COVMUNI CATI ON SYSTEM AND COVMUNI CATI ON APPARATUS
CROSS REFERENCES TO RELATED APPLI CATI ONS The present

i nventi-on contains subject matter related to Japanese
Pat ent Application JP 2006-245615 filed in the
Japanese Patent O fice on Septenber 11, 2006, and
Japanese Patent -Application JP 2007-148673 filed in
the Japanese Patent Ofice on June 4, 2007, the
entire contents of which are incorporated herein by
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BACKGROUND OF THE INVENTION
1. Field of the Invention

The present invention relates to communication systems
for communicating a large amount of data between information
devices, and more particularly to a communication system for
performing daté communication between information devices
without interfering with other communication systems by
using an electrostatic field (guasi-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 sfétem for making the arrangement between a

transmitter and a receiver and the design of a communication




coupling, of the transmtter and the receiver. 2.

Description of the Related Art Recently, the use of

wireless interfaces in transferring data between

smal | information devices, such as when image data or

nmusi c data i s exchanged between a small information

devi ce and a personal conputer (PC), is becomng nore

wi despread in place of data transm ssion using a

general cable, such as an audio/visual (AV) cable or a

j I S : 0. t he

ARSI it M A e A R rory
e1&8¢ foae WV gl 855 4L %Eﬁ?@ée@r@o uselrdyd endlder; beeause

they do not involve the reconnection of connectors
coldptiddie W rHY Of arfsm CAL € BV dhd | FR-Latd .

transmssion is perforned. Various information
2. depd £&6i hravd o £ i €| ressa teomad cation functions are

now avail able. As nethods of cabl el ess data

t r ®ResRIrsSihygn thet ween oImalilre 1dev deseriFesiedesnw rel ess

| ocal area networks (LANs) represented by the
trdmsfetwitrey afatE estuviesal samd JEl iectaamteison Egrinees,S such as

(1 EEE) 802.11 and Bl uetooth(r), radio conmunication
whegt hgresse ofatperdommi aiges taanes ni s sixorarepebthicdvesdn raadinge 11
~ signal s using antennas have been devel oped. For
infoemdlion deprapegal ahase awm nagenrfdrem (Jitalllse becoming

I mage recording apparatus containing an interna
moghreifies ek d e l@ce ®F phdia ilomnfet scovey e Mig I a
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universal serial bus (USB) cable, to interconnect the
information devices or using a medium such as a memory card.
Wireless interfaces are user-friendlier because they do not
involve the reconnection of connectors and the wiring of a
cable every time data transmission is performed. Various
information devices having cableless communication functions
are now available,

As methods of cableless data transmission between small
devices, besides wireless local area networks (LANs)
represented by the Institute of Electrical and Electronics
Engineers (IEEE) 802.11 and Bluetooth®, radio communication
schemes of performing transmission/reception of radio
signals using antennas have been developed. For example, a
proposal has been made for a portable image recording

apparatus containing an internal antenna placed at a




2006- 106612). Since the internal antenna is not
covered wth the hand, correct inmage data is
received. Even in the case where the antenna for

wi rel ess comruni cation is placed inside the
apparatus, the antenna can exert its characteristics.
Many known wi rel ess comruni cati on systens enploy radio
comuni cati on schenes and allow signals to propagate
using a radiated electric field generated in the case
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to perform comunication that does not
flows through an aerial (antenna). In this case, a

transmitter side emits radio waves regardless of the
presence of a communication partner. This may generate
jamming waves which disturb the neighboring communication
systems. An antenna at a receiver side receives not only
desired waves from the transmitter, but also radio waves
arriving from far away. Thus, the antenna at the receiver
side is susceptible to the influence of ambient jamming
waves, resulting in a reduction of the reception sensitivity.
In the case where a plurality of communication partners
exists, a complicated setting is necessary to be done in
order to select a desired communication partner from the
plurality of communication partners. For example, in the
case where a plurality of pairs of wireless devices perform

wireless communication within a narrow range, division .




interfere with other pairs of wireless devices. Since
a radio wave perpendicular to the direction of
pol ari zation is not comruni cated, the directions of
pol ari zation of the antennas of the transmtter and
the receiver are necessary to be aligned. For
exanple, in the case of a contactless data
comuni cation systemin which comrunication is
performed wthin a very short distance froma few
mug%ilineters to a fe¥/ centinete£s it is preferable to b
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other, that is, it is preferable ‘that the devices
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hi gh- capacity data conmunication, it is preferable
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In wreless comuni cati on, besides the above-nentioned
r adior ecrmmplie;atinonhesicagea ofadi atoed seltdetsrsl elaftizel d,
vari ous conmuni cation schenmes using an el ectrostatic
corfriwglidcagrican sy siduceidh efleictly | confiel idcatrieoraviad | ot o ket
_exanmple, an 4 electric-field coupling schenme or an
witdligeta oraighetliart ididictniam Soherre fev enpl byestdnrs to a few
exi sting contactl ess
centimeters, it is preferable that the transmitter and the
receiver be coupled strongly within a short distance, but a
signal not reach across a long distance in order to avoid
interference with other systems. It is alsoc preferable that
data communication devices be coupled with each other
regardless of the orientations ({directions) thereof in the
case where the data communication devices are placed in
close proximity with each other, that is, it is preferable
that the devices have no directivity. 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



conmuni cation systens mainly used in radi o frequency
identification (RFID). An electrostatic field or an

i nduced electric field is inversely proportional to
the square or the cube of the distance fromthe
source thereof. In this type of contactless

comruni cation system a transmssion signal is
rapidly attenuated according to the distance. In the
case where no nearby conmuni cati on partner exi sts, no
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field has been made (for exanple, see
systems are not disturbed. Even in the case where radio

waves arrive from far away, an electric-field-coupling
antenna {hereinafter called "EFC antenna"™) receives no radio
waves, and hence the present system is not interfered with
by other communication systems.

For example, a propcsal for an RFID tag system has beeﬁ
made (for example, see Japanese Unexamined Patent
Application Publication No. 2006-60283). In this system,
pairs of communicaﬁion auxiliary units are arranged so that
RFID tags are positioned between a plurality of
communication auxiliary units. By arranging RFID tags
attached to a plurality of merchandise items so as to be
sandwiched between the communication auxiliary units, stable
reading and writing of information can be implemented even

in the case where RFID tags overlap one another.



Japanese Unexam ned Patent Application Publication No.
2004- 214879). The apparatus includes a nmain body, a
nmounting tool configured to nount the main body to a
physi cal body of a user, an antenna coil, and a data
communi cation unit configured to performcontactless
data communi cation with an external comrunication
apparatus via the antenna coil. The antenna coil and
the data communication unit are placed on an outer
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A proposal has been madé for a cellular phone, which is
en exemplary portable information device, provided with an
RFID, which ensures a communication distance without
- sacrificing the portability (for example, see Japanese
Unexamined Patent Application Publication No. 2005-18671).
A memory card to be inserted into the portable information
device includes an antenna coil configured to perform data
communication with an external device. An RFID antenna 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. 1In




transferring higher-frequency signals using
electric-field coupling. The strength of a radi ated
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
ni cation distance. A propagation |oss. is  defined
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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 coupling, the problem of the propagation loss
according to the interelectrode distance becomes striking.
It is 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

- 1s necessary to place each electrode as close to the outside




limts the degree of freedomin designing the |ayout

of the <casing. The coupling electrodes are preferably
small and inexpensive. SUWARY OF THE INVENTION It is
desirable to provide an excellent conmunication
system that can perform data comuni cati on between

i nformati on devices using an electrostatic field or an
i nduced electric field without interfering with other
comuni cation systens. It is also desirable to provide
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of a communication apparatus flexi'ble by expandi ng
ind:heertd stance between coupling el ectrodes of the
transmtter and the receiver. According to an
enbodi ment of the present invention, there is
provi ded a communi cation system including the
SUMMARYOVI T HE emBiBNrI@ transmtter including a
transm ssion 8 circuit unit configured to generate an
RFIgi gdsakefbarabtleansnmptroiviged aha eace laenEFCoamuencation
configured to transmt the RF signal as an
sysdlest iy atare peagfiren glaftise|apmainiasdiey between

information devices using an electrostatic field or an
induced electric field without interfering with other
communication systems.

it is also desirable to provide an excellent
communication system that can perform high-capacity data
transmission of RF signals by employing a communication
scheme using an electrostatic field or an induced electric
field.

It is also desirable to provide an excellent
communication system that can make the arrangement between a
transmitter and a receiver and the design of a communication
apparatus flexible by expanding the distance between
coupling electrodes of the transmitter and the receiver.

According to an embodiment of the present invention,
there is provided a communication system including the

following elements: a transmitter including a transmission




i ncluding an EFC antenna and a reception circuit unit
configured to receive and process the RF signa
received by the EFC antenna; and surface-wave
propagati on neans configured to provide a
surface-wave transmssion line to transmt a surface
wave emanating fromthe EFC antenna of the
transmtter with | ow propagation | oss. The "systent
menti oned here refers to a logical assenbly of a
. plural] of ViC (or function no es. tha
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the o parsToi Stan ol iy o4 her aprgainicn alsignal reaches
relatively far. This nmay generate janm ng waves whi ch
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aséggily 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 flow 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




surroundi ng janm ng waves, the sensitivity of an
antenna at a receiver side is reduced. In short, it
is difficult to inplenent wireless conmunication
using a radi o comruni cati on schenme in which a
communi cation partner is limted to that |ocated at a
very short distance. In contrast, in a conmunication
systemusing an electrostatic field or an induced
electric field, no coupling relationship occurs in
t cas re-n arb caommunj catio artner
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coupling el ectrode receives no radi o waves, and hence
imgtTRenesMts tweid 1% g¥0te dniidigriferad ivmidi iy a atdiBilo communication
comuni cation systens. Known contactl| ess comruni cation
scheyst ems whsiahg aaromeluedidagsitoat ipe ftinedrd iGr lamiteduced that
electric field are not suitable for high-capacity
locgdteal tartars viesyi eogitnce stleeyceuse | ower - f r equency
signals. The inventor of the present - 10 invention
belhne¢estrhpat, éved Fammhhiceypenobyebamacslisgsan
communi cati on system high-capacity data transm ssion
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coupling relationship occurs in the case where no nearby

communication partner exists. The strength of an induced
electric field or an electrostatic field is rapidly
attenuated in inverse proportion to the square or the cube
of the distance from the source thereof. That is, no
unnecessary electric fields are generated, and electric
‘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

- 10 -



The strength of an induced electric field or an

el ectrostatic field is rapidly attenuated in inverse
proportion to the square or the cube of the distance.
The use of RF signals, which have short wavel engt hs,
| eads to a |large propagation loss. It is therefore
necessary to attach the coupling electrodes of the
transmitter and the receiver as nmuch as possible,
meani ng that communi cation over a long distance is
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el ectrode of the transmitter, data transm ssion can be
use npf g isrhali 4 houtiddr imgrengsHder edapci radpshof Idwds to a
transmtter and the receiver sufficiently close to
largeeprapdwat iom widdwut Perforatiene ferey feges sdiygnnerttach
of the electrodes. - 11 The surface-wave propagation
Cherezmip i ing rlesst faste s extarpdice, t mardmies-shapad dife estadicver
or magnetic surface-wave transm ssion |line. The
a5 diFha s RS iy ldhs miesdligly |theed jeemmunication over a long

distance is difficult. 1In 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
electrode 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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di sposed along the direction of travel of a

| ongi tudi nal wave of an el ectromagneti c wave
emanating fromthe coupling electrode of the
transmtter. Such a surface-wave transm ssion |ine
allows a surface wave to efficiently propagate inside
and on the surface of the transm ssion |line. Conpared
with the case where a surface wave propagates in free
space where no surface-wave transmssion line is
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transm ssion |line may i1 nclude, for exanple,
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a dielectric constant so of air. In such a case,
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tramenerdsaice Ilimd hd laase Wierfade o Wi disently
incident on the interior of the dielectric at an
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efficiently without any |loss while being repeatedly
Compefriast tidd- hatt hehecdast erfeate shetumerre haviengimdwaged os ih
the outside of the dielectric. The surface-wave
freer spafes siheyg inge sy agsciwede & ragisglisaidre Mngsd s
di el ectric constant beconmes greater toward
disposed, the propagation loss can be reduced since the
surface-~wave transmission line is interposed between the EFC
antennas of the transmitter and the receiver. 1In the case
of contactless transmission, 1t 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
example, a dielectric with a dielectric constant & greater
than a dielectric constant €& of air. In such a case, a
surface wave in the dielectric propagates parallel to the
interface and is totally reflected at the interface. 1In the
case where a surface wave is 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
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an inner part thereof. For exanple, the surface of a
dielectric with a higher dielectric constant may be
covered wth another dielectric layer with a | owner
dielectric constant. In this case, the anobunt of a
surface wave which propagates in the surface-wave
transm ssion |line and enmanates to the outside as a
transmtted wave can be suppressed, and a signal can
be transmtted nore efficiently. For exanple, the
urface-wave transmssion. |line my be enbedded in a
théa%%é?%% u %F%Uéh?é%c%ﬁ%ﬁéctricymﬁth a | ower
d'%hﬁ§?§défé3'Eﬂéyg-tﬁ§&éH#¥¥4&H”ﬂ$né3 %&5%%&;%E&¥@%e
[ y 1nc c body wth a

transm ssi on ne nma uae a nmagneti

dlé@@é‘@fi& Iﬂ%é@a@iéiéé’trlggﬁtﬁ%%aﬁ@%@on@ éa?ter toward

perneability go of air. case, a s ace wave

anithide pRgnetic hody travels paral lale 4@-£& of a

interface and is totally reflected at the interface.

didhesel oF ayi 41 4 e ase Mher&-@r SUdAH WV and ® be covered
incident on the interior of the nmagnetic body at an

witdppiirhet el rid e ywdur faiteh Wa Ve W o RRgatl @S ric
efficiently without any | oss while being repeatedly

conefdrect edirattHihe dader frace hedueeros thesdrsd de vanek theich
out si de of the magnetic body. The surface-wave

pragagsmssiorniie reamiaed - wid e raansigreetare hiody astibse

magneti c perneability beconmes greater - 13 toward an
emgnaters pgar tthchendofiddrars exampmsnitieds wdaceaof e

magneti c body with a higher magnetic perneability may
Suﬂﬁie%%ﬁbr@w-'qiﬁkﬁﬂﬁﬂuﬂaﬂnﬂﬁuﬁﬁaﬁ3mﬁhﬁedMMQ¥QiGﬁﬁﬁﬂient1Y-
Fo£n§¥§§§£;, the surface-wave transmission line may be
embedded in a rack incliluding 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 uy of air. In 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 on
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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permeabi lity. Accordingly, the ampbunt of a surface
wave which propagates in the surface-wave

transm ssion line and enmnanates to the outside as a
transmtted wave can be suppressed, and a signal can
be transmtted nore efficiently. For exanple, the
surface-wave transm ssion |ine may be enbedded in a
rack including anot her magnetic body with a |ower
nagnetic perneability The surface- mave transm ssi on

ot Feiet 10 bt EC, tf??rn“%? ;éy%‘? S B ectlhs G Pacs of a

eélg @zqy That the rface mav nsm ssi,on
e nelcanO Ted | ca ¥ &t %r?‘e el PIHEe ho j|;Jt HrisdY &5

O‘té%i PR Splicd I %ﬂlé’i%ﬁeilﬂ.%% TR P M ic
pe%ﬁbéﬁgdiﬁﬁ t on CONERotd Leat 1op d s Wt ehe yave

devices or a device a d a nenber do not have a

wh W b€ a O ACin WHD s @aefrothefe d Ml Ss£A5€ 144 ang

separate dielectric (or nagnetic) portions are not

emdleLess ald | yhd ot @ctad he@atdhni otdervadd dan be
preferable that the gap between the separate

sursh et £odd | Carldra naighedli GarPaid i 10N hei S SMdte aSfficiently.
possible in order to reduce |oss, and that the

