1 ELECTROVAGNETI C COUPLI NG CHARACTERI STI C ADJUSTMENT METHOD | N NON- CONTACT
PONER SUPPLY SYSTEM POWER SUPPLY DEVI CE, AND NON CONTACT POVWER SUPPLY
SYSTEM FI ELD OF THE | NVENTI ON The present invention relates to a
non-contact power supply system which includes a sem conductor device
such as an IC card and a power supply device for supplying power to the
sem conduct or devi ce through el ectromagnetic coupling wthout contact with
t he sem conductor, and the power supply systemused in the system and
further relates to an el ectromagnetic coupling- characteristic adjustnent
met hod for the non-contact power supply system 2 BACKGROUND OF THE

| NVENTION I n recent years, an |IC card has cone into wde use, which is
made of a plastic card containing such as an IC chip of a non-volatile
menory, a CPU (Central Processing Unit) etc. The IC card is nore

advant ageous in terns of handling of |arge anount of data, security, etc.
than a nagnetic card, which has been commonly used. Wth such advantages,
much attention is now focused on an IC card as a new type card for the
next generation.

ELECTROMAGNETIC COUPLING CHARACTERISTIC
ADJUSTMENT METHOD IN NON-CONTACT POWER
SUPPLY SYSTEM, POWER SUPPLY DEVICE, AND
NON-CONTACT POWER SUPPLY SYSTEM

FIELD OF THE INVENTION

The present invention relates to a non-contact power
supply system, which includes a semiconductor device such
as an IC card and a power supply device for supplying
power to the semiconductor device through electromagnetic
coupling without contact with the semiconductor, and the
power supply system used in the system, and further
relates to an electromagnetic coupling- characteristic
adjustment method for the non-contact power supply

system.



The reason for rapid w despread of an IC card is conpatibility with
various applications. The IC card can carry out not only applications
currently enforced by a nmgnetic card, but also applications which cannot
be enforced by a nagnetic card due tagytechnical |Iimt. Also, there has
been expectation for a nulti-purpose I'C card capable of having plural
applications in a single card. The IC card uses a reader/witer device for
power supply and witing of information. The IC card and the

reader/witer device fall into contact-type and non-contact-type dependi ng

on their interfaces. !ﬁA]@gél@étﬁ@ﬁtﬁqﬁWEeIN@mﬂﬁNt he 1C card and the
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reader-writer device t? supply power to the I C card by
andling of large amount of data, security, etc. than a
magnetic card, which has been commonly used. With such
advantages, much attention is now focused on an IC card as
a new type card for the next generation.

The reason for rapid widespread of an IC card is
compatibility with various applications. The IC card can
carry out not only applications currently enforced by a
magnetic card, but also applications which cannot be
enforced by a magnetic card due to technical limit. Also,
there has been expectation for a multi-purpose IC card
capable of having plural applications in a single card.

The IC card uses a reader/writer device for power
supply and writing of information. The IC card and the
reader/writer device fall into contact-type and
non-contact-type depending on their interfaces.

In case of contact-type, each of the IC card and the
reader-writer device includes a metal connection terminal,
and data exchange is performed by bringing the connection

terminal of the IC card into contact with the connection

terminal of the reader/writer device. Bringing the



el ectromagneti c i nduction technology and also allow data transm ssion
between the reader-witer device and the IC card. The non-contact-type IC
card rectifies an induced voltage generated in the antenna coil at a diode
bridge before supplying the voltage tp respective function blocks. Note
that, in this manner, propagation between the antenna coil of the
non-contact reader/witer device and the antenna coil of the non-contact
IC card is carried out with an el ectronagnetic wave having a carrier
frequency of in a range fromseveral Mz to several 10MHz, for exanple.
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in ternms of reduction of majntenance_ cost, easy handling, high-speed
processi ngthet Eeagre-woHesostaricer dagdndgsi tan aategnaacpil.roufhley into
two structures depending on whether or not the device has a function for
fixi ng theansenoencath of thearead¥newriter device generates a variable
electric field, and the antenna coil of the IC card enters the
generated variable electric field so as to allow the
reader-writer device to supply power to the IC card by
electromagnetic induction technology and also allow data
transmission between the reader-writer device and the IC
card.

The non-contact-type IC card rectifies an induced

voltage generated in the antenna coil at a diode bridge
before supplying the voltage to respective function blocks.
Note that, in this manner, propagation between the antenna
coil of the non-contact reader/writer device and the
antenna coil of the non-contact IC card is carried out with
an electromagnetic wave having a carrier frequency of in a
range from several MHz to several 10MHz, for example,

The non-contact IC card does not include a
connection terminal for an external device, and therefore no
concern is necessary for breakage of connection portion or
the like. Further, the non-contact IC card is capable of

power supply and data exchange with respect to the

non-contact reader-writer device by only coming closer to
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data processing). G herwise, the ICcard is instantaneously

brought inggs.contact with the ticket gate ("touch and go" data

processi ng). However, the communication di stance between the open-type

reader/writer deyife ARA LEnGakt 18aBRt/WriBlk device falls roughly

into two structures depending on whether or not the device
has a function for fixing the non-contact IC card. The
former is referred to as a close-type, while the latter is
referred to as an open-type.

The communication distance between the close-type
reader/writer device and IC card is not more than 5mm,
and is often 1lmm. Such a short distance of the close-type
reader/writer device and IC card appeals to financial fields
in which security of information plays an important role.
For this reason, a conventional market has a stronger
demand for a close-type reader/writer device than an
open-type device.

However, in recent years, the IC card is more often
used in traffic fields and also as a system for supervising
entry/leaving of a room, and therefore, demand for the
open-type with superior convenience increased to be greater
than that for the close-type. One example can be a train
ticket or a bus ticket made of an IC card, which is used by
being held up by the user toward a ticket gate having an

open-type reader/writer device, so as to allow the device to

open-type reader/witer device,



thus arising a probl emwhen power supply is carried out fromthe
reader/witer device to the IC card. Figure 8 shows a relation between the
comuni cation di stance from an open-type reader/witer device to an IC
card, and power received by the IC c%d, when the power supply of the

open-type reader/witer device is fix As can be seen in the figure, the
power received by the IC card becones maxi num when the conmuni cati on
distance is 0, and then gradually decreases as the comrunication di stance
i ncreases. Therefore, within an assunmed range of comuni cation distance,
an I C card closer to ,the reader/witer device receives nore power. The

u
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generation of the IC card when the card is placed close to the
reader/ w i PEPcgsving}.f or Othenwisei, nsherdG heardt esnépstantangpustinti on for
a multi-purpose |1C card, the power fromthe reader/witer device has to be
i ncr eased, bsomght hatoucontpot pwith cthhe tiedeitr gata ("doyeh Gmidngoiim vol t age
for driving than that of a conventional card due to its non-volatile
menory of daital psscessing). MB  consumi ng great power. Figure 9 shows a
rel ati on between the communi cation distance and the received power by the
| C card when nor lowever, the communication distance between the
open-type reader/writer device and IC card is not fixed,
thus arising a problem when power supply is carried out
from the reader/writer device to the IC card. Figure 8
shows a relation between the communication distance from
an open-type reader/writer device to an IC card, and power
received by the IC card, when the power supply of the
open-type reader/writer device is fixed. As can be seen in
the figure, the power received by the IC card becomes
maximum when the communication distance is 0, and then
gradually decreases as the communication distance
increases.

Therefore, within an assumed range of
communication distance, an IC card closer to the
reader/writer device receives more power. The difference
of received power is converted intoc heat, thus causing heat
generation of the IC card when the card is placed close to
the reader/writer device for a long time.

Further, to meet the expectation for a multi-purpose

IC card, the power from the reader/writer device has to be

increased, since the multi-purpose card requires a larger
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ter device is adjusted according to the conmunication d
cdlistadee/andt the radedged power by the IC card when more
power is supplied from the open-type reader/writer device,
As can be seen in the figure, the received power can be
increased by supplying larger power if the communication
distance between the IC card and the reader/writer device
is fixed.

