiated electric field component.

From the above-mentioned viewpoint, the EFC antennas
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parallel to the electrode increase due to this offset. In accordance with the
current components, the Ee component in 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 above), as illustrated in Fig. 18A, such that the ER
component can be maximized. In known antennas, besides a radiated
electric field, an electrostatic field and an induced electric field are also
generated. The electric-field coupling occurs in the case where a

acctiansmission ameneaspd adeeception-antenna are;placed:neaneach ng
other. However, since most of the - 44 energy is emitted as a radiated

nanekectric fisld, tsuch, knoivn antennascare insuficientte pesfonmicomactless
communication, In contrast, the EFC antennas illustrated in Fig. 20

rePiRRfethB Tobpfing RTirbaBE ARG tHE rédsbhafing 'uttibhé fr ofder t&e
Casiégn%%%h%trgngmis}%)ciragfﬁg_e&gy by gzengra}giglga%stﬁ%n er electric fiel
[ ! e

ER at a predetermined frequency. In the case where t FC antenna o
comfhenisansmidigrHilustrated kg2 is used-alopgca longitydingl-wave

electric field component ER is generated on the surface of the coupling
reagleetrodé.sSinge atransverse-whve somponent! Eaudentaining-a eadiated
41.:SS501S fleld s smaller than ER, only negligile radio waves are emitted.
it is parallel to the direction of current flow. In order
to maximize Er in front of the electrode, which is
perpendicular to the electrode surface, it is preferable to
increase current components perpendicular to the electrode.
In centrast, in the case where fhe feeding point is offset
from the center of the electrode, current components
parallel to the electrode increase due to this offset. 1In
accordance with the current components, the Eg component in
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 above), as illustrated in Fig. 18A, such that the
Ex component can be maximized.

In known antennas, besides a radiated electric field,

an electrostatic field and an induced electric field are
also generated. The electric~field coupiing occurs in the

case where a transmission antenna and a reception antenna

are placed near each other. However, since most of the
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interfering with other neighboring systems are not generated. Most of the
signals input to the EFC antenna are reflected 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 quasi-electrostatic field component and operate
as a capacitor. As a result, the EFC antennas as a whole operate as a
band-pass filter, thus achieving impedance matching. At passband

enelfgguencies,isignals and power ake largely ctransiaitted 40 @, such known
communication partner and are negligibly - 45 reflected back to the input

antendabhe tshoktdistahte't enéntioneddhere isndefinettby-wavelength 2,,
that is, carresponds to the distance between the coupling electrodes d

COMBERGTE* K2N: For BxGRpie’ fitthe dds@ Wiiére IRd Pt ating fregleidysg 1o
FigiS 4 ﬁaéﬁ%&@%@ismgi fehween the elactiodes is g distance of 10,

mm or less. In the case where the EFC antennas of the transmitter and
secthefeceiver arelplaced at-agpedism distancenan ielectigstaticrliRld dsicy oy
attenuated and a longitudinal-wave electric field ER mainly containing an
genfigucdt @lectric field sryenketatedin tHe vitihitiofahe gopplatipdlectréde d
of the transmitter. The longitudinal-wave electric field ER is received by.

Fregie88inling electrode of the receiver,

In the case where the EFC antenna of the transmitter
illustrated in Fig. 20 is used alone, a longitudinal-wave
electric field component Egx is generated on the surface of
the coupling electrode. Since a transverse-wave component
Es containing a radiated electric field is smaller than Eg,
only negligible radio waves are emitted. That 1s, waves
interfering with other neighboring systems are not generated.
Most of the signals input to the EFC antenna are reflected
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
quasi-electrostatic field component and operate as a
capaciter. 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
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whereby a signal is transmitted. Note that, compared with the case where
the EFC antennas are placed at a short 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 X, that is, corresponds to the distance
between the coupling electrodes d being approximately one to a few
times k/2n. In the case where the operating frequency to is 4 GHz, the
"medium distance" between the electrodes is a distance from 10 mm to

re £ #0400 In,2 coMuRigation,schene ysingan.electrostaticifield ;46 «or
an induced electric field, the electric field strength is rapidly attenuated in

meninvenselpiopostianstodtb e tubd ds ¢he: soebse: gf-theidistanee. Therefore,
the communication range is limited to a very short distance. In the case

COT {here BASRFSIGRE iSiSedBS th IRUYAE! comimupitatibh sy tivd fikd, zpdes

large propagation loss.is incurred due tq the short wavelepgth. It i
d bﬁwle%gfo?e (ﬁgc”:gs%airy t%%ﬁﬁ%ﬁ%” 9eeféctrlor?‘.ica\'% EF&aésné‘:teﬁeré%s’ﬁeof 1fliiee

opelrapsmifter,and the -tecejver 40 £agh othenas mugh as pessipls, meaning

that communication over a long distance is difficult. In order to place the
beteteatrodbs saffictently dtoseito eachicther;dhe efectibdes ase neesssary

to be aligned in a very fine manner. The positions of the electrodes are

ne%%s&ﬁ?t@%ﬁﬁ where the EfC antennas of the transmitter
and the receiver are placed at a medium distance, an
electrostatic field is attenuated and a longitudinal-wave
electric field Er mainly containing an induced electric
field is generated in the vicinity of the coupling electrode
of the transmitter. The longitudinal-wave electrié field Ejx
is received by the coupling electrode of the receiver,
whereby a signal 1s transmitted. Néte that, compared with
the case where the EFC antennas are placed at a short
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®
menticned he:e is defined by the wavelength A, that is,
corresponds to the distance between the coupling electrodes
d being approximately one to a few times A/2®m. In the case
where the operating frequency fy is 4 GHz, the "medium
distance™ between the electrodes is a distance from 10 mm to

40 mm.

In a communication scheme using an electrostatic field
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maintained during data communication, which is inconvenient for a user.
In contrast, the communication system according to the embodiment of
the present invention includes a dielectric or magnetic surface-wave
transmission line disposed between the coupling electrode of the
transmitter and the coupling electrode of the receiver, allowing a surface
wave of an electromagnetic wave emanating from the coupling electrode
of the transmitter to propagate efficiently in the interior and on the surface
of the surface-wave transmission line. Even in the case where the

or seudlingeleetredescefithe trarsmifter and dhesreceiver are placed atagtn is
relatively long - 47 distance, a surface wave emanating due to the
rapegRetficfigld NeBUtAg IS trangmitteel Wity adew propdyatibhdossitisereby the

perforn%rl]ng data communication. It thus becomes unnecessary tq directly
e

SAUGREANP the CSUpTihG E8&Fodes SHTHE frahSmitlel Aant IHE Fecehver t8'eat AN IS
is PHer-Qhtrapsmission waves ysing elegtromagnefic figlds, a wave whose |

phase velocity v is slower than the velocity of light c is referred to as a
R iSlowavaves, arta waveiwhese: phase yelogity vds faster thanthe 1ike, a
velocity of light c is referred to as a "fast wave". A surface wave
Larggrregporostblithe foaner dlowiwave: 1adhelcaseof aminfiaitelytiong

transmission line in a slow-wave structure, energy is transmitted through
R amiosion IS th Ao e HERF 2o Ay €6 AeRach the
electrodes (EFC antennas) of the transmitter and the
receiver to each other as much as possible, meaning that
communication over a long distance is difficult. In order
to place the electrodes sufficiently close o each other,
the electrodes are necessary to be aligned in a very fine
manner. The positicons of the electrodes are necessary to be
maintained during data communication, which is inconvenient
for a user.

~In contrast, the communication system according to the
embodiment ¢f the present invention includes a dielectric or
magnetic surface-wave transmission line disposed between the
coupling electrode of the transmitter and the coupling
electrode of the receiver, ailowing a surface wave of an
electromagnetic wave emanating from the coupling electrode
of the transmitter to propagate efficiently in the interior
and on the surface of the surface-wave transmission line.
Even in the case where the coupling electrodes of the

transmitter and the receiver are placed at a relatively long
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manner and is not emitted to the outside (for example, see Tasuku
Teshirogi and Tsukasa Yoneyama, "Shin Miri-ha Gijutsu (New Millimeter
Wave Technology)", published by Ohmsha, Ltd., 1999, p. 119). The
"surface wave" mentioned here corresponds to the longitudinal wave ER,
which is a component causing vibration parallel to the direction of
propagation, of the electric fields generated from the coupling electrodes
(described above). The propagation mechanism of an electromagnetic
wave along the surface of a conductor, a dielectric, or a magnetic body is

di skBoWR asefor example, $he cCapba ing Oy iR ling” fer-example, e rie g
US Patent Nos. 2685068 and - 48 2921277). For example, Japanese

coudhéxaminedtRatentrAppkcation Rublication Neo20QR:115707 disglpsesareby
surface-wave transmission line using a dielectric made of a thermoplastic
PET a1 AR dit tATEphRREe Uhexatfindd Patent AppRcatiopnecessary

to Gyblcaion No.7.175987 makes = pranosal fora urtacewawe
transmission line that can suppress, a certain caegree, a IS?I’IbUtIOﬂ