Forsepamaile: porie onsr e plaaced: isarcdmitdwatorsi ginted may be
transm ssion faces thereof can face each other. - 14

embfgbtrdliing & aradie draylodingsirde leasimgmathier doddye with a
transm ssion/reception circuit units and the coupling

Lows re grarastidsl e msaltidd tan respective main circuit

boards in o . ,
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 between 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.
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conmuni cati on devices, in the case where nothing is
placed in front of each el ectrode, which is housed
deep inside a corresponding casing, a signal entted
fromthe electrode is dispersed in air in the casing
and is lost. In contrast, in the case where a
dielectric or a nmagnetic body serving as a
surface-wave transmi ssion line is disposed in front of
each coupling electrode, an el ectronmagnetic-field
signal emtted rom_t he. coupl.ing el ectrode is i ded
by%ﬁ%?%iﬁ a%éiﬁh e a#P&ﬁs%PgéﬁgnCﬁﬁﬁggﬁowsﬁgesgﬁ ace
he. casj er ehy. . Si.0 et A tted

et I S0 e R el LV, (S R, (AR

e1dd A S QN ddifc e YH LAYRELQ,d HANSM L3 A% RE I A0a in
generated by the transmssion circuit unit 1s ‘

corf@iRe b d USsHRaiantiAldne these GRS R is placed
el ectrode of the EFC antenna via a resonating section

in Wit resanaliee cta Rl dalerdi ned Hheguen®ep lihsitde a
receiver, an RF-signal transm ssion |ine cong?gured to

coddeiidimn Asisighal digridle argieaidd Ardid s telwWddrdde is
connected to substantially the center of the el ectrode

disgferdde iEFG iantienndheyica @ e sorbtisng cgact | am whirthrast, in
resonates at a predeterm ned frequency. Each of the

ther esgratilgssectdienisamyid ol wdenagyredmpedbodyorrstraniing as a
circuit. More specifically, each resonating - 15

surgects o viendinades iz sgamallliele iirsdyditsgo ssshrigctferbrifetofeemch
a_signal line of the RF transm ssion |ine and ground

couprd g -Sd@dteedend @t ¢l sedmedae Werided 4 v ®isgngmitted

line of the RF . .
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 rescnating
section which resonates at a predetermined frequency. 1In
‘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 resonates at
a predetermined frequency.

Each of the resonating sections may include a lumped-

‘constant circuit. More specifically, each resonating
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transm ssion |line and the el ectrode. Alternatively,
each resonating section may include a

di stributed-constant «circuit. Mre specifically, a
conductive pattern with a |ength dependent on the
operating wavel ength (which may also be referred to
as a "stub") is forned on a printed circuit board on
whi ch the EFC antenna is nounted, thereby operating
as a resonating section. According to the enbodi nents

f. the t t , ..t ' i.d
oo 1AM RRE A BT, o DR BRI honn
w5 GRS P TP I Lo ORY 650 000, A o

seMd oYty di.er cg{ﬂ%oéﬁ tﬂthJé?eg-F t’fr%“’gli'?jn%f’f O SYH QTR R

According to t e ment s t he present i nvention,

trdf8tes d irpriovded, an ex cald &o £OMUNILCat] QN RYSE eMach
whi ch can inpl enment high-capacity data transm Ssion

rendtH iy HRIS oD NLIBIARYINE & COBRNIRAL LSRR

using an electrostatic field or an induced electric

ciddgitd. ARGy digigitfd ddg wnbodigepic iafe the quresenitth a
invention, there is provided an excellent

lercoimasipeatdeont syStern Wiedat ican wibled drie har (Waiggimetity also
between a transmitter and a receiver and the design of

be aedmmmen dat iagn aapdndt™ys isf [fexintglce doy aexpamdieny dieuit
di stance between coupling 16 electrodes of the

boandamsmiviitieh ah¢ (FFE redeinrer isl maung econlsiredtyl operating
system according to the enbodi nent of the present

as invERana@tinchéesififodice- wave propagati on neans

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 RF signals
by employing a communication scheme using an electrostatic
field or an induced electric field.

According to 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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transfers a surface wave emanating fromthe coupling
el ectrode of the transmtter in an efficient manner
with | ow propagation |oss. Wen perfornm ng data
conmuni cation, it is no |onger necessarily for a user
to directly attach the coupling el ectrodes of the
transmtter and the receiver to each other, whereby
‘data communi cation over a |ong distance can be
performed using electric-field coupling. In the
camuni catd syst.em according, tq the enbodi nent of
el?‘%erop res eon 01:lqlnev etn]ia}nosﬁr,ll%&teﬁ Mo 11c%:‘oen gréerc?ehléfcegars‘s ary to
fin l%h@'b%%ﬁhgﬁc%kﬁghr% %%e&pg %5%8&5@01%'%h% gmbodiment
coupl ing suc that "the "electrodes can~be plrace
of SHd Iy Glase i easl fAhhele '—E\}gx}@g{ro atg{al%e_L%ans
unnecessary to place the electrodes as close to the

t ra e Ofsihe, LaS|RG Unddif | kPP Gald b RARRLAL US

as possible. Therefore, the degree of freedomin

elddasiid re e [eyeidnieftdhearrcasi REdisi diChRasRed: With low
t he communi cati on system according to the enbodi nent

propfadaiel gy ases. | e iph EdiE reouRlidan ¢ enettiredesof it is
the transmtter and the receiver can be out of

-no damigeet nwidds dard 18 idrace-uwsave ta alisdcssiyorktdtdasd the
provi ded by the surface-wave propagati on neans, or

courid rsueflece-nweles tofandw Syiagrsrliittercamd bdes eparcdtved: to
into portions and the separate portions can be - 17

eaalis @d hirt, h ot redpyc iatg. eagimuotilvert i ctheveamaudicsat iddrstance
system can thus be applied to contactless

cang TERIGE Us el ¢ ecdaviccdd edd gogw@lilee -and a
menber do not have a physi cal ' _

In the communication system according to the embodiment
of the present invention, it is no longer necessary o
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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contact with each other. In the communication
apparatus according to the enbodinent of the present

i nvention, a surface wave emanating fromthe coupling
el ectrode can be guided by the surface-wave

transm ssion line to an easy-to-use position. It thus
becones unnecessary to place the coupling el ectrode
near the exterior of the casing of the comunication
appar at us. Therefore t he degree of freedomin

us r@untr quhtg nﬁg 2633%2}? [ eﬁre%ryf n%ithe Ijé%/?&ut no system

ant of th resent_ .i-nvention mrll becone
can %nps ﬁr?e f rp&)mjtencf t?oﬁonncactledeescr |mnf| on O J_OI'l ih which

appare oW Nng exenplary

B Er PeSc PV %h&ﬁ%@?ﬁ% S

corrt%tpm&e}gqﬁ_t&rcqrr Cg{héar surface wave in a dielectric

surface-wave transmssion line; Fig. 2 illustrates the
prBagﬁb'QBmﬁEnicé%&EﬁCQpb@¥§th§ adcoRanell €0 the
surface-wave transmssion line; Fig. 3 is a diagram of

embN 1881 | B W HeO i eQieal 1191 eft idbn ,CMBHY Gald ey st em
according to an enbodi nent of the - 18 pr esent

emanatdiig AronFitthe £duplandi aglcrorafdanexewlarited by the
structure of a surface-wave emtting portion of a

suntfiaarstuatteert risrRisgich ild e dicaginamasfy -ar -esenmplcarition.

structure of a
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
components and in designing the layout of the casing is
increased.

Further features and advantages of the present

invention will become apparent from the following

description of exemplary embodiments with reference to the

attached drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates the propagation 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. 3 is a diagram of an exemplary configuration of a

communication system according to an embodiment of the
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capaci tance-| oaded antenna; Fig. 6 is a diagram of
anot her exenplary structure of the surface-wave
emtting portion of the transmtter 10; Fig. 7 is a
di agram of an exenplary surface-wave transm ssion |line
formed as a plate; Fig. 8 is a diagram of an exenplary
surface-wave transmssion line forned as a strip;
Fig. 9 is a diagram of an exenplary surface-wave
transmssion line formed as a line; Fig. 10 is a
rdia}g{amof an exenpl ary surface-wave transn ssion
PrFYh hé%Y%ﬁ h@%yranid shape; Fig. 11 is a diagram of

an exenp] ary str. g} re in which the surface of a
o ST A RIS o D e e Sl 2 o

j r..di el i i SeCOV. ' her
cubFGBELy | SELEL e L ety | 3 OB BN L Lo prgt e

Fi g3 gl2 d S I AYADDI A% EXSIAN S WA WAV Q£ 4

transm ssion |ine whose dielectric constant changes

casORt  Mlosis] ¥ahd had- £hh$f ance r fromthe center; Fig.
13 is a diagramof a dielectric surface-wave

tr ansyi $51ieN d idiegtanh o hirdhele rdictla@lEe, eansicitne of
which is enbedded in another dielectric with a | ower
theli @letdde-evave Ihi CoNsd afbrtidm Gof ldhd St @archmol tesm of 0 2
surface-wave transm ssion |ine including, instead of
oné&'idj.el7edtsr iac diery remgrdt izt kodytpl ary plutfaldet-wasfe
separate dielectrics (or magnetic bodies);
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 exenplary structure of a
contactl| ess conmmuni cati on device using a surface-wave
transmssion line; Fig. 16 illustrates an electric
field conponent (Ilongitudinal wave conmponent) ER
causing vibration parallel to the direction of
propagation; Fig. 17A is a graph of the relationship
between the Iength of a surface-wave transm ssion
line and a propagation |oss in the case where a

| yphenyl ene sul fide (PPS) resin serving as a
Coégkﬁﬁgiric, a nickel-zinc (NiZn) ferrite serving as a

gﬁgp.di%4bQQYE Y & 1%%9%&;a!%u%%%%&%%?%%eﬁFans ission

e-wave transm ssion Iine; Fi [Fustrates

e SR AT G T

a pliMstiaf ese the {400 of i S cd N AN LR 1048, §fc &N
= |

EFC antenna i n the case where an R transm ssion |1 ne

| s FaeNNast 8¢ 10 dlike reanter 0f kheplalkectiodei kel or18B
illustrates the uneven flow of current in an

corel e raagde @fmnam kR a1 ena andidihey radiatt o Gfave
unnecessary 20 radio waves in the case where an RF

tramrsaansyissi dnirdd;ne is connected to a position of fset
fromthe center of the electrode; Fig. 19 is a
di &ggamiéf idnuexeapkar wnceiticguiat ifdelaf camponent
(longitudinal wave component) Er 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 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
surface-wave transmission line;

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

Fig. 17C illustrates a propagation loss;

Fig. 18A illustrates 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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contactl ess communi cati on system usi ng an

el ectrostatic field or an induced electric field;

Fig. 20 is a diagramof an exenplary structure of an

EFC antenna pl aced in each of the transmtter 10 and a

receiver 20; Fig. 21 is a diagramof the arrangenent

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 diagramof a
fllter ncI of EFC ant

ra i BR 1 HAETAAC DO & N Tola SR SRR
coér;@géeed HE AEONG I | Jet LA eﬂ:@ @@-ceggcgyncg e s

I mpedance€ conversion circu
e10f: g reasurement results of propagatlon Iosses
obtai ned by changi ng the di stance between antennas,

EF@ignt amnas QMdih pakaldrelan RAUGHaRS), c@ml@%@auom of a
antennas (w thout parallel 1nductors) “which are placed

corfd i fAGbhNETGathich A ddd Usdia) e at Lxemd @ dic

structure of the actual EFC antenna illustrated in

fidAd).o2Gn Hrguddal idldsdriad esidihe mappi ng of an
el ectromagnetic 21 field induced by an infinitesim

- di pdkge @0 ascaupliiaRg amebéctihodaembilgry2 3 tirkilctiSireatbes an
the transm ssion of an RF signal in the case where a
EFiegitestna @ lsurddacier weach tafandm geisorsnliitieer 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 circuit;

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

di stribution of electric fields in the zx plane for a

hal f cycle at intervals of one-twelfth of a cycle in

the case where an RF signal is transmtted through

the internediary of the surface-wave transm ssion :
line as in the structure illustrated in Fig. 27; Fig.

28B illustrates a change in the distribution of

. ciri relds in the zx Qr hal f_ cycl e at
s ARl d POl N R TSP e The Sieats
signal is transmtted through the internediary
elégkgﬁze’surface wave transmi ssion line as in the
st rELiQ_;t urg 1:L|1|ulé§:trra%te%d t'h% L:cl gms‘?nlssﬁ.logl 0%8%11 EﬁF si .nal in
illustrates a change in the stribution o el ect

thd | @l dls bk tden 20 Pl aner forsarhald - eHed eua&nsmrgsefaéﬁlﬁne
of one-twelfth of a cycle in the case where an

is Sirg@tpd Sed ansmdit ed.d Hmughddmd tierdmdiar mpﬂ‘cﬂ heice
surface-wave transmssion line as in the structure

eadH latstgmted in Fig. 27; Fig. 28D illustrates a change
inthe distribution of - 22 electric fields in the
zx Fplgane 8o 1a ubalrb teyc be catingenter vaks daktengutwehf ol
of a cycle in the case where an RF signal is

elaagtanism fiiteddist himoudte tzhe pdletrer Medi ar yhadff theele at
surface-wave transnmission line as in the structure

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 transmtted

through the internediary of the surface-wave

transm ssion line as in the structure illustrated in

Fig. 27; Fig. 28F illustrates a change in the

di stribution of electric fields in the zx plane for a
-twel fth of cle in

hal f. | t .int I f
o 1Ge LECE THET ol T 25 S 150 (At § 18 1hiugh
‘ . . ¢ ¢ : ; c
int 810 SR A Ol e SYIRCR ML S e
‘ . _ . . hut i
Sl§§§%3¥%?%%€§§§?f§§t?e xfﬁgﬂ%%g‘%ﬁgéﬁééﬁéfgj%féjh
sut A QIMA e of - NG idel 5 b ole & oyl e dd dihe, Gase where
an RF signal is transmtted through the internediary

i10fsthe- e ulf acgy wave: transnission line as in the
structure illustrated in Fig. 27; Fig. 29B

i | lrugt.r 2Bes ia 1eRaRae eisn at e a6ligst Kinbuhicon ek r iRGISH &f
fields in the xy plane for a half cycle at - 23
eldatieiry & islefs ane-dheelfd plofhe rclL Hal it heydaseatwher e

an RF signal is transmtted through the internediary
intdfridles urdrecewsEftt rcansamicsgilen dn eheascdge twieere an RF
structure illustrated in Fig. 27,
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. 29Cillustrates 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 transmtted through the internediary
of the surface-wave transmssion line as in the
structure illustrated in Fig. 27; Fig. 29D
illustrates a change in the distribution of rmagnetic
fields in the xy plane for a half cycle at intervals
case where a

lﬂ%?@\a o .“i@t?%%sfnwf’%’é’/f%f g R %Ihtté}%e%?%?;r}”%?r? ‘@p RE
Sl?f?% aj? S TS S SR | 15 B s B W6 e
ﬁét{%ﬁﬁm én ﬂw@e&té 5 of 1481 S, ﬂfhétp.\%e%f oo

p ane or a cyc e at intervals of one:

llfﬁé@g&ﬁ%&rhﬁr@&§a3§7mhere an RF signal is transmtted
hrough the intermedi ary of the surface-wave

t r anRgym 380N 11118 3% N & kG SlIGHU e 'dl@&tﬂkﬁiﬁ%d £
Fig. 27; Fig. 29F illustrates a change in th

magh&t 1d bedd 0is ofn ﬁt&grﬁ grdiel fisr i Hdwer cpiénﬁtfor a
hal f cycle at inter s of one-twelfth of a cycle in

infdwvLhs o h@ie-tare Rith & a sd@ilad ir8 tHansdgd twtkre an RF
through the internediary of the surface-wave

sigmainsis ssiarsnimesdsthtoudie e votigmnedidtistafattgde i n

Fig. 27; Fig. 30 illustrates the distribution of
sudfaapgriad imfadssmission 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;

