1 T TI TLE OF THE | NVENTI ON _ ANTENFK? s
READER/ WRI TER BACKGROUND OF THE INVENTION 1. Field of the
| nventi on The present invention relates to a |loop antenna wused in
an interrogator of a non-contact data caryier systemfor performng
short-di stance comruni cati on by el ectroragnetic induction between the

I nterrogator and a transponder. Mrre particularly, the present invention
concerns a | oop antenna used to send a transnission signal fromthe
interrogator to the transponder and to receive a reply signal fromthe
transponder in the interrogat whi ch can detect the reply signal from
the transponder w thout detect . ignal emtted fromthe

interrogator, thereby faci lANWiNGS FORCRE BERjwhberRep! Y signal and

BACKGROUND OF THE INVENTION

1. Field of the Invention

The present invention relates to a loop antenna
used in an interrogator of a non-contact data carrier
system for performing short-distance communication by
electromagnetic induction between the interrogator and
a transponder. More particularly, the present
invention concerns a loop antenna used to send a
transmission signal from the interrogator to the
transponder and to receive a reply signal from the
transponder in the interrogator, which can detect the
reply signal from the trahsponder without detecting the
transmission signal emitted from the interrogator,
thereby faciligating detection of the reply signal and
enhancing reliﬁbility of.reading.
2. Related Art of the Invention

_ Recelving attention and quickly spreading these
yYears are non-contact data carrier systems for
performing short-distance communication by
electromagnetic induction coupling between the
interrogator and the transponder. For example, the
automatic ticketing system, the access control system,
or the like adopts a non-contact information card system

using a reader/writer as an interrogator and a card,
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enhancing reliability of reading. 2. Related Art of the Invention
Receiving attention and quickly spreading these years are non-contact data
carrier systens for perform ng short-di stance conmuni cati on by

el ectromagneti c i nduction coupling betweepn the interrogator and the
transponder. For exanple, the automatic ticketing system the access
control system or the |like adopts a non-contact information card system
using a reader/witer as an interrogator and a card,

2 such as an IC card or an ID card, as a transponder. In this
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kHz to several MHz to the
order to send information to the transponder or further
tolsupply power thereto, the interrogator sends
electromagnetic waves at frequencies of approximately
several hundreds of kHz to several MHz to the
transponder and, at the same time, receives the reply
signal from the transponder to detect it. In this case,
the interrogator is normally provided with a loop
antenna as a dual-purpose antenna serving both as a
transmitting antenna for sending the signal or the power
to the transponder and as a receiving antenna for
receiving the.reply signal from the transponder.

In the conventional non-contact data carrier

systems, however, when the interrogator receives and
detects the reply signal from the transponder, at the .
loop antenna tg_rminals of the interrogator there appear |
not only the réply signal from the transponder, but also
the transmission signal having been sent to the
transponder by the inferrogator per se. In this case,
the longer the comﬁunication range (i.e., the distance
between the interrogator and the transponder), the
higher the intensity of the transmission signal sent
from the interrogator to the transponder. Therefore,
the ratio of the transmission signal to the reply signal
appearing at the loop antenna terminals of the

interrogator increases as the communication range



transponder and, at the sanme tine, receives the reply signal fromth
transponder to detect it. In this case, the interrogator is normally
provided with a loop antenna as a dual - purpose antenna serving both as a
transmtting antenna for sending the sigqgl or the power to the

transponder and as a receiving antenna for receiving the reply signal
t he transponder. In the conventional non-contact data carrier

syst ens,

howe

ver, when the interrogator receives and detects the rep

signal fromthe transponder, at the |oop antenna termnals of the
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increases as [AeCQEPHLCR1GARY YfSfearing in undesired signals

harmful and severe to reception of signal, at the loop
antenna terminals of the interrogator. 1In addition,
reception intensities of transmission signals

undesirably received upon receiving the reply signal
from the transponder at the loop antenné terminals of

the interrogator are not constant because of dispersion

to the

upon fabrication of loop antennas for interrogator and

dispersion in resonance capacitance. Further, since
the inductance, capacitance, Q value, and the like of
the loop antenna change with a change of temperature,

the level of undesired waves also varles every hour at

the loop antenna terminals in receiving the reply signal‘

from the transponder. Thus, there was the problem that
it was very difficult to recelve and accurately detect
the reply signal from the transponder'by the loop
antenna of interrogator and thus not easy to secure the
reading reliability of data. This in turn raised the
problem that the circuitry for reading the reply signal
became complex and expensive.

These problems were commonly observed in the
conventional cases, not only in applications where the

interrogator was provided with a loop antenna as a



3 becones |l onger. Normally, the transm ssion signal appearing at the

-l oop antenna termnals of the interrogator is about 100 to 100,000 tines
stronger than the reply signal to be detected. This resulted in a weak
reply signal appearing in undesired signals harnful and severe to
reception of signal, at the loop antenna termnals of the interrogator. In
addition, reception intensities of transm ssion signals undesirably

recei ved upon receiving the reply signal fromthe transponder at the | oop
antenna termnals of the interrogator are not constant because of

di spersion upon fabrication of |oop antennas for interrogator and
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separate transmitting antenna and receiving antenna.
Namely, when the interrogatqr has the transmitting
antenna and the receiving antenna simply separated from
each other, cdupling occurs between the transmitting
antenna and the receiving antenna, whereby the
transmission signal from the transmitting antenna is
induced directly in the receiving antenna, resulting

in undesired transmission signals appearing at high

level at the receiving antenna terminals.

SUMMARY OF THE INVENTION

The present invention has been accomplished to
solve the above problems in the conventional
technology. an an object of the present invention is
to prevent the transmission signal transmitted £from the
interrogator to the transponder from appearing at the
antenna terminals of the interrogator in receiving the
reply signal from the transponder through the antenna
of interrogator in the non-contact data carrier system
for performing the sho:t-distance communication by
electromagnetic induction between the interrogator and
the transpondei‘, thereby facilitating detection of tlhe
reply signal from the transponder and thus enhancing

the reading reliability.



fromthe transponder. Thus, there was the problemthat it was very
difficult to receive and accurately detect the reply signal fromthe
transponder by the | oop antenna of interrogator and thus not easy to secure
the reading reliability of data. Thisirgthn raised the problemthat the
circuitry for reading the reply signal Decane conpl ex and expensi ve.

These probl ens were commonly observed in the conventional cases, not only
in applications where the interrogator was provided with a | oop antenna as
a 4 dual - pur pose antenna serving both

as atransmtting antenna and as a receiving antenna, but also in
QR)‘%%I
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g antenna an e recelving antenna’sinply separated

from interrogator in a non-contact data carrier system
comprised of the interrogator and a transponder, the
antenna for reader/writer of the interrogator
comprising a transmitting antenna for transmitting a
signal to the transponder and a receiving antenna for
receiving a signal from the transponder, wherein the
receliving antenna comprises a loop coil located at a
position where magnetic fields of opposite polarities
to each other are induced in the receiving antenna by
magnetic coupling between the receiving antenna and the
transmitting antenna and the magnetic fields of
opposite polarities cancellout each other.

Particularly, the invention provides the

antenna for reader/writer as stated above, wherein the
transmitting ;ptenna comprises at least two loop coils
for generating respective magnetic fields of opposite
polarities to each other, wherein the receiving antenna -
is located so that magnetic fields induced in the
receiving antenna by the magnetic fields of mutually
opposite polarities generated from these loop coils
cancel out each other and in this case, a ioop diameter
of each loop coil of the transmitting antenna, the
number of turn thereof, a direction of turn thereof,
an absolute value of an electric current £flowing through

each loop coil, and a phase difference between electric



each other, coupling occurs between the transmtting antenna and the

recei ving antenna, whereby the transm ssion signal fromthe transmtting
antenna is induced directly in the receiving antenna, resulting in
undesired transm ssion signals appearing at high Ilevel at the receiving
antenna term nal s. SUMVARY OF THE | NVENTI ON The
present invention has been acconplished to solve the above problens in the
conventional technol ogy, and an object of the present inventionis to
prevent the transm ssion signal transmtted fromthe interrogator to the
transponder from appearing at the antenna termnals of the interrogator in
recei vi ng t he FRpFENESEIoviBs dRe thercpspaetime keePt Aeidst &Fiy  of
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short - di stance communi cation I'c _ et wee he

i nterrogator afégneldd FaRSDdeiom Wy ¢Pardsieitting agtdahecieeredisd he

reply signal fromthe transponder and thus enhancing the reading

reliability. more greatly outside a communication zone than inside
the communication zone, or_at least one of these

parameters is adjusted finer.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a structural drawing to show an
embodiment of the antenna for reader/writer according
to the present invention;

" Fig. 2 is a structural drawing to show another
embodiment of the antenna for reader/writer according
to the present invention;

| Fig. 3 is a structural drawing to show another
embodiment of the antenna for reader/writer according
to the presen; invention;

Figs.'4A and 4B are structural drawings to show
another embodiment of the antenna for reader/writer
according to the present invention (wherein Fig. 4A is
a plan view thereof and Fig. 4B is a side view thereof);

Fig. 5 is an explanatory drawing to show the
transmitting antenna used in the antenna for
reader/writer of the present invention;

Fig. 6 is an explanatory drawing to show
magnetic lines of force generated by the transmitting

antenna used in the antenna for reader/writer of the



5 For achi eving the above object, the present invention

provi des an antenna for reader/witer of an interrogator in a non-contact
data carrier system conprised of the interrogator and a transponder, the
antenna for reader/witer of the interrogator conprising a transmtting
antenna for transmtting a signal to the'transponder and a receiving
antenna for receiving a signal fromthe transponder, wherein the

recei ving antenna conprises a loop coil located at a position where
magnetic fields of opposite polarities to each other are induced in the

recei ving antenna by magnetic coupling bet ween the receiving antenna and
the transm t BGRF Mt chRXeRTdahe 3REnELEC abtdien eXertpdodiherehy aont i es

cancel out ea ogﬁg s %%gularly, the invention provides the
antenna for r(ei:zl?l1 er \/\#lef"er?'ngs ast}ig% above, wherein the transmtting

antenna conprises at Ipgafd. tM0 an@PBCAreSstructural drawings to show
another embodiment of the antenna for reader/writer
according to the present invention (wherein Fig. 7A is
a plan view thereof and Fig. 7B is a side view thereof);

Fig. 8 is an explanatory drawing to show
magnetic lines of force generated by the transmitting
antenna used in the antenna for reader/writer of the
present invention, and the action exerted thereby on
the receiving antenna;