However, larger power supply causes an increase of
power difference of the received power between respective
communication distances. Further, an excessive increase
of the power supply may cause an adverse effect on other
devices. Thus, in view of realizing the multi-purpose IC
card, it is required to reduce the heat generation caused by
the received power difference.

Further, a recent demand for the IC card is a longer
communication distance so as to realize superior
convenience. However, to increase the communication
distance, it is necessary to raise power supply from the
reader/writer device as shown in Figure 9, and therefore the
same problem as above occurs.

In view of the problem of heat generation, one
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and the IC card. Figure 7 shows an arrangenent exanple of the
reader/witer device and the I1C card disclosed in the foregoing
publication. In the figure, the left side of the broken line shows an
arrangenent exanple of a reader/witer device 100 and the right side shows
an arrangenent exanple of an IC card 101. The reader/witer device 100

I ncl udes an oscillator 110, a power control circuit 111, an anplifier 112,
a matching circuit 113, a voltage detection circuit 114, a reader/witer

| C 115, a tuning capacitor 116, and an antenna coil 117. The oscillator
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circuit sec?MdRUsation qdisfance, atw N the meader/wrige fi&ml?@
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the tuni ni@Reptlaetldr C_Lal cortigrsd t§hﬂ%3r%o%¥r%$?@cmd§\¥iaéép ©0, so as

to increase_ transm ssion efficiency
of the reader/writer device and the IC card disclosed in the

foregoing publication. In the figure, the left side of the
broken line shows an arrangement example of a
reader/writer device 100 and the right side shows an
arrangement example of an IC card 101.

The reader/writer device 100 includes an oscillator
110, a power control circuit 111, an amplifier 112, a
matching circuit 113, a voltage detection circuit 114, a
reader/writer IC 115, a tuning capacitor 116, and an
antenna coil 117. The oscillator 110 outputs a high
frequency wave, which is amplified through the amplifier
112, so as to be supplied to the antenna coil 117 via the
matching circuit 113. The antenna coil 117 is directly
connected to the tuning capacitor 116 so as to increase
transmission efficiency. Note that, in the circuit diagram
of Figure 7, the antenna coil 117 is made up of an
inductance component L1 and a resistance component R1.

The IC card 101 includes an antenna coil 120, a
tuning capacitor 121, a rectification circuit section 122,

and an IC card logic section 123. The tuning capacitor 121
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of the IC card 101 and the antenna coil 117 of the
reader/writer device 100 generates an induced voltage,
which is then rectified through the rectification circuit
section 122 and adjusted to be a predetermined voltage
before supplying to the IC card logic section 123.

The reader/writer device 100 is characterized by
including a power control circuit 111 for controlling power
supply to the antenna coil 117, a voltage detection circuit
114 for detecting an input voltage of the antenna coil 117,
and first and second tables stored in the reader/writer IC
115.

The first table is to derive a coupling coefficient k
from an output voltage Vs of the power control circuit 111
and an input voltage V to the antenna coil detected by the
voltage detection circuit 114. This table is based on a
formula V=Vs - f (k) {F is a function).

The second table is to derive an optimal (a voltage not
causing excess heat) voltage Vs for the coupling coefficient
k from the coupling coefficient k and an optimal received

power P. This table is based on a formula P=g (Vs, k) (g is

k from



circuit 114 detects an output voltage V (input voltage to the antenna coi
117) of the anplifier 112 at a certain timng. The detected value of the
output voltage Vis sent to the reader/witer IC 115. Since the
reader/witer IC 115 controls the outgut voltage Vs of the power control
circuit 111, it has already obtained the value of the output voltage Vs
at this stage. Next, the reader/witer 1C 115 obtains the coupling
coefficient k with reference to the first table by using the output
voltage V of the anplifier 112 and the output voltage Vs of the power
control cigcphhctibn).Then, the reader/witer IC 115 obtains an optimal (a
vol tage not causi ng excess heat) output voltage Vs of the power control

circuit 111 for qﬁetﬁgu%}@gopggg:;é}ﬁﬁgéﬁ{%\mg,t BheehBlese détedtiénsecond

tabl e by using the coupling c I clen I'ch has been obtained and the
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reader/writer IC 115. Since the reader/writer IC 115
controls the output voltage Vs of the power control circuit
111, it has already obtained the value of the output voltage
Vs at this stage.

Next, the reader/writer IC 115 obtains the coupling
coefficient k with reference to the first table by using the
output voltage V of the amplifier 112 and the output voltage
Vs of the power control circuit 111. Then, the
reader/writer IC 115 obtains an optimal (a voltage not
causing excess heat) output voltage Vs of the power control
circuit 111 for the coupling coefficient k with reference to
the second table by using the coupling coefficient k which
has been obtained and the optimal received power P for the
IC card.

Further, the reader/writer IC 115 controls the power
control circuit 111 so that the power contrel circuit 111
outputs the obtained output voltage Vs. Consequently, it
is possible to cut the excess power supply and prevent heat
generation due to the power difference.

The foregoing IC card 101 and the reader/writer



power difference of the received power however causes magnification of
circuit scale and an increase of power consunption because of provision of
the power control ~circuit 111 and the voltage detection circuit 114.
Further, the IC card 101 and the readep witer device 100 still require an
I ncrease of power supply when extending the conmunication distance.
Therefore, the problemof adverse effect to the other devices due to an

i ncrease of power supply still cannot be sol ved. SUVWARY OF THE | NVENTI ON
The present invention is made in view of the foregoing conventional
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Further, the IC card 101 and the reader/writer device
100 still require an increase of power supply when
extending the communication distance. Therefore, the
problem of adverse effect to the other devices due to an

increase of power supply still cannot be solved.

SUMMARY OF THE INVENTION
The present invention is made in view of the foregoing
conventional problems, and an object is to provide a
non-contact power supply system having a simple structure
and capable of reducing heat generation due to difference in
received power. Further, another object of the present
invention is to provide a non-contact power supply system
capable of extending an allowable operation distance
between a semiconductor device and a power supply device
without increasing power supply from the power supply

device, i
In order to solve the foregoing problems, in an

electromagnetic coupling characteristic adjustment method

of the present invention for adjusting an electromagnetic



a sem conductor device which are used in a non-contact power supply system
I n which a power transm ssion antenna coil provided in the power supply
device and a power receiving antenna coil provided in the sem conduct or
device are el ectromagnetically coupl edyso that the power supply device
supplies power to the sem conductor dévice wthout contact with the

sem conduct or device, the power supply device includes a first adjustnent

i npedance el enment connected in series to the power transm ssion antenna
coil and a second adjustnent inpedance elenment connected in parallel with

the power tr 1.SSI nna.. goiJ . The_ el ectro netic couplin
characteri sctolqi‘ﬁﬁg?j ﬁg@rlf%%ttt&%est%ﬁ%}ectgv ?Fs? n%gf%ﬁ(g gﬁ%ﬂﬁgf 5‘3&?‘90%’9% m ni ng
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the sem cofitSBIcQRTIsAOr cHEVICE BRakteare pRed Wheh BOBbARom gl y

di stance, which is a dj stanci bet.ween t.hgl power transm ssion antenna coil
and the polHVEF e BHRPRG SASLARAL 4Bi | WHSE a2pr BR¥MSE nifRASTHSSOR0t | ess
than 0. Here, the pre eterm'.aeg val ue of the power supply distance is
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system For exanple, .a non-contact conmunication system where the
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device are electromagnetically coupled so that the power

supply device supplies power to the semiconductor device
without contact with the semiconductor device, the power
supply device includes a first adjustment impedance
element connected in series to the power transmission
antenna coil and a second adjustment impedance element
connected in parallel with the power transmission antenna
coil. | The electromagnetic coupling characteristic
adjustment method comprising the step of: {a) determining
impedances of the first and second adjustment impedance
elements so that the semiconductor device receives greatest
power when a power supply distance, which is a distance
between the power transmission antenna coil and the power
receiving antenna coil, has a predetermined value not less
than O.