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 i1llustrates 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
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and the distribution of magnetic fields generated
around a dielectric surface-wave transm ssion |ine;
Fig. 31Ais a diagram of the propagation of a

| ongi t udi nal -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
transmssion line; Fig. 31B is a diagramof the
propagati on of a |ongitudinal-wave electric field ER

. d ) f f oupl i el ect f
o1 SEPETS S AN surifes potoR, SR el er s, o
sultSLEGIILL ﬁaﬁfa@&%‘ e A ae{‘sa@ SH Yhd NS udi e 32 1S

a grap of e resu of 6b alning a propagation | oss

; ' X & Where, in the structure illustrated
B s

'si'ze of a coupling electrode of a

trangm tier 1and (the o3 280013 c¢ouRliRG elrechtede of fae1ds
recei'ver are changed, the result being obtained by a

and il ald A Usitibr I Mddh el ieente 1Y hpdie Ht®qg 33ddhd@ a
graph of the result of obtaining the Tpropagation |oss

did3Zkdrid her oase -Where t dah dnlig Sitgrlicliness il 1 ustrated
in Fig. 27, the thickness of the surface-wave

tr @aagni SdRod sl eneiagrahangedhet becpagult ohebiga
obtained by a sinulation using a finite el enent
1 omggitthad;na25 waieg e 134 tirsi ca fredph Bf gehersésdl bnothe surface
obtaining the propagation |oss S21 in the case where,
of jan adve lsinaucthgad radd st et e mritigna2 3s teheurdlaatd wave
dielectric constant and the relative nagnetic
at ger wasbiofi 1y dife lasd i faagEagereave 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 1s a graph of the result of obtaining a
propagation loss S;; 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 methocd;
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;

_25 —




transm ssion |ine are changed, the result being
obtained by a sinulation using a finite el enent

nmet hod; Fig. 35 is a diagram of an exenplary structure
of the case where the conmmunication system
illustrated in Fig. 3 is applied to electric power
transfer; and Fig. 36 is a diagram of anot her

exenpl ary structure of the case where the

communi cation systemillustrated in Fig. 3 is applied

| i f . DESCRI. PTI_ON . THE
e GngoOERT S oh Shie: PeR i gt GRoed Mg, e
RED ERBCOFERT eibod e ors:
prfififiliol WAL AT 1 nd e 0oLl PSR oPRE Ot bure

11]?%%\‘!?& rhvr?rﬁﬂgg‘n j”le,l agl'?es J&LEPCl rglceac.tﬂ IS Sf:ycﬁ{f&'gnt and

pertormng data transm ssi on between 1 nfornmation

thd eVl CAS: v S h AN & ROt ngt At ¢, fd2ld, Ors A d ndycad

electric field. According to a conmunication schene

trResed Lban 1R ectd Qstalddsd fiwld Usan iMLf@ed;btﬁined by
e

electric field, no radio waves are emtted In t
a sibsence of GOMYIN Galdiae Rardmelts mdi@dydyy since no
coupling relationship occurs, and hence ot her
comiyni Gat ienasyshgramane Al efefblbbedstvienurs blethe
26 case where radio waves arrive fromfar away, an
cadeF@ratee e goporindes e adisa avvidd,usandch thehden tFhey. 3 is
conmuni cation system is not interfered with by other
apprdomturiice atliegrt wiys e r [hraosder ir &dido conmuni cat i on
usi ng antennas, the strength of a radiated electric
fi@ﬁg.i§6iﬁgeﬁséﬁ9gram 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 detall below with reference to the
drawings.

The present invention relates tc a communication system
for performing data transmission between information devices
using an electrostatic field or an induced electric field.
According to a communication scheme based on an
electrostatic field or an induced electric field, no radio
waves are emitted in the absence of communication partners
nearby since no coupling relationship occurs, and hence

other communication systems 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
di stance. According to a conmmunication schene based
on the electric-field coupling, very weak radio waves
nmerely causing noise for other wreless systens
exi sting in.the neighbor.hood can be emtted
ca een‘%leelf era}clilcoer?"safvnegg oal‘rral‘?ea%roon%t at’ o‘_‘h"“'%efco‘_jrﬂ*esEaEQfj antenna
reég]irlﬁecseﬁ‘?@rﬁ/adjﬂ twl'é P ahsf lhtee%d'eoscthaet 'ccoﬂu%iq:a%%r}glg}gstem
wth tinme may be ret'erred to as a
e = t gt | " LRSS SQ 1%9%9 in
s argd{?zllne%f%%l{éa%?i@%}fek{yld%%neﬁ hc‘lhjsn§n dsr%eccaﬁéflﬁjglatsriigén. I'nce
knawn i eepmuRicabl ebreikk e%icignansehectheshakisc thiel d
or an induced electric field uses |ower-frequency
st of thedws £ UMmadt Gat ifoRklic jUNsiHdaf f or
transferring a | arge anount of data. In contrast, a
proayAaiireatl iten 13t Rty . di Nt iy eodinge it e ddie of
present invention transfers higher-frequency signals
an usicigced Zledthd celfdeilrd cf isaltkramitad ng, iand:dwnce the
communi cation systemcan transfer a | arge anmount of
progetraiovbrie tdpecduaca lof, tde idi silatrcae, wWathebarme: (stiBngth
conmuni cation, a conmmuni cation schenme using high
of fareqle@Ertitestardrc { iwildeldandttenuagpid éa tiovidse
el ectric-field coupling, thereby
proportion to the cube of the distance. According to a

communication scheme based on the eléctric—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 may
be referred to as a "quasi-electrostatic field"™, this is
also included in an "electrostatic field" in this
specification.

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

present invention transfers higher-frequency signals using
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i npl enmenti ng hi gh-capacity data comruni cati on usi ng
very weak radi o waves. The UWB communi cation uses a
very wi de frequency band from3.1 GHiz to 10.6 GHz and
i mpl ements, though over a short distance, wreless
transm ssion of a large anmount of data at a rate of
approxi mately 100 Mops. The UWB conmunication is a
comuni cation technol ogy originally devel oped as a
radi o conmmuni cati on schene using antennas. For
le,.in_l ..15.3 or the i t he schenme .of

g PR G R o R o b cates Tl P8 Tt
SY%ﬁ%ﬁ Wlﬁrél‘?sgeeélag%a% > a%Fou Ccoefsdaftoap.t r%o cheme in

comuni Cation.” 1nte rporation in e
' {.at ¥ | NG, a ' i ‘
PR s ersy o o Uk, ki hat heen ik iy =

comfturdl GaNRSAl s d RS fL?slcﬁ’l(f ql%r%ﬂé%@ﬂ%} on wiéj_?zband

systenms using a UMB | ow band from3.1 Gz to 4.9
is hays heen actiy el y daviel-oped d akdd}l id¥ 0 thereby

consi deration that the UWB comuni cation can transfer
imgladngen@itn A Hiafte- exnaeidi a0 dparw ddron agciuy inga
transm ssion band from3.1 GHz to 10.6 GHz, and the
weast madie twawds fabricating an RF circuit. The inventor
of - 28 +the present invention believes that a data
t r Themigsi commsystramienplepisng acuyBwiow Farduencgneand
of effective wireless conmunication techniques to be
fraappl .iledsHzo twobil.6 d#A cesl inEoremsampl ehdigh-speed short
data transm ssion in a short- distance area, such as
disganger M%@é@qﬁns@ﬁ@aj.@ stfagcd arge 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
access control scheme in the UWB communication. Intel
Corporation in the United States is studying, as a UWB
application, a wireless version of USB, which has been
widely used as a general interface for PCs.

UWB transmission systems using a UWB low-band from 3.1
GHz to 4.9 GHz have been actively developed taking into
consideration that the UWB communication can transfer data
at a rate exceeding 100 Mbps without occupying a
transmission band from 3.1 GHz to 10.6 GHz, and the

simplicity of fabricating an RF circuit. The inventor of
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devi ce area network (DAN) including a storage devi ce,
can be inplenented. The inventor of the present

i nvention believes that, according to a UAB

communi cation system enpl oying an electrostatic field
or an induced electric field, data comunication
using a very weak electric field can be i nplenented.
The inventor also believes that, according to such a
UWB conmuni cation system a |arge anount of data,

h d d
thg psact %%V?%%}Omg%l BT e e ﬁ%%fﬁ%%@ﬁ
h d . F 19 sh
Sygtﬁ? gﬁéa on 0 06Wétoﬁ?ac%$%sﬁsc% om%$2§¥ sy%t¥h¥eless
TR ST 8 0 8 R e
Fofr &R & NCh ﬁeécﬁatﬁ‘agiﬂtﬁleénérglsé:féﬁ' rgds}tu?rt—

perform data transm ssion and a recelver

di SO QUL £k | ospey F.oL mdal B Feoepih Ofbedy t r%f‘&-séi&f‘ance
el ectrode 13 of the transmtter 10 and a reception

deel @t 08e ZScwdr it hepmecei Verudh@re ségedtedAed NGan be
each other with a gap of, for exanmple, 3 cm and - 29

imphlemeen toadh. produce electrlc field coupling. In response
to a transm ssion request issued from an upper
apfhiecdmnivemtox otfr ahsmpesisen tCiihdrit i bell eafest heat,
transmtter 10 generates an RF transm ssion signal,
acguohirgs @ WBWE grainuroincd thieon basd tserofertp lansims siron
data, and the signal propagates from
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 reception.

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 transm ssion electrode 13 to the reception
el ectrode 23. A reception circuit unit 21 of the
recei ver 20 denodul ates and decodes the RF signa
received to reproduce data and transfers the
reproduced data to the upper application. According to
a communi cati on schene using high frequencies over a
wi deband as in the UWB communi cation, ultra-high
speed data transm ssion at a rate of approxi mately
ca be | Ienent er a_ghort |stance 1%0 A

heli“%e cas Where: I% co ca‘?ﬁ1 f é} formed =

AP ELgr Lol 0, i apéf’lic%a?%%w

tr&fxﬂﬁhpséfoﬂ n::iﬂy 1§el.1rp_1_rt‘9 tdf)ntﬁé) ‘EHEI%Q‘% % rherates
ol11hg the stren t

square of the di stance. y contr

an OfF e BdeCd 416 Jlgeriadl (styangtd oy« Icz;{mvesan QUES

a distance of 3 mfrom a wireless facility to be Iess

bad AN Ot @fuahi 40 ch dedetaidined danell peiphdedds from
radi o waves can be emtted, and hence the I'i censi ng

theoft parsadi 5 Sdratd It theees L NECL SSafdp t iierefQfierodn 23.
i nexpensi ve comruni cati on system can be inpl enented.
A tevdgtel @ase mfuitenyrishart -off sitanas: daitveer comildieitliares
using an electric-field coupling schene, the - 30
andqudddeofthe diRrmElgrisl notcadeteat itor atgdradied alata and
nei ghboring reflector. Further, it is also
trajfesess dry tepneakedcida tadmsitder atimmr prrgdents iprof
hacking on a transmi ssion |line and securing of
coAFCeERENgl ity a ramavRicasiont kehprpepaganoohilbbss

i ncreases with the . , _
frequencies over a wideband as in the UWB communication,

ultra-high speed data transmission at a rate of
‘approximately 100 Mbps can be implemented over a short
distance. In the case where the UWB communication is
performed using electric-field coupling instead of
performing radio communication, the strength of the electric
field is in inverse proportion to the cube or the sqguare of
the distance. By controlling the strength of the electric
field (strength of radio waves) over a distance of 3 m from
a wireless facility to be less than or equzal to a
predetermined level, very weak radio waves can be emitted,
and hence the licensing of a radio station becomes
unnecessary. Therefore, an inexpensive communication system
can be implemented. In the case of very-short-distance data

communication using an electric-field coupling scheme, the
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propagation distance relative to the wavel ength. In
order to allow an RF signhal to propagate using

el ectric-field coupling, the propagation loss is
necessary to be reduced to a sufficiently snal

value. In the comunication schenme of transmtting an
RF wi deband signal, such as a UWB signal, using

el ectric-field coupling, conmunication over a very
short distance of approximtely 3 cn1corresponds to

qu? roxu€1;at haf{ﬁéh{; wavel e %r}_gercg (th%a{l SEP rati B?orlng

gI ted. PartlcuIaH
re
ﬁ%r a&f eri SL%I C npg%alnscealcauses 3 nSD gcrcf Jike into

COT%J%%‘%:{&] &\%}%101{ r(?gwn‘r%c?an g ‘Em Cr%'] %n line

[ owner equency circuit ce msna

an&%am@wtc&%m&&ﬂﬁ% odes of a transnitter
and a receiver has a nore striking effect in a

h'@@ﬁ%ﬁ%&%@%anih%'@&%bﬁga%&%ﬂnl%%%t%ﬁb&%%%es with the
comruni cati on using frequencies of kHz or MHz has a

pragiydt UroRBgGAIdre | asist iyes RAC &hel Rksue lidhgtithe CBs&rder
where a transmtter and a receiver each have an EFC

to afltlennari RE udigi oy mvrleald ags rant laGoupl-H Mg 1d
portion sinply operates as a plane parall el

cougdpacy ,t dthe gesipaethtdata 13k s tirsanssdessdaory dan dee reduced to
performed. In contrast, contactless comunication

a g imngher sfredduersdives. of InGithehasrenurarggerion scheme of
propagation loss in space. It is thus necessary to

trangpprtdsiaig singidl wisfaheerd oridne lcoupldmagiseleediiFoddgrofl,
atransmtter and a receiver and to inprove

us1@@a@%ﬁq§§q97ﬁyqﬁqnqgﬂg}1ng 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-frequency 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

- 31 -




t he communi cation systemillustrated in Fig. 19, even
in the case where an RF-signal transm ssion |ine
connecting the transmssion circuit unit 11 to the
transm ssion electrode 13 is a coaxial line with a
mat ched i npedance of, for exanple, 50 S2, in the case
of an inpedance msmatch in a coupling portion

bet ween the transm ssion electrode 13 at the
transmtting side and the reception el ectrode 23 at

_ I . . a d :
trdDéni £ SC&H VEDY 15 dSe v Ao ShARAl 155 5@ﬁ&%§%@1rﬁéﬁéég%ﬁess

propagati on | oss. EFC antennas provi

coth@hsiat { &F &Qll%]gli%éf‘efré%é’fés 20r i el udes ﬁslsarge

illustrated in the Coupling electrodes 1

prépuh23i oM BoPd ate , Pef ald edhh H0UCEOL $a -1 24 aftbpress
22A, and series inductors 12B and 22B, which are

siqoahecd BTk 40l dhel Resigmal g te st &S Oof | Necrdmsdiiteter
case where the above-nentioned EFC antennas are

andira arged faciagl eachmmides , temdnd ssioatetfididigy. In
21, the two el ectrodes operate as a capacitor, and

the heonEFRE jars teimra ss st an whiol wes t operdit o asiq. bbhd-¢ass in the
filter. Therefore, an RF signal can be transmtted

cass filrntdly Rietsviemrel Her aveoniERG antlenmascomftecting the
RF-signal transmission |ine nmentioned here corresponds

transgpl s3Iy Fowdidl wetl el & aritdrosirapenigsion electrode
coplanar line, or the like. In the contactless