¢ ratehigeraf electrpmagneticfields by twisting, tegether.dielectrics or dielectric
fibers with a less RF loss in a predetermined cyclic configuration. The

prépagation smeéchanism of an €lectiomagrietic wavesigree surface-wiave, a
transmission line is described in detail in, for example, Masamitsu
wavﬂaﬂ%ﬁﬁﬁﬂﬂmﬁﬁﬁmﬁﬁ&R%@@ﬁhy is slower than the velocity of

light ¢ is referred teo as a "slow wave"', and a wave whose
phase velocity v is faster than the wvelocity of light ¢ is
referred to as a "fast wave". A surface wave corresponds to
the former slow wave. In the case of an infinitely long
transmission line in a slow-wave structure, energy 1is
transmitted through the transmission line in an concentrated
manner and is not emitted to the outside (for example, see
Tasuku Teshirogi and Tsukasa Yoneyama, "Shin Miri-ha Gijutsu
(New Millimeter Wave Technology)"™, published by Ohmsha, Ltd.,
1999, p. 119). The "surface wave"™ mentioned here
corresponds to the longitudinal wave Ez, which is a
component causing vibration parallel to the direction of
propagation, of the electric fields generated from the
coupiing electrodes {described above).

The propagation mechanism of an electromagnetic wave
along the surface of a conductor, a dielectric, or a
magnetic body is known as, for example, the "Goubau line" or

"G line" (for example, see US Patent Nos. 2685068 and
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(Microwave Technology)", published by Morikita Publishing Co., Ltd.,
1995, pp. 182-190. Electromagnetic surface waves propagating in a ferrite
rod which is magnetized in the axial direction have been extensively
researched. Three types of surface-wave modes are already known:
"dynamic”, "surface" (surface mode), and "volume" (volume mode). The
dynamic mode exists at frequencies where the ferrite rod can be simply
regarded as a dielectric, and a forward wave propagates in the dynamic
mode. In contrast, the surface mode and the volume mode are modes

2 92whereelectric power is concentrated near the surface or in the center of
the ferrite rod, and a backward wave - 49 mainly propagates in these
modes. Artonglthese aradess the)saace matletis applied teod tesanater,
and the volume mode is applied to a delay line and a Faraday rotator

PubdbeafdShimi Reirn, O EONnBhfiE FEFfite-Hous Biiparsiitu
oIS A el n e AR R 0

parallel ferrite rods), Docto
polshews an exemplanaconfiguratinn of apeentastiess COMMUAICANER 1 i cation
system in which a surface-wave transmission line is interposed between
PubRE@otpling Metectiodess3f tramdmitter and apreseivef chhesillastratede ~wave
communication system includes the transmitter 10 configured to perform

L ragH s ilssion SthEltBEeiv@r26 eBRfidifidd td© @ certain degree, a

distribution range of electromagnetic fields by twisting
together dielectrics or dielectric fibers with a less RF
loss in a predetermined cyclic configuration. The
propagation mechanism of an electromagnetic wave in a
surface~-wave transmission line is described in detail in,
for example, Masamitsu Nakajima, "Maikuroc-ha Kougaku
(Microwave Technology}™, published by Morikita Publishing
Co., Ltd., 1995, pp. 182-190C.

Electromagnetic surface waves propagating in a ferrite
rod which is magnetized in the axial direction have been
extensively researched. Three types of surface~wave modes
are already known: "dynamic", "surface" {(surface mode), and
volume” (velume mode). The dynamic mode exists at
frequencies where the ferrite rod can be simply regarded as
a dielectric, and a forward wave propagates in the dynamic
mode. In contrast, the surface mode and the volume mode are
modes where electric power is concentrated near the surface

or in the center of the ferrite rod, and a backward wave
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perform data reception, and a surface-wave transmission line 30
configured to transmit a surface wave emanating from the transmission
electrode 13 of the transmitter 10 with a low propagation loss. The
surface-wave transmission line 30 is made of a dielectric or magnetic
material and is disposed along the direction of travel of the surface wave
emanating from the transmission electrode 13. In response to a
transmission request issued from an upper application, the transmission
circuit unit 11 of the transmitter 10 generates an RF transmission signal,

ma i §U6h Bs b WYUB signal, amthebagisieltranstpissign data.The-signhal +he
output from the transmission circuit unit 11 resonates at - 50 the

sur fesohating sectiorn b2, ldndithecsignatds emittedrfromn thetfransmiksion mode
electrode 13 as a surface wave in front of the electrode. The surface

15 GRRG Erltéd ronfihianshigsididercladE 43 prépagHies efficfshtly
TOSB %gﬂglﬂ,lét}Le |{1ternq1edﬁg¥ugf thﬁ %ﬁ‘&fﬁ% ve tr%r:sr%lssmn line 30 i\N%vztlucshuru

en Input f'romt e reception electrode e receiver 2 ?0 t

Hyoﬁ@(@ﬂﬂﬁ@ citeuikenit 21 vizadesonatingrsestion 22 Theseseption ket ng
unit 21 demodulates and decodes the RF signal received to reproduce
in data asd tradsferstiher idprodockd datico tthe appérigpplicaton.cfhe March
surface wave emitted from the transmission electrode 13 is incident on
8, ohé%hl Tace of the surface-wave

Fig. 3 shows an exemplary configuration of a
contactless communication system in which a surface-wave
transmission line 1s interposed between RF coupling
electrodes of a transmitter and a receiver. The i1llustrated
communication system includes the transmitter 10 configured
to perform data transmission, the receiver 20 configured to
perform data reception, and a surface-wave transmission line
30 configured to transmit a surface wave emanating from the
transmission electrode 13 of the transmitter 10 with a low
propagation loss. The surface-wave transmission line 30 is
made of a dielectric or magnetic material and is disposed
along the direction of travel of the surface wave emanating
from the transmission electrode 13.

In response to a transmission request issued from an
upper application, the transmission circuit unit 11 of the
transmitter 10 generates an RF transmission signal, such as
a UWB signal, on the basis of transmission data. The signal

output from the transmission circuit unit 11 resonates at
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transmission line 30. The surface wave inside the surface- wave
transmission line 30 is repeatedly reflected every time the surface wave
reaches the interface between the inside and the outside of the
surface-wave transmission line 30 and propagates to the reception side
without loss (which will be described later). Through the intermediary of
the surface- wave transmission line 30, a signal can propagate efficiently
from the transmission electrode 13 to the reception electrode 23. In order
to increase the incident angle of a surface wave emanating from the

the ARSTISSION, lectiode 13 and to feducg the amount of the surface wave,

emitted to the outside as a transmitted wave, it'is - 51 preferable to place
the the-endtacesafdhe ¢ielectrie o rnagnetic:surfaceawavesraasmissionskne of

30 in front of the transmission electrode 13 such that the end face can be
the sabs@htisieperpendicular to the electrode surface. Fig. 4 shows an

exemplary sfructure of a surface-wave emitting portion (EFC antenna) of
S TSR 0. NEHS (S GEO7B of o S tnving

e1e PPHIOROT @%g?&fié@é@@ ds gipyilar 1 the, strygtyre Jlistrated 0, Fgr & AS, -y

illustrated in , @ line-conductor resonating section with a
of predefarniinedlength andanselestsade: anel :consectedio the tip of BBIRF

signal line including a coaxial cable. The resonating section 12 and the
input from the reception electrode 23 of the receiver 20 to
the reception circuit unit 21 via a resonating section 22.
The reception circuit unit 21 demodulates and decodes the RF
signal received to reproduce data and transfers the
reproduced data to the upper application.

The surface wave emitted froﬁ the transmission
electrode 13 is incident on one end face of the surface-wave
transmission line 30. The surface wave inside the surface-
wave transmission line 30 1s repeatedly reflected every time
the surface wave reaches the interface between the inside
and the outside of the surface-wave transmission line 30 and
propagates to the reception side without loss (which will be
described later). Through the intermediary of the surface-
wave transmission line 30, a signal can propagate
efficiently from the transmission electrode 13 to the
reception electrode 23. 1In order to increase the incident
angle of a surface wave emanating from the transmission

electrode 13 and to reduce the amount of the surface wave

emitted to the outside as a transmitted wave, it is
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transmission electrode 13 as a whole are designed to have one-fourth of
the wavelength of a predetermined frequency, thereby causing resonation
at the predetermined frequency and generating a surface wave at that
frequency. In general, the generated surface wave is attenuated rapidly in
air as the distance increases. By connecting the tip of the resonating
section 12 to the center of the transmission electrode 13 and by disposing
the dielectric or magnetic surface-wave transmission line 30 in front of the
electrode 13 in a direction substantially perpendicular to the emitting side

pre@bthealectrode,13,a sutfacewave emitted: fram the; transmission,,
electrode 13 can be captured by the - 52 dielectric or magnetic

magsueiface-wayeé dramswission line 30,1 slxareby realizinta surfaceswaver the
transmitter (or an EFC antenna). The dielectric or magnetic surface-wave

Crapanamissivh ing 3bLs dfspbiedata positiort SGbStantidilycperprendictlar

Subgqc{t:_ihne,[_’ellg tiode surface, in fr?nt of the t%%nsmls& n ecli%ctrode%% %aa\;lgg a

strong in ucédieredtic #ﬁé%l and atscfrong elgétfgocs atic field "

wherg  an induced elsctiomagnedic field-and aq glectrestatic field, ce —yave

generated near the electrode 13 are captured at one end face of the
emisuface-wave transifiigsion tine 30 atheccaptured telectsie fietds-propagatec t e

inside the transmission line 30 and are input to the reception electrode 23
thapf Heerebbivepture of a surface-wave receiving portion of
the receiver 20 is similar to the structure illustrated in
Fig. 4.