Here, the predetermined value of the power supply
distance is preferably in the vicinity of a likely power supply
distance used for the system. For e}iamplé, a non-contact
communication system, where the semiconductor device is

an IC card and the power supply device is a reader/writer



device, falls into a close-type, an adjacent-type, a proximty-type,
according to a communi cation distance between the IC card and the
reader/witer device. These different types are in progress for

standardi zation as |1S010536, |SQO |EC14443, and | SO | EC15693, with likely
comuni cation di stances of Imm (mllin€ter), around 100nm and around
700mm respectively. Therefore, the predetern ned value of power supply
distance is preferably around 1mmin a close-type, around 100mmin an
adj acent-type, and around 700mmin a proximty type, in case of a

non- cont act, _conmuni I on stem Further, the pre&eter :ﬂed val ue of

caft
comruni catﬁiSchiﬁ’stziﬂ i $74Bre? prcé?ﬁFéttﬂQ/e’i n &he FHETTEV EPC30nth
specifically in a range betvveecil.ZO to 40 which is nosf. |ikely
communi cat PEARHPI e tes ACE 0N 48) oBorfoTyPLAIEatnn  APERIERS
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ad] ust ment PEFERER $ieh IEnEarshandsthpl TeaReT AWTaler SRVFR: nolhE3et hat ¢ he
sem conducégt{‘edevi ce receives greatest power_at a predeterm ned val ue of

conmuni cat Bt afyPes | AEEddm aPFPETERSa igdneptandardizaiion =ag (x),
variation quantité of the_dependent variable é Is small in the vicinity of
n
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variable y includes the local maxinmum or the local mnimumin its range,
t he dependeammarnigsiteon distances of 1mm (millimeter), around

100mm, and around 700mm, respectively. Therefore, the
predetermined value of power supply distance is preferably
around lmm in a close-type, around 100mm in an
adjacent-type, and around 700mm in a proximity type, in
case of a non-contact communication system. Further, the
predetermined value of communication distance is more
preferably in the vicinity of 30mm, specifically in a range
between 20mm to 40mm, which is most likely
communication distance used for the adjacent-type IC card.

With the foregoing arrangement, the impedances of
the first and second impedance adjustment elements in the
power supply device are determined so that the
semiconductor device receives greatest power at a
predetermined value of communication distance.
Incidentally, in a general function y = { (x), variation
quantity of the dependent variable y is small in the vicinity
of the local maximum and the local minimum. Further,
when the dependent variable y includes the local maximum

or the local minimum in its range, the dependent variable
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Accordingly, in the electromagnetic coupling
characteristic adjustment method in a non-contact power
supply system according to the present invention, variation
of the received power due to difference of power supply
distance can be reduced, compared to a conventional
method in which the received power becomes maximum
when a power supply distance is 0, and then monotonically
decreases as the power supply distance increases. On this
account, heat generation due to the difference of received
power can be reduced with a simple structure only provided
with the first and second adjustment impedance elements.

Further, when the power supply distance from the
power supply device is extended while enabling operation of
the semiconductor device, the foregoing structure allows
such extension with a smaller difference between the
extended power supply distance and ' a” power supply
distance where the received power becomes maximum, thus
offering greater received power at the extended power

supply distance than the conventional system.
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0 extend the power supply distance w thout increasing power
rther, in an el ectronmagnetic coupling characteristic adjustnent

the present invention for gj usting an el ectromagnetic
stic between a power supply“device and a sem conduct or

coupling

devi ce

used in a non-contact power supply systemin which a power
on antenna coil provided in the power supply device and a power

antenna coil provided in the sem conductor device are
so_t hat, the power s

devi ce supplies power
BE@%r devi ce,

supply devjce includes, a first adjustnment inpedance el ement
dibtades suithey

t ¥l hENGESRPING RAWEE SURPWnt enna coi|l and a
| npedance_el enent, connected in parallel with the power

second

on ant EMFAhEs: || tife el &1 r omeRfELTRMABRAMNIENg cREPRIRE| st ¢
met hod conprising the step of: (a)_determ ning inpedances of

gharassenibtiadpdiba senentnpeethed ef dhenpyesenthanvension

is a distance between the power

between a power supply device and a semiconductor device
which are used in a non-contact power supply system in
which a power transmission antenna coil provided in the
power supply device and a power receiving antenna coil
provided in the semiconductor device are
electromagnetically coupled so that the power supply device
supplies power to the semiconductor device without contact
with the semiconductor device, the power supply device
includes a first adjustment impedance element connected in
series to the power transmission antenna coil and a second
adjustment impedance element connected in parallel with
the power transmission antenna coil, the electromagnetic
coupling characteristic adjustment method comprising the
step of: (a) determining impedances of the first and second
adjustment impedance elements so that the semiconductor
device receives greater power than a minimum power for
operation of the semiconductor device when a power supply
distance, which is a distance between the power
transmission antenna coil and the power receiving antenna

coil, is within a predetermined range.

device receives greater power than a m ni num power for
oper ati on 66rt hdjustinpndact oleatevimagnrélc acpumingupblaracdesistace, which



transm ssi on antenna coil and the power receiving antenna coil, is wthin
a predetermned range. 15 Wth the foregoing arrangenent, the inpedances of
the first and second adjustnent inpedance elenents are determ ned so that
t he sem conductor device receives grgater power than a m ni num power for
operation of the sem conductor device when a power supply distance is
within a predeterm ned range. Also, in this case, the difference of

recei ved power due to variation of power supply distance can be reduced
conpared to the conventional nethod, thus reducing heat generation due to

the difference gfifog|e obiRPMth oMalrhas ptiibhe, SﬁHéJCFrHPSd%‘idés pfovi ded

with the first and second adjustitent i|npedance el emen Further, a power
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el ement connected.in parallel w tg t he power transrii ss&or% antenna coil,
irrpedancesseé"fl“f%df"icrtgf ice when a' power supply distance 1s

within a predetermined range. Also, in this case, the
difference of received power due to variation of power
supply distance can be reduced compared to the
conventional method, thus reducing heat generation due to
the difference of received power with a simple structure only
provided with the first and second adjustment impedance
elements.

Further, a power supply device of the present
invention including a power transmission antenna coil

which is electromagnetically coupled with a power receiving

antenna coil provided in a semiconductor device so as to
supply power to the semiconductor device without contact
with the semiconductor device, includes: a first adjustment
impedance element connected in series to the power
transmission antenna <coil; and a second adjustment
impedance element connected in parallel with the power
transmission antenna coil, impedances of the first and
second adjustment impedance elements being determined so
that the semiconducter device receives greatest power when

a power supply distance, which is a distance between the



second adj ustnent inpedance el enments being determned so that the
sem conduct or devi ce receives greatest power when a power supply
which is a distance between the 16 power transm ssion antenna coil

limt is

power receiving antenna coil, is wt %n a predeterm ned range who

second

greater than 0. Wth the foregoing arrangenent, the first

adj ust nent i npedance el enents are determ ned so that the

sem conduct or device receives greatest power at a power supply di
greater than 0. Thus, as described, the difference of received power due
to variation of
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fromthe power supply device is extended while enabling
ei’rf"&‘é’r?@qu tefetha@ Ot he foregoing structure allows such

extension with a_smaller difference between the  extended power su
di stance and a pHith ipdoyegaingavangemenhethedérse@pdiacynd
maxi mum thus offering greater received power at the extended power

suppl y di stdhastmieant impeshanentslemensysargndetermined so that the

semiconductor device receives greatest power at a power
supply distance of greater than 0. Thus, as described, the
difference of received power due to variation of power
supply distance can be reduced compared to the
conventional method, thus reducing heat generation due to
the difference of received power with a simple structure only
provided with the first and second adjustment impedance
elements. |

Further, when the power supply distance from the
power supply device is extended while enabling operation of
the semiconductor device, the foregoing structure allows
such extension with a smaller difference between the
extended power supply distance and a power supply
distance where the received power becomes maximum, thus
offering greatef received power at the extended power
supply distance than the conventional system.
Consequently, it is possible to extend the power supply
distance without increasing power supply. '

Further, a non-contact power supply system

according to the present invention includes a power supply
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Consequent

I ncreasi ng power supply. Further,
to the present invention includes a power supply 17 device having

accordi ng

ly, it is possible to extend 'the power supply distance w thout

a non-contact power supply system

the foregoing structure and a sem cong ctor device having a power

recei ving
transm ssi

non- cont act power supply systemis

strengt hs
bel ow. Fur
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of the present invention, and a curved line c

Since this non-contact power supply system is
made up of the foregoing power supply device, the same
effect can be obtained.