13 domfursicGativon syt el ludtatathas iiipadagce @t Hor
necess onditions for the EFC antennas to transmt

e lgn 3%624 TR UCHE a%22E KB 31 gHEPSIRRFPNBFRREFR cIn @

coupling portion between the transmission electrode 13 at

the transmitting side and the reception electrode 23 at the

recelving 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, 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

el ectrodes 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 el ectrodes
such that the inpedance nmat ching can be achieved in a
frequency band wused for conmunication in the case

where the EF ntennas are placed facing each other.
o N S F e oy 1oP o b st air Lite, or
th%nfiﬂging a pair of EFC antennas havi ng el ectrodes
acrng each other, as illustrated in Fig. 21, can be

d et]ﬁ’lr @h%e g:uo(?*H: actl:|1% sgat .o Qlfn itéa]:zl%liiolr}ld Ilé 3%?“5‘% quu Sg}t t eed in

series I nductors an e par e ctors an

Fic_?.apf'é:,i t%%@éeéaﬁrfmfﬂoné ”.féf’ddkﬂsg }_ﬁ]ﬂ? antennas to

el ectrodes. Fig. 22 is an equivalent circuit I agram

tr& s band-mass Jrid t ersdel Adi NG R dn Of, BEGng electric-
antennas. G ven the characteristic I npedance Rng],

fidhe caatalg faequancss fiodddz] ., and the phase _
difference a [radian] (it < a < 2n) between an input

(Lisigralpaitbracpast elad rdghador and- dd1e gapacidianeeric-
C/ 2 of the capacitor including the electrodes, the

fialghstantlsiragf; t he paral l el inductance L1 and the
series inductance L2 included in the band-pass filter

(2)cdamé e malandeatadd paraddeadr dambetwirtsh fdre eoperdtisiging
frequency fo using the foll owm ng equati ons:

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 freguency 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 inductors 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 £y, [Hz], and the phase difference a

[radian] (m < a < 27) between an input signal and a pass
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L R(lI+cosa)[H 2nzfo sinal 1 L I+)fOCCRsinarH z
4r2. f02C L 1 (1) In the case where a single EFC
antenna functions as an i npedance conversion circuit,
an equivalent circuit thereof is illustrated in Fig.
23. In the circuit diagramillustrated in Fig. 23, the
paral l el inductance L1 and the series inductance L2
are selected in accordance with the operating
frequency fo so as to satisfy the follow ng equations

o1 B30 BB L ERNCLTRLETER L0 20 LIPSSENEE 1
enf BLBELELASS o TSRS L OB B 0 s Y h E
ond A L 20, Lo L0008 JRAPUCETRL o0l o

e Bedinct, o copesy B o sy (4L pecglipl goerating
frééﬁ%ﬁ%#"fﬁ}d@ﬂn t%%eﬂﬁr@a%inga%%h%%&%@%h other. In the

case 0O e EFC antennas (wth para

_ R(l+cosa)[H]
L 27f,sinc
1+ 7f,CRsinx
L = ! H
2 477{f62(j [ ]

(1)

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 L; and the
series inductance L; are selected in accordance with the
operating frequency f; so as to satisfy the following
equations and expression, thereby implementing an impedance
conversion circuit configured to convert the characteristic

impedance from R; to Ra:
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i nductors), the EFC antennas are strongly coupled to
each other up to a short distance of approximtely 1
cm and the propagation loss is snmall. However, the
signal is rapidly attenuated as the distance

i ncreases, resulting in characteristics that do not
interfere with the surroundi ng neighborhood. In
contrast, in the case of antennas, the propagation

| oss does not becone as large as that in the case of
t he EFC antennas (w l el inductors) even when
t he di stance |nQR?as S, ]de i gnal di sturbing other
wirel ess sﬁ@FenB—ﬂﬁ 'possrb+.fb generated. In the
case of the Eéb@ﬁpt thout paral | el inductors,
t he propagati on eff|C|ency is low, and the

propagat i on Ioss i dge even | ere a
conmmuni cat s—ne@' R]Z' c—eu‘b EH\T

el ectrodes of tqg: (fennas are’co nect he RF
transm ssion |ine, ch as a coaxi al cable a
mcrostripflipeR or a coplanar line. The "EFC

ant ennas" meéntiofed in this specification solve
problenms inherent in RF circuits. As has been

descri bed above, in the contactless conmunicati ¢h)

systemillustrated in Fig. 19, comrunication devices
t h&tigpeZfdorim thgrdB codmiihei cabisorersatt hesBECs of
antennas illustrated in Fig. 20 instead of antennas

pPrapseghtipn wiosd as oldorimat dat i drerdevia eshempl gydanmg detween
known radi o conmuni cation scheme. Therefore,
antaiAsshoriC disteiies datidh trarmshislsiiorduwdtdr leatare FEC

t hat have not been achi eved ‘
antennas (without parallel inductors) which are placed

facing each other.

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. Hewever, the signal is rapidly
attenuated as the distance increases, resulting in
characteristics that do not interfere with the surrounding
neighborhood. 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

- 35 -




before can be inplemented. Assune that a resonating
section 12 (or an RF transmssion line) including a
series inductor or the like is connected to the
center of the transm ssion el ectrode 13. By
connecting the RF transmission line to the center of
the electrode 13, current flows evenly in the

el ectrode 13, thereby preventing unnecessary radio
waves fromemanating in front of the electrode 13 in

al {HE R SRt tae LR RROE (R e S HCORtT ast b
t t
of TO8 k. TR B Ei%%ogglt%ém‘écﬁ'r?%ﬁ?
cofdQuEsney ey A %P&ﬁ%ﬁ&é{&%ﬁﬂe Atk e, el 6eddode

operates as a mcrostrip dnt’enna an

cabNECESSAE Yo £adi 0 1 WY eS, A %%cﬁ&ﬂanalﬁa)mé:' g. Tr?e5 GEEWVS
an exenplary structure of the actual EFC antenna

antdidsdr stk idhdd Gin 20hid r‘sﬁé&ﬁ%& SJMNFE 'ﬂkcﬁiﬂems
25, the EFC antenna of the transmtter 10 i s

inhddarst rad e oHawemes, the receiver 20 includes a
simlar EFC antenna. Referring to Fig. 25, the

el aat hade bk3nl slc@Gicspbeed adviehe inupper caurbata sl a
cylindrical dielectric 15 and is electrically
congonmied teicbrt osyes tsang nidl 1ddtneatord alipriig .edl & raxwniriun dogaricbn
17 via a through hole 16 penetrating through the
devlicd edtirdtc pkEfortme tHRC BIE ermmanurllasstirat etbe diheEFC
fabricated by, for exanple, formng a through hole in
antennad iinfdiisdatatdice|igctFic A0 alrprteahet erfrigndcbrimeighitsed in
formng a
wireless!%ommunication 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 transmission line tc 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 connecting the resonating section 12 to a

position cffset from the center of the electrode 13, current

flows unevenly in the electrode 13, and the electrode 13
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conductive pattern serving as a coupling el ectrode on
the upper end face of the cylinder, filling the
through hole w th conductor, and nounting the
dielectric on a printed circuit board by refl ow
soldering or the like. The height froma circuit
mounting surface of the printed circuit board 17 to
the electrode 13, that is, the Ilength of the through
hole 16, is adjusted appropriately in accordance with
h h to allow,the, through hole

i ng. ' 16 ..
OB e | T SrieE AT EH ey Heb bt or @ Ty Qe ssy radio
wa$Q§ ?ggég§-%pdy§épr 12B. The signal line is connected
10 groun il

via the parallel inductor 12A having a

hi h : [ d |
c 'E&cf. 32%?%@&9%‘%9%&%1%@%‘%%&&@1&5 ;og:\rmtg% dd1&a37 pre

parall el ctance nay be bstitute a wring

anPAiALr M onsdhe-pii g egh i regi t hoarils dnshead Hodh in Fig.

chip. This type of inductance includes a

25 di g i et echeonsd ant tigd Mt srance Smy1 @l 59 Per el eLF&d,

to as a "stub” in the follow ng description. The

Howh e €CtHHE ddcanebt o tidoughe had es i Y AYERMEari©d6na .
of avoiding the coupling between the el ectrode 13 and

Refidwerigy oundrilB. &l tites reol ectofodorigd nigs tdiessetd®Son the
i nductor 12B. Having a sufficient height fromthe
upmsr ciitfawundd rg cwirfrabel caof divel gt mtedl Tiarodiis board
17 to the electrode 13 to obtain an inductance
eleqjuilcd ldit condtsbries isiduotorl RB,on téheprinted circuit
electric-field coupling between the ground 18 and the
boagdk 't oe B3 i dedie arfd reves Fiuctni it agoudte BRC

_ant enna
dielectric 15. The EFC antenna illustrated can be

fabricated by, for example, forming a through hole in a
cylindrical dielectric of a predetermined height, forming a
conductive pattern serving as a coupling electrode on the
upper end face of the cylinder, filling the through hole
with conductor, and mounting the dielectric on a printed
circuit board by reflow soldering or the like.

The height from a circuit mounting surface of the
printed circuit beoard 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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(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 nounting surface of
the printed circuit board 17 to the electrode 13 is
so long relative to the operating wavelength that the
di stance is difficult to be ignored, the series

i nductor 12B, i.e., the resonating section 12,

s an ant enna and ,adver sel mts radlo.
paigill gL e Uit et oF P &'
€% tted t he . 150 nailn -t ctlo 12 q§ t hi

PaYntenna’ be aJDng as an T Gh na T ativet ? G chip.

Thu‘fjé St{}%%érof SR Mc?é lcgm”sﬁflb%ééc‘f’gégéﬁ%tﬁant

an 1 n UCG

clfjéJ_ ﬂ chid r&é%(mere : fék?éxerécﬁcﬁoc? é/\sxavaes.-gtqjg.er%/l %at

O wave e strengt an electric

fofgowaﬁgzyggéfg SBidafroma wreless facility is |less
than or equal to a predeterm ned | evel. Therefore,

t henkelgght ek ritthe sdizekeehll €hlkouigh deter Mgned s9N thie role
basis of the followi ng conditions: the coupling to the

of Grvaintinkd dhe i ldedy Widwedherehariacderdsd i 63 a8 the
EFC antenna are fully achieved; the series inductor

grcl2il necesshrmhd afol OpaT aldMgi ras tthe esofisdd iaidicitidr 1192B.
fornmed; and the size of the resonating section
Haviimgd wdisng fiilvg es@r itesi ghrd uitoonr t3RB disccwsidc mdvrdtintdhesurface
operation as an antenna is not so strong. In general,
of rhdtealpHimidet s igfcfuidi dmtandhdi7atticornttef alagitoodsavies to
emtted froman antenna. For this reason, it is not
obtain an inductance equivalent to the series inductor 12B,
the electric-field coupling between the ground 18 and the
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 attenuvation of radio waves emitted by the
resconating 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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all onwed to place netal such as ground near a radi ant

el ement of an antenna. In contrast, in the

comuni cation system according to the enbodi nent, the
characteristics of the EFC antenna are not
deteriorated even in the case where netal is placed
facing the backside of the electrode 13. The EFC
antenna can be made nore conpact than a known antenna
by appropriately selectlng the constants of the

d 12B th aral | el nduct or 12A.
th%ﬁ{?kifaﬁuﬁhtﬁ%naup%gsa%%%%&%ﬂ% ¢3ErY HasTRGY weak

caBELL 181 0o LSS LR, | el o som t#’“a
I fi
AR L el i roTn L on e

eqé‘%i ached ﬁ%&@@%ﬁ&g& fﬁxé?gg;e?‘lg%ﬁ%ﬂ@mthéshelght of

[ ustrated Ing ~a capacitance

thé‘n&iléﬁgé'@ffcg 1@e1§‘edie9@érr91néc§‘eoﬁn“&}?@n@as%eof widel y
known. At a glance, this type of antenna has a

foBleWLhYr €osdMidnst 0 thatc@ipl heg BRE afd egfdund 18 is
illustrated in Fig. 20. A description will be given

avefdédevigi & eriencess r det yers: afs BRE amd enmm@ aseshms are
transmtter/receiver of the enbodi nent and a

fulhpaoih baced) oaske dsant @nntndicitapac? B ansees $ satedfor
antenna illustrated in Fig. 5 emts radio waves in
opeffatetig ans BlreswhdB2: arioundita Fadiamed el amenthefsihe of
antenna. However, the antenna emits no radio waves in
theli retenaning sddttloservebudisng i | sepoies . iklector cl2B is
fields generated around the antenna are exam ned in '
such that the operation 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 paraliel inductor 12A. Unlike an antenna, an
electrostatic field has no polarization. A predetermined
level of communication quality can thus be achieved even

with a different orientation.

In the field of radio communication, "capacitance-
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detail. Specifically, a radiated electric field
attenuated in inverse proportion to the distance from
the antenna, an induced electric field attenuated in

i nverse proportion to the square of the distance from
the antenna, and an electrostatic field attenuated in

i nverse proportion to the cube of the distance from
the antenna are generated. Because the induced
electric field and the electrostatic field are

t t.ed | at i tqg th i st i dl th
o T A G bl BT B o v TG dope £18 BF an
. old is di 0P . i el _ .
anGBFL Aol i SobEe S et T g Ui RS nawcing
_ . . | | Nt
» SEEUAIE Bl A MGk I5* 3 Se kR a0
widdl T ihowh . @i NAuced &l eqtdiL té}é:% ¢ A dHha has a
el ectrostatic field are generat In direction A but

st uran gy At enualed dM @ld Erh o SUMs @ hted in
i nduced electric field and an electrostatic field are

Fidot2act izvelas cramyiopedin nadig Lomamig IdFEféAences

el ectromagnetic field generated by a coupling
betaleat redErf antarans Mdderi mid It e exaidioteddigre & the

illustrates an el ectromagnetic field induced by an
embadfimertte sntala digpelca.t g -12Gddd ustteaines t he nmappi ng

of this electromagnetic field on the coupling

el &ctrpdeitAsceshonrdeilnabhendragidnstrabhed in Fig. 5

electromagnetic field is largely classified into an
emidlsedtadie fiseled donporedtiansakavendeBnayeourdnponenignt

Ee causing vibration in a direction perpendicul ar
element of the antenna. However, the antenna emits no radio
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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to the direction of propagation and an electric field
conponent (Il ongitudi nal wave conponent) ER causing
vibration parallel to the direction of propagation. A
magnetic field HOis also generated around the
infinitesiml dipole. The follow ng equations
represent an el ectromagnetic field induced by an
infinitesiml dipole. Any current distribution can be
regarded as a continuous assenbly of such

e R e S R R 1 e
an I\%lehctli(osta %,ﬁag erl B‘%rﬁe; el{pan | e’drﬁicgecﬁ;gosmmt are
rapﬁtoglqﬁga?ttgﬂge\g-fpatecp %g—l 'Isé')t}e.d %er%o% %ﬂﬁék{(%@%&%ﬁc% +
ele%trl% Sflr&d -(aer' a{r?(réll'e ﬂﬁro%taktldc%%])cf‘ %es rﬁ Rqzctl:lvely
emﬁmdyydfﬂﬂnggdyﬁzggaﬁ%ﬁ%gggﬂégm the electrlc- f!eld

transver se wave corrponent i ncl udes a corrponent In .
| NKAr seeprepRhbheRn ito rthegdijsharaectr adi at e;@u?h%t;r ic
he

field), a conponent in inverse proportion to
elesucR ff th@ransmitter 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 direction of propagation and an electric field
component (longitudinal wave component) Ex causing vibration
parallel to the direction of propagation. A magnetic field
Hy is also generated around the infinitesimal dipole. The
following equations represent an electromagnetic field
induced by an infinitesimal dipcle. Any current
distribution can be regarded as a continuous assembly of
such infinitesimal dipoles. Therefore, electromagnetic
fields induced by these infinitesimal dipoles have similar
characteristics (for example, see Yasuto Mushiake, "Antenna
Denpa Denpan {(Antenna/Radio-Wave Propagation)", published by