Fig. 9 is-a structural drawing to show another
embodiment of the nntenna for reader/writer according
to the present invention;

Fig. 10 is a structural drawing to show another
embodiment of the antenna for reader/writer according
to the present.invention;

Fig. 11 is a structural drawing to show another
embodiment of the antenna for reader/writer according
to the present invention:

Fig. 12 is a structural drawing to show another
embodiment of the antenna for reader/writer according
to the bresent invention;

Fig. 13 is an explanatory drawing of a leakage
current due to capacitive coupling between the
transmitting antenna and the receiving antenna;

Fig. 14 is an explanatory drawing of a bifilar
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~for generating respective nmagnetic fields of opposite polarities to each

ot her, wherein the receiving antenna

i nduced in the receiving antenna by the magnetic fields of nutually
opposite polarities generated fromthese foop coils cancel out each other
and in this case, a loop dianeter of each loop coil of the transmtting

ant enna,

t he

nunber of turn thereof, a direction of turn thereof, an

absol ute value of an electric current flowi ng through each |oop coil,
a phase difference between electric
currents fl ow ' respective |l oop coils are selected so that

h
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t he communi cati on zone, or at

finer.

east on par anme
example to shield the receiving antenna by using a

shielded cable in order to prevent the leakage current;

Figs. 16A and 16B are explanatory drawings to
show an example to shield the receiving antenna by a
pipe material in order to prevent the leakage current;

Figs. 17A, 17B, and 17C are explanatory drawings
to show an example to shield the receiving antenna by
earth plates in order to prevent the leakage current;

Figs. 18A, 18B, and 18C are éxplanatory drawings
to show an example to shield the receiving antenna and
transmitting antenna by shield tubes in order to prevent
the leakage current:;

_ Fig. 19 is a drawing to show the relationship
between the distance from the antenna and the magnetic
field intensity for transmitting antennas-of
reader/writer’antennas in Example and'Comparative
Example; and

Fig. 20 is a drawing to show the relationship
between the loop radius of loop coil of the receiving
antenna and the mutual inductance between the receiving
antenna and the internal or external loop coil of the
transmitting antenna, for the antenna for

reader/writer in Example.
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BRI EF DESCRI PTI ON OF THE DRAW NGS Fig. 1 is a structural drawing to
show an enbodi nent of the antenna for reader/witer according to the
present invention; Fig. 2 is a structural drawing to show anot her
enbodi ment of the antenna for reader/witgr according to the present

I nvention; Fig. 3 is a structural” drawing to show anot her

enbodi nent of the antenna for reader/witer according to the present

i nventi on; Figs. 4A and 4B are structural draw ngs to show another
enbodi nent of the antenna for reader/witer according to the present

I nvention (wherein Fig. A4A is a plan view thereof and Fig. 4B is a side

vi ew t hereof ) ; —5ﬁ%£L§P+%E§§Béﬁgp§ﬂﬁé§ﬁ%u§Q%kﬂ%?ﬂﬁi%%om/the
transmtting antenna psed JdvdheaaRheN | f esent
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of force geneaattenhns) Hwcdrabsgitd ithe paeisema insach t Dok Hes avmfiveedor

reader/witer of the
of a transmitting antenna and a receiving antenna

separately provided, and the receiving antenna is
composed of a loop coil located at a position where
magnetic fields of opposite polarities to each other
are induced therein by magnetic coupling between the
recelving antenna and the transmitting antenna and
these magnetic fields of the opposite polarities cancel
out each other. Therefore, in an interrogator provided
with the reader/writer antenna of the present
invention, the transmission signal from the
transmitting antenna is canceled out in the receiving
antenna even during transmission of the transmission
signal for transmitting informétion or supplying the
power to the p;ansponder through the transmitting
antenna, theréby preventing the transmission signal
from appearing at the receiving antenna terminals. This
can facilitate reading of the reply signal from the
transponder through the receiving antenna, thus
enhancing the reading reliability of data.
Particularly, in the reader/writer antenna of
the present invention, the transmitting antenna is
cbmpriSed.of at least two loop coils for generating the
magnetic fields of mutually opposite polarities, it is

arranged to cancel out the magnetic fields induced in



7 present invention, and the action exerted thereby on the receiving
ant enna,; Figs. 7A and 7B are structural drawi ngs to show another
enbodi ment of the antenna for reader/witer according to the present
invention (wherein Fig. 7Ais a plan view thereof and Fig. 7B is a side

vi ew t hereof); Fig. 8 is an expléﬁbtory drawi ng to show nmagnetic
lines of force generated by the transmtting antenna used in the antenna
for reader/witer of the present invention, and the action exerted thereby
on the receiving antenna; Fig. 9 is a structural drawing to show
anot her enbodi nent of the antenna for reader/witer according - to the
present inventireceivingmnitenpajby fhet magnertdic fiedidsyofonstoalayot her

enbodi ment  of c}ﬂ?oém:Snﬂglfa%ri{ieeaéjegre/ﬁ/gli:égtradag}(r:o{l%iagg loop coils, and
further in this case, at least one-factbr is selected
and adjusted out of the loop diameter of each loop coil
of the transmitting antenna, the.number of turn thereof,
the direction of turn thereof, the absolute valﬁe of
an electric current flowing in each loop coil, and the
phase difference between the electric currents flowing
in the loop coils so that the magnetic f_ield intensities
of the magnetic fields from the transmitting antenna
decrease more greatly outside the communication zone
than inside the communication zone, whereby it becomes
possible to decrease the magnetic field intensity
outside the communication zone while maintaining the
magnetic field intensity high enough inside the
communication zone and securing high communication
guality and algp to drastically reduce interference or
obstruction té neighboring devices or neighboring
communication systems.

Embodiments of the present invention will be
described in detail with reference to the drawings. In
the drawings, the same reference symbols denote the same
or equivalent constituent elements.

| Fig. 1 is a structural drawing of an embodiment
of the reader/writer antenna. This reader/writer
antenna la is composed of a transmitting antenna 2 and

a receiving antenna 3 separately provided. Among them,



to the present invention; Fig. 11 is a structural drawing to show
anot her enbodi nent of the antenna for reader/witer according to the

present invention; Fig. 12 is a structural drawi ng to show anot her
enbodi nent of the antenna for reader/witer according to the present
I nventi on; Fig. 13 is an explanatory drawi ng of a | eakage current
due to capacitive coupling between the transmtting antenna and the
recei ving ant enna, Fig. 14 is an explanatory drawing of a bifilar
8 choke for preventing the | eakage current; Fig. 15 is an

expl anatory drawi ng to show an exanple to shield the receiving antenna by
using a shi elth® tEgPEMitEing rapbepna entls neorparRgde afird apulti-

Figs. 16A and J{65:3f §reXRR%AN % YUY 3£ and a one turn external

loop coil 2b, coaxially formed in a same plane. The
internal loop coil 2a and external loop coil 2b are made
of a line of antenna conductor so as to be wound in
mutually opposite directions. Therefore, the internal
loop coil 2a and external loop coil 25 generate

respective magnetic fields of opposite polarities to
each other upon sending the transmission signal.

This transmitting antenna 2 can be obtained, for
example, by winding a conductor wire so as to form the
internal loop coil and external loop coil as
illustrated. As another example, it may be obtained
by etching a conductor layer , such as a copper foil,
of a substrate with the conductor layer on an insulator_
layer.

On thefother hand, the receiving antenna 3 is
comprised of é circular loop coil, the loop diameter
of which is larger than that of the internal loop coil
2a of the transmitting antenna but smaller than that
of the external loop coil 2b, and is located so as to
be nearly coaxial with the internal loop coil 2a and
external loop coil 2b. Here, the loop diameter of the
receiving antenna 3 and the position thereof relative
to the internal loop coil 2a and external loop coil 2b
are properly determined so that the mutual inductance

between the receiving antenna 3 and the internal loop



show an exanple to shield the receiving antenna by a pipe material in

order to prevent the |eakage current; Figs. 17A, 17B, and 17C are
expl anatory drawings to show an exanple to shield the receiving antenna by
earth plates in order to prevent the |ea gge current; Figs. 18A,

18B, and 18C are explanatory drawi ngs to0“show an exanple to shield the
receiving antenna and transmtting antenna by shield tubes in order to
prevent the | eakage current; Fig. 19 is a drawing to show the

rel ati onship between the distance fromthe antenna and the magnetic field
intensity for tr reader/witer antennas in Exanple

| i%i "aint e 1025 aT! igead
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or external | and cdthé ektelmmalt riswspi &bi0g 2t ettds Eancehdmnteasn f or
reader/mmitero@ﬂé??ngg%cifically; for example, the coil parameters
of the receiving antenna 3 and the position thereof are -
determined so that the terminal voltage appearing at
the receiving antenna terminals when the transmission
signal is sent from the internal loop coil 2a may be
equalized to the terminal voltage appearing thereat
when the transmission signal is sent from the external
loop coil 2b, so as to make the apparent terminal voltage
zero at the receiving antenna terminals. If the
transmitting antenna 2 and.receiving antenna 3 are
highly symmetric horizontally or vertically in view of
the structure like the reader/writer antenna la of Fig.
1l or reader/writer antennas 1b (Fig. 2), 1lc (Fig. 3),
14 (Figs. 4A apd 4B), le (Figs. 7A and 7B), 1f (Fig.
9). 1g (Fig. 10), 1h (Fig. 11), and 1i (Fig. 12) as
detailed below, it is-relatively easy to predict the
loop diameter of the receiving antenna 3 and the
position thereof relative to the loop coils
constituting the transmitting antenna.

The receiving antenna 3 may be formed by winding
a conductor wire or by etching a substrate, similarly-
as the transmitting antenna is formed as described

above. 1In particular, if the transmitting antenna 2

is formed by etching one conductor layer of a



9 DETAI LED DESCRI PTI ON OF THE | NVENTI ON The antenna for
reader/witer (reader/witer antenna) according to the present invention
is conposed of a transmitting antenna and a receiving antenna separately
provi ded, and the receiving antenna is gnposed of a loop coil |ocated at
a position where magnetic fields of oppOSite polarities to each other are
I nduced therein by magnetic coupling between the receiving antenna and the
transmtting antenna and these nagnetic fields of the opposite polarities
cancel out each other. Therefore, in an interrogator provided wth the
reader/witer antefn f. the present .invention, the transm ssion sjignal

fromthe traﬂﬂﬁq.?%ﬁggﬁpeﬁ §iFLH AN GuEOPAYIRET AN SF RPR aFRenna
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transnmitting faxmedabyt bdchingrevendithert konidwesorsiagersigiathe
opposite side of the double-sided substrate, in view
of simplification of fabrication steps.