Additional objects, features, and strengths of the
present invention will be made clear by the description
below. Further, the advantages of the present invention will
be evident from the following explanation in reference to the

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a graph showing characteristic of received
power by an IC card} of a non-contact communication
system, and a curved line a shows characteristic of
conventional received power as a comparative example, a
curved line b shows characteristic of received power in a
non-contact communication system according to one
embodiment of the present invention, and a curved line ¢
shows characteristic of received power by an IC card
without guarantee for operation in close-contact state.

Figure 2 is a graph showing characteristic of received

power by a reader/writer device of the present embodiment

omagnetically coupled with a power

made up of the foregoing power supply
device, the sane effect can be obtained. Additional objects, features,
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power by an |C clgéd) of on-,c&r)\t act communi cation system and
nfenPPHfl FERRSTHSSHORer as a

conparative exanple, _.a curved line b shows characteristic of received

power in adnieRangoRedkef tbenpawean sUPRlysdemecording to one enbodi ment



shows characteristic of received power by an IC card w thout guarantee for
operation in close-contact state. Figure 2 is a graph show ng
characteristic of received power by a reader/witer device of the present
enbodi mrent 18 on condition that an adjyst nent capacitor connected in

series to an antenna coil has a fixed Ccapacitance, and the capacitance of
an adj ustnent capacitor connected in parallel with the antenna coil has
three variations: CBl, CB2, and CB3 (CB 1. CB2: CB3=8: 13: 9). Figure 3 is
a bl ock diagram showi ng a schematic arrangenent of a non-contact

comuni cati gn system acgording to,.th resen nbodi nent. Figure 4 is an
equi val ent O&rgéﬁﬁﬁo@r%gf aﬁhédlﬁﬂéﬁffg%ﬂfaﬁ%‘f’%hﬁ?}'ni%%?PSﬁk‘g@sﬂ’ém shown
in Figure 3. .Figure 5 is the sa ui val.ent, circuit as that ,of. Figure 4,
addi {1 onal ISETAEY 1) T GRRIFTRRSONOASH BuitRE 4 (GARAGHADES ' SRfatbEnt er nal
resistance of the IC card to sone different points. Figure 6 is.a graph
showi ng a rERAFUANSE w@gn a’&o@&f‘hﬁ’@%‘ﬁfi%@ﬁﬁ?“&r{d EBgﬁﬂ.ﬁﬁt@Qt i 8% di stance
in the non-contact conmunication system ShOV\{hi n Figure, 3. Firéure 71is a
n

bl ock di agrRafalhehiwihy dnamtsrnazeptinddenthage vyagadignsorfabBl,

non- contact communi cati on system
: CB2, and CB3 (CBI1: CB2: CB3=8: 13: 9).

Figure 3 is a block diagram showing a schematic
arrangement of a non-contact communication system
according to the present embodiment.

Figure 4 is an equivalent circuit diagram of the
non-contact communication system shown in Figure 3.

Figure 5 is the same equivalent circuit as that of
Figure 4, additionally having broken lines for showing
impedances from an internal resistance of the IC card to
some different points.

Figure 6 is a graph showing a relation between
coupling coefficient and communication distance in the
non-contact communication system shown in Figure 3.

Figure 7 is a block diagram showing a schematic
arrangement of a conventional non-contact communication
system.

Figure 8 is a graph showing a relation between
received power and communication ‘distance in the
non-contact communication system shown in Figure 7.

Figure 9 is a graph similar to that shown in Figure 8

and showing a relation between received power and



Figure 8 is a graph showing a relation between received power and

communi cation 'distance in the non-contact comuni cati on system shown in
Figure 7. Figure 9 is a graph simlar to that shown in Figure 8 and

showi ng a rel ati on between received p? r and 19 conmuni cati on di stance
when nore power is supplied. DESCRI PT OF THE EMBODI MENTS One enbodi nment
of the present invention will be described belowwth reference to Figures
1 through 6. Figure 3 shows an arrangenment exanple of a circuit for a
non-contact |1 C card systemused in the present enbodinent. 1In the figure,
the left si f the broken |ine sho n__arrangenent exanmple of a
reader/ wri fgﬁl%évﬁkcéltggﬁvéptaﬂfpepﬂb%%ﬁ@é)e Hogﬁ% %%guﬂpgh‘?gsi de shows an

arrangenent exanple of an I C card (sem conductor device) 2. The

reader/ wri

10, an anplifier (po

ter device 1 includes an oscillator (power supplying section)
nt capacitors 12

and 13, and an- ant e%séw%ﬁb%ﬂgeiwﬁ@%@@&@ﬁts a high

frequency

coil 14 is
adj ust nent

wave, which is then anplified through the anplifier 11 so as to
be supplied to tRaanesihedgsent1Afl |the { neepeRE e vERbEd il

connected in series to the adjustnment capacitor (first

desppdertc bedowmswiith 1pcfeggacsl st cBiglere®dli ihgaugh eb.wi th

Figure 3 shows an arrangement example of a circuit for a
non-contact IC card system used in the present embodiment.
In the figure, the left side of the broken line shows an
arrangement example of a reader/writer device (power
supply device) 1 and the right side shows an arrangement
example of an IC card (semiconductor device) 2.

The reader/writer device 1 includes an oscillator
(power supplying section) 10, an amplifier (power supplying
section) 11, adjustment capacitors 12 and 13, and an
antenna coil 14. The oscillator 10 outputs a high
frequency wave, which is then amplified through the
amplifier 11 so as to be supplied to the antenna coil 14. In
the present embodiment, the antenna coil 14 is connected
in series to the adjustment capacitor (first adjustment
impedance element) 12, and also connected in parallel with
the adjustment capacitor (second adjustment impedance
element) 13.

The IC card 2 includes an antenna coil 20, a tuning
capacitor 21, a rectification circuit section 22, and an IC

card logic section 23. The tuning capacitor 21 is

P®e antenna



t he adj ustnent capacitor (second adjustnent inpedance elenment) 13. The IC
card 2 includes an antenna coil 20, a tuning capacitor 21, a rectification
circuit section 22, and an IC card logic section 23. The tuning capacitor
21 is 20 connected in parallel with the antenna coil 20 so as to increase
transm ssion efficiency synpathetical I29 with a self-inductance L2 of the
antenna coil 20. Electromagnetic coupling of the antenna coil 20 of the IC
card 2 and the antenna coil 14 of the reader/witer device 1 generates an
i nduced voltage, which is then rectified through the rectification circuit
section 22 and adjusted to be a predeterm ned voltage before supplying to
the | C car gongictedsder i paraldel Twithotheorrndennac earld XY ssenhsf tohe
present enbodinment is an adjacent-type with a communication distance of
from Onm t in&opmse THeahsmizsing wefficwmptai sympesheticallyn widbhod of an

el ectromagnetic coupling characteristic between the antenna coil 14 of the
reader/ wri seif-deductahcanb2t b thet antenaa kcozD 2. t ElecCommghticNot e
that, since the electronmagnetic coupling characteristic changes dependi ng
on the shapemplinghef trd exmeetnhl sold FmdoLGhd 10 a3k Wreantdn thiee

followi ng explanation that the shapes of those are fixed.

' antenna coil 14 of the reader/writer device 1 generates an
induced voltage, which is then rectified through the
rectification circuit section 22 and adjusted to be a
predetermined voltage before supplying to the IC card logic
section 23.