Corona Publishing Co., Ltd., 1985, pp. 16-18).
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di stance (induced electric field), and a conponent in
i nverse proportion to the cube of the distance
(electrostatic field). The electric-field | ongitudinal
wave conponent includes a conmponent in inverse
proportion to the square of the distance (induced
electric field) and a conponent in inverse proportion
to the cube of the distance (electrostatic field),
but does not include a conponent of the radiated

el ectromagnetic field. The electric field ER reaches
its maxi mumin directions where Icosd =1, that is,
in dlrectlons |nd|9ﬂm ﬁy ar r.ws m ig. 16. In radio

conmuni cat i oyed/fn
conmmuni cat @h | yése 2t ted frgiﬁé% antenna i s
a - 42 transver sin bration in a

di rection perpendlcular to its direction of travel. A
radi o wave perpendjmw ar to t endirection of

pol ari zati gn is M6t _%c 5#? ontrast, an
el ectromaghé& i c % ma coupling
el ectrode by enp%g§ ng cation schenme usi ng

an electrostatic flelqﬁgr an |n ed electric field

i ncl udes, ngfsn de}faperan velse e EO,, a

Iongitudi $ | Qong its
direction of travel gltu wave ER is al so
referred to as a "surface wave'. A surface wave can

al so propagate through the interior of a medium3such
as a conductor, a dielectric, or a magnetic body
(whisch swiclealye f rgms thebediolvat egpations, the electric-

field transverse wave component includes a component in

inverse proportion to the distance (radiated electric field),

‘a component 1in inverse proportion to the square of the

distance {induced electric field), and a component in

inverse proportion to the cube of the distance

. (electrostatic field). The electric~field longitudinal wave

component includes a component in inverse proportion to the
square of the distance (induced electric field) and a

component in inverse proportion to the cube of the distance

"{electrostatic field), but does not include a component of

the radiated electromagnetic field. The electric field Egx
reaches its maximum in directions where |cosB| = 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 contactl ess communi cation system a signal can be
transmtted through the internediary 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 wth other systens

| ocated relatively far away. It is thus preferable to
suppress the radiated electric field conponent, that

tra®svd s ek ML RRILAGHE I pTRITWRAI GAL 10/ ¥iR] Shhe
| ongi tudi nal wave ER containing no radiated electric

pefp@hdi cE€DIPONS M t Wi 18 SEHUY 6581 e ddIE, t rAnsyerSe,Npve
EB containing the radiated electric field conponent.

pefpam idel above- trentd onesk Mbrewpdi g 1 ak hes HRG, and eqnas
- 43 according to the enbodi nent are devised in the
corfroin jové tned . meEImerontliedt | SSn tdiee @hoymeadrent i onedrd hr ee
equations representing the electromagnetic field show
enareting nftdre a casmp Mver ee et hdwlits dnmieyyiEgy = 0
hol ds true, and the ER conponent reaches its maxi num
comgsiTel epeicdf | sdldme BB NG gt velse d im0 et i sigh gt drs
. perpendicular to the direction of current flow, and
ingradflrat 11s hsddnimahues i tbesidrg a |@anyatee wave
direction of current flow. In order to nmaximze ER in
Eorf pohPnEf tiHénaLleBVEdEr GiTHY sVilbedbbemi 2lerg 165t he
I_elec,trode surface, it is preferable to increase

A&t For s PNt i (47 %lfectFode SO | n
o SELPYY A IE Sa2 WEr e f oot 10 PO (B a1
préﬂgag%%?m%%ough 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, 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 Ey 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 conponents, the Eq
component in front of the el ectrode increases.
Therefore, each of the EFC antennas according to the
enbodi nent provides the feeding point substantially
at the center of the electrode (described above), as
illustrated in Fig. 18A, such that the ER conponent
can be maxi m zed. In known antennas, besides a

ac5998§58dt8|§ &réﬁbé&fﬁ QPee&Sfiégétfﬁ'Ehé fégkgﬁgng

an I nduced e ectric ar e SO generated

magheetrignfteld, C@H@'éBSvQCﬁ@ﬁ§lbﬂe&h@hr&§5§%MQ€£§n§
transmni ssi on ant enna and a receptl on ant enn are

repraseft Neqr tach] Ot hLebmaRUeYEr £i 81 ACELHNSEROE , tDE the
44 energy is enmitted as a radiated electric fiel

casdchh&nowh = ant ensiBss af Lud NST H O @i o0 tpekf, 0Lmg the Eg
contactl ess communication. In contrast, the EFC

compbeamasréadiuss rat ednapinkng. M@rén§¢@dﬁfiﬁﬁlpppptgng
el ectrodes and the resonating sections in order to
reqdpipeovet $ heax ireums niissi oht ef § | pé greyd byulgenes atheag a
stronger electric field ER at a predeterm ned
difeelgiemcyl ¢wrrdrt chbew whenre Eihe RO tidgrmaaofintire when
transmtter illustrated in Fig. 20 is used alone, a
it | bhgraird kel -avidie eieeg et o i ef &%m%efﬁOiER iB1 order

generated on the surface of the cou ggkelectrode
Lo HHEEEE Y rBmsVelsonapd Eoepoian o@% laiihnllr‘-ﬁg a

r adi ted electrlc field is snaller t han ER, onl

DI REIGff Wit SFRreC e i ifaee Thbk 33, p%%@able to

increase current components perpendicular to the electrode.
In contrast, in the case where the feeding point is offset
from the center of the electrode, current components
parallel to the electrode increase due to this offset. 1In
accordance with the current components, the Ep 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 transmission antenna and a reception antenna

~are placed near each other. However, since most of the
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interfering with other neighboring systens are not
generated. Mbost of the signals input to the EFC
antenna are reflected fromthe el ectrode 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 transmtter and a receiver are placed
at a short distance, coupling electrodes are coupl ed
to each other mainly by a quasi-electrostatic field

en&?@?of§némf@§e@p§§a§er€$o c$APACIL Of - ABe dﬁ?ﬁ%‘é known

he” EFC antennas as a e operate as a
anfdhb &8, atdusn AchE BY] 0 | MPEAANES Bl G 119 1 £ s Passband
frequencies, signals and power are largely
cotfi@nbda 164, t ord COMMPEEEAt N BaF tNBl ek A Blustrated in
negligibly - 45 reflected back to the i nput end. The
Fig shoo tigh Biddncgie AR ONEE heferdgedefddeathdyresonating
wavel ength X, that is, corresponds to the distance
sediet aveeni i herdotpld rtgn;a}cesﬂé rirce st rah i i sh <«<FkiAdncy by
For exanple, in the case where the operating
gergwguent \a fo- iongke Gzl edthel ¢ shicrltd dizstanee'breblettweeanned
the electrodes is a distance of 10 mmor less. In the
freqemathere the EFC antennas of the transmitter and
the receiver are placed at a nedium di stance, an
el &&t LSt apise helre ftheaEFEnaatednandfathe transmitter
.. longi tudi nal - wave electrlc field ER mai nly contai ning
1l iRk d elfddt %0 iS5 a1599 S 1gditer @& dniaitugkinal-wave
vicinity of the coupling electrode of the
eleccrtd:r?s‘%n%%%'d Gﬂﬁ@qrtﬁﬁﬂat LiaPehgvetefetpr ther pardapr of

is received coupl.ing el ectrode of the receiver,
the cou.%lng elQEtrod %1né% transverse-wave component

Es containing a radiated electric field is smaller than Eg,
only negligible radio waves are emitted. That is, waves
interfering with other neighboring systems are not generated.
Most of the signals input to the EFC antenna are reflected
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 receilver 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 frequencies, signals and power are largely

transmitted to a communication partner and are negligibly
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whereby a signal is transmtted. Note that, conpared

wth the case where the EFC antennas are placed at a

short distance, it is nore likely that a signal input

to the EFC antenna of the transmtter wll be

reflected fromthe electrode back to the input end.

The "nmedi um di stance” nentioned here is defined by

the wavel ength k, that is, corresponds to the

di stance between the coupling electrodes d being

[ Y. : j me ot 2 t he "

e Mo Gperar me TTRtaeney T orie hets RS

merdh SR e REt M ER 110 £11IBFtF DA S 12 i stnce £ rom 10

mmto 40 mm In a conmunication schene using an

cot @eidasd atd CtHd eltbtandd b&Hwadh | trhicesd;®l 8¢d rd Lectrodes
field, the electric field strength is rapidly

d mdirenuated. /Ix.i NVeSS @ Rignes,t Lion the thescur @ dike
square of the distance. Therefore, the conmunication
opgmEigieg i Brdquaned f,0ia veGHzshahk dissicanc el skanidae
case where an RF signal is used as in the UWB
betsgmruriteate loctoroddre 13 ke, distdrarge Hridhagatdmnld os.s
is incurred due to the short wavelength. It is
t hdheftbee cascevbary tbeatfFachntkanasl edt tbdes rgEE@itter
antennas) of the transmitter and the receiver to each
anchtifer mECHIHET & pdssidsic atmsamiat uthatisteommmiarat i on
over a long distance is difficult. In order to place
elagigaatediirodes Khfis dtdmmiptadbsad @ devtpigtusimal wwawe
el ectrodes are necessary to be aligned in a very fine

y gne ,
clegiié Tid fosleinhe 6PERENAPECRFOABEUSFE RAEESEZAFY

figfé g% generated in the vicinity of the coupling electrode

of the transmitter. The longitudinal-wave electric field Ex
is received by the coupling electrode of the receiver,
whereby a signal is 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"
mentioned here 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/2n. In the case
where the operating frequency f; 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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mai nt ai ned during data communi cation, which is
i nconvenient for a user. In contrast, the
comuni cati on system according to the enbodi nent of
the present invention includes a dielectric or
magneti c surface-wave transm ssion |ine disposed
between the coupling electrode of the transmtter and
the coupling el ectrode of the receiver, allowing a
surface wave of an el ectromagnetic wave emanati ng
or fEAMARE-EQUDI i RgreleciLpde ¢ Qf Lhs-LfpnspILigr {Pength is
propagate efficiently Tn the interior ~and on t%e
raﬁmiﬁc&@énw@eé UTh aC@odBYE LFERSAE S8k Of | 1€ culk el the
in the case where the coupling el ectrodes of the
sqiid baSHT tties @nsh-dhee I ecRhyeErFE, PERECEbRbuRication range
relatively long - 47 distance, a surface wave
is enbmatédgralue tory hehetecdistadicel d IOt | ®fsd Svhere an
transmtted with a | ow propagation | oss, thereby
RF perdmox i g Watd aonmmunilcat Tiok . cdrimibliusa besones the like, a
unnecessary to directly attach the coupling
lardecreris: fon heots ansMtwerrethddudet o ede: vidrotto each
other. O transm ssion waves using el ectromagnetic
wavglgngtha  Jiavies vilosee hes aisct ity o iastsdgwerhea han
the velocitg of light c is referred to as a "sl ow
eleghierdennEE e Wiose opHdwe aanmititer jand dgrer
than the velocity of light c is referred to as a

TeORIIGET ey 3t W aces BV GOt rRATOMRIKS ¢ dleaihend ditid

slow wave. In the case of., an infinitel '_Iongﬁme-n
SRS SR 19 1P Hokdire St it i@ M energy Gder
to g:gl%gc:enmtttrhtaete ge&_t ehcrtorl'I est hseuft tr iacnisemtslssli Oc olslen etc; neaac 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 includes a dielectric or
magnetic surface-wave transmission line disposed between the
coupling électrode 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

- 47 -




manner and is not emtted to the outside (for exanple,
see Tasuku Teshirogi and Tsukasa Yoneyama, " Shin
Mri-ha Gjutsu (New MIIlinmeter Wave Technol ogy) ",
publ i shed by Ohnmsha, Ltd., 1999, p. 119). The
"surface wave" nentioned here corresponds to the

| ongi tudi nal wave ER, which is a conponent causing
vibration parallel to the direction of propagation,
of the electric fields generated fromthe coupling

di 8t 86L& 0dess (HeSCL i Pedle abpyedr i JheyRL oPagaLd o%‘]heéctric-field

mechani sm of an el ectromagneti c” wave al ong

cogplfagei 9f + fa COROMEL QT i en th €] 8FLEECpa§ht Bon MBINE! | Chereby
body is known as, for exanple, the "Goubau |ine" or

perfoimNg) {404 CX@PhEzaseen US Fatemls NaScoré85068: eddsary
- 48 2921277) For exanple, Japanese Unexam ned
to Rat estt ppa it et Ofh Puddh Bt th e N t 2Z8Ss 1456 e
di scl oses a surface-wave transmi ssion |ine using a
trahshecter cambhdehof recd hesmopd asddlc otpodyner as a
nmedi um Japanese Unexam ned Patent Application
Pul§ifi datiremiNgion W25e87 usdkes cd eprioposa@nedtdre £ields, a
surface-wave transm ssion line that can suppress, to
Wage ddrass ohhsp e lecit st rihuiorer angn dfhe velocity of
.electromagnetic fields by twisting together
Lightelechs ikafoiral diecty iz tilset vafie’h andss wive |wrese
in a predeterm ned cyclic configuration. The .
PhaRQpHgRTIGY fedmadiasthet Hirteldi remdRfidty Cfadohth @ is

e-wave tngpsnission,line is described in detai

urfa
reﬁserﬁre dr° S8l &2 NadENe su NS ETRES ik FrRtREPonds to

thé«¥é¥%%i slow wave. In the case of an infinitely long
transmission line in a slow-wave structure, energy is
transmitted throuch the transmission line in an concentrated
manner and is not emitted tc 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 te the longitudinal wave Egr, 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 known as, for example, the "Goubau line" or

"G line" (for example, see US Patent Nos. 2685068 and
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(M crowave Technol ogy)", published by Mrikita
Publishing Co., Ltd., 1995, pp. 182-190.
El ectromagneti c surface waves propagating in a ferrite
rod which is magnetized in the axial direction have
been extensively researched. Three types of
surface-wave nodes are already known: "dynam c",
"surface" (surface node), and "vol une" (vol une node).
The dynam c node exists at frequencies where the
20bepnyte rod can be sinply regarded as a dielectric,
and a forward wave propagates in the dynamc node. In
COMtd@Sdxaridles S WdRaR JDdm andities ol dire: M8 @A ion
nodes where electric power is concentrated near the
Pusuf facton ol N20OB-Tent @7 @fsthesdersi s erfode-dsde a
backward wave - 49 nmainly propagates in these nodes.
trémenis s hesel imdessitdiea dlelacer odeads apphiEeto®lastic
resonator, and the volunme node is applied to a delay
polymer angl @ Fadaday rddpdanssd seesxdobiedi PMeemt ,Application
"Hei kouna Ni honno Ferrite-bou wo Denpan-suru
Pulplipemerethaido Kehk328 { Resleas ch mrosusd hckomaw esurface-wave
propagating in two parallel ferrite rods), Doctora
Craf HeeT3ean oningvHreht 8 JOFIYess Fige B showsimrdegree, a
. exenpl ary configuration of a contact]|ess S
di ok it | RIS tlerf e RTone Eie faketdmvey twisting
transm ssion line is interposed between RF coupling
togiidtin VIR 5 s 1T NF of YRedet vekth Theless RE
illustrated conmuni cation systemincludes the
1035 dibr (LOG T G LS 6 Pert BT The

i SSi . i ver 20 configqured to .
prc)tﬂaagna nﬂoSnSIII?endhatnhlesn{ eoc§ ane eleoctromagqjetlc wave 1n a

surface-wave transmission line is described in detail in,
for example, Masamitsu Nakajima, "Maikuro-ha Kougaku
(Microwave Technology)", published by Morikita Publishing
Co., Ltd., 1985, pp. 182-190,