As illustrated in Fig. 4, a line-conductor resonating
section with a predetermined length and an electrode are
connected to the tip of an RF signal line including a
coaxial cable. The resonating section 12 and the
transmission electrode 13 as a whole are designed to have
one-fourth of the wavelength of a predetermined freguency,
thereby causing resonation at the predetermined freguency
and generating a surface wave at that freguency. 1In general,
the generated surface wave is attenuated rapidly in air as
the distance increases. By connecting the tip of the
resonating section 12 to the center of the transmission
electrode 13 and by disposing the dielectric or magnetic
surface-wave transmission line 30 in front of fhe electrode
13 in a direction substantially perpendicular to the

emitting side of the electrode 13, a surface wave emitted

from the transmission electrode 13 can be captured by the
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20. That is, an electromagnetic field emitted from the electrode 13 of the
transmitter 10 is transmitted as a surface wave in the surface-wave
transmission line 30, thus implementing data communication using a
surface wave. Fig. 6 shows another exemplary structure of the
surface-wave emitting portion of the transmitter 10. Note that the
structure of the surface-wave receiving portion of the receiver 20 is
similar to the structure illustrated in Fig. 6. In each of the surface-wave
emitting and receiving portions, the resonating section 12 including a

dielumped-cconstant giteuit having rinsteagd:af 2 line-congustor eoitsi3 and
a capacitor is disposed. In the example illustrated in Fig. 6, the resonating

theseetiore £2 Inchides the pardlistandacter 12Anwhith is:conmected bBfeen
a signal line of an RF transmission line from the transmission circuit unit

antqAngnd ground, and the series inductor 12B, which is connected between

th%%@“%i line. apd égelg[zemge%gééié Sé@@ga%'gg%ngzg'dc ?ﬁ%%%ggtseﬂgﬂ

front of the electro y a surface wave can be efficien

1ingenerated.dndhe yansmitter anddhe reeceiven, s paiaf £HG ,antennas
such as those illustrated in Fig. 6 is disposed facing each other with a
pergarfdée-wave tlanshiissien dind rintérposed.therebetwedir.chwo efectivees

operate as one_ capacitor, and the EFC antennas as a whole operate as a
transmission electrode 13 having a strong induced eslectric

field and a strong electrostatic field. In the case where
an induced electromagnetic field and an electrostatic field
generated near the electrode 13 are captured at one end face
of the surface-wave transmission line 30, the captured
electric fields propagate inside the transmission line 30
and are input to the reception electrcocde 23 of the receiver
20. That is, an electromagnetic field emitted from the
electrode 13 of the transmitter 10 is transmitted as a
surface wave in the surface-wave transmission line 30, thus
implementing data communication using a surface wave.

Fig. 6 shows another exemplary structure of the
surface-wave emitting portion of the transmitter 106. Note
that the structure of the surface-wave receiving portion of
the receiver 20 is similar to the structure illustrated in
Fig. 6.

In each of the surface-wave emitting and receiving
portions, the resonating section 12 including a lumped-

constant circuit having, instead of a line conductor, coils
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band-pass filter. The impedance in the coupling portion can be designed
to be continuous by adjusting the constant of the series inductor 12B, the
constant of the parallel inductor 12A, and the constant of the capacitor
including the electrodes 13 and 23 (described above). A surface wave
entering a dielectric surface-wave transmission line is repeatedly
reflected every time the surface wave reaches the interface with the
outside and travels in the direction of propagation (that is, toward the
receiver side). Fig. 1 illustrates the propagation of a surface wave in a

anddigleclic,syrface-wave, frapsmission line. Note that the diglegtric.constant ;
e of the dielectric is - 54 greater than the dielectric constant Eo of the air

Figsurgqundirg tessurfacenwave transmission inel tnithe ease whergian:1
electromagnetic wave (surface wave) is incident on the interface between

indw medietRaving idifferent digie@né eensahtecrstraction voedrsidsin thé an
case of gptics. InOtPe casg where the incident angle Oi becomes equal to

RE e GRILATEAGIE oF ERpresE el by e ThAOWIRG Eytudtion the téfractioht 12
anc@Rgle.0r hecomes gqualto. 712, ang, the wave fransiitted through the. .\

dielectric travels parallel to the interface. In the case where the incident
betanrgle Qitbecomasagreatatdham the:eritical angle &totali reflection oeg4rs

at the interface. Therefore, in the case where an electromagnetic wave
e leghtBisthbliptatior of generated in front of the electrode 13,
whereby a surface wave can be efficiently generated.

In the transmitter and the receiver, a pair of EFC
antennas such as those illustrated in Fig. 6 is disposed
facing each other with a surface-wave transmission line
interposed therebetween. Two electrodes operate as one
capacitor, and the EFC antennas as a whole operate as a
band-pass filter. The impedance in the coupling portion can
be designed to be continuous by adjusting the constant of
the series inductor 12B, the constant of the parallel
inductor 12A, and the constant of the capacitor including
the electrodes 13 and 23 (described above).

A surface wave entering a dielectric surface-wave
transmission line is repeatedly reflected every time the
surface wave reaches the interface with the outside and
travels in the direction of propagation (that is, toward the
receiver side). Fig. 1 illustrates the propagation of a
surface wave in a dielectric surface-wave transmission line.

Note that the dieleactric constant g of the dielectric is
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dielectric plate at an appropriate angle, the electromagnetic wave
(surface wave) efficiently propagates without loss while being repeatedly
reflected at the interface between the two different media. BC = Siti So /
(4) Fig. 2 illustrates the propagation of a surface wave in a magnetic
surface-wave transmission line. Note that the magnetic permeability p of
the magnetic body is greater than the magnetic permeability o of the air
surrounding the - 55 surface-wave transmission line. In the case where
an electromagnetic wave (surface wave) is incident on the interface

grehetvean o mediahaving differentanagnetic permeapilities,irefraction

occurs as in the case of optics. That is, in the case where the incident
surangledibecomessequalde twe ertidat angteiScsexpressede:by the following

equation, the refraction angle 9r becomes equal to n/2, and the

trah3nfitiéd (a%8 tFavRISSparall& 6 the fiftetaret e the ¢asd Whefe fife

wav&c'%efef‘t989'&%&??%%%@r%‘%%%‘?é‘?éh%%@ﬁg'e%”%éffmteoﬁ'a having
reflecfion occurs at the interface. Therefore, Iin the case wheré an

di £ electromagnetie .wave epters tha.interior of amagneticplateal alks in the
appropriate angle, the electromagnetic wave (surface wave) efficiently

casprapagatas withoutloss: while beingwiepeatedhye reffecte: at therintesfae
between the two different media,
becomes egual to the critical angle 0. expressed by the
following equation, the refraction angle 0 becomes egual to
n/Z, and the wave transmitted through the dielectric travels
parallel to the interface. In the case where the incident
angle 8; becomes greater than the critical angle 0., total
reflection occurs at the interface. Therefore, in the case
where an electromagnetic wave enters the interior of a
dielectric plate at an appropriate angle, the
electromagnetic wave (surface wave) efficiently propagates

without loss while being repeatedly reflected at the

interface between the two different media.