The non-contact IC card system of the present
embodiment is an adjacent-type with a communication
distance of from Omm to SO0mm. The following will explain
a calculation method of an electromagnetic coupling
characteristic between the antenna coil 14 of the
reader/writer device 1 and the antenna coil 20 of the IC
card 2. Note that, since the electromagnetic coupling
characteristic changes depending on the shapes of the
antenna coils 14 and 20, it is assumed in the following
explanation that the shapes of those are fixed.

The present embodiment uses the following
procedures so as to increase the communication distance
from Omm to S50mm. )

(1) Find a coupling coefficient k according to

the communication distance

(2) Find capacitances CA and CB of the



The present enbodi nent uses the followi ng procedures so as to increase the

conmuni cat
accordi ng

the 21 (3)
di stance c
predet er m
VO of the

power cons
within the
coefficien
coil 14 w

coefficien
t he shapes
coefficien

lon distance fromOmmto 50mm (1) Find a coupling coefficient k

to the conmunication distance (2) Find capacitances CA and CB of
adj ust nrent capacitors 12 aaq 13 so that the commrunication

ausi ng the maxi mnum power récCeiving exists within a

ned range of conmunication distance. Determ ne an output voltage

reader/witer device so as to constantly offering the m ninum
unption for driving the IC card with a comrunication di stance
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of the antenna coi.ls 14 and 20 are.f.i xed, the CQUﬁlI ng
t Kk maximum power receiving exists wit

predetermined range of communication
distance.

(3) Determine an output voltage VO of the
reader/writer device so as to constantly
offering the minimum power consumption
for driving the IC card with a
communication distance within the
predetermined range.

As described above, the coupling coefficient k
changes depending on geometric arrangement of the
antennal coil 14 with respect to the antenna coil 20, and
therefore the coupling coefficient k can be found out by
simulation or the like. Further, since the shapes of the
antenna coils 14 and 20 are fixed, the coupling coefficient k
depends on a communication distance 1.

Figure 6 shows a relation between the coupling
coefficient k and the communication distance L With
reference to the figure, the coupling coefficient k is a
function monotonically decreases with respect to the

communication distance [, i.e., the coupling coefficient k is

uniquely fixed with respect to the communication distance L

Accordingly, when the communication distance [ is

l'ing
si nce



depends on a comuni cation distance |I. Figure 6 shows a rel ati on between
the coupling coefficient k and the conmunication distance I. Wth
reference to the figure, the coupling coefficient k is a function
nonot oni cal | y decreases with respect to the conmunication distance 1,
I.e., the coupling coefficient k is @Riquely fixed with respect to the
communi cation distance |I. Accordingly, when the comrunication distance |
is 22 determined, the range of the coupling coefficient k is uniquely
fixed. In Figure 6, the coupling coefficient k is in arange from0.05 to
0. 27 when the communj cation distance 1 is in a_range fromOmmto 50m
Then, the &gisemisinchs tre ananges af ethet craiplagsoceeticiend pbwds

recei ving becomes maxi mum when the coupling coefficient k is within the

f or egoi ng memigpielyhfixedal cul ati on uses an el ectromagnetic coupling

equi valent circuit shown in Figure 4, which corresponds to the system
arrangenent of the pigueat6, ediowplingFicgeffisientind iS &hoav pange

el ectronmagnetic coupling equivalent circuit for the reader/witer device 1
and the | Cfrear .25 th®.R7 iwdemahw conmenpliricatienpdstaneecbipdneats for

constituting the circuit. A resistance RL is a maxi mum | oad resistance of

a sem condgain@e ¢eyinc@marltdd80mm.t hdHdn, the capacitances CA and
CB are determined so that the power receiving becomes
maximum when the coupling coefficient k is within the
foregoing range. This calculation uses an electromagnetic
coupling equivalent circuit shown in Figure 4, which
corresponds to the system arrangement of the present
embodiment.

Figures 4 and 5 show an electromagnetic coupling
equivalent circuit for the reader/writer device 1 and the IC
card 2. The following will explain respective components
for constituting the circuit. A resistance RL is a maximum
load resistance of a semiconductor device included in the IC
card 2, and the resistance value thereof is found according
to an operation current value of the semiconductor device
used for the IC card 2. The resistance RL is supplied with
a voltage VB in its both ends. The voltage VB is generated
by power received in the IC card 2 upon electromagnetic
coupling of the reader/writer device 1 and the IC card 2.

A capacitor C2 is provided as a -cébacitance of the

tuning capacitor 21 connected in parallel with the antenna

coil 20, and a capacitor C3 is an internal capacitance of the



card 2, and the resistance value thereof is found according to an
operation current value of the sem conductor device wused for the IC card
2. The resistance RL is supplied with a voltage VBin its both ends. The
voltage VB is generated by power regfgved in the IC card 2 upon

el ectromagnetic coupling of the reader/witer device 1 and the IC card 2.
A capacitor C2 is provided as a capacitance of the tuning capacitor 21
connected in parallel with the antenna coil 20, and a capacitor C3 is an
i nternal capacitance of the 23 chip in this exanple, which is however not

ot necessar1 &Y Lﬂ@ﬁzée?hﬁf%%%‘? i 5P N RLETPRCTIREEY o e 1
ot or mt noct S PRI TBSjdb ¥he TR °. Lhofhe BHAE &ﬂgﬁf’f‘%g?ﬁ‘*ﬁf 2" e
| nduct ancenps PEcdsagiy ﬁiﬁfi%ﬁﬁ%etﬁff bHE ke & thSoamHE i st ance
the coi | EPHSPOnO! FBE [0 CB3he 4ro80bh BHBURTOTFhot PRAVEIARCEI NS o mut ual
I nduct ance_ of the enna coils .14 and, 20, anpd the relétlon bet ween t he

coupl i ng cCRPRFHOEN ish@nmeRkiataly ideksemaneed Marsor a8 80 150 %xpressed

by the foll owi ng equations.
coil constant mounted in the IC card 2.

The resistance R2 is a loss resistance of the antenna
coil 20, and an inductance L2 is a self inductance of the
antenna coil 20. VThe resistance R2 and the inductance
L2-M are determined as specific values according to the coil
constant, for the same reason above.

The inductance M is a mutual inductance of the
antenna coils 14 and 20, and the relation between the
coupling coefficient k and the mutual inductance M is

generally expressed by the following equations.

k=M/{L1xL2)1/2 .- (a)
That is,
M =k (L1*L2) 1/2 —---- (a")

The inductance L1 is a self inductance of the antenna
coil 14 of the reader/writer device 1, and the resistance Rl
is a loss resistance of the antenna coil 14. The resistance
R1 and the inductance L1-M are determined as specific
values according to the coil constant, for the same reason

above.

Therefore, in the present embodiment, the



k = M(L1xL2)1/2 ----- (a) That is, M=k (L1*L2) 1/2 ----

- (a') The

i nductance L1 is a self inductance of the antenna coil 14 of the
reader/writer device 1, and the resistance RL is a |loss resistance of the

antenna coil 14. The resistance R and the inductance L 1-M are detern ned

as specific values according to the édi| constant, for the sane reason
above. Therefore, in the present enbodi nent, the 24 capacitances CA and CB
of the adjustnent capacitors 12 and 13, and the coupling coefficient k
operate as variation paraneters for the received power PB supplied to the
resistance RL, i.e., the received power of the IC card 2. Note that, the

out put resicapanitarcest ChheandpCB i ef the adjustaneasdeppadciters dbdice 1 is

determ ned as 50fl. It should be noted that the sanme cal cul ati on can be
used whenatitk by pud rtds soaplénBaoeffagientpddaperatiet as avariataginnary
conponent (R+j X). The schematic view of Figure 5 includes points A G
C, and B, amtamspext i fer i tipedaeceifedmpdwer BB ntssipphedr dta heheC card

side are described as ZA, ZG ZE, ZC and ZB. Wen the coil

constant (LI,

L2, Rl, R2re€istarsge RL, i.e., the received power of the IC card 2.