Electromagnetic surface waves propagating in a ferrite
rod which is magnetized in the axial direction have been
exXtensively 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 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

transm ssion line 30 configured to transmt a surface
wave enmanating fromthe transnission electrode 13 of
the transmtter 10 with a | ow propagation |oss. The
surface-wave transmssion line 30 is nmade of a
dielectric or magnetic material and is di sposed along
the direction of travel of the surface wave enmanati ng
fromthe transm ssion electrode 13. In response to a

maiﬁgfis%t . %ﬁ@t%.ﬁqﬂ?%hé§é %&dgé .o.mﬁﬁbnéJ pﬂ?%selfn%(%e? ,hethe

ap e transm ssion clrcult” uni

sutfaPsmbderi 40, genesates an- R 4a0smM §54 oS @Malne mode

such as a UMWB signal, on the basis of transm ssion

is dappuidhecsi gnadlaput i 0O therdAPSAESiOn CddLuit

unit 11 resonates at - 50 the resonating section 12,

Tosgtiithi hee S ghalHe Sk@md techdiran rdhei td-ansim &S ¥hpan-suru
el ectrode 13 as a surface wave in front of the

Hy @bt +lodeno Theen sy f aroes evanveh esh tdhedf fdomdhes propagating
transm ssion electrode 13 propagates efficiently

in thwougpra el nfesrmiedd arods )of Ddwe e duiessaveation, March
transm ssion line 30, which is then input fromthe

28,r ecEpl)i'on el ectrode 23 of the receiver 20 to the
reception circuit unit 21 via a resonating section 22.
Thé&'igecpsher scBic grEemgRiRt v2 Ttogdhrogrbaties afidadecodes
the RF signal received to reproduce data and

ContagssTSs FHEUIHEGHIRIC &Y @ o WHelupperurface-wave
fr appl.cation. The surface wave emtted fromthe

at‘i‘{ﬁ)‘ﬁsﬁﬁ% o NS e tirdde PPF S BisfehtRiorr iR 16Wd f ace
elégkf%nﬁn§¥£;%f%ﬁ%ﬁé%dtter and a receiver. The illustrated
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 REF 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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transm ssion line 30. The surface wave inside the
surface- wave transmssion line 30 is repeatedly
reflected every tine the surface wave reaches the
interface between the inside and the outside of the
surface-wave transm ssion line 30 and propagates to
the reception side without |oss (which wll be
described later). Through the intermediary of the
surface- wave transm ssion |ine 30, a signal can

f ently, fr t t SsSi 0 ectr
e AP in L6 0L 3 LA IR AIRIL L O v
thd NSFHa86 dheod rléiléj&ﬂ}od@r‘ﬂi &0y %lfﬂ* QG Gn front of
emanating fromthe transm ssion ctro

thd educe- the anount of the surface wave emtted to the
outside as a transmtted wave, it is 51 preferable to

pl aee thererd kace ehithedirebeChhiC tehnsHRGRELIC
surface-wave transnmission line 30 in front of the

eldetansid SS3 @ @Ppedvade A8 suatt Thath idigyienthd age Cafediary
be substantially perpendicular to the el ectrode

of durd e f e eag-wadres s sami sexienpllame Si0,uGthiregh dfs a&hen
surface-wave emtting portion (EFC antenna) of the

inputarfsrent tédre Iecaddtion tiactitralestactiurtteofreaeiver 20 to
surface-wave receiving portion of the receiver 20 is

thesinggemt itcg e Btitustnirte 41 [ist ratusbdnat iFiqy.settiam 22.
illustrated in Fig. 4, a line-conductor resonating

Theg g@Geit 1rin Wlafcmlédéltné{tmmediqm@gﬂat@m 2@y dlesmdesdghe RF

are connected to the tip of an RF signal |ine

S1gNRcl §@RgVEd dGaxicaIr ochtice datife ands diarisfgigedtticoon 12

reﬁ?yﬁdgéd data to the upper application.

The surface wave emitted from 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 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. 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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transm ssion el ectrode 13 as a whole are designed to
have one-fourth of the wavel ength of a predeterm ned
frequency, thereby causing resonation at the
predeterm ned frequency and generating a surface wave
at that frequency. In general, the generated surface
wave is attenuated rapidly in air as the distance

i ncreases. By connecting the tip of the resonating
section 12 to the center of the transm ssion

pré%é?ﬁﬂfQQJéﬂ%gg%%mﬁéﬂéﬁéﬁ%égétJFE%H%ﬂ&%géﬁéﬁég? or

magneti c -wave transm ssion 11 ne ront

naffete ﬂ%é@qﬁv%gkf&&ﬂnﬂgﬁ%' hSUWRS AN ALY of the

perpendi cul ar to t emtting side of the electrode

trabnPs S Atk wens LM 3 tadh fnpm the AN SSIoh be
el ectrode 13 can be captured by the - 52 dielectric

subdtdRgNEtlE Sdatermanvg- trangd ssiit ddde Sface.
thereby realizing a surface-wave transmtter (or an
EF€igantienhajs Bhe ethetlpgelri &tofictRgRetifc aswifrdeecware e
transm ssion |ine 30 is disposed, at a position
emigubistamtdiilon EFpendiantar dH e telaciniodeesurdf.acejote
in front of the transm ssion electrode 13 having a
thadt rtdreg strduded celetta isoir faed-tvaared @ecstindingy portion of
el ectrostatic field. In the case where an induced
thep|regaioeay@ét iic f9iglid sand-carthel edimogtuatd d flivstdcated in
_generated near the electrode 13 are captured at one
Fidend-face of the surface-wave transnission |ine 30,
the captured electric fields propagate inside the
trafsits8rbhalrAeiB0Fignd4ar @ LAPET COPINREOreEBBENGH1NG

l.ectrqode 23 of the receiver
seéilon #%E% 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 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 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 emtted fromthe
el ectrode 13 of the transmitter 10 is transmtted as a
surface wave in the surface-wave transm ssion |ine 30,
thus inplenenting data conmuni cation using a surface
wave. Fig. 6 shows another exenplary structure of the
surface-wave emtting portion of the transmtter 10.
Note that the structure of the surface-wave receiving
portion of the receiver 20 is simlar to the

diStduct ut eof'rhée’%ﬁéﬂ@dsﬁf‘fdﬁgé%a@e 42860 Of o rﬁ?hnee 30,

surface-wave tting and recelving portions,

thd S0Pk N0 SHES | PN e d ACL g & A Uipeds CRRSt A ErC
circuit having, instead of a line conductor, coils -

antth@d, a capacitor is disposed. In the exanple
illustrated in Fig. 6, the resonating section 12

I n@h¢des d1ke tparaldremagrRuet e rk2de WaveD tirSnsmission
connected between a signal line of an RF transm ssion
lide ey fromide dednsni ssimns o Tui dubidntlidaland
ground, and the series inductor 12B, which is
‘pemmmRbictElchr bet iden dlectsiggiralsud feecegndin hiereltectff adee
13. A strong electric field is generated in front of
t rarksnie ssictry odee ct3;odenhlst ety iang ur fsoenmviedaredelectric
_efficiently generated. In the transmtter and the
figqlgbainfers s ydls Ofe BREO s titiehnbis slich Tas thwogmse where
illTustrated in Fig. 6 is disposed facing each other
an jindced wliesdeamanatighSisdst omd iafe eliqfttaiqrdsddc field
t her ebet ween. Two el ectrodes operate as one

- 9enSRAETR Gt 1 SEEE Ot dnhdE AR MISIE Hpstg engd face

of %he surface-wave transmission line 30, the captured
electric fields propagate inside the transmission line 30
and are input to the reception electrode 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 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
bortions, the resonating section 12 including a lumped-

constant circuit having, instead of a line conductor, coils
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band-pass filter. The inpedance 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
(descri bed above). A surface wave entering a
dielectric surface-wave transnmission line is
repeatedly reflected every tinme the surface wave
eac N h t S| . vels, in
an& Q 9§$a&P§o£ I? %?%% P ﬁg% eggmﬁfg 1%{$%€r§ted in

ection o aga ion

Flgecgl Vefie ngggnaﬂ \!l&%tiﬁt fﬁcw&egrﬂ@%fmgi

surface wave-in ectric surface-wav

1n&ﬁ@ﬂ§ﬂ1§§Aonwﬁi8@ 15h@%ﬁhé&%@dtﬁg%&%§ﬁe§t§i%g§?nf£ﬁ@tof an

s of the dielectric is - 54 greater than

RF Ot £A@6h1 & £1 6ONBL AN £ £8n Of hd Ner@hSmi SH EQUROENG: ¢ henit 12
surface-wave transnmission line. In the case where an

an®| @edtodRGNed | Chaey@r { SIr { B@ect MAVE)IR) Swh 1\€h deHt cOnected
the interface between two nedia having different
betietrectiié csopmst antse dred raed | OleOccads B5. | M therong
case of optics. In the case where the incident angle
ela@trbechiesd equajenardtmsd cimn tfoabt angl ehé. e bxpresdedl 3,
by the follow ng equation, the refraction angle et
wheyertvimes stubdce ovavy Zararee teef waben t kansenatated.
through the dielectric travels parallel to the
i nttér thee Lransiié teasanghdhe tessinsirdent padnglod GEC

becomes greater than the critical angle 6c¢c, total
aNGEMETITEH TSR dHasralihder Fiter f o, dispasrd

£ case mhere an el ectromagneti c wave enters the
aq%ﬂﬁwﬁ%ﬁ gfther with a surface-wave transmission line

~interposed therebetween. Two electrodes operate as one
lcapacitor, 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 dielectric constant & of the dielectric is

.- 54 -




|

dielectric plate at an appropriate angle, the

el ectromagneti c wave (surface wave) efficiently
propagates without |oss while being repeatedly
reflected at the interface between the two different
media. 0 =sin-" ¢cO/ (4 Fig. 2 illustrates the
propagati on of a surface wave in a nmagnetic
surface-wave transmi ssion line. Note that the
magneti c perneability of the magnetic body is greater

grihao: 1 &“ﬁ@ﬁ:&i&g&?‘f@b&aﬁé%’a@t of, blre Akl iy

surroundi ng t sur face-wave transm ssion |ine.

suffloﬁm.iﬁ@%&h%ffg\@e-@é@@t{pgwgnféé oy ey L surface

wave) is’incident on the interface between two nedia

havifng rli ffBIeRihdRINg! i e REX diild §fvd efdiactdQn
occurs as in the case of optics. That is, in the case

watpr es theci dehdent angl Ents r PEEOBStweSW At wd nddEa having
critical angle 6. expressed by the follow ng

diefpedniondié hect ef ¢ acdnh Ota ) eretrhectssoetudd 49 in the
n/2, and the transmtted wave travels parallel to the

casatef fageicd n Ihetlcasse shereetdethacidenderangiregBé 05
becones greater than the critical angle 6c¢c, total

becai¢pctqunl ooz uwrise atrithiecal Meyfadh. cXpeeskedebyi nhehe
case where an el ectromagnetic wave enters the

folmwindrepfatai amgnidid crpiract an angkpfhobetanesanghal to
the el ectromagnetic wave (surface wave) efficiently

T/ Zor GpEhdthes Wateh duranssis e | aseialy thepeabitaddigeric travels

reflected at the interface between the two different
parglfiel to the interface. 1In 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 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.

— gin ™!
6, =sin" ,/g,/&

. {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 pg of the air surrounding the
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as in the case illustrated in Fig. 1. 0, = sin-1 ,uo0
/p (5 The inventor of the present invention
performed a simnmulation using a finite el enent nethod
to obtain the distribution of electromagnetic fields
generated around a dielectric (or magnetic)
surface-wave transmssion line interposed between two
EFC antennas 1 and 2 facing each - 56 other to
transmt an RF signal through the surface-wave

sul FR0SIN 254 00 LA 0f: s TN, ST at 1 o Apsuled. Lhal 4 e,
surface- wave transmssion Tine was a dielectfic Wth

el@ciﬁ&rﬁ‘écﬁﬁ@ti@'ﬂ@% [derf 05t At e 0f: 10:n & dSl At Y & e
magneti T perneability of 10, an electric conductivity

in®drLadS poBRSEN twd KEPSS-hSELd APt & Afafhdim X 6

mm and a length of 49.6 nmm The distance between
peBRsdb Df i £ V& enee facesi & ddeusdrd4ce Wave case of optics.
transm ssion line and a correspondi ng coupling

Thet ecd r olde mes cased wieh) tha andiddrec apefad i010becomes
frequency was set to 4.5 GHz. Each EFC ant enna

equaik|udetha coitpl déag algics rihdexpheseecdr eg thas fdl1bmixg

11 mm and hei ght was 3 nm which was di sposed on a
equptood bde drafitdretamraraesylof RObenomed2eoual ato n/2, and
thickness of 0.8 mm and a dielectric constant of
theg Wrarpgel- treak ovfatd rigrawelet imrd g uded thestinirerface.  In
(described above) with a length of 20 nmand a width
thefcapanithemfe Yhenginddlad! adidlectB:dpeedmes hgreater than
surface-wave transm ssion line, that is, the direction
the eRifiiala Ayl sterahskefieatiqasoregardad h8et he

inf%f?gé%. Therefore, in the case where an electromagnetic
wave enters the interior 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(: = SiIl_l v JUO /Ju

. (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 el ectrode 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 transmtted through the internediary of the
surface-wave transm ssion line as in the structure
illustrated in Fig. 27. It is clear fromthe di agrans
ty= r v | t [ tude in
otﬁgﬁ to.égén§hfg %$g§$2$i§§%ﬁt¢kf§§%¢ %ﬁk(ﬁu%fhge—wave

direction perpen ace

tr%ﬁ&hfgéféﬁ s d ?C%H@Vﬁrﬁ&?ﬂéfﬁéég&méa nﬁbﬂ ?&?@élygéféface—

romthe EFC antenna 1 to ant enna

wa KO §iRd s i ShangSe | fa &Ny R BCTLdCr{d &) O over e 1d Bye
i nduces a magnetic field. Figs. 29A to 28F each

didlddst i@t eome€dianasr 170 t he i 8d i Pt Of i dBgERd foility -
fields in the xy plane for a half cycle at intervals

of af0 onen tened dihi ¢ aforadened eitt dhep castendied AN Reross-
signal is transmtted through the internediary of the

securdracle-awve ¢ff ansm ssidmm,| iarel as ldgnddte ¢t ragctdimgn. The
illustrated in Fig. 27. On the basis of Figs. 28A to

dispgmcdilgptvBte s crmratd L alwy erd | imtaates thwe surface-wave
distributions of electric fields and magnetic fields

tragemdrstian driovndindhe dietmsipdndioy femeMave electrode was
transmssion line. It has already been nentioned that

sety Lot e vk v pargita tig @l forrpiuenansd ssitorkd iheé GHz.
i.ncludes the surface node where energy is

Eachpddéntdrdisdd anddiciusied figoaiel 1619 tHE G Radmivsissh area

qug and the vol une node where , ]
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
¢.8 mm, and a dielectric constant of 3.4. FEach resonating
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 transmissicn line, that is, the direction
in which a signal is transmitted, was regarded as the z-axis,
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
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energy is concentrated in the center of the
transmssion line. As is clear fromFig. 30, the
energy of a surface wave propagating along the
dielectric surface-wave transmission line is

di stributed near the central axis along which a

| ongi tudi nal wave conponent propagates (vol unme node)
and near the surface on which a transverse wave
conmponent propagates (surface node). That is, a

n
T TR
to digd gl F f Lo aNM écﬁﬁgfégkfﬁg'Qﬁ?%ﬁcé%{ﬁqé'6&Jﬂ§ﬁfgsion

(1’ ncludi ng the above-nentioned tot ection

1i COMPaNS At SAUSHRNY MDr@id ahshsd antd aldne @af ald@lnna 2.