When an interrogator is provided with the
reader/writer antenna la composed of the transmitting
antenna 2 and the receiving antenna 3 as described above
and eveh if transmission signals are being sent from
the transmitting antenna 2 (the internal loop coil 2a
end external loop coil 2b) of the interrogator to the
transponder in order to send information or supply the
power thereto while the receiving antenna 3 of the
interrogator is receiving the reply signal from the
transponder, transmission signals of mutually opposite
polarities from the transmitting antenna 2 cancel each
other in the ;eceiving antenna'3, which drastically
reduces the uﬂdesired voltage occurring at the
terminals of the receiving antenna 3 due to the
transmission signals. Aceordingly, the reply signal
can be detected easily and with high reading reliability
at the receiving antenna 3.

In generating the magnetic fields of mutually
opposite polarities from the internal loop coil 2a and
external loop coil 2b constituting the transmitting
antenna in'this manner, it.is preferable to adjust the

loop coils so that the magnetic field intensity of the



from appearing at the receiving antenna termnals. This can facilitate
reading of the reply signal fromthe transponder through the receiving
antenna, thus enhancing the reading reliability of data.

Particularly, in the reader/witer antenQ? of the present invention, the
transmtting antenna is conprised of at " [feast two |oop coils for
generating the mnagnetic fields of nutually opposite polarities, it is
arranged to cancel out the nagnetic fields induced in

10 the receiving antenna by the magnetic fields of nutually opposite

pol arities generated £¥ éhese | oop coils, and further in this case, at
| east one fact@falk ELeldi 88 2 RPBRPSItAAno QL Jthe HBagRgtis Hhetdsor each
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flowing in eatlodpapoidbi Rb may tdecrease more greatly outside the
communication zone than inside the communication zone.
Especially, it is preferable to adjust them so that the
magnetic field intensities of the magnétic fields
outgoing from the transmitting antenna 2 may drop.in
inverse proportion to the n-th power (n > 3) of the
distance from the transmitting antenna 2 within the
distance range sufficiently shorter than the
transmission wavelength (see the claim in Japanese
Patent Application No. 7-120810). This permits the
magnetic field intensities to be decreased outside the
communication zone while maintaining the magnetic
field intensities sufficiently high inside the
communication zone and securing high communication
quality., and gpables to draétically reduce the
interference ar obstruction to neighboring devices or
neighboring communication systems.

An adjusting method in this case is to properly
adjust at least one factor out of the loop diameter of
each loop coil 2a, 2b, the number of turns thereof, the
direction of turn thereof, the absolute value of the
electric current flowing therein, and the phase
difference between the electric currents £lowing in the
loop coils. Although not illustrated, in order to

facilitate fine adjustment, a variable inductor, a



phase difference between the electric currents flowng in the |loop coils
so that the magnetic field intensities of the magnetic fields fromthe
transmtting antenna decrease nore greatly outside the comuni cation zone
than i nside the comuni cati on zone, wher it becones possible to
decrease the magnetic field intensity outside the communication zone while
mai ntai ning the magnetic field intensity high enough inside the

comuni cation zone and securing high comrunication quality and als,o to
drastically reduce interference or obstruction to neighboring devices or -

nei ghboring comyu ation systens. . Enbodi nents of the present
invention\MIIVQE}gé &cS }tPHePEi P quiﬁﬁﬁ%rgﬁééﬁﬁ9qrﬂ@ﬁrgﬁings. I n

Lhe draw n9s, ddifhsetBal Eb°6aRhC o A 1Rl 1¥os 30811 0%a BHbY Bhe

constituent el enents. I's a structur rawing o

enbodi nent  ofextternaiddoion ideil apbenaad Hhey reagebbwaidjristedt enma la is

conposed of a transmtting antenna 2 and a receiving antenna 3 separately

provi ded. Anortdr® f&fe of the loop coils being formed on the substrate,
an adjustment pattern of a metal foil or the like may
be placed around the loop coils on the substrate and
the location and the area of the pattern can be adjusted.

A variety of embodiments can be contemplated for
the reader/writer antenna of the present invention as
long as they meet the requirements of the invention that
the transmitting antenna and receiving antenna are
provided separately from each other, the magnetic
fields of opposite polarities are induced in the
receliving antenna by magnetic coupling between the
receiving antenna and the transmitting antenna, and the
receiving antenna is positioned so as to cancel the
magnetic field__g. of opposite polarities with each other.
There are no s;;ecific restrictions on the configuration
of each loop coil forming the transmitting antenna or
the receiving antenna, the number of turns thereof, the
number of loop coiis, the location thereof, and so on.
For example, the reader/writer antenna la of

Fig. 1 had the transmitting antenna 2 consisting qf the
two loop coils 2a, 2b for 'Qenerating the magnetic £ields
of mutually opposite polarities whén sending the
transmission signal, whereas the transmitting antenna

2 may consist of a single ioop coil as in the



the transnmtting antenna 2 is conposed of a multi- circular internal |oop
coil 2a and a one turn external |oop coil 2b, coaxially fornmed in a sane
pl ane. The internal |loop coil 2a and external |oop coil 2b are nade of a
| i ne of antenna conductor so as to be moggd in nmutually opposite

directions. Therefore, the internal |oop coil 2a and external |oop coil 2b
generate ' respective magnetic fields of opposite polarities to each other
upon sendi ng the transm ssion signal. This transmitting antenna 2
can be obtained, f or exanple, by winding a conductor wire so as .to form
the internal |loop coil and external loop coil as illustrated. As another

exanple, it nﬁ? WE?-H@H aB'ieBPé‘hingSIaOWBnH%cﬁjfﬂ 12y efn thRigicasea
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loop face is perpendicular to the loop face of the
transmitting antenna 2. In the magnetic flux entering
the receiving antenna 3 out of the magnetic flux
(represented by the dashed lines in the drawing)
generated when the transmitting antenna 2 sends the
transmission signal, the magnetic flux 2x on one side
of the loop face of the transmitting antenna 2 is
controlled to be equal to the magnetic flux 2y on the
other side. This results in canceling the magnetic flux
2x and the magnetic flux 2y generated by the
transmitting antenna 2 with each other in the receiving
antenna 3. Accordingly, the tfansmission signal can
be prevented from giving rise to the undesired voltage
at the terminals of the receiving antenna 3.

The regger/writer antenna la of Fig. 1 had the
transmitting ahtenna.z consisting of the internal loop
coil 2a and the external loop coil 2b, coaxially formed
in the same plane, whereas another embodiment may be
the reader/writer antenna 1lc shown in Fig. 3, where the
transmitting antenna 2 is comprised of two, separaté,
circular loop coils.2a; 2b juxtaposed without overlap
of loop and an overlap receiving antenna 3.is positioned
so as to overlap with the both loop coils 2a, 2b. "'In
this case, for the two loop coils 2a, 2b to generate

the magnetic fields of mutually opposite polarities



conprised of a circular loop coil, the |loop dianeter of which is |arger
than that of the internal |oop coil 2a of the transmtting antenna but
smal ler than that of the external |oop coil 2b, and is located so as to
be nearly coaxial with the internal |oop goil 2a and external |oop coi
2b. Here, the loop dianeter of the recefving antenna 3 and the position
thereof relative to the internal |oop coil 2a and external |oop coil 2b
are properly determ ned so that the nutual inductance  between the
receiving antenna 3 and the internal |oop

12 coil 2a_is equal in value but opposite in polarity to the nutual

i nduct ance be¥R&dh S%ﬁ@#f&etm fFapsBifgion gignade Lompxamplep thel 2b,
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the term nal velrmRgetepReg iF1dwAtin opposite directions in the loop

coils 2a, 2b.

The reader/writer antenna 1d of Fig. 4 (wherein
Fig. 4A is a plan view and Fig. 4B is a side view) is
an example in which the transmitting antenna 2 is one
obtained by shaping a 1line of antenna conductor so that
the loop coils 2a, 2b for generating the magnetic fields
of mutually'opposite polarities are adjacent to each
other and so that the loop coils 2a, 2b are wound in
opposite direction and in which the receiving antenna
3 comprised of a loop coil is positioned substantially
in the middle between the two loop coils 2a, 2b of the
transmitting antenna so that the loop face of the
receiving antenna 3 is parallel fo the loop face of the
loop coils 2a,}2b of the transmitting antenna. |

This_téahsmitting antenna 2 shown in Fig. 4 can
be formed, for example, by routing a conductor wire in
the shape of "8". In another method, as shown in Fig.
5, an S-shaped conductor pattern as represented by the
solid lines in the drawing 1s formed by etching on one
surface of a both-sided substrate 4 having the conductor
layers on the both surfaces with an insulator layer
inbetween, an S-shaped conductor pattern as
represented by the dashed lines in the drawing is formed

by etching on the other surface, and the two patterns



the receiving antenna termnals when the transm ssion signal is sent from
the internal |oop coil 2a nay be equalized to the termnal voltage
appearing thereat when the transm ssion signal is sent fromthe external

| oop coil 2b, so as to make the apparent .{,erm nal voltage =zero at the
receiving antenna termnals. If the tranSmtting antenna 2 and receiving
antenna 3 are highly symetric horizontally or vertically in view of the
structure like the reader/witer antenna la of Fig. 1 or reader/witer
antennas Ib (Fig. 2), ic (Fig. 3), 1d (Figs. 4A and 4B), le (Figs. 7A and
7B), 1f (Fig. 9), 1 Fig. 10), 1h (Fig. 11), and 1li (Fig. 12) as
det ai | ed bel o8 tc9RNeeted BY \thweyghohgdas A1t 2| oop di ameter of the
receiving antenna 3 agg, bR BASlel WAL EHECkraddH UELAG AhEchRAPLCRL! S
constituting the transmtting antenna. € recerving anteina 3 may
be fornmed by wondtiuctedondudiy tWé €16bphyodilhifer agetiblartaiy chail arly
as the transmtting antenna is formed as _described above. In particular,
i f the transnimadnRtiet Ehgdds qf mutnadlyy oPRaf e opelasdddasr 9R§er of

a can properly determine, depending upon the

circumstances whether these loop coils are to be formed
by winding a conductor wire, as shown in Fig. 4 or Fig.
1 described previously, or as separate and independent
loop coils, as shown in Fig. 3. However, the former
is preferable from the point.that the directions and
the phases of the electric currents flowing in the
respective loop coils do not have to be set separately
in order to generate the magnetic fields of mutually
opposite polarities and designing of the transmitting
antenna is thus easy.