Note that, the output resistance RO of the amplifier

11 of the reader/writer device 1 is determined as 50Q. It

should be noted that the same calculation can be used

when the output resistance RO is an impedance with an

imaginary component (R+jX].

The schematic view of Figure 5 includes points A, G,

E, C, and B, and respective impedance from those points

toward the IC card side are described as ZA, ZG, ZE, ZC and

ZB.

When the coil constant (L1, L2, R1, R2, C2), an IC

card-side constant RL, and C3 are determined, the

impedance ZA from the point A toward the IC card side can

be expressed as a function denoted by the formula below in

which CA, CB and k are variables (parameter) ZA =

CB, k} --- (Formula 0)

fA {CA,

Accordingly, the function fA can be found by setting

substitute values for the coil constant (L1, L2, R1, R2, C2),

the IC card-side constant RL, and C3. As can be clearly

understocod, ZB and ZC are constants,' ZE is a function with

k as a variable, ZG is a function with CB and k as variables.

Next, a voltage VA at the point A is found by dividing

E,



card-side constant RL, and C3 are determ ned, the inpedance ZA fromthe
point Atoward the IC card side can be expressed as a function denoted by
the forrmula belowin which CA, CB and k are vari ables (paraneter) ZA = fA
(CA, CB, k) --- (Formula 0) Accordingly, the function fA can be found by
setting substitute values for the coi'l" constant (L1, L2, R1, R2, C2), the
| C card-side constant RL, and C3. As can be clearly understood, ZB and ZC
are constants, ZE is a function with k as a variable, ZGis a function
with CB and k as variables. Next, a voltage VA at the point Ais found by

ol | ova. VA SETHERTRE (655 VO%DY REVRHA2D, RhieH"ls $ubPafilic ol tne

poi nt G (poin is found by dividing the voltage VA at the point A by
t he irrpedaﬁ@e‘toargwéA and ZG, which is expressed as follows. VG = VA (ZE

0L R GG G SRR I 00 5
I npedance of (L1-M and ZE, which is expressed as follows. VE = VG (ZE/ (R
1+ jw (L1-M + Degt, a voHaga VO3t thexpoint ¢hilpaget Vit 1 fewadpBynt Cis
| Todance dividing the voltage VA at the point A by fhe impednce of
i npedance g g P y p

CA and ZG, which is expressed as follows.

VG = VA (ZG/((1/jwCA) + ZG) --- (Formula 2)

Next, a voltage VE at the point E (point D) is found by
dividing the voltage VG at the point G {point F) by R1, an
impedance of (L1-M) and ZE, which is expressed as follows.

VE = VG (ZE/(R1 + jw (L1-M) + ZE) --- (Formula 3)

Next, a voltage VC at the point C is found by dividing
the voltage VE at the point E (point D) by R2, an impedance
of (L2-M) and ZC, which is expressed as follows.

VC = VE (ZC/(R2 + jw (L2-M) + ZC) --- (Formula 4}

Next, a voltage VB at the point B is found by dividing
the voltage VC at the point C by an impedance {(1/jwC3) of
C3 and RL, which is expressed as follows.

VB = VC (RL/((1/jwC3) + RL) --- (Formula 35)

Further, a power PB at the point B is expressed as
follows.

PB = VB? /RL --- (Formula 6)

Further, by using the coil constant (Ll, L2, R1, R2,

C2), the IC card-side constant RL and C3, and varying the

foregoing formulas O through 6 and a', the formula 6 can be



of (L2-M and ZC, which is expressed as follows. VC = VE (ZCO (R2 + jw
(L2-M + ZC) --- (Formula 4) Next, a voltage VB at the point B is found by
dividing the voltage VC at the point C. by an inpedance (1/jwC3) of C3
and RL, which is expressed as follows 6VB = VC (RL/ ((1/jwC3) + RL) ---
(Formula 5) Further, a power PB at thg point Bis expressed as follows. PB
= VB2 /RL --- (Formula 6) Further, by using the coil constant (L1, L2, R1,
R2, C2), the IC card-side constant RL and C3, and varying the foregoing
formulas O through 6 and a', the fornula 6 can be 26 expressed as the

foll owi ng fynction. f2 with GCB and _k.as ari.apl gs. = 12.(CA CB, k)
--- (For rruF%p%:S F&u?%%esﬁ%@?wdnrgengicého%efé\/\g’éggcg%ﬁﬁcaﬁdg# a8i st ance
and received Faglév\fer when the coil constants of the reader/witer side and
the 1C car §38t32'®Fre deternmined by the foregoing adjustnent. In the

figure, the vertjcal axi shaws, recei yed power, of the IC card 2, the
recei ved power s‘h%éé&)v@%’c{ﬁ}ﬁn' OBV'Rflﬁehem conduct or devi ce for
the IC card. In other words, the received pgg/er Al shows the m nimum power

for driving a noHigBrEadt -3RRWS| @ ceflation: bstwiass ycorHBUIECatien?2 does

not start operation when the .
' distance and received power when the coil constants of the

reader/writer side and the IC card side are determined by
the foregoing adjustment. In the figure, the vertical axis
shows received power of the IC card 2, the received power
Al shows power consumed by the semiconductor device for
the IC card. In other words, the received power Al shows
the minimum power for driving a non-contact-type IC card.
Accordingly, the IC card 2 does not start operation when the
received power is less than Al.

Further, the horizontal axis shows a coupling
coefficient k. As described, the coupling coefficient k is a
function which monotonically decreases with respect to the
communication distance l, and therefore, the
communication distance [ decreases as the coupling
coefficient k increases. In one example shape of the
antenna, it was found that [ = 50mm when k = 0.05, I =

- 30mm when k = 0.10, and ! = Omm when k = 0.27.

In Figure 1, the curved line a shows characteristic of
received power in a conventional system. The curved line a
shows an arrangement in which the received power becomes

the greatest value at the communication distance = Omm.
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dECTEASCE AR 8 FOMHNUINEALIRRS as t he

eveal s that the rmaxi mrum conmuni cati on di stance i s approxi mately

di fference between the maxi numrecei ved power at the
neaxtnsimncem muiniva téow distaneeeisyapprosmately 15mm.

The maximum value of the communication distance of
around 50mm can be realized by significantly increasing
power supply. However, in this case, there occurs the
foregoing problem of heat generation due to an excessive
difference between the maximum received power at the
communication distances = Omm, and the received power
Al.

Next, the variables CA and CB are changed to plot the
received power characteristic, and this plotting is repeated
so as to found an optimal received power characteristic.
The curved line b of Figure 1 shows received power
characteristics in case where the capacitance CA = 10pF
(picofarad), and the capacitance CB = 60pf‘.

In the curved line B, the received power becomes
maximum when k = 0.10, i.e., when the communication
distance ! = 30mm. Therefore, the IC card can be
frequently used around a communication distance of 30mm.
Here, heat generation occurs by extra power (A2-A1l), but
the amount thereof is within a range for allowing the IC

card 2 to operate without malfunction.
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received power Al at communication distances of Omm and
of S50mm. In other words, when the communication
distance is within a range from Omm to SOmm, the power
supply from the oscillator 10 and the amplifier 11 to the
antenna coil 14 is adjusted so that the received power
becomes higher than the minimum power for driving the IC
card 2.

With such adjustment, the IC card 2 can be in
operation even in close-contact state with the
communication distance I = Omm. Therefore, the IC card 2
with the foregoing arrangement can be adopted for the

close-type reader/writer device.

Further, since the Received power at a

I

communication distance 1 = Omm is determined to be
slightly higher than power consumption of the
semiconductor device of the IC card, it is possible to
prevent heat generation by extra power, which may cause a
trouble in operation.