to the direction of travel is generated Iin the

centd als RAIWINOR hiatS ade Hahgediiel el HiecthUld Bl over
magnetic field is generated so as to be wound around
timdeirRddala axdgnetdfc thiee1di el ecidd ¢ d9n accaTRaNGe- t h
changes in these two types of electric fields.
ilJAcoradiendd yhemnegd ginalthpy apagatigsitilon tdf snease;ia@ fields
sui table magnetic field is generated, which interacts
in wilteh :an Elaest ricar fd dlad i otdle casemtrermltheof one-twelfth
direction or strength of current or magneti sm changes
of (@ revsnte din diveatdasy ndvaws )an Fierssiforad, iwhdrraasmitted
electric field exists, so does a magnetic field; when
throusdyids drtisgmediadivstod e dorsiaae alaam gl sgion
. Accordin a surface- wave signal is expected to

Ly, . .
1ing GFadat 3%@%% lid leredrgit®Ry it Fisherdgy form
back and forth between an electric field and a )
magRetP€ PRELE. OFnfddhtr 48, 8 magnefi@-sdlr scoeHardcally

illustrates the distributions of electric 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 is 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 enerqgy 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
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transm ssion line wwth a relative nmagnetic
perneability of 1 has difficulty in capturing a
signal since only an electric field conponent is
generated fromthe EFC antenna. Figs. 31A and 31B
illustrate the propagation of a |[|ongitudinal-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 transm ssion

- C e ongi [
neé}f ect r| 4 %éeﬂs(% Cﬁlgeefh%érata% eéoll’gognﬁjcghg]eais% a@ledlo fthe Ve
c1&0upld nﬂl&@%m@mﬁl el Aanty oy of the
surface-wave transn ssion 1 ne, as ustra |n

refd &t B cdhSod &NY) té&i@ﬁ%%\@fammtﬂ%@ es

near the central axis of the surface- wave

patd BNSI &S 01k |d1k&e¢ﬂ’hdrh%ﬂ/0iﬁﬁ%lw-%ér{bﬁi€ec§a§$ the
where the | ongitudinal -wave electric field ER

cergenel @@tk vh  ihel sairflaced vf 1 dder toupl g led ectd aglegristic
perpendi cularly incident on the outer periphery near

fidhe endyafetdteed wd ace-tawawe doansrssimnh thaeeratsral axis
illustrated in Fig. 31B, a transverse wave conmponent

of priopafjalesrnear irhecwidoeofwitie clendeceimenteese two
transm ssion line in the surface node. In this manner,

tydes tde sclasy vitverfel el v f e awtieng o pageiters: lalompagates.
dielectric surface-wave transm ssion |line, the volune
nmod&@ &Rdst Fa@ssur Paceifpdd ceripgnetthe fdrddgy si generated,
transmtted in both the volunme node and the surface

whifge N qarasitder it rdt st isurfigeld! vidy & hemiqassd vhegi the

d the EFC antenna without any loss, it is preferable
lﬁ%ﬁﬁ”?hé”hﬁ@g%ﬂg of current or magnetlsm 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. In contrast, 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 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 Eg
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one end face of the surface-wave transm ssion |ine
(thickness of the transm ssion line) be sufficiently
large wth respect to the size of the coupling

el ectrode. Fig. 32 shows the result of obtaining a
propagation loss S21 in the case where the size of
coupling electrodes of a transmtter and a receiver
is changed in the structure illustrated in Fig. 27,
the result being obtained by a sinulation using a

gedd Md& &lemBlY JBIAND N6 Rl r%q%l'quﬂg %ﬂecgfﬁ#ﬁ&e‘{§ hat

the surface-wave transm ssion e Was a electric

ind¥ddhid dreldd e i @l &Cldf G HONSiatcffirald @radSliald v

magneti c perneability of 10, an electric conductivity

1ird, Gad Sienens/dded arCrmiss: seot, Al 1A Qfd a1 b
mm and a length of 49.6 mm The di stance between

comgaatertf pdaspent daces0ft Hhasigdaceay et rans Hesi k-
line and a correspondi ng coupling el ectrode was set
waue0 t5fhrmamisanicbn tthieneoper atHengy dneguencie wasirs athd aakd
GHz. Each EFC antenna included a square-shaped
wheggupglhiend celggdtudide whese  dieicginti ondsie8 dnfjz whhelrawas on
di sposed on a ground board with an area of 20 nm x 42
thengurfadsi ckndds gfou@l8 ngme lawdt medadiiesl exstnpenddansitaanty
. of 3.4, Each resonating section included a stub
IncEdieddr e d hab GWer tninely phegngiieast @ mndamd thenisgtface-
of 3 mm The length of one side of the couplin
wave ddErsHe SRSy dringbl &5 [l Ljus taadsd flrnorﬁlﬂ-g.?’l%a #hat
t he roeg ation loss S21 is substantially constant in
e

trangyerss e FETPRE ST BEvesgade s fgaduttiscsudpee of the

transm ssion line . . .
surf%cewwave ransmission 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 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 Sz1 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
obtai ning the propagation |loss S21 in the case where
the thickness of the surface-wave transm ssion |ine
is changed in the structure illustrated in Fig. 27,
the result being obtained by a simulation using a
finite el ement nethod. The operating frequency was
set to 4.5 GHz. The sinulation assuned that the
surface-wave transm ssion |ine was a dielectric with a

assudy FElAlye dislaeitis canstant; of, 0 d elative

magneti c pernea aneec Fic conauctivity

dlé’lfe@crics' Sérgel dvéal dleéh_gg& f A@or@sﬂogﬂt U}_e 10, a

di st ance bet ween eac two en (%aces t he

re B A€ GrBys: 44 M&%mdy W @and Cé)fé@éﬁ@dl ng
coupling el ectrode was set to 50 nm and the

cortd@SSteRg) ional @ Randdiengofl aas oyialsokach ERCor 6
antenna included a coupllng el ectrode whose area was

mm b4 anAny, skl Emlandtthese fridhin Washd: s tehiceh basreen
di sposed on a ground board with an area of 20 nm x 42

eadimofa i ckresacefs dE &hamsvartth e -tieglee airvansntionsitantl ine
of 3.4. Each resonating section included a stub

and dessridserpatiove) osudl iand erdgidt mafde 2G:smmaeandca 54 dhy and
of 3 mMm It is clear fromFig. 33 that the

theproamragdtiingn drespi1edRYy odanged Wia H .théHzhi clleeds EHIC t he
surface-wave transmssion line. Fig. 34 is a graph of

ante@er da\fliudsd ghtsgivangg sthieeedcspagatrico s lesds ogz] vhese
the case mhere the relative dielectric constant and

helighd m@isats v& magreti eragedisaisissd ypn 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. The length of one side of the coupling
electrode was variable. It is clear from Fig. 32 that the
propagation loss Sz; is substantially constant in the case-
where the thickness of the surface-wave transmission 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 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
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of the surface-wave transm ssion |line are changed in

the structure illustrated in Fig. 27, the result

bei ng obtained by a sinulation using a finite el ement

nmet hod. The operating frequency was set to 4.5 GHz.

Each EFC antenna included a coupling el ectrode whose

area was 11 mmx 11 mm and whose hei ght was 3 mm

whi ch was di sposed on a ground board with an area of

20 M x 42 mm a thickness of 0.8 nm and a
redhel est i g1 6081 an 1 & oFaLH 1£S ' Lon; -

62 included a s?u%o§%%§%?i%gdggbd§e€@€§$%g%§ﬁ%%%t l%f
peZle 8l BNty &f W 0} ha®fe Be 81 d hEoShieHn a5 ON @sspned

that the surface- wave transmssion |ine had a
[Steosss SeT] | ondl a ar@egd 6f o X6 Hin M B @i dengtd Wtween

49.6 mm The distance between each of two end faces
cac ¢hetwarémtefavwe &f arisen SsiDacd +meva@ntraénsmission line

correspondi ng coupling el ectrode was set to 50 nm It
and sa ebeaespomin i gooBdl trhate Idwet prapagat | ot | 10sS5G2dm, and

changes wth the relative dielectric constant and the
the eFrps yeseqmipierd e Mdabi¢df ywad tadwel shikrd acBawdveEFC

transm ssion |ine. The propagation |oss S21 of the
ANt kG udent facuphMa g tekamimiadd orhddmeten was 11 mm x

dependent. on the frequency, the relative dielectric
11 %fﬁsﬁt%twl%ﬂﬁf thfel FHet dfas/ e mynethich pasedifngasd oin a

the transm ssion |ine, and the thickness of _the
ITUG RRAVAVE T AT AR S 13hdm Paldsrdhintdp thickness of

id ti t.he si.mul atiaon results jndicated in ,
0. ?“3“?. 3 %gl@&e%%%ﬁaﬂn%adﬁag%ﬁe% f iFAEhtISP WA n9

sedt®®h li%scsldd’]ecf Q’ag sé(@se(tcﬁegsecrrel’bgcp raLbeonaerSplwei’tht hae length of

requency 1s 4
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 Sz in the case where the relative
dielectric constant and the relative magnetic permeability
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 é 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 perneability is 10, and the thickness (or
the cross- sectional area) of the surface-wave
transmssion line is approximately 6 mmx 6mm It is
known that a surface wave propagates along the
~surface of a conductor, such as a netal |ine, besides
the interior of a dielectric or a magnetic body. In
the case where a magnetic surface-wave transn ssion

indlB€d Sa USEEL (e 311900 YAy, &) eeidi ¢, fy &{éjtk?o@f’%%n and

IS generated fronman EFC antenna, and hente a

a WRGNetd€ Hagly. Withe as TRl Bld Meh L Ahecd riga Consd iy £ ce-

1 has difficulty in capturing a signal. A magnetic

wabtodyravdnt Ssieh ative el ecdrd s constddlal drH et e mm x
than 1 can efficiently transmt a surface wave,

6 rrincargh av tdngH arfyel 518 frace- Vike Propagas i dass.eddh of
the case where a dielectric surface-wave transni ssi on

twd igrel i acased, Ehesignaiaqr-opagatiesandral e @l ecind cand a

field perpendicular to the surface of the dielectric,
corresdmmylingligralp Mave @lettrade fwasd dsegaust g vidhr atitonis

parallel to the direction of travel, which is
clepehdized i tHe tdait dhe afraRg i Jeirectas o, S,andhangess

ﬁ%etlc field generated so as to be wound around t he

witdprithenlradated o difd afitarisetqans tamitg. aney A g |ugstataires

the relationship between the length of a surface-wave
ma%%ﬁnpfsﬁwmlﬁéwamf tHhe Sp%%@&gawwaaw Itgesgps §ipn Helne.

ca where a pEenerne ul fide (PPS) resin

se&gﬁnﬁrggaﬁa % PrPcP2m &@ﬁ digjectric surface-wave
transmission line is dependent on the frequency, the
relative dielectric constant 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,
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(NiZn) ferrite serving as a magnetic body, or a magnet
is used as the surface-wave transm ssion line. Note
that the PPS has a dielectric constant of 5to 12, a
dielectric I oss tangent of 0.002, and a di aneter of
10 mm the NizZn ferrite has a dianmeter of 9 mMm
(internal dianmeter of 5 nm; and the nmagnet has a

di aneter of 6 nm (see Fig. 17B). The propagation |oss
S21 of the surface-wave transmssion line is the |oss

on®§ Qnséiééﬁfi&@f?eF&OBQH?$%ﬁQtf{Qgééﬁgrgyé&afgoTPoﬁtEFC

wave transm ssion l1ne a e transmtter Side

anddnh®, Lhe sunfacs- . h$Sk PPl AN

recei ver side (F§r¥5g§efﬁéyggaizgggah%rge?%glpg

disUstBECCWBYRst AANSHT SBI BAs diPLidS14 Pt 8 POsSdubeL yegn
el ectrodes (see Fig. 17C). It is clear fromFig. 17A

sidrhal. t he piopagatieddy 08sth Sar eslugetve tHIOVOL: EDE constant
intermedi ary of the surface-wave transm ssion |ine

of | gt ez pes edhdet Weemn t def BEGrnt ennesn ©hi t he §iansed tiveve,
and the receiver, conpared wth the case where a

thewylt aeeth wavka pyopagaf &@se twafe geropage; idhatess, In the
wi t hout any surface- wave transm ssion |ine being

cagr ovtieletl. a Tiiee bk @t vt r$er Drceragaret | transhbsetovavkine is

transmssion line 30 is not limted to a particular
useape. s FHe examPagat ehey surdmce-artvel ¢ riashd ssi on
line 30 can be a plate as illustrated in Fig. 7, a

PEIRGRGHEL T |k the et TR L herdiqlesheias a
iIJu§#rated in Fig. 9. Aternatively, in the case of

LongifiI e W 1 HRM s be 1 @ HaVihg B pifrean gparallel

tO%H%P%ﬁI@CtiOD of travel, which is 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 transmission line and the
propagation loss S;; 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. 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 S;;: of the surface-wave transmission line

is the loss of a surface wave propagating from the surface-
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as illustrated in Fig. 10, whose vertex is directed to
a particular receiver, a surface wave emtted from
the coupling electrode of the transmtter is captured
at the bottom surface of the surface-wave

transm ssion line, which can thereafter be allowed to
propagate and to be concentrated at the vertex.
Accordingly, efficient propagation can be

i npl enented. For exanple, a transmssion l|ine with

wa§@C@r§n§ﬁI§§$&ﬁeli§eagyagﬁ@gﬁpgﬁsﬁftpgffgfﬁéngPort 1LSto

one-way conmuni cati on from one conmmuni cati on ppar at

thé Osur Bhce @b def ranfHei s U8t 1 8h&da Nl OreddiviPesige
surface of a dielectric surface-wave transmn Ssion Tlne

(PO Wt hid thghedsdli wheed rike SORPLANTWARY DL EE SN
Wi th another dielectric outer layer 31 with a | ower

link el ®cint erponsd andt whAet of Th g yde £Vese @y, a1 By f acer is
wave is not reflected at the surface of the dielectric

clamt hf tdre Pighelr7Ali glectthe Lonsd@nt i andl pesSES reduced
theret hrough, this surface wave is reflected at the
thraudtadeie dintdmnaiimry dh 2l g rsor Covervange ttwead aniesion
. dielectric with the higher dielectric constant and
linetiftrraeahdsfivdactihe EFQyanrtémahetatiertraimitter
I s, the amount of a surface wave which propagates
ang {hsu gie e S feimRasshk widnsmes siare |Where 30 sindface
emanates to the outside as a transntted wave can be

WS FCRRISHTF 4 T5ifiRe RATDe Hranshi 4 teidhritte any surface-

efficiently., A simlar advantage can be achi eved by
WaW%nHEQQfW%ﬁékﬂn'%ﬁﬁV% W BERErdedy th different

di gl ectric _constants s (or
@ke die ec%rlc or mag%etlc surface~wave transmission

line 30 is not limited to a particular shape. 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 is directed to a
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
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magnetic perneabilities ) as illustrated in Fig. 11 in
whi ch the dielectric constant becones smaller toward
the outer part. In the case where the dielectric
constant 6 (or nagnetic perneability ) changes
continuously with a distance r fromthe center as
illustrated in Fig. 12, instead of the case where the
di el ectric constant 6 (or nagnetic perneability )
changes step by step according to the distance r from

anbPgefgenter, the amount of a surface wave emanating as
a transmtted wave outside the surface-wave - 66

transmissianddhe 30 wan be redpced,ify & gim Qflelectrlc

manner. Fig. 13 |IIustrates a dielectric (or magneti
subpglyg-whtd ardhahess thel ecd i oo cpnsit a&‘thﬁgﬁ@f C‘Méfe@trlc
hi gher magnetic perneability ) serving as the

cossitdcemapviee ¢SBSdd SSLION dhdiensSP, d I &b i Sc edbeddetayer
in another dielectric (or magnetic body) with a | ower