- i
0. =sin"" \/g, /€

. (4)
Fig. 2 illustrates the propagation of a surface wave in
a magnetic surface-wave transmissicn line. Note that the
magnetic permeability p of the magnetic body is greater than

the magnetic permeability He of the air surrounding the
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as in the case illustrated in Fig. 1. B, = sin-, ,uo /,u (5) The inventor of the
present invention performed a simulation using a finite element method to
obtain the distribution of electromagnetic fields generated around a
dielectric (or magnetic) surface-wave transmission line interposed
between two EFC antennas 1 and 2 facing each - 56 other to transmit an
RF signal through the surface-wave transmission line. The simulation
assumed that the surface- wave transmission line was a dielectric with a
relative dielectric constant of 10, a relative magnetic permeability of 10,

surd elediceonductivity 9tQ [iemans/m], ACresss seclianglaread of § mm
X 6 mm, and a length of 49.6 mm. The distance between each of two end

el cfacesofthe:surfaceawave dransmissiondiag ahd a eeriesponding eowupling
electrode was set to 50 mm, and the operating frequency was set to 4.5

intgHza EadtPEREhtéMTa T d e Eousling déarsieiwResa afekC was

orkh [ AL I and height was 3 mim, which was disposed.on a.oround
PELESAR With &R Sred 6f 20 miti X 42 MnY & tHickness of ‘0.8, Shd @ °-CS -
Thafielegctric; eonstant of 3.4. frach.resqpating. ;sectien includedia il e s
(described above) with a length of 20 mm and a width of 3 mm. The
equlohgitudinakdirectionof 1thersyifacéwave transmission line; tifatiis,cheng
direction in which a signal is transmitted, was regarded as the z-axis,
equation, the refraction angle 8, becomes equal to n/2, and
the transmitted wave travels parallel to the interface. In
the case where the incident angle 0; becomes greater than
the critical angle 0., total reflection occurs at the
interface. Therefore, in the case where an electromagnetic
wave enters the intericr of a magnetic plate at an
appropriate angle, the electromagnetic wave (surface wave)
efficiently propagates without loss while being repeatedly

reflected at the interface between the two different media,

as in the case illustrated in Fig. 1.

9(: = Siﬂ_i v /u(} //u

. (5)

The inventor of the present invention performed a
simulation using a finite element method to obtain the
distribution of electromagnetic fields generated around a
dielectric (or magnetic) surface-wave transmission line

interposed between two EFC antennas 1 and 2 facing each
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and a plane parallel to each coupling electrode was regarded as the xy
plane. Figs. 28A to 28F each illustrate a change in the distribution of
electric fields in the zx plane for a half cycle at intervals of one-twelfth of a
cycle in the case where an RF signal is transmitted through the
intermediary of the surface-wave transmission line as in the structure
illustrated in Fig. 27. It is clear from the diagrams that - 57 a surface wave
with amplitude in a direction perpendicular to the surface of the dielectric
surface-wave transmission line propagates from the EFC antenna 1 to

otnihe EECianienna 2. IS known ihas 2 %Peﬁgglaﬁﬁée%@%ﬁ%@éwﬁéx}g“e

induces a magnetic field. Figs. 29A to 28F each illustrate a chance in the
t r adistribuionof mMagnetic fietdss inniheaxyiplane fofavkall eycle at indervalsiafce -
one-twelfth of a cycle in the case where an RF signal is transmitted
wavthreigh teliperatedian) f HSs@rfateadade amsisslon? line &3t e

tru ture |IIustrated |n F| 27..0n the b sis,of Figs. 28A to 29F, F
e o PR el o bUREIS bt Eleal i itae S RAR A LEY

of figlds generated arqu ’E’oﬁ@&ﬁ%‘?gﬂ‘é pugace-waye frapsmissionline I, o

has already been mentioned that a surface wave propagating along a
sectransmissiondinedficlades thesurface madeswheregenergy isi. 6 mm. The

concentrated near the surface of the transmission line and the volume
dishiggeavksreween each of two end faces cof the surface-wave
transmission line and a corresponding coupling electrode was
set to 50 mm, and the operating frequency was set to 4.5 GHz.
Fach EFC antenna included a coupling electrode whose area
was 11 mm x 11 mm and height was 3 mm, which was disposed on
a ground board with an area of 20 mm x 42 mm, a thickness of
0.8 mm, and a dielectric constant of 3.4. Each resconating
section included a stub {described above} with a length of
20 mm and a width of 3 mm. The longitudinal direction of
the surface-wave transmission iline, that is, the direction
in which a signal is transmitted, was regarded as the z-axis,
and a plane parallel to each coupling electrcde was regarded
as the xy plane.

Figs. 28A to Z8F each illustrate a change in the
distribution of electric fields in the zx plane for a half
cycle at intervals of one-twelfth of a cycle in the case
where an RF signal is transmitted through the intermediary

of the surface-wave transmission line as in the structure

illustrated in Fig. 27. It is clear from the diagrams that
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energy is concentrated in the center of the transmission line. As is clear
from Fig. 30, the energy of a surface wave propagating along the
dielectric surface-wave transmission line is distributed near the central
axis along which a longitudinal wave component propagates (volume
mode) and near the surface on which a transverse wave component
propagates (surface mode). That is, an electric field perpendicular to the
surface of the dielectric is generated - 58 near the surface of the
dielectric, and a longitudinal-wave electric field (including the

a s@Ppuenentioned fotal Jﬁﬁ%@@ﬂa@@@@@ﬁ%@ﬁ%\@%ﬂé@%@ndicu1ar
substantially parallel to the direction of travel is generated in the centrall

to podichunsidedhe tligleetrid.iklrterya ecnagnefis chield i generatechse ason
to be wound around the central axis of the dielectric in accordance with

Linghprgesiathese fH6MypES oF ElechieTRIAS Abcbrifgl§, &Sfgmaptenna 2.

pr%%a ate?}. In this case, a sugable ma%netirgz field istgﬁener%tlfe&_g3L Q}Nrc])ich
ac [

int §wi lﬁoa"ﬁneltécﬁi% field i the takB whers 1€ direction or stre‘ﬁafﬁ

+ 1mOf GHERLOr raghy ism changes, (in an rglternatngmannepy Therafore,
when an electric field exists, so does a magnetic field; when a magnetic

i 11fieldr existsy sottoesaanielectrie fidids tAcCordingly, a Surfacerawave Sigaats
is expected to propagate far away while changing its energy form back

in Bhe foith Befieentan efechic field @nd®a ragrietie figtd 3n ¢bnfrast awe lith

of g“gggfgsgga%%gw%gse where an RF signal is transmitted
through the intermediary of the surface-wave transmission
line as in the structure illustrated in Fig. 27.

On the basis of Figs. 28Ah to 29F, Fig. 30 schematically
illustrates the distributions of eiectric fields and
magnetic fields generated around the dielectric surface-wave
transmission line. It has already been mentioned that a
surface wave propagating along a transmission line includes
the surface mode where energy 1s concentrated near the
surface of the transmission line and the volume mode where
energy is concentrated in the center of the transmission
line. As is clear from Fig. 30, the energy of a surface
wave propagating alceng the dielectric surface-wave
transmission line is distributed near the central axis along
which a longitudinal wave compeonent propagates (volume mode)
and near the surface on which a transverse wave component
propagates {surface mode). That is, an electric field

perpendicular to the surface of the dielectric is generated
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transmission line with a relative magnetic permeability of 1 has difficulty in
capturing a signal since only an electric field component is generated
from the EFC antenna. Figs. 31A and 31B illustrate the propagation of a
longitudinal-wave electric field ER generated on the surface of a coupling
electrode of an EFC antenna as a surface wave at an end of a dielectric
surface-wave transmission line. In the case where the longitudinal-wave
electric field ER - 59 generated on the surface of the coupling electrode is
incident on one end face of the surface-wave transmission line, as

neallustiated in Fig.314% the longitudinal wave companent propagaiesnealave
the central axis of the surface- wave transmission line in the volume

e1emuode: Irf thelchsel mheve! theglongitu dinalvweaveselecricdidld ERadenerated
on the surface of the coupling electrode is perpendicularly incident on the

ref bt befipRerbrsdithe eftl'of 1R suitdte? Wave trHeRtiedion find Yas

pariH gﬁteggnt%% 318, a_fransverse wave ¢ %Psonﬁaag&%@ggte%nea{ the
surface of the surface-wave transmission line in the surface mode. In this

- cenMantnesdn the gase, whete aistirfagce wave rpropagaigsialeng adieleetietic
surface-wave transmission line, the volume mode and the surface mode

f iegxdist. T heegnergy 31 tramsaittecbindsothy thenviolameumddé andthe sufdcexis
mode. In order to receive a surface wave emitted from the EFC_antenna

of {itholt&hPIoES lifisipreferapEdRathe aléd of Panges 1in these two

types of electric fields. Accerdingly, a signal propagates.

In this case, & suitable magnetic field is generated,
which interacts with an electric field in the case where the
direction or strength of current or magnetism changes (in an
alternating manner). Therefore, when an electric field
exists, so does a magnetic field; when a magnetic field
exists, so does an electric field. Accordingly, a surface-
wave signal is expected to propagate far away while changing
its energy form back and forth between an electric field and
a magnetic field. 1In confrast, a magnetic surface-wave
transmission line with a relative magnetic permeability of 1
has difficulty in capturing a signal since only an electric
field component is generated from the EFC antenna.

Figs. 31A and 31B illustrate the propagation of a
longitudinal-wave electric field Er generated on the surface
of a coupling electrcde of an EFC antenna as a surface wave
at an end of a dielectric surface-wave transmission line.