Fig. 6 is an explanatory drawing of magnetic
lines of forcgfgenerated by the transmitting antenna
2 of Fig. 4. As; shown in the drawing, the magnetic field
occurring from the loop coil 2a of the transmitting
antenna 2 is opposite in polarity to the magnetic field
occurring from the loop coil 2b. In this transmitting
antenna 2 it is also preferable to properly adjust at
least one factor out of the loop diameter of each loop
coil 2a, 2b, the number of turn thereof, the absolute
value of the electric_currént flowing therein, and the
phase difference between the electric currents flowing

in the respective loop coils so that the intensity of



13 doubl e- si ded substrate having conductor |ayers on the both
surfaces, the receiving antenna 3 is preferably forned by etching the

ot her conductor |ayer on the opposite side of the doubl e-sided substrate,
in view of sinplification of fabricatiogisteps. When an '
interrogator is provided wth the reade riter antenna Ia conposed of the
transmtting antenna 2 and the receiving antenna 3 as descri bed above and
even if transm ssion signals are being sent from the transmtting antenna
2 (the internal loop coil 2a and external |oop coil 2b) of the
interrogator to the transponder in order to send information or supply the
power thereto the|Eotpd magnethg heddhasy af cemposifian okt bhej s
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may decrease more greatly outside the communication .
zone than inside the communication zone, similarly as
in the foregoing transmitting antenna of Fig. 1.

Also, the magnetic flux density is high near the
contact point between the two loop coils 2a, 2b of the
transmitting antenna 2, as shown in Fig. 6. When the
loop coill of the receiving antenna 3 is positioned in
parallel with the loop face of the loop coils 2a, 2b
in the region of high magnetic'flux densify, as shown
in Fig. 4, the loop c¢oil 2a and loop coil 2b of the
transmitting antenna induce respective strong voltages
with mutually opposite polarities in the loop coil of
the receiving antenna 3. If the coil pafameters of the
loop coil of the receiving antenna 3 are set so that

- the mutuai inguctance between the loop coil of the

receiving anténna 3 and the loop coil 2a of the
transmitting antenna may be equal in value but opposite
in polarity to the mutual inductance‘between the loop
coll of the receiving antenna 3 and the loop coil 2b
of the transmittiﬁg antenna, in the same manner as in
the case of Fig. 1, they cancel out each other in the
receiving antenna 3. Accordingly, this embodiment can
also drastically reduce the undesired voltage
occurring due to the transmission signal at thé

terminals of the receiving antenna 3.



other in the receiving antenna 3, which drastically reduces the undesired
voltage occurring at the termnals of the receiving antenna 3 due to the
transm ssion signals. Accordingly, the reply signal can be detected easily
and with high reading reliability at thﬁ recei ving antenna 3. I n
generating the magnetic fields of nutual 9 opposite polarities fromthe
internal |oop coil 2a and external |oop coil 2b constituting the
transmtting antenna in this manner, it is preferable to adjust the |oop
coils so that the magnetic field intensity of the

14 total field as_a conposition of the magnetic fields generated from
the internal |oop coi Piffeitieragnediic fdmx density fsyhiighrrass whee
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2b of the transmitting antenna of Fig. 4, as described
above, use of such a transmitting antenna can largely
expand the angular range of the transponder antenna to
the transmitting antenna of the interrogator,
necessary for the transponder to receive the
transmission signal f£rom the interrogator at
predetermined reception sensitivity.

The reader/writer antenna le of Fig. 7 (Fig. 7A
is a plan view and Fig. 7B is a side view) is an example
in which the transmitting antenna 2 is the same as the
transmitting antenna of the reader/writer antenna 1ld
of Fig. 4 while the receiving antenna 3 is positioned
so that the loop face thereof is perpendicular to that
of the loop coils 2a, 2b of the transmitting antenna.
Fig. 8 is an e§planatory drawing of maghetic lines of
force in this.case. In the case of this receiving
antenna 3, when the transmitting antenna 2 generates
the magnetic flux (represented by the dashed lines in
the drawing) upon sending of the transmission signal,
among the magnetic flux entering the receiving antenna
3 the magnetic flux 2x on one side of the loop face of
the transmitting antenna 2 is controlled to be equal
to the magnetic flux 2y on the other side, whereby the
magnetic flux 2x and the magnetic flux 2y generated by

the transmitting antenna 2 can cancel each other in the



magnetic field intensities of the magnetic fields outgoing fromthe
transmtting antenna 2 nay drop in -inverse proportion to the n-th power (n
> 3) of the distance fromthe transmtting antenna 2 within the distance

. range sufficiently shorter than the traggnission wavel ength (see the claim
I n Japanese Patent Application No. 7-120810). This permts the nmagnetic
field intensities to be decreased outside the comunication zone while

mai ntai ning the magnetic field intensities sufficiently high inside the
comuni cati on zone and securing high comrunication quality, and enables to
drastically reduce, the interference or_obstruction to neighboring devices

or nei ghbor i FE TOM RO FOTERG <P en@S Peing the GaSEsMidd nER®od in this
case is to pnyggédbiﬁgjggé&%ﬁ!ﬁ@§ e 2N fiaG L P?to@frﬁﬂf | pop di ameter of
or,

each loop coil 2a,” 2b, "the nunper of turns there the i rection of turn
t hereof , the aisatefereal thisfembedialeart an aliscedrafdtiwayl yhes@use and
the phase difference between the electric currents flowng in the | oop

coil's. A thoudrensndasitedsiettags FeaFrigg due to the transmission

signal at the terminals of the receiving antenna 3.
The reader/writer antenna 1f of Fig. 9 is an
example in which the transmitting antenna 2 is composed
of three loop coils 2a, 2b, 2c adjacent to each other
in a row, obtained by routing a wire of antenna conductor
in the configuration of adjacent loop coils wound in
mutually opposite directions, thereby forming the
adjaceqt loop coils for generating the magnetic fields
of-mutualiy opposite polarities, similarly as the
reader/writer antenna 14 of Fig. 4 was. In this case,
the polarities of the two loop coils at the both ends
are the-same while the polarify of the loop coil 2b at
the center is qpposite to those of these loop coils 2a,
2c. Thereforé, the coil parameters of the loop coil
of the receiving antenna 3 are set so that the mutual
inductance between the loop coil of the receiving
antenna 3 and the loop coils Za, 2c at the both ends
of the transmitting antenna may be equal in value but
opposite in polarity to_the mutual inductance between
the loop coil of the receiving antenna 3 and the loop
coll 2b at the center of the transmitfing antenna. This
can suppress the undesiréd voltage occurring due to the

transmission signal in the receiving antenna 3.



facilitate fine adjustnent, a variable inductor, a

15 vari abl e capacitor or a variable resistor may be connected to each
of the internal loop coil 2a and the external |oop coil 2b, and they can
be adjusted. In the case of the | oop coLlLs being forned on the substrate,
an adjustnent pattern of a nmetal foil or"the like may be placed around the
| oop coils on the substrate and the location and the area of the pattern
can be adj ust ed. A variety of enbodi nents can be contenpl ated for
the reader/witer antenna of the present invention as |ong as they neet

t he requirements of tQﬁ invention th t he transnittin%”antenna_and

t
receiving antenna are” " fr &\ %Fé@ﬁé%&Féﬁﬁq?Qﬁ?eégh°. gﬁg'tkg A&gfetic
flelds of oPPASWUERAUELoR! B2 R IMUBEEH/WE1tRE: drPtnithNd AW, DY

magneti c coupling between the recelving antenna an e transmttihg

ant enna, and fheobtained by modifying the two end loop coils 2a, 2c¢
of the transmitting antenna 2 into a non-circular shape.
As exemplified by this embodiment, a variety of
'configurations can be adopted for the loop coils of the
transmitting antenna and receiving antenna used in the
present invention, without having to be limited to the
circle. |

The reader/writer antenna 1lh of Fig. 11 is
similar to the reader/writer antenna 1f of Fig. 9 in
that the transmitting antenna 2 is composed of three
adjacent loop coils 2a, 2b, 2c and fhe adjacent loop
coils are wound in mutually opposite difections, but
the reader/writer antenna 1h of Fig. 11 is different
from the transmitting antenna 2 of Fig. 9 in that the
loop diameterlgf the both end loop coils 2a, 2c¢ is
smaller than that in Fig. 9 and the number of turn of
the center loop coil 2b is decreased.

Furthe:, the receiving antenna 3 of the
reader/writer antenna 1lh of Fig. 11 is provided with
auxiliary coils 3p, 3q. A cancellation of the mutual
inductances between the receiving antenna 3.and-the
transmitting antenna 2 can be accurately adjusted by
changing the shape of the auxiiiary'coils 3p. 3q in the
case of the loop coil of the receiving antenna 3 being

a wound wire coil or by cutting the patterns of the



receiving antenna is positioned so as to cancel the magnetic fields of
opposite polarities with each other. There are no specific restrictions on
the configuration of each |oop coil formng the transnmtting antenna or
the receiving antenna, the nunber of turns thereof, the nunber of |oop
coils, the location thereof, and so on. For exanpl e, the
reader/witer antenna la of Fig. 1 had the transmtting antenna 2
consisting of the two loop coils 2a, 2b for generating the nagnetic fields
of mutually opposite polarities when sending the transm ssion signal,

wh th t 1t L y_consist o single | 0o COI| as in
phereas the eI ILG%B01ENE, Fu TH/pRS A5k ik R BB ah IS hatng o

inFig 2 | notrm Sp&8¢Brnddiby e&@bmm@ YE d¥iadetdr! Qaifed 0GRl ffleSO that

its loop face is perpendicular to the loop face of the “transmtting

antenna 2. | nsubstmagheti c TY uiks ebhusi preferred to provide the
receiving antenna 3 with the auxiliary coils 3p, 3q for
adjusting the mutual inductances.

The readér/writer antenna 1i of Fig. 12 is
similar to the reader/writer antenna la of Fig. 1 in
that the transmitting antenna 2 is composed of the
internal loop coil 2a and the external loop coil 2b,
formed coaxially on the same plane, and in that the loop -
coil of the receiving antenna 3 is positioned nearly
coaxially with the internal loop coil 2a and exterﬁal
loop coil 2b, but it is also similar to the reader/writer
antenna 1h of Fig. 11 in that the receiving antenna 3
is provided with ahxiliary coils 3p, 3qgq, 3r, 3s for
accurately adjusting the cancellation of mutual
inductances be;ween the receiving antenna 3 and the
transmitting ;ntenna 2.