Further, the received power reaches to almost A2

around the communication distance ! = 30mm, thus

ut put
line b
S

i stances
nce is
ator 10
he



becomes hi gher than the m ni num power for driving the IC card 2. Wth such
adjustnent, the IC card 2 can be in operation even in close-contact state
with the conmunication distance | = Onm Therefore, the ICcard 2 wth
the foregoing arrangenent can be adoptgd for the close-type reader/witer
device. Further, since the Received power at a communication distance 1 =
Ommis determned to be slightly higher than power consunption of the

sem conductor device of the ICcard, it is possible to prevent heat
generation by extra pomer whi ch may cause a trouble in operation.

Furt her, %Oﬁaﬁgeﬂﬁ htrg_%qng Sﬁémtloﬁz oW QURSE tH§s GyERINi cati on

di st ance | i'clen rgl n of operat  on power

be. 11 oquent] I?thslé’"aEEO?% A ortefir R AaiR R SRR 20" SO

the receiv Fower orres | ower than the mnimm driving voltage.
Accor di ngl ?7) HHEL R aH@5d1 s considered the maxi mum communi cati on

distance under the, SR LLan o ALY LS. LOLSRY 0 YR ARE il Puch 20
SOmm, the received power becomes lower than the minimum
driving voltage. Accordingly, this distance is considered
the maximum communication distance under the condition
with the foregoing adjustment.

With such an arrangement, there establishes an
impedance adjustment method for a non-contact card
system in which received power of the IC card 2 is increased
SO as to increase communication distance. This method
provides the maximum received power at a communication
distance (30mm) most frequently used by an adjacent-type
IC card. Further, this method ensures the received power
higher than the minimum driving voltage of the IC card 2
when the non-contact type reader/writer device 1 and the
IC card 2 are in close-contact state {communication
distance ! = Omm). On this account, the foregoing problem
of heat generation can be solved while providing longer
communication distance.

Further, when it is not necessary to ensure operation
of the IC card 2 in the close-contact étaté, impedance is
adjusted to have the received power characteristic shown by

a curved line ¢ of Figure 1, so that an IC card specification



| npedance adj ustnment nmethod for a non-contact card systemin which

recei ved power of the IC card 2 is increased so as to increase

conmuni cati on distance. This nmethod provides the maxi mumreceived power at
a communi cation distance (30m) nost3@requently used by an adjacent-type

| C card. Further, this nethod ensures the received power higher than the
m ni mum driving voltage of the IC card 2 when the non-contact type
reader/witer device 1 and the |1Ccard 2 are in close-contact state
(comuni cation distance I = Onm). On this account, the foregoing problem
of heat geveen d&1¢ gnadanwhth solspedtifiici ¢tempmon idiamiph aligéanceomuni cat i on

di stance. Further, when it is not necessary to ensure operation of the IC

card 2 in the clieseddsntask, sitate, arrmpegedcthas thasdjregledded opbavesr t he
recei ved power characteristic showmn by a curved line ¢ of Figure 1, so

that an | Geastheapdoinfarcahhan A0 starthdedradeuwitAtiars PEetdhee comuni cati on
distance. In this case, it is arranged that the received power becones

| ower thammd athlkhe gepuEni Hatiton ofi stafe@imtatiend Hhetdtpper is mt of
comuni cation distance is approximtely 45mm Further, Figure 2 shows a
recei ved Ro¥BFoxPi@teey &fSrhC i n the case where the capacitance CAis
fixed to a certain value, and the capacitance CB is changed to

Further, Figure 2 shows a received power
characteristic in the case where the capacitance CA is fixed
to a certain value, and the capacitance CB is changed to
CB1, CB2, and CB3 (CB1: CB2: CB3 = 8: 13: 9).

As can be seen in Figure 2, the coupling coefficient k
i.e., the communication distance ! for the maximum
received power changes depending on the capacitance CB.

When CB is determined as CBI, the received power
becomes maximum with gentle curve where k = 0.15.
Though this characteristic is relatively desirable, the
system can be vulnerable to disturbance such as a noise
etc., since such a characteristic cannot ensure electric
power margin.

When CB is determined as CB2, the received power
becomes maximum where k = 0.25 (in the vicinity of the
communication distance I = 10mm). In this characteristic,
the IC card 2 receives maximum power near the

reader/writer device 1, thus attaining a limited, though

significant increase in the communication distance.

When CB is determined as CB3, the received power



CBl1, CB2, and CB3 (CB1: CB2: C133 = 8. 13: 9). As can be seen in Figure 2,
the coupling coefficient k i.e., the communication distance | for the

maxi num recei ved power changes dependi ng on the capacitance CB. Wen CB is
determ ned as CB1l, the received power3dl becones nmaxi mumw th gentle curve
where k = 0-15. Though this characteristic is relatively desirable, the
system can be vul nerable to di sturbance such as a noise etc., since such a
characteristic cannot ensure electric power nmargin. Wien CB is determ ned
as CB2, the received power becones nmaxi numwhere k = 0.25 (in the vicinity

of the co¥Rythea! aAxnimnNeehtre k0amp o (thi thehaiasieyfist ithe the 1C
card 2 receives nmaxi mum power near the™ reader/witer device 1, thus

attai ni ng i idez T4 @ Inareagssi Bhishaceeprsintcation
di st ance. %e%@ggt%yﬁtﬁzﬂgis CBBI?ﬁHe ?recei vgd povverc 31 becones

maxi mum wiglee kupriidi8: (pBuldle pirC AHWRS fhen SQIIMNIARAIRA. dind ance =

40mm . In this c stic, the su cient power for driving is ensured

o ound oML AR SRE RSO g e s adoier becores
this examy&sies®HExifhudP' A U Wetate' ROLE FORLAHE 36LE by
the IC card 2. Accordingly, this example succeeds in
obtaining a desirable characteristic.

As described, it is possible to provide an IC card
compatible with different operation communication distance
specifications by adjusting CA and CB.

Note that, the present invention is not limited to the
foregoing embodiment above, but rather may be applied in
many variations within the spirit of the present invention,
provided such variations do not exceed the scope of the
patent claims set forth below.

For example, the adjustment of the peak value of the
received power characteristic may depend on the
specification of power consumption of a semiconductor
device used for the IC card 2, and the specification of
communication distance of the non-contact IC card system.

Further, the example of Figure 2 adjusts impedance
by fixing the capacitance CA of the adjustment capacitor 12
and changing the capacitance CB of the adjustment

capacitor 13; however, the adjustment of impedance may

also be performed by fixing the capacitance CB and



As described, it is possible to provide an IC card conpatible wt
different operation communi cation distance specifications by adjusting CA
and CB. Note that, the present inventionis riot limted to the foregoing
enbodi ment above, but rather may be applied in nmany variations within the
spirit of the present invention, proyded such variations do not exceed
the scope of the patent clains set forth bel ow For exanple, the

adj ust mrent of the peak value of the received power characteristic nmay
depend on the specification of power consunptibn of a seraiconductor
device used for the I1C card 2, and the specification of comunication

2 ac - ust M RREAARC IR AAbobitaifie EXS R hte CBngiy, SR Recn O

capacitor 12 _and changi t apacitance CB of the adjustnent capacitor
13; homeve??p?ﬁﬁa%‘f%%%tmg?cﬁrrpedance may al so be performed by fixing
t he capacitanceeé:B nd 32.changi ng the capacitance CA or by changing both
the capacitanceSHEAShd 'ASTEF erP€  feMme naltegnalifrs .o isha@Sves, such
as provision of a cigcuit for automatically adjusting.the capacitances CA
and CB so BECY$1@Dt ofht Bcafl5Fid; u@’tr ampempateably uadaystmisr f8E on of the

initial response of ) .
' capacitances CA and CB so as to automatically adjust

impedance by using information of the initial response of
non-contact communication. Such automatic adjustments
may allow compatibility with other types of IC card having
different usage modes.

Further, though the present embodiment describes a
non-contact IC card system with the reader/writer device 1
including the adjustment capacitors 12 and 13, the present
invention may also be adopted for a non-contact IC card
system using a reader/writer device 1 including other
impedance element than the adjustment capacitors 12 and
13, for example, a coil or the like.