In the case where the longitudinal-wave electric field Eg
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one end face of the surface-wave transmission line (thickness of the
transmission line) be sufficiently large with respect to the size of the
coupling electrode. Fig. 32 shows the result of obtaining a propagation
loss S21 in the case where the size of coupling electrodes of a transmitter
and a receiver is changed in the structure illustrated in Fig. 27, the result
being obtained by a simulation using a finite element method. The
simulation - 60 assumed that the surface-wave transmission line was a
dielectric with a relative dielectric constant of 10, a relative magnetic

gerR§TMmeability of 10, an electric cendyctivity of 9 {Fiemensipl &ie i s

cross-sectional area of 6 mm x 6 mm, and a length of 49.6 mm. The
incdistancedetween eachfdtwoehdtfaces ok thestHageavaveansmission
transmission line and a corresponding coupling electrode was set to 50

1ingm,ahdt iHe eperatifg freduénel wasiet 0@ 5 0Mg IEScH BEE wave

t included -shaped li trod height
Com i ich WA Glspasel 0 o found Boart with n rear 20 i 32~

wava2 MM cathickness of 0.8 mm, andbadielgelric.constant of 34, Fach.

resonating section included a stub (described above) with a length of 20
whem ahd a width of 3immi Thedengtheofoneside efithemoupingrated on
electrode was variable. It is clear from Fig. 32 that the propagation loss

thespyid gatsstartidly Tonstant inthecedet Where the thickressiofipbarly

. __surface-wave tfransmission line, '
1nc§ ent on the outer periphery near the end of the surface-

wave transmission line, as illustrated in Fig. 31B, a
transverse wave component propagates near the surface of the
surface-wave transmission line in the surface mode.

In this manner, in the case where a surface wave
propagates along a dielectric surface-wave transmission line,
the volume mode and the surface mode exist. The energy is
transmitted in both the volume mode and the surface mode.

In order to receive a surface wave emitted from the EFC
antenna without any loss, it is preferable that the area of
one end face of the surface-wave transmissicn line
(thickness of the transmission line} be sufficiently large
with respect to the size of the coupling electrode.

Fig. 32 shows the result of obtaining a propagation
loss S in the case where the size of coupling electrodes
of a transmitter and a receiver is changed in the structure
illustrated in Fig. 27, the result being obtained by a

simulation using a finite element method. The simulation
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does not change. Fig. 33 is a graph of the result of obtaining the
propagation loss S21 in the case where the thickness of the surface-wave
transmission line is changed in the structure illustrated in Fig. 27, the
result being obtained by a simulation using a finite element method. The
operating frequency was set to 4.5 GHz. The simulation assumed that
the surface-wave transmission line was a dielectric with a - 61 relative
dielectric constant of 10, a relative magnetic permeability of 10, an
electric conductivity of 0 [Siemens/m], and a length of 49.6 mm. The

assOiRRD C&%@V\’@@@ eachegft-wa.end fa&?§rp§ Iﬁﬂes syrfacerwave yas
transmission line and a corresponding coupling electrode was set to 50

diebemtand the cross-sectionakaredthéreof was vatableaktach EBEQ, =
antenna included a coupling electrode whose area was 11 mm x 11 mm

re lahd WhdseHEGHVES 3R AP Whidhivad disposéed: ofi ¥ gEduindl board with

con@ 53 2L 20 42,2 thickness of 0.8 mm, anda delectrc. .
constant of 3.4, Eac resonarﬁng dctioninclided & Stub Fa% cibéd ©

. 2bavelwith adength of 20, miw and aswith of $amaltis gleak fremt Fiden
33 that the propagation loss S21 changes with the thickness of the

eachurfdce-wavertrnSauission fine Heig s34 fsa grapivef the aasult efdltaining:e
the propagation loss S21 in the case where the relative dielectric

and cgnstart 7@ HEFelstiveHaghett femidabifly was set to 50 mm, and

the operating frequency was set to 4.5 GHz. FEach EFC
antenna included a sgquare-shaped coupling electrode whose
height was 3 mm, which was disposed on a ground board with
an area of 20 mm x 42 mm, a thickness of 0.8 mm, and a
dielectric constant of 3.4. Each resonating section
included & stub (described above) with a length of 20 mm and
a width of 3 mm. The length of one side of the coupling
electrode was variable. It 1s clear from Fig. 32 that the
propagation loss S 1s substantially constant in the case
where the thickness of the surface-wave fransmission line
does not change.

Fig. 33 is a graph of the result of obtaining the
propagation loss S;; in the case where the thickness of the
surface-wave transmission line is changed in the structure
illustrated in Fig. 27, the result being cobtained by a
simulation using a finite element method. The operating
freguency was set to 4.5 GHz. The simulation assumed that

the surface-wave transmission line was a dielectric with a

- 51 —



of the surface-wave transmission line are changed in the structure
illustrated in Fig. 27, the result being obtained by a simulation using a
finite element method. The operating frequency was set to 4.5 GHz. Each
EFC antenna included a coupling electrode whose area was 11 mm x 11
mm and whose height was 3 mm, which was disposed on a ground

board with an area of 20 mm x 42 mm, a thickness of 0.8 mm, and a
dielectric constant of 3.4. Each resonating section - 62 included a stub
(described above) with a length of 20 mm and a width of 3 mm. The

relSifiujation agsumed that Higssuface wave, transpission Wipefiagh t ic
cross-sectional area of 6 mm x 6 mm and a length of 49.6 mm. The
peruistanckibetweén Bach of twbcaridfaces of thecduirfaiceyvave 0
_transmission line and a correspondilgég coupling electrode was set to 50

[ S1RrENIE IS trea? AT FiGRY thatthe Dropagition I08E s BhaRgss Reteen
eacmeorf ! Wg Cg%lgdflg CCQQS @ft @ﬂg t@%JEef'QEeew»%"’x‘%‘e{i?&%ﬁﬂ% %Q qi%()fline

e surface-wave transmission line. The propagation loss S21 of the
anddiglectic-surfagevaye Jrnsmission linets dependent oaithe drequensy, and
the relative dielectric constant and the relative magnetic permeability of
thetherrarsmissiondine Land tie thickness of ahe varfacdave thansmission
line. Ta,kin%]into consideration the simulation results indicated in Figs. 32

antfisg 48 Bpﬁ%pﬁg&‘é_g%]rﬁé?gntﬁ/l\ﬁﬁﬁ%’é%%wﬁﬁﬁe%%?e WhEre! formm *
11 %ﬁm28§’Hﬁ%géqwﬂ¥éﬂé4ﬁ%9F§uHF3 which was disposed on a

ground board with an area of 20 mm x 42 mm, a thickness of
0.8 mm, and a dielectric constant of 3.4. Each resonating
section included a stub {described above) with a length of
20 mm and a width of 3 mm. It is clear from Fig. 33 that

the propagation loss S;; changes with the thickness of the

surface~wave transmission line.

Fig. 34 is a graph of the result of obtaining the
propagation loss S;; in the case where the relative
dielectric censtant and the relative magnetic permeability
of the surface-wave transmissicn line are changed in the
structure illustrated in Fig. 27, the result being obtained
by a simulation using a finite element method. The
operating frequency was set to 4.5 GHz. Each EFC antenna
included a coupling electrode whose area was 11 mm x 11 mm
and whose height was 3 mm, which was disposed on a ground
board with an area of 20 mm x 42 mm, a thickness of 0.8 mm,

and a dielectric constant of 3.4. Each resonating section
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relative dielectric constant is 10, the relative magnetic permeability is 10,
and the thickness (or the cross- sectional area) of the surface-wave
transmission line is approximately 6 mm x 6mm. It is known that a surface
wave propagates along the surface of a conductor, such as a metal line,
besides the interior of a dielectric or a magnetic body. In the case where
a magnetic surface-wave transmission line is used, - 63 only an electric
field component is generated from an EFC antenna, and hence a
magnetic body with a relative dielectric constant of 1 has difficulty in

inctaRiHANG as sighal; A magnsticibady, with a.relative dielegtric constant@f anq
greater than 1 can efficiently transmit a surface wave, though with a large

a wsufdcesWwavepropadationdass: ha theorcase svhere atdielectrivce surface-—
surface-wave transmission line is used, a signal propagates via an

wavglekfFRE SerpEndittifr Fe thets ifaBTIRE Hitddfic 2 ea of & mm x

5 nignafiudinaliwae eleckictield cysing,yibration parallel o the direction. o,
travel, whic |s%enerate in the center of the dielectric, an a magnetic

twofieldgengratedsp asto bewound argund the sentral axis0fithge and a
dielectric. Fig. 17A illustrates the relationship between the length of a

corsyrfacerwave tramsmission e atd doke prepagationtloss $2irin thel tases
oot 2 Pophenyone, Sifs CES s a deectio 8,
AiEk&IEARC F19 propagy 21 g

with the relative dielectric constant and the relative
magnetic permeability of the surface-wave transmission line.