In addition to the method for adding the
auxiliary coils as shown in Fig. 11 or Fig. 12, the
mutual inductances between the receiving antenna 3 and
the transmitting antenna 2 can be adjusted by a method
of connectiﬁg a variable capacitor or a variable
resistor to each loop coil of the transmitting antenna
or the loop coil of the receiving antenna and adjusting
it or by é method of placing a metal foil or the like

around the loop coils and adjusting the location and



the receiving antenna 3 out of the magnetic flux (represented by the
dashed lines in the drawing) generated when the transmtting antenna 2
sends the transm ssion signal, the magnetic flux 2x on one side of the

| oop face of the transmtting antenna 2 i controlled to be equal to the
magnetic flux 2y on the other side. This results in canceling the nmagnetic
flux 2x and the nagnetic flux 2y generated by the transmtting antenna 2
with each other in the receiving antenna 3. Accordingly, the transm ssion
signal can be prevented fromgiving rise to the undesired voltage at the
termnals of the receivi nt enn : The reader/witer antenna |la
of Fig. 1 had %aafsgngﬁgt %uf%ﬁhinﬁ&i}‘consisting of the internal | oop

coil 2a and the external dPriRbl dBovel il |Ved Q6P PYriite pl ane,
wher eas anot her enbodi nent may be thg reader/mmiterfgnfenna!ﬁ?éﬁ%ﬁﬁ in

Fig. 3, wheredfhdhe paesentiinventionaid basdoalliyebmgrised septhat e,
circular loop,coils fgﬁﬁéb j uxt aposed without overlap of |oop and _an

: f
overlap_receiﬁqﬂf§ﬂl 93 3t epa : ABAefhes Fere1¥ipgeAntSAR@ n2RfAe both
loop coils 2apidretfibly, the transmitting antenna is composed of at

least two loop coils for generating the magnetic fields
of mutually opposite polarities when sending the
transmission signal. The receiving antenna is arranged
so as to cancel out the magnetic fields coming out of
the transmitting antenna, whereby the receiving
antenna is prevented from detecting the transmission
signal.

Further, the present invention permits.the
above basic construction to be modified with a variety
of means for shielding the receiving antenna from the
transmission signal emitted from the transmitting
antenna. Evenfif the magnetic fields from the
transmitting ahtenna are canceled out in the receiving
antenna, therg exists a stray coupling capacitance due
to capaditive coupling between the receiving antenna
and the.transmitting antenﬁa, which causes a leakage
current to flow in the receiving antenna. Fig. 13 is
an explanatory drawing to show a general example of the
leakage current, showing that when an electric current
flows along the arrow in the coil of the transmitting
antenna 2, an electric current also flows along the

arrows in the receiving antenna 3 through the stray



this case, for the two loop coils 2a, 2b to generate the magnetic fields
of nutually opposite polarities _ 17

when sending the transm ssion signal, for exanple, the antenna termnals
are to be connected so that electric cunizents may flowin opposite
directions in the loop coils 2a, 2b. The reader/witer antenna 1d
of Fig. 4 (wherein Fig. 4Ais a plan viewand Fig. 4Bis a side view) is
an exanple in which the transmtting antenna 2 is one obtained by shaping
a line of antenna conductor so that the |oop coils 2a, 2bdfor generatin%
the magnetic fields, of nmutually oppqQsite polarities are adjacent to eac

] Pt 4dngE"e

other and so 9Pt gISBFQﬁﬁ *2b-are wound in opposite direction
and in which the receipdpPE58RR 1 5h Sedrafi 1 | £8iibnl
positioned substantially gkl)n the m ddl e bet vvegnrﬁlhe t\/%&P‘(’)op o I%sf 2%1, 2b
of the means for greatly reducing influence of the stray

coupling capacitance C so as to overcome the problem
of leakage current. For example, the means for greatly
reducing the stray coupling capacitance C may be a
bifilar choke provided in the receiving antenna or an
electrostatic shield over the receiving antenna. |

Among them, an embodiment.prbvided with a
bifilar choke is érranged, for example as shown in Fig.
14, in such a manner that a bifilar choke 5 is provided
after the loop coil of the receiving antenna 3 and a
matching transformer 6 is provided between the bifilar
choke 5 and the main body 6f receiving circuitry. 1In
this case, it is preferable that the two co:ils composing
the bifilar choke have a large impedance against
currents flowipg in the same direction. This is
preferably realized by increasing the number of turns
of the coils or by inserting a core of ferrite or the.
like into each coil._ This can greatly reduce the leakage
current, thus substantially suppressing a voltage drop
due to the leakage current at the terminals of the
receiving antenna. In contrast with it, electric
currents due to the reply signal from the transponder
flow in opposite directions in the bifilar choke so as
to cause no voltage drop,-and thus they are not

attenuated. Accordingly, the original object signal



transmtting antenna so that the |oop face of the receiving antenna 3 is
parallel to the |oop face of the |loop coils 2a, 2b of the transmtting

ant enna. This transm tting antenna 2 shown in Fig. 4 can be
formed, for exanple, by routing a Conducggr wire in the shape of "8". In
anot her nethod, as shown in Fig. 5, an S-shaped conductor pattern as

represented by the solid lines in the drawng is formed by etching on one
surface of a both-sided substrate 4 having the conductor |ayers on the
both surfaces with an insulator |ayer inbetween, an S-shaped conduct or

pattern as represented by the dashed lines in the drawing is formed by
et ching on th&a% % daFested Hriltne two patterns

S ansr 1 v B SHELO0RE Bl IF onpgasmertd A4 Pore el e
t he electrostatically shieling the receiving antenna is
arranged, for example as shown in Fig. 15, in such a
manner that a shieled cable (o_r coaxial cable) 7 .is used
for the receiving antenna 3 and a shield sheath 7a
thereof is grounded. 1In this case, an internal
conductor 7b of the shielded cable 7 is used as an
antenna. A part of the shield sheath 7a is cut off at
a part 7x of the shielded cable 7 so as to prevent a
loop from being formed in.the shield sheath 7a.

Another embodiment may be arranged to shield the
receiving antenna 3 by covering it by an electrically
conductive pipe material 8, as shown in Fig. 16A, and
grounding this pipe material 8. This pipe material 8
is a C-shaped pipe covering the antenna conductor 3a
coated with an insulating material 9, as shown in the
sectional vieﬁ of Fig. 16B, and one end thereof is
connected to the earth.

Fig. 17A (a top view), Fig. 17B (a side view),
and Fig. 17C (a bottom view) show another example as
a modification of fhe reader/writer antenna shown in
Fig. 1, wherein disk transmitting antenna plate 10x and
receiving antenna plate 10y are placed on the
corresponding loop faces of the transmitting antenna
2 and receiving antenna 3 opposed to each other, an earth

plate 11x (the dotted portion in Fig. 17A) is disposed



magnetic fields of nutually opposite polarities, one can properly

det erm ne, dependi ng upon the circunstances whether these |loop coils are
to be formed by wi nding a conductor wire, as showmn in Fig. 4 or Fig. 1
descri bed previously, or as separate and_independent |oop coils, as shown
in Fig. 3. However, the forner is prefe??ble fromthe point that the
directions and the phases of the electric currents flowng in the
respective loop coils do not have to be set separately in order to
generate the magnetic fields of nutually opposite polarities and designing
of the transmtting antenna is thus easy. Fig. 6 is an expl anatory
drawi ng of magwettite sprégcss qﬁnﬁkﬁgﬁﬁéﬂ&@é&ﬁinrﬁﬁg¢ERQMHk4?@ f¥enna
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the | oop coil ransmttrng antenna 2 (s oppoSite~inh ?ty to

the magnetic fittlgl dsEveq porivivh the Fogp agid) s 4dDsbhiad sigcHsdi bhi ng
antenna 2 it is al sofgeferabl e to properly adjust at |east one factor out
of the |oop ditheestrizceadhtheopecediviing aienna@lamediOponnasiteaer eof,

the absolute \valye, of obPecR1AC! fAf EHELTIN i BIgeNEoeY ANdhi08
disposed between fhese earth plate 11x and earth plate
l1ly, and the earth ﬁlate l1lx and earth plate 1ly are
connected to the earth. '

Fig. 18A is an example in which, in order to more
shield the receiving antenna in the reader/writer
antenna shown in Fig. 1, coppet shield pipes 13 house
and shield the transmitting antenna (the internal loop
coil of three turns and the external loop coil of a turn)
and the receiving antenna (the loop coil of a turn) of
respective'conductor wires insulated. Fig. 18B is an
ehlarged illustration of part Al of the internal loop
coil 2a of thg/transmitting antenna shielded by the
shield pipe 15 as shown in Fig. 18A, and Fig. 18C is
an enlarged cross section of Part B of the ihternal loop
coil 2a. As shown, the shield pipe 13 is constructed
of electrically conductive pipes 13a brought into fit
to an insulating member 13b on the both sides thereof
as represented by the arrows, at part Al, thereby
avoiding closing of the conductive_loop of the
conductive pipe 13a. The same arrangement.is also
applied to part A2 of the external loop qoil of the

transmitting antenna and part A3 of the receiving



phase difference between the electric currents flowng in the respective
| oop coils so that the intensity of - 19
the total nagnetic field as a conposition of the nagnetic fields generated
fromthese loop coils 2a, 2b nmay decrea§% nore greatly outside the
communi cation. zone than inside the communi cation zone, simlarly as in
the foregoing transmtting antenna of Fig. 1. Al so, the magnetic
flux density is high near the contact point between the two |oop coils 2a,
2b of the transmtting antenna 2, as shown in Fig. 6. Wien the |oop coi
of the receiving antenna 3 is positioned in parallel with the | oop face of
the | oop coi | @BLLNBY. FOTTREPOIFINT dio Maght My ik ithe AR et t1o0Rs
shown in Figedhithe loop coil 2a and loop coil 2b of the transmtting.
antenna i nduce respective strong voltages

EXAMPLES

- Example 1 and Comparative Example 1 -

Fabricated was the reader/writer antenna la of
the present invention according to the embodiment shown

. in Fig. 1. In this case, the coil parameters of the
internal loop coil 2a and external loop coil 2b
constituting the transmitting antenna 2 were set as
shown in Table 1 (Example 1).

For comparison's sake, another reader/writer
antenna was fabricated in the same manner as in Example -
1 except that the transmitting antenna was constructed
of a single loop coil. In this case, the coil parameters
of the loop coil of the transmitting antenna were set
as shown in Table 1, and the electric current was _
determined so !;hat the magnetic field intensity became

100 dB1A/m at the position of object distance 15 cm.