31 dietlecd riewercohisd Bt vl  ofondtdnta. | oyefo FBONEL ¥ C even when
perneability ). The object in which the dielectric

a suitface higherigirettecteflectomhsdtantha {wrfdde omgried i c

. body with a higher magnetic perneability ) is

di ekgyetiidied veli B drifghpur edii edlse et misnbern st sucharad wasses
rack, for locating the coupling electrodes 13 and 23

th%rfeftkr@qqlhnsqmst dunfpemdate recetfdectzol i ghdsurface
|IIustrates the surface-wave transm ssion |ine 30

of ithe Wiy, diRiesddist wrening dde ifoqmaT mhigiegteric with
d a,plurality of separate dielectrics (or ‘
therdipabisn, G eecst)rlcygqsbsetatrwe s AR & s sl ric

n_b arat e
lagef“iﬁg ﬂgicen er. <P f%at is, the amount of a surface wave

which propagates through the surface-wave transmission line
30 and emanates to the outside 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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into portions and the separate portions can be used

W t hout touching each other, the conmunication system
according to the enbodi ment can be applied to
contactl ess comunication in which devices or a

devi ce and a nenber do not have a physical contact

Wi th each other. The separate dielectric portions are
not necessarily in contact with each other; it is
preferable that the gap between the dielectric

_ oL : ° diesctiic
rPOsklegien PR Aoty aPslIROE 10 2SRGs L. Lagheee
thati $i anali 1 Bk r ddansm s daces dheleafe can lﬂﬁﬁf}?e

each other. Fig. 15 illustrates an exenplary str
with faghgh&pndaetdessi€oranut Lt i on Heviiae, Usimgfer
surface-wave transmssion line. In the exanple
madghé st rgé etk Flgy @5, sedvans M sSsinn/ ecepid Obve
circuit units and coupling electrodes are nounted on
travesmi €3 ioui Tiboai@ls whi ¢lespecdmived font e tdesSisher
comruni cati on devices. In the case where nothing is
diglecedici fpf mundgnafiededtel ectirlode, 1o chdi sl dwotrsiad
deep inside a corresponding casing, a signal enmtted
Cofflomt e (@rectitdbde ilowedi spensed d peaimeaibd itilky ¢asi nGhe
and is lost. In contrast, according to a
OobJasHmirt cHtiBh tdidle Mathr ihevigty iethirgher |distaciteid
in Fig. 15, in the case where a dielectric or a _
CONGHEL ifc (BEdFSeP@IRGtds R8T FACE- Ralid Stedn SRdSSites
line .is dispaosed in front of each coupling el ectrode,
Pe%ae%lé&i’r dHagrfetSFIEY Grakst i Frorkeheé < oupamReT

| ectrode ,is guided hy the surface-wave transn ssiaon
su Gfll e % rgcd%sif%)gd ocating 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 portions 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 possible in order to reduce loss, and that

the dielectric portions be placed such that signal
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region of the surface of the casing, whereby the
signal can be transmtted efficiently. The foregoing
description concerns the nechanismin which, in the
conmuni cation systemillustrated in Fig. 3, a signa
is transmtted between a pair of EFC antennas through
the internediary of a surface-wave transm ssion |ine.
The transnission of a signal between two devices
necessarily involves the transfer of energy.

trdhenekoren thksstYRe 06r egm@gb&aé%leﬂ éyﬁéﬁm can be

applied to electric power trans as been

deseid berk appmest the £l actdiandiahy stERaanss ated

t he EFC antenna of the transmtter propagates as a

costsfates wavemal0Dgat hen sgst age- Wavey 4raNsrhesiPfve
line. The receiver side can reliably obtain power by

traeshifyiog abdest abhl tié ngxansignal 1necehved by thg. 15,
EFC antenna. Fig. 35 illustrates an exenplary

transmcs sif en Ofetdpt Casecinber e dihet £ camdnéeab 1 Dig Sy B¢ €rodes
illustrated in Fig. 3 is applied to electric power

are rppigfieed om maenidlostiatiechsyst Bm rewpdcERGE antenanasliess
i ncluded in a charger_ connected to an al ternating

Comgpin EpR T {AT) dpbiees - subpl thamesa whewe eheldlsing is placed
conmuni cati on device, power can be transmtted and

in et Fade sheet IR cl? | lpued | deep vinskde a

surface-wave transm ssion |ine jnterposed
CORRRIRMA M Eas TN BFC Htah Ml Ered userh gty ¢kectrode is
transfer, electric power. In the case where no

eSS edi R ng EFC arftiiig 3 1S lost.  In contrast,

- according to a communication device with the structure
illustrated 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 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
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| ocat ed near the power-transmtting EFC antenna, nost
of the power input to the power-transmtting EFC
antenna is reflected back to a direct-current (DC)/AC
inverter. Therefore, the em ssion of unnecessary
radi o waves to the outside and the consunption of
power beyond necessity can be suppressed. Al though
the exanple illustrated in the diagram concerns the
case where the wireless comunication device is

trERBEOR( VAL, ROELen A9dSUL £E PR GFE, WMAD DOYEL .18 PPL1g
- 69 [imited to a wireléss device. For exanpl €,

. YA PP h LA SIIANGS A Ghd L ALRAL, e5S

manner to a nusic player or a digi canera. Fig. 36

- pr%&@été@t 85 ANSLPLL-EXPAPL a8 Vosd I tigt Uk €r Pid hgsygase
ere the communication systemillustrated in Fig. 3

trassmappléedlie el eche i LepOIRErtE2NST @n FO11481y obtain
illustrated system the EFC antennas and the

powelr flag ery@vef ¢ 1 e sam$ s ©dbi 11 nEn@r£ ¢s@tkl ordddived by the
transfer electric power and perform conmrunication.
EFThentémmag to switch between conmunicati on and power
transm ssion is controlled by a comunicati on/ power
t r dig s dn-l(usdoeyitdsor) swanghiany sitgnaltwentoff ridm aase
transm ssion circuit unit. Alternatively,
whegsmithe cerirom brat 1 goversteranshi st ot ednibefig. 3 is
aIIernateIg performed on a predeterm ned cycle. In
arrhiad ces e TadHer oviRava st ssen  out put can be

mai_nt ai ned _at an opti nmum | evel by feedi ng back
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 radic 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
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a charging status in addition to a conmunication
signal to the charger. For exanple, when charging is
conpleted, information indicating the conpletion is
sent to the charger, thereby changing the power
transm ssion output to zero. Alternatively,

conmmuni cati on data can be superinposed on power.

Al t hough the charger is connected to the AC power
supply in the systemillustrated in the dramﬁngs t he

11@@&&@0 Xﬂl%fé%'&% toEtJ‘Ee ereeleﬁcgerlﬁ Ipc'ower

suppl |ed rom a uIar hone to ‘anot

cart@d Wanphonen :h 4 %rp(.aéé@.ré’ss RWe{e £ eJ@'a{”Iﬂ%dlc player

therein. The present invention has been describe

or her@idiahove-derd he context of specific enbodi nents
thereof. It is to be wunderstood, however, that

nodiiki.cati ans vef ref cal bebhakirv ekenicd atrhe serhediFents the
can be made by those skilled in the art w thout

cagie pardreng: He arantnhen iseopiesrofs tdteenprigsiadt danentiroreid.n 3 is
this specification, the enbodinents applied to

aprdararunice atlieart rsiystreme i - nehviscedat an sueh iasl ves AR ed
signal, is transmtted using electric-field coupling

systema ddisl s sntramesy dval & Hye evv s awl -y edes drridseth i ssion
However, the scope of the present invention is not

ling mincedseidertet Hotthd remeden elianfaritd meweyr sind g fprn
appllcable to, for exanple, a conmunication system

commﬁmﬁga ORF signal other than that in the UAB

conmuni cati on schene or_ a communi cati on syst em
peFPGr Fifgndata ErFahshi Sst¥ReBf CATFBPAERGEPY PBF power

frequenc
transh SSQ6% is controlled by a communication/power

transmission- (reception)-switching signal sent from a
transmission circuit unit. Alternatively, communication and
power transﬁission can be alternately performed on a
predetermined cycle. In this case, the power transmission
output can be maintained at an optimum level by feeding back
a charging status in addition to a communication 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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signal using electric-field coupling. In this
specification, the enbodinents applied to systens in
whi ch data is communi cat ed between a pair of EFC
antennas through the internmediary of a surface-wave
transm ssion |line interposed therebetween have been
mai nly described. Since the transm ssion of a signa
between two devices necessarily involves the transfer
of energy, this type of conmunication system can al so

cePPuPaPzP'ﬁt‘?cS’né O &l S acgé’l‘é&‘gle 144 %c{rgéewdf%h 18 Sé‘aoc;éery

the present invention n di'sc

polX@mlesi n Ay der-discl osure shoul d not be construed
as the restrictive one. Reference shall be made to the

apﬂ%ﬁd@&éﬁéth&nR%th%h!%%%t%@%noﬁe%Q%ai%QP%eQ%1hﬁ%ove in
present invention. It should be understood by those

thekidd gkt rot hgperifid hatbotaimaus mdddeat i ons,is to be
conbi nati ons, sub-conbi nations and alterations may

undecitrogspantiengeon desi grodietuiateneis sof and Oithematives
factors insofar as they are within the scope of the

to dpperddeb dimadmss arart e egudey dlentlo deheriaidf ledV 2 n WHAT art
IS CLAIMED I'S: 1. A conmunication system conprising: a

w i thycaris rderaert dinge [ fudim g hee tacapsaricssitdre gharecadrtt umivention.
configured to generate a radio-frequency signal for
t r aRsFhici rgegatacandoan &hecembedfimengscepphliing to

antenna . ) . _
communication systems in which data, such as a UWB signal,

is transmitted using electric-field coupling in a cableless
manner have been mainly described. However, the scope of
the present invention is not limited thereto. The present
invention is similarly applicable to, for example, a
communication system using an RF signal other than that in
the UWB communication scheme or a communication system
performing data transmission of a relatively low freguency
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 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.
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configured to transmt the radi o-frequency signal as

an electrostatic magnetic field; a receiver including
an electric-field-coupling antenna and a reception
circuit unit configured to receive and process the

radi o-frequency signal received by the electric-
field-coupling antenna; and surface-wave propagati on
means for providing a surface- wave transm ssion |ine
to transmt a surface wave emanating fromthe

el a6l rdnedd eldicourldng an N HNE JL AT h)sed by
with | ow propagation |oss. 2. e conmuni cation system

waPCEOr S fip 10 ClatdN the &r N tdhesH At @-{dE€IUENYhst rued

signal is an ultra-w deband signal using an
as WHd ar o ghehaiitre Jndhe omaeh catdiom sSusd efa@ecs dirg
toclains 1 or 2, wherein the surface-wave
appdredsdn SE 01k | fde ddlcingesi éh ¢if ellectddgoardh the present
di el ectric constant ¢ greater than a dielectric
inwonstant co of air. - 73 4. The comuni cati on system
according to claim3, wherein the surface-wave
t r driishosilon blei madenmcitedes by  ttioslkeestaiild ewhdsie the art
di el ectric constant becomes greater toward an inner
thagarta nivare afod 5 1 cHid comymarinditn aoni wyest emlacoonkdingg: tans
claim3, wherein the surface-wave transm ssion |ine
ang g ldiffedded s mavarmsther dfinsnstiing omides igrn gweruirements
di el ectric constant. 6. The commruni cation system
and; ot died ,fglqt@rasn);_r@gagf as they are within the scope of

the appended claims or the equivalents thereof,
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claims 1 to 5, wherein the surface-wave transm ssion
line 1includes a magnetic body with a magnetic
perneability g greater than a nagnetic perneability o
of air. 7. The comuni cation system according to claim
6, wherein the surface-wave transm ssion |line

i ncludes a nagnetic body whose magnetic perneability
becones greater toward an inner part thereof. 8. The
comuni cation systemaccording to claim®6, wherein

wHAPerswigpg-yeye. transmssion line is enbedded in

anot her magnetic body with a | ower magnetic
perneability. 9. The comruni cati on system according to
any one of - 74 <clainms 1 to 8, wherein the

surif.acer \whdnidRFMonS s e @ orip?Glsudies a plurality
of separate dielectrics or magnetic bodies. 10. The

C OMIMBHaCRN QM ey SheMuad e di RG ahemaRy ione afr cughahims t1
to 9, wherein the receiver rectifies the radi o-

corif Bpuent yt i girad rateced vietl by~ iteyuency signal for
el ectric-field-coupling antenna and generates
traiscitiingamera dikl o commind icatfiienl dappandtirsy antenna
conprising: an apparatus casing; a conmunication
corgiirmuiad dnt tt ormigurtdd: tiagirodessieenawad igrfalequeray
signal for transmtting data, the communication
elegtraftatim massiaig addehibdated in the apparatus

casing; a resonating section configured to allow the
radi §€ceiver 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-coupliing antenna; and

surface-wave propagation means for providing a surface-
wave transmission line to transmit a surface wave emanating
from the electric-field-coupling antenna of the transmitter

with low propagation loss.

2. The communication system according to 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 &€ greater than a

dielectric constant g of air.
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frequency signal output fromthe comrunication circuit
unit to resonate at a desired frequency, the
resonati ng section being accommbdated in the
apparatus casing; a coupling electrode whose centra
portion is connected to the resonating section, the
coupling el ectrode being accombdated in the

appar atus casing; and a surface-wave transm ssion |ine
di sposed in front of the coupling el ectrode wherein
the surface-wave transm ssion |ine captures an - 75
el ectromagnetic field generated in the vicinity of a

front  mside Himdie 000 TG e dlQde anf {J ansmyt s3

the captured electromagnetic field as a surface wave

whéfe afl £ efhPFaOE-wihe SHEASREsYAVE 11 30SIMSELQHs |4 ne.
12. The conmmuni cati on apparatus according to claim 11,

disheter Ne tihigo S8 § BEBe Y@YEC t E ANSTAISS | 198 bhde G204 1 £St Gward
surface wave emanating fromthe coupling el ectrode and

an ginwokes pdvet stiidacer wave to a desired region of a
surface of the casing. 13. The communi cation
apparatus according to clains 11 or 12, wherein the
resonating section includes a series inductor and a
paral | dhe gduetuer.cat4.onA syshEmiacaiirol gy stcemlaim 3,
conprising: a transmtter including a transm ssion

whegeigyithaimur faemfiajg doransyermsian el g as ceriretiahcyn
signal for transnitting data and an

anQﬁQﬁﬁrq%ﬁ#QQﬂﬁﬁ%dﬁﬁﬂlﬁg ehrfglelectric 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 p

greater than a magnetic permeability po of air.

7. The communication system according to claim 6,
wherein the surface-wave transmission line includes a
magnetic 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

another magnetic body with a lower magnetic permeability.

9. The communication system according to any one of
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configured to transmt the radi o-frequency signal as
an electrostatic magnetic field; a receiver including
an electric-field-coupling antenna and a reception
circuit unit configured to receive and process the
radi o-frequency signal received by the electric-
field-coupling antenna; and - 76 a surface-wave
propagati on nmedi um configured to provide a
surface-wave transmssion line to transmt a surface

c1¥ene 1epangtipgefLom ihe sleetadcoliel d-eoupl L0, n 1ine
W T

antenna of the transmtter with | ow propagation | 0ss.
indYudes a plurality of separate dielectrics or magnetic

bodies.

10. The communication system according to any one of

claims 1 to 9, wherein the receiver rectifies the radio-
frequency signal received by the electric-field-coupling

antenna and generates electric power.

11. A communication apparatus comprising:

an apparatus casing;

a communication circuit unit configured to process a
Iradio~frequency signal for transmitting data, the
communication circuit unit being accommodated in the
apparatus casing;

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 resoﬁating 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 an



g

electromagnetic field generated in the vicinity of a front
side of the coupling electrode and transmits the captured
electromagnetic 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 12, wherein the resonating section 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-frequency signal for

transmitting data and an electric-field-coupling antenna

configured to transmit the radio-frequency signal as an

electrostatic magnetic field;

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 eleetric—

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.