The propagation loss S, of the dielectric surface-wave
transmission line is dependent on the frequency, the
relative dielectric éonstant and the relative magnetic
permeability of the transmission line, and the thickness of
the surface-~wave transmission line. Taking into
consideration the simulation results indicated in Figs. 32
to 34, a signal propagates efficiently with less loss in the
case where, for example, the frequency is 4.5 GHz, the
relative dielectric constant is 10, the relative magnetic
permeability is 10, and the thickness (or the cross-
sectional area) of the surface-wave transmission line is
approximately 6 mm X 6mm.

It is known that a surface wave propagates along the
surface of a conductor, such as a metal line, besides the

interior of a dielectric or a magnetic body. In the case

where a magnetic surface-~wave transmission line is used,



(Nizn) ferrite serving as a magnetic body, or a magnet is used as the
surface-wave transmission line. Note that the PPS has a dielectric
constant of 5 to 12, a dielectric loss tangent of 0.002, and a diameter of
10 mm; the NizZn ferrite has a diameter of 9 mm (internal diameter of 5
mm); and the magnet has a diameter of 6 mm (see Fig. 17B). The
propagation loss S21 of the surface-wave transmission line is the loss of
a surface wave propagating from the surface - 64 wave transmission line
at the transmitter side (Port 1) to the surface-wave transmission line at

onlihereceiver side- (Pok Py incthercasenvhere the sufacewayeom an EFC
transmission line is interposed between electrodes (see Fig. 17C). It is

ant gleap froanBigh d7Asthat thegqrepagatiordusyrisredacet: throigh the
intermediary of the surface-wave transmission line interposed between

die e EFE ant8RiAS B thd transhifitter” Ahd e fdckivel?, Eothbareti Witt? the
signdl: WherG aghLiaee Wave p aéesﬂgg‘fc%icgﬁgﬁ‘gsd%@?é& WHOULANY o, ¢

ace- wave' transmission' line being provi electric or magnetic
of §gudaee-waypdransmissior dine3isdTof limited 4 adpattieularshapey ek,
example, the surface-wave transmission line 30 can be a plate as
thoillustratethindig 27 g strp asathustratad iPEigre gert adime lassilustrated e
Fig. 9. Alternati,velg, in the case of a surface-wave transmission line

38 faing Epyrahic Shapé 145 MUSARES T RIGT 16 FRG8E FerteX is'difscted

usegaaa signal propagates via an electric field
perpendicular to the surface of the dielectric, a
longitudinal-wave electric field causing vibration parallel
to the direction of travel, which 1s generated in the center
of the dielectric, and a magnetic field generated so as to
be wound around the central axis of the dielectric.

Fig. 17A illustrates the relationship between the
length of a surface~wave transmissicn line and the
propagation loss Sz in the case where a polyphenylene
sulfide {PPS) resin serving as a dielectric, a nickel-zinc
(NiZn) ferrite serving as a magnetic body, ©or a magnet 1is
used as the surface-wave transmission line. Note that the
PPS has a dielectric constant of 5 to 12, a dielectric loss
tangent of 0.002, and a diameter of 10 mm; the NiZn ferrite
has a diameter of 9 mm (internal diameter of 5 mm); and the
magnet has a diameter of 6 mm (see Fig. 17B). The
propagation loss 83; of the surface-wave transmission line

is the loss of a surface wave propagating from the surface-
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particular receiver, a surface wave emitted from the coupling electrode of
the transmitter is captured at the bottom surface of the surface-wave
transmission line, which can thereafter be allowed to propagate and to be
concentrated at the vertex. Accordingly, efficient propagation can be
implemented. For example, a transmission line with such a structure is
advantageous in performing one-way communication from one
communication apparatus to - 65 another. As illustrated in Fig. 11, the
surface of a dielectric surface-wave transmission line 30 with a higher

wavdielgctiic constant may.be govergd with.angtherdielectricouterlayer 31
with a lower dielectric constant. Accordingly, even when a surface wave

the isnotieftected at thersurfacesefithe dicleetrie withrthe higherdieleetfige
constant and passes therethrough, this surface wave is reflected at the

(Pogfirface ot thé BtHed SifclddtAe eoldrigihefdfferdisfclricanitiithelon

. _higher dielectric constant and returns to the, dielectric layer in center. .
s e B Ao L Tats oS N Bropeghres tougie Tt e
cle8Yrfaceswaye fransmission line 130 and gmanatestothe outside 8§ @-cq

transmitted wave can be reduced, and a signal can be transmitted more
threffighentlyeAlsimdaredientage-dan:be achiefed bydarrsing two o i moten

outer layers with different dielectric constants s (or magnetic
1iﬂ%eﬁﬂéﬁﬁﬂﬂﬁ?ﬁa@ﬂﬁyﬁﬁ%dﬁﬁﬁxﬁﬁﬁiﬁnt@ﬂnas ¢f the transmitter

and the receiver, compared with the case where a surface
wave propagates in free space, that is, without any surface-
wave transmission line being provided,

The dielectric or magnetic surface-wave transmission
line 30 is not limited to a particular Sﬁape. For example,
the surface-wave transmission line 30 can be a plate as
illustrated in Fig. 7, a strip as illustrated in Fig. 8, or
a line as illustrated in Fig. 9. Alternatively, in the case
of a surface-wave transmission line having a pyramid shape
as illustrated in Fig. 10, whose vertex 1is directed to a
particular receiver, a surface wave emitted from the
coupling electrode of the transmitter is captured at the
pottom surface of the surface-wave transmission line, which
can thereafter be allowed to propagate and to be
concentrated at the vertex. Accordingly, efficient
propagation can be implemented. For example, a transmissiocn
line with such a structure is advantageous in performing

one~way communication from one communication apparatus to



which the dielectric constant becomes smaller toward the outer part. In
the case where the dielectric constant s (or magnetic permeability g)
changes continuously with a distance r from the center as illustrated in
Fig. 12, instead of the case where the dielectric constant e (or magnetic
permeability ) changes step by step according to the distance r from the
center, the amount of a surface wave emanating as a transmitted wave
outside the surface-wave - 66 transmission line 30 can be reduced in a
similar manner. Fig. 13 illustrates a dielectric (or magnetic body) with a
anchigher.dielectric constant 6 (or with a higher magnetic permeability )
serving as the surface-wave transmission line 30, which is embedded in
anéthet dieletriet(ef miagnéiio body) with a lowertdielectric ®odstahe6tric
(or with a lower magnetic permeability )ﬁ The object in which the dielectric

SURLit & RIGHST disRERTE" EorStants (6 tRE ntaigrietie bty ith &l highertr i
conPagnetic, f@saei@li%&iéqerm%de% he.c f@fé%% pré %;gftt“ﬁ?e%ﬂlayer

C
O
such as a rack, for locating the coupling electrodes 1 3

31 wansmitter 3Qanddhe recaiver-2@; drig.thilustrates theiswdace-wavern when
transmission line 30 including, instead of one dielectric (or magnetic

a spadipca plaradityief separateldielettids{or mhagneticriedies) fSinbe the
surface-wave transmission line 30 can be separated into portions and the

die&ﬁﬁﬁé&ﬁuﬂﬁ&ﬁbEgﬁb@%ﬁ%ﬁRMﬂﬁﬁ&ECtrlc constant and passes

therethrough, this surface wave is reflected at the surface

of the other dielectric covering the former dielectric with

the higher dielectric constant and returns to the dielectric
laver in the center. That is, the amcount of a surface wave

which propagates through the surface-wave transmission line

30 and emanates to the ocutside as a transmitted wave can be

reduced, and a signal can be transmitted more efficiently.

A similar advantage can be achieved by forming two or
more outer layers with different dielectric constants £ (or
magnetic permeabilities p) as illustrated in Fig. 11 in
which the dielectric constant becomes smaller toward the
outer part. In the case where the dielectric constant & (or
magnetic permeability p) changes continuously with a
distance r from the center as illustrated in Fig. 12,
instead of the case where the dielectric constant & (or
magnetic permeability p) changes step by step according to
the distance r from the center, the amount of a surface wave

emanating as a transmitted wave outside the surface-wave
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touching each other, the communication system according to the
embodiment can be applied to contactless communication in which
devices or a device and a member do not have a physical contact with
each other. The separate dielectric portions are not necessarily in contact
with each other; it is preferable that the gap between the dielectric
portions be as small as possible in order to reduce loss, and that the
dielectric portions be placed such that signal - 67 transmission faces
thereof can face each other. Fig. 15 illustrates an exemplary structure of

trafagh Lontactiess conumunieation device-using @ sUrfaceiwave manner.
transmission line. In the example illustrated in Fig. 15,

transmissian/feckptibm zirewit anits ahd couplng(electredes: aie mowhyed
on main circuit boards in respective contactless communication devices.