TABLE 1
lRadius(mml Turns Current(A)
Ex.1 Internal loop coil 2a: 50 3 1.5
External loop coil 2b: 61.2 2 1.5

Comp. Ex.1l Single loop coil: 50.0 3 0.102

Measurement was carried out using a search coil



with nutually opposite polarities in the loop coil of the receiving
antenna 3. If the coil paraneters of the 1loop coil of the receiving
antenna 3 are set so that the mutual inductance between the | oop coil of
the receiving antenna 3 and the |loop coiL) 2a of the transmitting antenna
may be equal in value but opposite in pOGlfarity to the nutual inductance
between the loop coil of the receiving antenna 3 and the | oop coil 2b of
the transmitting antenna, in the sane manner as in the case of Fig. 1,

t hey cancel out each other in the receiving antenna 3. Accordingly, this

enbodi ment can also drastically reduce the undesired voltage occurring
due to the triRsRPESIgh &igtuibutions ofemagnetierfiald, tadensiti®senna

3. s g$ . Si pce gnetic flux
. . . by these transmit . . X .
density is hng near the contag?lﬁ%ln tggpﬂan:%H% tmgsaa?ggﬁh | oop coils

2a, relations between the distance from transmitting

éntenna and the magnetic field intensity. Results of
the meésurement are shown in Fig. 19.

From Fig. 19, with the transmitting antenna of
Comparative Example the magnetic field intensity -
gently drops in inverse proportion to the third power
of the distance from the antenna, whereas with the
transmitting antenna of Example 1 the magnetic field
inteﬁsity steeply drops with an increase of the distance
from antenna in inverse proportion to the fifth power
of the distance from antenna. Therefore, the magnetic
field intensity can be maintained high in the
communication zone and the magnetic field intensity
drops to the sufficiently low level outside the
communication }one, thus greatly reducing the
interference df obstruction to the neighboring devices
or neighboring communication systems.

~ Next, the mutual.inddctahce was.measured for
various loop diameters in the case of the loop coil of
the receivj_.ng antenna being of a single turn. Obtained
were the mutual inductance M (3-2a) between the loop
coil of the receiving antenna and the internal loop coil
of the transmitting antenna, the mutual inductance M
(3-2b) between the loop coil of'the receiving antenna

and the external loop coil of the transmitting antenna,



2b of the transmtting antenna of Fig. 4, as described above, use of such
a transmtting antenna can largely expand the angul ar range of the
‘transponder antenna to the transmtting antenna of the interrogator,
necessary for the transponder to receive_the transm ssion signal fromthe
I nterrogator at predeterm ned reception¥Sensitivity. The
reader/witer antenna le of Fig. 7 (Fig. 7A is a plan view and Fig. 7B is
a side view) is an exanple in which the transmtting antenna 2 is the sane
as the transmtting antenna of the reader/witer antenna 1d of Fig. 4
while the receiving antenna 3 is positioned so that the | oop face thereof

i s perpendi cuk®d ttehe mautugl dmducgiopnesi Ms (3x22b 3f 2bhebeitaesn t thag

cpuema: 7 O xbs” AP R SIGRE o000 rlAE IRESeL oh0LES 1 g
antenna 2 genefrrasinitbendpanebnba, whildeRa®santpdnbnitthe fgdipcehhges in
the draw ng) upon sending of the transm ssion signal, anong the nagnetic
fl ux enteringcomposedi oEngbentisriernglt hadregrieernall doodx coibse side of
the 100p face o ddeb! B1FLELERISA EEE Bo' Se30b0uka bl b8 £

and regarded as a single trénsmitting coil. Results

of this measurement are shown in Fig. 20.

It is seen from Fig. 20 that in the case where
the internal loop coil'2a of the transmitting antenna
haé the radius 50 mm and three turns, the external loop
coil 2b has the radius 61.2 mm and two turns, and they
are coaxially positioned on a same plane,_M = 0 when
the loop coil of the receiving antenna has the radius
58.4 mm and a turn, resulting in no coupling existing
between the receiving antenna and the transmitting
antenna (at the point shown by the arrow in the drawing).
Therefore, the ‘_go:i.l parameters of the receiving antenna
can be determihed as those at the point where coupling
disappears between the receiving antenna and the
transmitting antenna. '

As detailed above, the present invention can
prevent the transmission signal sent out from the
interrogator to the trénsponder from appearing at the
antenna terminals of_the interrogator in receiving the
reply signal from the transponder through the antenna

of interrogator in the non-contact data carrier system

for performing the short-distance communication by



to the magnetic flux 2y on the other side, whereby the nmagnetic flux 2x
and the magnetic flux 2y generated by the transmtting antenna 2 can
cancel each other in the 21 receiving
antenna 3, as being the case with the fqregoing reader/witer antenna Ib
of Fig. 2. Therefore, this enbodi nent can also drastically reduce the
undesi red vol tage occurring due to the transnission signal at the
termnals of the receiving antenna 3. The reader/witer antenna 1f
of Fig. 9 is an exanple in which the transmtting antenna 2 is conposed

of three loop coils 2a, 2b, 2c . adjacent to each other in a row, obtained
by routing a \ﬁWB’FoﬂﬁE’é‘ﬁﬁ&‘béﬁ(ﬁY&ﬁ°n ibeirrer dhe JRtaTHegRt cxgrRbent

L0oon | onn b qBORALY  OPRESRY HuChald N¥nl IESELYLGRTTL A0S
opposi te pol aredplg, signalafinomsthidetransponder and enhancing the
reading reliability.

Further, the present invention may employ the
transmitting antenna comprised of at least two loop
colls for generating the magnetic fields of mutualiy
opposite polarities wherein at least one factor is
sélected and properly set out of the loop diameter of
each loop coil, the ﬁumber of turn thereof, the
direction of turn thereof, the absolute value of the
electric current flowing therein, and the phase
difference between the electric currents flowing in the

" respective loop coils, whereby the magnetic field
intensity is high enough within the expected
communication zone, the magnetic field intensity
steeply decreaﬂs,.es with an increase of the distance from
antenna, and tfle magnetic field intensity can be surely
maintained below the predetermined level outside the
communication zone.

Accordingly, the intensity of the magnetic
field sent from the interrogator to the transponder can
be decreased sufficiently outside the communication
zone so as to greatly reduce the interference or
obstruction to the neighbdring devices or neighboring
communicatibn systems while being maintained high

enough to secure the high communication quality within



reader/witer antenna 1d of Fig. 4 was. In this case, the polarities of
the two | oop coils at the both ends are the sane while the polarity of the
| oop coil 2b at the center is opposite to those of these |oop coils 2a,

2c. Therefore, the coil parameters of thgsioop coil of the receiving
antenna 3 are set so that the nutual inductance between the | oop coil of
the receiving antenna 3 and the |loop coils 2a, 2c at the both ends of the
transmtting antenna nay be equal in value but opposite in polarity to the
mut ual inductance between the |oop coil of the receiving antenna 3 and the
loop coil 2b at the center .of the transmtting antenna, This can_suppress
t he undesired ‘E%?t%%‘@mﬁf}&ﬁ’ﬁxijr@ o0& o anchat; Fgﬁﬁﬁ"é%i‘iﬂ‘f“%i?g%&lt'i whete
‘recei ving ant : The
reader/mmiteregﬁ?egﬁgéﬁf%gaEfg.df&%gfiithe reply 51éﬁgl from the
transponder, the interrogator can be prevented from

undesirably detecting the transmission signal sent
from the interrogator to the transponder, thereby
facilitating detection of the reply signal from the

transponder and enhancing the reading reliability.



nodi fication of the reader/witer antenna 1f of Fig. 9, obtained by
nodi fying the two end loop coils 2a, 2c of the transmtting antenna 2 into
a non-circul ar shape. As exenplified by this enbodinment, a variet

configurations can be adopted for the |lo coils of t mtting
antenna and receiving antenna used in the present inventi WA ﬂ”g
having to be limted to the circle. The reaimw‘é“m\‘g 1h
of Fig. 11 is simlar to the reader/witer antenna g, »9 Bn *t hat

the transmtting antenna 2 is conposed of three adjacént |oop coils 2a,

2b, 2c and the adjacegggéﬁﬁgﬁﬁcoils are wound in nmutually opposite
di.rections, but the iter antenna 1h of Fig. 11 is different from

the transmtting antenna 2 of Fig. 9 in that the |oop dianmeter of the both
end loop coils 2a, 2c is snmaller than that in Fig. 9 and the nunber of
turn of the center |dop dmlafbennalddErrasedder/writedrwif han, the

receiving antenna 3 of the reader/witer antenna 1h of Fig. 11 is provided
with auxiliar yPdGTEOSRt0T 10 & ARR FARLEFOrAatR GATEART SHRESENCeS

between the r%%ﬂﬁ@i@hﬁat@ﬂ%af%fg¥kéggtor and a transponder, said
" antenna for reader/writer of the interrogator

comprising a transmitting antenna for transmitting a
signal to the transponder and a receiving antenna for
receiving a signal from the transponder, whereih said
receiving antenna comprises a loop coil located at a
position where magnetic fields of opposite polarities
to each other are induced in the receiving antenna by
magnetic coupling between_the recelving antenna and the |
transmitting antenna and where said magnetic fields of

the opposite polarities cancel out each other.

2. Thgfantenna for reader/writer according to
Claim 1, wheréin said transmittiﬂg antenna comprises
at least two loop coils for generating magnetic fields
of opposite polarities to each other and the receiving
antenna is located so that magnetic fields induced in
the receiving antenna by the magnetic fields of the
opposite polarities to each other generated from said

loop coils cancel out each other.



transmtting antenna 2 can be accurately adjusted bycgﬁﬂigglg$%ljgijﬂuyya of
the auxiliary coils 3p, 3g in the <case of the | oop e receiving
antenna 3 being a wound wire coil or by cutting the pat “ll&““

23 auxiliary coils 3p, 3q in the cas§ Lof the Ioop g\tﬁ‘k\ “
patterned by etching of conductor |ayer on the substr U sMthéis
preferred to provide the receiving antenna 3 with the auxiliary coils 3p,
3q for adjusting the mutual inductances. The reader/witer antenna

li of Fig. 12 is simlar to the reader/witer antenna la of Fig. 1 in

that the transmtting antenna 2 is conposed of the .internal |Qop coil 2a
and the external |oop toi TP 2ntenneEeBReddLT/¥riliar aGrepH éﬁs tend in

that the |oopg xh 2f v}}{r%-éfﬁeéé" r@qéga 1€ bai %ﬁe?Q?'ié%ﬁuQ%%‘ dut

coaxially mnth int oop col
of a loop diameter of each loop coil of the transmitting

antenna, a number of turns thereof, a direction of turn
thereof, an absolute value of an electric current
flowing therein, and a phase difference between

- electric currehts flowing in the respective loop coils
so that magnetic field intensities of the magnetic
fiélds coming out from the transmitting antenna
decrease more greatly outside a communication zone than

inside the communication zone.