Wit fhelCERSHhéR HOthhgG 16 pRicRa tivtort of¥ach Eldctrode! Whidh is
maghaysed g%%@%dmﬁrgsspgggmn%ﬁasgnsg' signal emitted from the
in al

. 50U a
electrode Is disperse r in the casing an |s<ﬁost. Fn contrast,

t raACEArdNgde aGemmumjcationdevice with thesstructures filystiated in Fig.
15, in the case where a dielectric or a magnetic body serving as a

diesuddca-wave transmission libe ity dispbsed dn fromteof ebichcoupling
electrode, an electromagnetic field emanating from the coupling electrode

congratified bithe BhirfAcE WAl TFalGHiRSibh finB ¥ Beduired tregidn of e
objé%@aﬁ%ohwféﬁwﬁﬁk“Q?%ﬁ%%¥¥i%9@@éﬁ“a higher dielectric
constant & (or the magnetic body with a higher magnetic
permeability p) is embedded can be configured as a member,
such as a rack, for locating the coupling electrodes 13 and
23 of the transmitter 10 and the receiver 20.

Fig. 14 illustrates the surface-wave transmission line
30 including, instead of one dielectric (or magnetic body),
a plurality of separate dielectrics (or magnetic bodies).
Since the surface-wave transmission line 30 can be separated
into porticns and the separate portions can be used without
touching each other, the communication system according to
the embodiment can be applied to contactless communication
in which devices or a device and a member do not have a
physical contact with each other. The separate dielectric
portions are not necessarily in contact with each other; it
is preferable that the gap between the dielectric portions
be as small as peossible in order to reduce loss, and that

the dielectric portions be placed such that signal
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be transmitted efficiently. The foregoing description concerns the
mechanism in which, in the communication system illustrated in Fig. 3, a
signal is transmitted between a pair of EFC antennas through the
intermediary of a surface-wave transmission line. The transmission of a
signal between two devices necessarily involves the transfer of energy.
Therefore, this type of communication system can be applied to electric
power - 68 transfer. As has been described above, the electric field ER
generated by the EFC antenna of the transmitter propagates as a surface

trawane alanghthesurtacewave transmissier liee, dihesrgeeiver side can
reliably obtain power by rectifying and stabilizing a signal received by the
EFG gntehhai Fikji 35 iistrates af exemplary strbcturd of thecdase: wihere
the communication system illustrated in Fig. 3 is applied to electric power

COntafisterin thehattated syLter Wi EFE ARfénAas Hohider R4S
t rafRA[OEL foRnacted to ap alterpating. chrrent (AG), nower. %Mg aﬁadg'? 5,
ed and charge to

wireless communication device, power can be transmitt
t rathendiseless comraynication-device tviaaistsfagavave transmpissivadineode s
interposed therebetween. The EFC antennas are used only to transfer
areelpeictgsven |mthecaserwherle o power-istelvingEFCiantennaisctless

located near the é)ower-transmitting EFC antenna, most of the
communlcation devices. In tlle case where nothing is placed

in front of each electrode, which is housed deep inside a
corresponding casing, a signal emitted from the electrode is
dispersed in air in the casing and is lost. In contrast,
according to a communication device with the structure
illusﬁrated in Fig. 15, in the case where a dielectric or a
magnetic body serving as a surface-wave transmission line is
disposed in front of each coupling electrode, an
electromagnetic field emanating from the coupling electrode
is guided by the surface-wave transmission line to a desired
region of the surface of the casing, whereby the signal can
be transmitted efficiently.

The foregeing description concerns the mechanism in
which, in the communication system illustrated in Fig. 3, a
signal is transmitted between a pair éf EFC antennas through
the intermediary of a surface-wave transmission line. The
transmission of a signal between two devices necessarily
invelves the transfer of energy. Therefore, this type of

communication system can be applied to electric power
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power input to the power-transmitting EFC antenna is reflected back to a
direct-current (DC)/AC inverter. Therefore, the emission of unnecessary
radio waves to the outside and the consumption of power beyond
necessity can be 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 - 69 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. 36

traflustsates another exemplanistiuetuse of ther ¢ase wherethe-tric field
communication system illustrated in Fig. 3 is applied to electric power

Er transfer Ckcthe fllustratdtE Systehs the EFC Shtenhasaadibger
surface-wave transmission line are used to both transfer electric power

D= OB PEEIT ScomMURicalion P imhi th St bEthRER 27
- aFURIMARIGRHI00 31 PoWS IPRSIDISSIAn 5 £ontralled Y21 an 1y oheain

communication/power transmission-(reception)-switching signal sent from
powa riraRsmissioncjrcyi ual cAkeragtively ieommupicatian apdpawer by the

transmission can be alternately performed on a predetermined cycle. In
EFCthisitaseiahe power transmission output can be maintained at an

optimum level by feeding back a charging status in addition to a
coﬁﬂﬁUméémﬁ#'ﬁﬁﬁﬁates an exehplary structure of the case

where the communication system illustrated in Fig. 3 is
applied to electric power transfer.

In the illustrated system, with EFC antennas included
in a charger connected to an alternating current (AC) power
supply and in a wireless communication device, power can be
transmitted and charged to the wireless communication device
via a surface-wave transmission line interposed therebetween.
The EFC antennas are used only to transfer electric power.

In the case where no power-receiving EFC antenna is
located near the power-transmitting EFC antenna, most of the
power input to the power-transmitting EFC antenna is
reflected back to a direct-current (DC)/AC inverter.
Therefore, the emission of unnecessary radio waves to the
ocutside and the consumption of power beyond necessity can be
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
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the charger. For example, when charging is completed, information
indicating the completion is sent to the charger, thereby changing the
power transmission output to zero. Alternatively, communication data can
be superimposed on power. 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 - 70 cellular
phone to another cellular phone with low battery power remaining therein.
The present invention has been described hereinabove in the context of

1imspeefie empogimentsdherest:iltis to be, undetstead, howeverthat power
modifications of or alternatives to the embodiments can be made by

can thoesetsidlfesifinithe arti withoooddpartilg fronmiherscopeof shenpreisenp Layer
invention. In this specification, the embodiments applied to

Or Rofhidricatidii&fstéms in which data, such as a UWB signal, is

nanspitteg using electic-field.coupling in agableless manner have beep,
malnﬁ/ descrlllae . However, the scope of the grese t iInvention 1S no

casdmited therete. Thanpresent invention ix similarly applicakle to,fokig. 3 is
example, a communication system using an RF signal other than that in
appihedWB coimnatnicatigroschente sna tommudicatidresystéms pegorming
data transmission of a relatively low frequency signal using electric-field
sysEngmﬁpe EFC antennas and the surface-wave transmission
line are used to both transfer electric powar and perform
communication.

The timing to switch between communication and power
ftransmission 1s controlled by a communication/power
transmission-{reception)-switching signal sent from a
transmission circuilt unit. Alternatively, communication and
power transﬁission can be alilternately performed on a
predetermined cycle. 1In this case, the power transmission
output can be maintained at an optimum level by feeding back
a charging status in addition to a communicatiocn signal to
the charger. For example, when charging is completed,
information indicating the completion is sent to the charger,
thereby changing the power transmission output to zero.
Alternatively, communication data can be superimposed on
power.

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
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In this specification, the embodiments applied to systems in which data is
communicated between a pair of EFC antennas through the intermediary
of a surface-wave transmission line interposed therebetween have been
mainly described. Since the transmission of a signal between two

devices necessarily involves the transfer of energy, this type of
communication system can also be applied to electric power transfer. - 71
In short, the present invention has been disclosed by way of examples,
and the disclosure should not be construed as the restrictive one.

ce 1 Reference shall bg mada-tothe -anpended glaimsdor delineation,of the.

scope of the present invention. It should be understood by those skilled in
powthe atnthahvarioushmedifications, combinations, sub-combinations and
alterations may occur depending on design requirements and other

faciBfs iRE6MaP AL tAEY SREDWREIN RS sBSFe o B appsitiducdisisdame in

no SOLIVEIENIS ereof, T2 WHATIS CLAIMED,I5: A communicaon .,
system comprlsmg. a transmitter Including a transmission C|rcunlun|

undeeRfigured t geaerate aradio-frequency. siapshior Jransmitiing.data @nde s
an electric-field-coupling antenna configured to transmit the

to tadio-frequdncoyesignakly: 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 communicatién scheme or a communication system
performing data transmission of a relatively low frequency
signal using electric~field coupling.