4. The antenna for reader/writer according to

" Claim 2, wherein said transmitting antenna is made of

a line of antenna conductor so as to form the loop coils

of the transmitting antenna, adjacent to each other,
for generatinqﬁthe magnetic fields of the opposite

polarities to éach other and so as to wind the adjacent

loop coils in mutually opposite directions.

5. The antenna for reader/writer according t6
Claim 3, wherein said transmitting antenna is made of
a line of antenna conductor so as to form the loop coils
of the transmitting antenna, adjacent to each other,
for generating the magnetic fields of the opposite
polarities to each other and so as to wind the adjacent

loop coils in mutually opposite directiomns.



|l oop coil 2b, but it is also simlar to the reader/witer antenna 1h of

Fig. 11 in that the receiving antenna 3 is provi ded with auxitHary—€oils

3p, 3qg, 3r, 3s for accurately adjusting the cancellation of nutual
i nductances between the receiving antenngg3 and the ”m“nmgll “t! “ enna
2. In addition to the nmethod for "addi ng the b TS

shomn in Fig. 11 or Fig. 12, the nmutual inductances hetweeén the recei ving

antenna 3 and the transmitting antenna 2 can be adjusted by a nethod of
connecting a variable capacitor or a variable resistor to each | oop coi

of the transmtting antenn or the loop coil _of the receiving antenna and
adjusting it or by a%rmetHIP FRLRNRE FOT reader/FRhiter agrordieg &eound

523 | oop coi | ¢affhad] Ui 10'ethQC by s of the transmitting

antenna for generating the magnetic fields of the
opposite polarities to each other comprise an internal
loop coil and an external 1opp coil, formed coaxially
in the same plane, and said internal loop coil and
external loop coil are made of a line of antenna
conductor so as to be wound in mutually opposite

directions.

7. The antenna for reader/writer according to
Claim 3, wherein the loop coils of_the trahsmitting
antenna for generating the magnetic fields of the
opposite polarities to each other comprise an internal
loop coil and an external loop coil, formed coaxially
in the same plane, and said internal 1oqp coil and
external loop’poil are made of a line of antenna
conductor so és fo be wound in mutually opposite

directions.

| 8. The antenna for reader/writer according to
Claim 2, wherein the loop coils of the transmitting
antenna for generating the magnetic fields of the
opposite polarities to each other are located at
respective positions where the loop coils do not overlap

with each other.



the area of the netal foil. As described above, the reader/witer
antenna of the present invention is basically conprised of the
transmtting antenna and the receiving antenna and, preferably, the
transmtting antenna is conposed of at Igast two |loop coils for generating
the magnetic fields of nutually opposite polaritie '

transm ssion signal. The receiving antenna is arranged so as | out
the magnetic fields comng out of the transnitting_ﬁa L ﬁﬂﬁ ‘he
receiving antenna is prevented fromdetecting the tri¥ A 1.

Further, the present invention permts the above basic construction to be
nodified with a variety of neans for shielding the receiving antenna from
the transm ssion signal emtted fromthe transmtting antenna. Even if the
magnetic fields fromthe transmtting antenna are canceled out in the
receiving antenna, tfreTe sintenmsa riyr coepdenygwediaat tanesrdiag to

capacitive coyplin get en the receiving antenna_ and the transmtting
antenna, whi cxﬁc"’ft}ge 'a\{’\?‘@é:l&?db_tléﬁr LeRP @ ¥1vEnthee tiransnik§ing enna.
Fig. 13 is anfedhigakery JUmib&0ihg TRVt HFLE18! s TEAHY ST chile

opposite polarities to each other are located at

respective positions where the loop coils do not overlap

with each other._

10. The antenna for reader/writer according to
either one of Claims 1 to 9, wherein said receiving
antenna comprises an auxlliary coil for adjusting a
mutual inductance between_said receiving antenna and

said transmitting antenna.

11. The antenna for reader/writer according to
either one of glaims 1 to 9, wherein said receiving
antenna comprises a bifilar choke for preventing a
leakage current from flowing caused by a dapacitive
coupling between said receiving antenna and said

transmitting antenna.

12. The antenna for reader/writer according to
either one of Claims 1 to 9, wherein said receiving
antenna comprises an electrostatic shield for
preventing capacitive coupling between said receiving

antenna and said transmitting antenna.



| eakage current, showi ng that when an electric current flows along the
arrow in the coil of the transmtting antenna 2, an electric current also
flows along the arrows in the receiving antenna 3 through the stray '
25 coupl i ng capacitance C. The present invention permts
provision of a neans for greatly reducing influence of the stray coupling
capacitance C so as to overcone the problem of |eakage current. For
exanple, the nmeans for greatly reducing the stray coupling capacitance C
may be a bifilar choke provided in the receiving antenna or an

el ectrostatic shield over the receiving antenna. Anong them an
enbodi nent provided with a bifilar c REF%Jranged, for exanple as shown
in Fig. 14, in such a manner that a bifilar choke 5 is provided after the

| oop coil of the receiving antenna 3 and a
-In an antenna la for reader/writer of an

interrogator in a non-contact data carrier system
comprising the interrogator and a transponder, the
antenna for reader/writer of the interrogator
comprises a transmitting antenna 2 for transmitting a
'signal to the transponder and a receiving antenna 3 for
receiving a signal from the transponder, and the
receiving antenna 3 is a loop coil located at a position
where magnetic fields of opposité polarities are
induced in the receiving antenna 3 by magnetic coupling
between the receiving antenna 3 and the transmitting
antenna 2 and where the magnetic fields of opposite
polarities cancel out each other. - Preferably, the
tranémitting antenna 2 is comprised of at ]_._east two loop
coils 2a, 2b fo';; generating magnetic fields of opposite

polarities to each other.

_—
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mat ching transformer 6 is provided between the bifilar choke 5 and the.
mai n body of receiving circuitry. In this case, it is preferabl e that the
two coils conposing the bifilar choke have a |arge inpedance agai nst
currents flowng in the same direction. This is preferably realized by

i ncreasing the nunber of turns of the coils or by inserting a core of
ferrite or th | i keqinto each coil. This can greatly reduce the | eakage
current, thus sdbgranllally suppr-,< g a vol 8 drop due to the | eakage
current at the termnals of t — In contrast with it,
electric currents due to th ﬁ% transponder flow in
opposite directions in the R 0 cause no vol tage drop,
and thus they are not attenyg the original object signal
26 can be detected well

Fig. 2

Fig. 3
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On the other hand, an enbodinent for electrostatically shieling the
receiving antenna is arranged, for exanple as shown in Fig. 15, inguch a
manner that a shieled cable (or coaxial cable) 7 is used for the receiving
antenna 3 and a shield sheath 7a thereof is grounded. In this case, an
internal conductor 7b of the shielded cable 7 is used as an antenna. A
part of the shield sheath 7a is cut off at a part, 7x of the shielded cable
7 so as to prdvent 4 A oop from being fornmed in ¥Fnd ghi dBsheath 7a. _
Anot her enbodi ment nay be arranged to shield the receiving antenna 3 by
covering it by an electrically 4conductive pipe material 8, as shown in
Fig. 16A, and groundi ng f I rial 8. This pipe material 8 is a
C- shaped pi pe covering the2antenna ¢ uctor 3a coated with an insul ating
material 9, as shown in the view of Fig. 16B, and one end
t hereof is ‘connected ; Fig. 17A (a tof|view), Fig. 17B
g 5 show anot her gipnple as a
nodi fication of thefreade own in Fﬁg. 1 |ikereB n di sk

Fig. 5
—\\“//-4
Fig. 6
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receiving antenna plate 10y are placed on the corresponding |oop faces of
the transmtting antenna 2 and receiving antenna 3 opposed to each gt her,
an earth plate 11x (the dotted portion in Fig. 17A) is disposed
27 on the surface of the transmitting antenna plate 10x opposite to
the loop coils 2a, 2b, an earth plate 11y. (the dotted portion in Fig. 17C)
is al so dISpoiﬁd on %pz;surface of the rece|V|q§ antenna pl ate 10y
opposite d 18op an insulating plate H21i8.fuftiher di sposed
bet ween these earth plate 11x and earth plate 11y, and the earth plate 11x
and earth plate 11y are connected to the earth. Fig. 18Ais an
exanple in which, in order to nore shield the receiving antenna in the
reader/witer antenna show in Fig. 1, copper shield pipes 13 house

s /\‘ ~

2a 2b

Fig. 8

Sheet Has Been RTlaced

T



and shield the transmtting antenna (the internal loop <coil of three turns
and the external loop coil of a turn) and the receiving antenna (thke | oop
coil of a turn) of respective conductor wires insulated. Fig. 18B is an
enlarged illustration of part Al of the internal loop coil 2a of the
transm tting antenna shielded by the shield pipe 13 as shown in Fig. 18A,
and Fig. 18Cis an enlarged cross section of Part B of the internal |oop
coil 2a. As shown, the shield pipe 13 is constructed of electrically
conductive pilﬁet &3a ¥Yrought into fit toagn insulating nenber 13b on the
both sides thereof as represented by the arrows, at part A, thereby
avoi di ng cl osing of the conducti tive pipe 13a. The
sane arrangenent is also appliBa& to part 28 of the gxternal |oop coil of

the transnmitting antenna and pdrt A3 ii/itfliecefving
28
' N

)

3
1lf
Fig. 10
: 2a 2b 2c
3
1z
Fig. 11 )
—_—
“2a 2b 2¢ °
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antenna, corresponding to part A of the internal loop coil.

EXAMPLES - Exanple 1 and Conparative Exanple 1 - Fabri cat ed was

the reader/witer antenna |la of the present invention according to the

enbodi nent shown in Fig. 1. In this case, the coil paranmeters of the

internal loop coil 2a and external loop coil 2b <constituting the

" transmtting antenna 2 were set as shown in Table 1 (Exanple 1).