In this specification, the embodiments applied to
systems in which data is communicated between a pair of EFC
antennas through the intermediary cf a surface-wave
transmission line interposed therebetween have been mainly
described. Since the transmission of a signal between two
devices necessarily involves the transfer of energy, this
type of communication system can also be applied ﬁo electric

power transfer.
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longitudinal wave component of an electric field generated from an
infinitesimal dipole; a receiver including an electric-field-coupling antenna
and a reception circuit unit configured to receive and process the
radio-frequency signal received by the electric- field-coupling antenna,;
and surface-wave propagation means for providing a surface- wave
transmission line to transmit the longitudinal wave component of an
electric field emanating from the electric- field-coupling antenna of the
transmitter with low propagation loss. 2. The communication system
aceardingtoclaind, pyhereintheradiotfiequensy: sighahisBclosed by
ultra-wideband signal using an ultra-wideband. 3. The communication

way systerraogolding teoathimkel oriz cwhereir thgsuriateawavée construed
transmission line includes a dielectric with a dielectric constant s greater

25 i & eBLHIC CBnstHt so dT el 7 % TRE ThmmtniBatith Systehr
appgﬁgfléﬁ'”&t Gam:3, whersindig urface-waye trégég‘és%%“ N includes, ¢

r

electric whose dielectric constant becomes greater toward an inner

i nvpatt thereof. 5. The communication system according to claim 3, wherein
the surface-wave transmission line is embedded in another dielectric with

a lbwesdivldciribeonstaat,stood by those skilled in the art

that wvarious modificatiocons, combinations, sub-combinations
and alterations may cccur depending on design requirements
and other factors inscfar as they are within the scope of

the appended claims or the egquivalents thereof.
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6. The communication system according to any one of claims 1to 5,
wherein the surface-wave transmission line includes a magnetic body
with a magnetic permeability greater than a magnetic permeability o of
air. 7. The communication system according to claim 6, wherein the
surface-wave transmission line includes a magnetic body whose

W ma%netic permeabilitg. becomes greater toward an inner part thereof. 8.

Fhe commuhication ystem according to claim 6, wherein the

surface-wave transmission line is embedded in another magnetic body
with a lower magnetic permeability. 9. The communication system

accarding.to-any.one ©f ti%h climsdio Somberain the surface-wave
transmission line includes a plurality of separate dielectrics or magnetic
bodfest 1671 Fié thammumicatich systemtaccosding $d any ohe of idlainrsi t
t0. 9, wherein the receiver rectifies the radio- frequency signal received by

CORd BRECHTL-FAlITRIDIAG Sarfte A& Ahd GEREHRES Blethi Fowd o A

- rS9Upmunicaion apparagys %%mgfﬂ%@gé::?Q@Pé‘ﬁ%@éc%%‘é?%% antenn

communication circult unit conflgure to process a radio-frequency sngn%l
corfer ansmiting datan thel connBuNsation-Gircuit unitheing aseammpdated

in the apparatus casing;
- longitudinal wave component of an electric field generated
from an infinitesimal dipole;

“a receiver including an electric-field-coupling antenna
and a.receptign circult unit configured tc receive and
prbcess the radio-freguency signal received'by'the‘electric“
field-coupling antenna; and |

surface-wave propagation means for providing a surface-
wave transmission line to transmit the longitudinal wave
cbmponent of an electric field emanating from ﬁhe electric~

field~-coupling antenna of the transmitter

with low propagation loss.

2. The communication system according tec claim 1,
wherein the radio-frequency signal is an ultra-wideband

signal using an ultra-wideband.

3. The communication system according to claims 1 or 2,
wherein the surface-wave transmission line includes a
dielectric with a dielectric constant g greater than a

dielectric constant g of air



a resonating section configured to allow the radio- frequency signal output
from the communication circuit unit to resonate at a desired frequency,
the resonating section being accommodated in the apparatus casing; a
coupling electrode whose central portion is connected to the resonating
section, the coupling electrode being accommodated in the apparatus
casing; and a surface-wave transmission line disposed in front of the
coupling electrode wherein the surface-wave transmission line captures -
75 longitudinal wave component of an electric field generated from an
infinitesimal dipole generated in the vicinity of a front side of the coupling
electrode and transmits the captured longitudinal wave component of an
eledtric fietd: as canaurdess wave irsge tyerieefdha suface-wavginm 3,
transmission line. 12. The communication apparatus according to claim
wherp Ighsksn e d@fsceswave rapammssimine dddteresie burdace avave
manatian fr%rg the gguel(ierkgtfelectrode and guides the surface wave to a

U deSren regit 5ttt Gy, 137 ThE CoTRuRcag S coward

&
esiredregion O? a SUI’?&CE

an aRpALatusAccokding to.¢laims 11 or 12, wherein the resonating section
includes a series inductor and a parallel inductor. 14. A communication

system comprising:
5. The communication system according to claim 3,
wherein the surface-wave transmission line is embedded in

another dielectric with a lower dielectric constant.

6. The communication system according to any one of
claims 1 to 5, wherein the surface-wave transmission line
includes a magnetic body with a magnetic permeability u

greater than a magnetic permeability py of air.

7. The communication system according to claim 6,
wherein the surface-wave transmission line includes a
nagnetic body whose magnetic permeability becomes greater

toward an inner part thereof.
8. The communication system according to claim 6,
wherein the surface-wave transmission line is embedded in

anocther magnetic body with a lower magnetic permeability.

9. The communication system according to any one of
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a transmitter including a transmission circuit unit configured to generate a
radio-frequency signal for transmitting data and an electric-field-coupling
antenna configured to transmit the radio-frequency signal by longitudinal
wave component of an electric field generated from an infinitesimal
dipole; a receiver including an electric-field-coupling antenna and a
reception circuit unit configured to receive and process the
radio-frequency signal received by the electric- field-coupling antenna,;
and - 76 a surface-wave propagation medium configured to provide a
claypface- Vv ettrarsrRission likeaorarsatitthedoRyitutimaimwaséon line
. component of an electric field emanating from the electric-field-coupling
G HeH B (R TSP Wit KR TTOBAGATBNTIOSS Lo HBSFRACTL®
bodE JHE DISCLOSURE COMMUNICATION SYSTEM AND
COMMUNICATION APPARATUS 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
electfic-fieldhGophnG HmamTa configiFédto amehvtthe RP signal asanct
electrastatic field; a recejver including an electric-field-coupling antenna

“LaHbRa feception Giruituit dottighect to feteive At process the REL O~

fréﬁﬂgﬂcy signal received by the electric-field-coupling
antenné.and generates electric power.

1l. A bommunication apparatus comprising:

an apparatus casing;

a communication circuit unit configured to process a
radic~freguency signal for transmitting data, the
communication circuit unit being accommodated in the
apparatus casging:;

a resonating section configured to zllow the radio-
frequency signal cutput from the communication circuit unit
to resonate at a desired freguency, the resonating section
being accommedated in the apparatus casing;

a coupling electrode whose central portion is connected
to the resonating section, the coupling slectrode being
accommodated in the apparatus casing:; and

a surface-wave transmission line disposed in front of
the coupling electrode

wherein the surface-wave transmission line captures



received by the electric-field-coupling antenna; and a surface-wave
propagation medium configured to provide a surface-wave transmission
line to transmit a surface wave emanating from the electric-field-coupling
antenna of the transmitter with low propagation loss. Fig. 19 - 78
longitudinal wave component of an electric field generated

from an infinitesimal dipole generated in the vicinity of a
front side of the boupling electrode and transmits the
captured longitudinal wave component of an electric field as
a surface wave in an interior of the surface-wave

transmission line.

12. The communication apparatus according to claim 11,
wherein the surface-wave transmission line captures a
surface wave emanating from the coupling electrode and
guides the surface wave to a desired region of a surface of

the casing.

13. The communication apparatus according to claims 11
or lz, wherein the resonating secticn includes a series

inductor and a parallel inductor.

14. A communication system comprising:

a transmitter including a transmission circuit unit
configured to generate a radio-freguency signal for
transmitting data and an electric-field-coupling antenna
configured to transmit the radio-frequency signal by
iongitudinal wave component of an electric field generated
from an infinitesimal dipole;

a receiver including an electric-field-coupling antenna
and a reception circuit unit configured to receive and
process the radic-freguency signal received by the electric-

field-coupling antenna; and



a surface-wave propagation medium configured to provide
a surface-wave transmission line to transmit the longitudinal
wave component of an electric field emanating from the
electric-field-coupling antenna of the transmitter with low

propagation loss.



ARSTRACT OF THE DISCLOSURE

COMMUNICATION SYSTEM AND COMMUNICATICN APPARATUS

A communication system includes the following elements:
a transmitter including a transmission circuit unit
configured te generate an RF signal for transmitting data
and an electric~field-coupling antenna configured to
transmit the RF signal as an electrostatic field: a receiver
including an electric-field-coupling antenna and a reception
circuit unit configured to receive and process the RF signal
received by the electric-field-coupling antenna; and a
surface-wave propagation medium configured to previde a
surface~wave transmission line to transmit a surface wave
emanating from the electric-field-coupling antenna of the

fLransmitter with low propagation loss.

Fig. 198
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