For conparlson s sake not her reader/witer antenna was fabricated in the

same nmanner ab ﬂngExalp 1 except that the transmitting antenna was

constructed of a single loop coil. In this case, the coil paraneters of

the loop coil of the transmtting antenna mﬁﬁﬁ set as shown in Table 1,
t

and the electric current al the magnetic field
intensity becane 100 dB[ eyf, n position>@& object distance 15 cm
TABLE 1 : ' s(nn) Tu ns Current(A) Ex.1
Internal |oop coil 2a: 3p - External |oop coil 2b:
61. 2 2 1.5
. 3r
3q
3 1i
Fig. 13
3
Fig. 14

6
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Conp. Ex.| Single loop coil: 50.0 3 0.102 Measur enment

was carried out using a search coil 6 29

to obtain distributions of magnetic field intensities by these
transmtting antennas, i.e., to obtain relations between the distance from
transmtting antenna and the nmagnetic field intensity. Results of the
measurenent are shown in Fig. 19. FromFig. 19, with the

transnitti ngFant gnalo® Conparati

e _Exanpl e the nygnetic field intensity
gently drops in inverse proporgron to i

s¢ t hi kehpower of the distance from

t he antenna, whereas with thg FANSN | Rg antenng of Exanple 1 the
magnetic field intensity syfeefly drops W\ i ptPease of the distance
fromantenna in inverse prgpoftion to the\fi pC

7b n 7x

Fig. 16A Fig. 16B

(x—x section)
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of the distance fromantenna. Therefore, the magnetic field intensity can
be mai ntained high in the comunication zone and the nmagnetic field '
intensity drops to the sufficiently Iow level outside the comrunication
zone, thus greatly reducing the interference or obstruction to the

nei ghbori ng devices or neighboring communi cati on systens. Next ,
the nmutual inductance was neasured for various | oop dianmeters in the case
of the loop @il ®f :lﬁﬁfkeceiving ant enna bei nggof a single turn. Obtained
were the nutual inductance M (3-2a) between thejjioop coil of the receiving
antenna and the internal |oop coil of _i# i tting antenna, the nutual
I nductance M (3-2b) between the Iog&/”“ Noe) recei ving antenna and
the external loop coil of the trang 3 '
30 and the nutual inductance

=)X(z)
\

A2

A3

E ; 13a

—T—13b

[\V]
o]
—

Fig. 18C
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| oop coil of the receiving antenna and the coil of the transmtting
antenna, which was a transmtting antenna conposed of the internal &nd
external loop coils connected in series so as to be of opposite polarities
and regarded as a single transmtting coil. Results of this nmeasurenent
are shown in Fig. 20. It is seen fromFig. 20 that in the case
where the internal loop coil 2a of the transmtting antenna has the
radius 50 nm ahdit greelt9rns, the external loop coil 2b has the radius
61.2 nmand two turns, and they are coaxially positioned on a sane pl ane,
M= 0 when the |oop coiI of the receiving antenna has the radius 58.4 mm
and a turn, rethiﬁ1gin no coupling existing between the receiving
antenna and the trgpspilt2 DRg antenna (at the point shown by the arrowin
the drawi ng). Thergfare, th ar amétem®.oE x.hd recei ving antenna can
be determ ned as tlwse at the point coupling disappears between the
recei ving antenna a@d thggtrhnsnitting a As detail ed above,

D D
(@]

the present inventign can prpvent.the transmhssi Lgnal sent out fromthe
interrogator to thqgtranspoujer from appeaging y
i 0—
0 -
= | T T T I T T T T
% 10 20 50 100 200
§ DISTANCE FROM ANTENNA (cm)
Fig. 20
m -
A
~ 34  M(3-2b)
O ]
B 24 k*“*~—h—q_—£:s=—+4d=:::
2 1- et H
3 0- M(3-2a) :
g2 —1- M (3-22,3-2b)
E I L) L) ] I L) L] 1] ¥ l L]
55 60"
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antenna termnals of the interrogator in receiving the reply signal Moénmé s
t‘he transponder through the antenna of interrogator in the non-contact
data carrier systemfor perf.orm ng the short-di stance conmuni cation by

31 el ectromagneti c i nducti on between the interrogator and the
transponder, thereby facilitating detection of the reply signal fromthe
transponder and enhancing the reading reliability. Further, the

present invention nay enploy the transmtting antenna conprised of at

| east two. loop coils for generating the magnetic fields of nmutually
opposite polarities wherein at |east on actor is selected and properly
set out of the |loop dianeter of each |oop coil, the nunmber of turn -
thereof, the direction of turn thereof, the absolute value of the

el ectric current flow AYTRNAr BEOR) READRR/WREIERhase

ABSTRACT

In an antenna la for reader/writer of an
1nterrogator§in a non-contact data carrier system
comprising the interrogator and a transponder, the
antenna for reader/writer of the interrogator
comprises a transmitting antenna 2 for transmitting a
signal to the transponder and a receiving antenna 3 for
receiving a signal fiom the transponder, and the
receiving antenna 3 is -a loop coll located at a position
where magnetic fields of opbosite polarities are
induced in the rece:Lv':l.ng antenna 3 by magnetic coupling
between the receiving antenna 3 and the transmitting
antenna 2 and where the magnetic fields of opposite
polarities cancel out each other. Preferably, the
.transmitting antenna 2 is comprised of at leést two loop
coils 2a, 2b for generating magnetic fields of opposite

polarities to each other.
e
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di fference between the electric currents flowing in the respective | oop
e€oils, whereby the magnetic field intensity is high enough within the
expected conmunication zone,.the nagnetic field intensity steeply
decreases with an increase of the distance from antenna, and the nagnetic
field intensity can be surely nmaintai ned bel ow the predeterm ned | evel
out side the comrunication zone. Accordingly, the intensity of the
magnetic field sent fromthe interrogalor to the transponder can be
decreased sufficiently outside the comrunication zone so as to greatly
reduce the interference or obstruction to the neighboring devices or .
nei ghboring conmuni cation systens whil e being nmaintained high enough to
secure the high comunication quality within ' o
32 the co igat lon zone, and_at the saag time as it, when the
interrogator detects the reply }_2

2a

Fig. 2

Fig. 3
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transponder, the interrogator can be prevented from undesirably detecting
t*he transm ssion signal sent fromthe interrogator to the transponder,
thereby facilitating detectian of the reply signal fromthe transponder
and enhancing the reading reliability. ' ) _ 33
CLAI MVEB: 1. An antenna for reader/witer of an interrogator in a.
non- cont act ta carrjer system conprisging the iﬁt?r ogq&' and a

t ransponder, a}dg-aﬁiéﬁna for reader/wtiter of the”ifter gghtor
conprising a transmtting antenng for transmtting a signal to the

t ransponder and a receiving ant a for receiving a signal fromthe
transponder, wherein said gr,ecei ving @enna conprises a |oop coil |ocated
at a position where nmagnetiic fields off opposite polarities

~—2Db

~—h 2

Fig. 6 Y.
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to each other are induced in the receiving antenna by nmagnetic coupling
between the receiving antenna and the transmtting antenna and where said
magnetic fields of the opposite polarities cancel out each other.

2. The antenna for reader/witer according to Caim1l, wherein said
transmtting antenna conprises at least two |oop coils for generating
magnetic fiel :0f, oppogite polarities,to each el an e receiving
antenna is |oc tédéSO H%t magneti c fiZids inducggqi§' tg;E?eceiving
antenna by the magnetic fields of the opposite polarities to each other
generated fromsaid |oop coils cancel out each other. '

34 , 3. The antenna for reader/witer according to Caim2,
wherein at |east one paraneter is adjusted out of a |oop dianeter of each

| oop coil of the transmtt+NT~———
2a 2b

Fig. 8
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antenna, a nunmber of turns thereof, a direction of turn thereof, an

absol ute value of an electric current flowng therein, and a phase

di fference between electric currents flowing in the respective |oop coils
so that magnetic field intensities of the.magnetic fields com ng out from
the transmtting antenna decrease nore greatly outside a communi cation

zone than inside the conmunication zong. 4. The antenna for
reader/wwiterdgcgo di to Claim2, whérein said transmtting antenna is
made of a |i fSant*enna conductor so asdo formthe loop coils of the

transmtting antenna, adjacent to each other, for generating, the nmagnetic
fields of the opposite pol aritkgﬂﬁm‘mas to wnd the .

adj acent |l oop coils in nutually 8pposite d BPection e 5. The
antenna for reader/witer accordijng to aj m 3, vvhe ein said transmitting
antenna is made of a line of
coils of the transmtting ant g
the magnetic fields of the of

wi nd the adj acent

for generating
er and so'as to

1f
Fig. 10
2a 2b 2¢
3
lg
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|l oop coils in nmutually opposite directions.
385 6. The antenna f or reader/witer according to Caim2,
wherein the loop coils of the'transmtting antenna for generating the
magnetic fields of the opposite polarities to each other conprise an
internal loop coil and an external |oop coil, fornmed coaxially in the
sane plane, and said internal |oop coil_and external |oop coil are made of
a line of ant a cOnfugtor So as to ﬁ% wound in rutually opposite
directions. - 1 8. 71 #he antenna for reader/witer according to Caim
3, wherein the loop coils of the transmtting antenna for generating the
magnetic fields of the opposite polarities QQ)ﬁFCh ot her conprise an '
f

internal loop coil and an gxTs -:li.;:f coil, rmed coaxially
2a

<5 :

Fig. 14

]
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in the same plane, and said internal loop coil and external |oop coil are
made of a line of antenna conductor so as to be wound in nutually opposite
di rections. 8. The antenna for reader/witer -according to Caim
2, wherein the loop coils of the transmtting antenna for generating the
magnetic fields of the opposite polarities to each other are |ocated at
respective poi$tjons wﬁﬁie the loop coils do not overlap wth each other.
36 1 89. TRt ant enng e ader/w jter7according to Caim3
wherein the | oop coils of the % antenna for generating the
magnetic fields of the

7b

(x=x section)
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opposite polarities to each other are located at - respéctive positions
where the |loop coils do not overlap wth each other. 10. The
antenna for reader/witer according to either one of Clains 1 to 9,
wherein said receiving antenna conprises an auxiliary coil for adjusting a
mut ual inductance between said receiving antenna and said transmtting
ant enna. . 11, &Ee antenna for regader/witer according to either
one of ClainBFlltS-Q,l eﬁein sai d recéfving adt®nna conprises a bifilar
choke for preventing a |eakage current fromfl gy ng caused by a capacitive
coupling between said receiving anten . ' ransmtting antenna. _
12. The antenna for reader/witer her one of Clains 1 to 9,

. Wherein said receiving antenna co ostatic shield for

i preventing capacitive coupling bet antenna and said

| transmitting antenna.

A2
A3
Fig. 18B
13a
~2al
—~—13b
Fig. 18C
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Fig. 19 8
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