Further, though the foregoing embodiment describes
an IC card system using the IC card 2 and the reader/writer
device 1, the present invention may be adopted for the
whole of RF communication by electromagnetic induction,
such as a non-contact tag.

Further, the foregoing embodimént describes an
example of performing data communication between the
reader/writer device supplying power and the IC card

receiving the power; however, the present invention may




non- contact conmuni cati on. Such automatic adjustnents nmay allow

conpatibility with other types of I1C card having different usage nodes.

Further, though the present enbodi nment describes a non-contact IC card

systemwi th the reader/witer device !35 i ncludi ng the adjustnent capacitors
I

12 and 13, the present invention my so be adopted for a non-contact IC
card systemusing a reader/witer device 1 including other |npedance

el enent than the adjustnent capacitors 12 and 13, for exanple, a coil or
the |like. Further, though the foregoing enbodi nent describes an IC card
system using the IC.card 2 and the reader/witer device 1, the present

i nventi on AP bRE aBBRPLETS SPT t RePORY SWPPHF THHIAM §e@ oA ower
el ectromagnetic induction, such as a non-contact tag. Further, the
foregoi ng SHBRIYnEaYiGR40ra eynigordaipe devine Mithom perfowoATENi cat i on
between the reader/witer device supplying power and the IC card
recei vi ng chmpavicathonever, the present invention may 33 al so be adopted
for a power supply systemfroma power supply device to a sem conductor
devi ce wi t hout paAsfordésaribedymumncatdmwn. elscitesneigmetici ncampling
el ectromagnetic coupling characteristic adjustnent nethod according to the
pr esent characteristic adjustment method according to the present
invention for adjusting an electromagnetic coupling
characteristic between a power supply device and a
semiconductor device which are used in a non-contact
power supply system in which a power transmission
antenna coil provided in the power supply device and a
power receiving antenna coil provided in the semiconductor
device are electromagnetically coupled so that the power
supply device supplies power to the semiconductor device
without contact with the semiconductor device, the power
supply device includes a first adjustment impedance
element connected in series to the power transmission
antenna coil and a second adjustment impedance element
connected in parallel with the power transmission antenna
coil, the electromagnetic coupling characteristic adjustment
method comprising the step of: (a) determining impedances
of the first and second adjustment impedance elements so
that the semiconductor device receives greatest power when
a power supply distance, which is a distance between the

power transmission antenna coil and the power receiving

antenna coil, has a predetermined value not less than 0.




I nvention for adjusting an el ectromagnetic coupling characteristic between
a power supply device and a sem conductor device which are used in a
non-contact power supply systemin which a power transm ssion antenna
coil provided in the power supply dev'&e and a power receiving antenna
coil provided in the sem conductor device are el ectromagnetically coupled
so that the power supply device supplies power to the sem conductor device
wi t hout contact with the sem conductor device, the power supply .device

i ncludes a first adjustnent inpedance elenent connected in series to the

power transm Ssi ant enpa Il and a second adj ustnent |ingedance el enent
connected in par’gﬂlue ’ vmﬁrf}ﬁ tﬁgf%lb%?etr%ﬁsﬁ?ggf%%&larﬁ%ﬁ'ﬁé n@b’ﬁ ,(E'Phe

el ectromagpet i ct[icoupl ifng char act er.i Slt i C d'éust ment_ _method co riéi ng the
step of: (STHHEPN A ngPPRSddaftRPIYor FISEARCEst CRR R ordFHAFELt nent

| npedance el enents,so hat t he sem canductor .devi ce recgei yes greatest
power whenCOHRRLRE ‘i/“tﬂ%‘t’%‘ﬁ&‘@,n%hin&ﬁt}?%da Té?‘é?aﬁ%‘guﬁé?ﬁle fathe powver
transm ssi on antenna ¢oil and]ﬁt ha_rg_ower recgi ving antenna coil, has a

pr edet er ni BEBETAFIAN (Bue| EQstReafilderencenal re¢aveds MARAEeWhth racei ved
power due to variation of power supply_ distance can be reduced conpared

to the convdRPienafruetwerl onhusprevitshgwitlat theefisgsit ol decandt he

di fference of received power with a
adjustment impedance elements. Further, when the power

supply distance from the power supply device is extended
while enabling operation of the semiconductor device, it is
possible in this method to obtain greater received power in
the extended distance than that of the conventional method,
thus allowing extension of distance without increasing
power supply.

Consequently, it is possible to extend the power
supply distance without increasing power supply.

Further, the electromagnetic coupling characteristic
adjustment method of the present invention in a
non-contact power supply system as set forth in claim 1 is
arranged so that the step (a) includes the sub-steps of:
determining a relation between (i) an electromagnetic
coupling coefficient for the power transmission antenna coil
and the power receiving antenna coil, and (ii) the power
supply distance; and determining impedances of the first
and second adjustment impedance elements so that the
semiconductor device receives the greatest power when an

electromagnetic coupling coefficient becomes a value



sinmple structure only provided with the first and second adjustnent

| npedance el enents. Further, when the power supply distance fromthe power
supply device is extended while enabling operation of the sem conduct or
device, it is possible in this nethod_to obtain greater received power in
the extended distance than that of thé&dconventional met hod, thus all ow ng
extensi on of distance without increasing power supply. Consequently, it is
possi ble to extend the power supply distance w thout increasing power
supply. Further, the el ectromagnetic coupling characteristic adjustnent
met hod of the preseni. invention in non-conf act power, supply system as
set forth icﬁrégﬁpﬂﬂ ing té’rr'élh‘ae@@%ettﬁ&mlﬂ?é svapreapf; theydeewiese
sub-steps of: determning a relation between (i) an el ectronagnetic

coupl i ng cS&¥BPLY 8hstaREe s he power transnission antenna coil and the power
receiving antenna coil, and (ii) the power supply distance; and

det erm ni ng i npeddhcelecsromagnetist cmip Bagompeifijaientedie pempdsianbe

el enents so that the sem conductor device receives the greatest power when

an el ect r gewgnetric cauEngemerd§ foLi the respestive vantendta ceoibspondi ng

to the predeterm ned value of the power supply distance. An

el ect r omagMdté refooaplthegpoeafrf saipgrly deptentse enay correspond to the
electromagnetic coupling coefficient. Further, the relation
between the electromagnetic coupling coefficient and the
received power can be easily found by using an equivalent
circuit diagram.

Accordingly, with the foregoing method, impedance of
the adjustment impedance element can be easily determined
by finding the relation between the electromagnetic coupling
coefficient and the power supply distance.

Further, as described, the electromagnetic coupling
characteristic adjustment method of the present invention
in a non-contact power supply system further includes the
step of: (b) determining power supplied from the power
supply device so that the semiconductor device receives
greater power than a minimum power for operation of the
semiconductor device when the power supply distance is
within a predetermined range.

Here, the predetermined range of power supply
distance is preferably equal to a range of power supply

distance likely used for the system. For example, in a

non-contact communication system where the
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where the 36 sem conductor device is an IC card and the power supply

device is

ProFamuityvkiRer device, the preferable range is not

In the conventional method, the lower limit of power
supply distance is fixed as 0, and therefore an increase of
power supply only causes an increase of the upper limit of
the range of power supply distance. On the other hand,
since the received power becomes maximum at a power
supply distance of greater than 0 in the present invention,
an increase of power supply causes an increase of the upper
limit of the range of power supply distance and also causes
a decrease of the lower limit of the range. Therefore, the
foregoing method allows a larger increase of the range of
power supply distance than the conventional method with a
small increase of power supply, thus easily finding a
specific power supply value causing the semiconductor
device to receive greater power than a minimum power for
operation of the semiconductor device when the power
supply distance is within a predetermined range.

Further, as described, in an electromagnetic coupling
characteristic adjustment method of the present invention
for adjusting an electromagnetic coupling characteristic

between a power supply device and a semiconductor device

a
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within a predeterm ned_ range. Further, as described, in an el ectromagnetic
coupling ®FavidedristiB adj dbement semicenduates pres@micenventiren
an el ectromagnetic coupling characteristic between a power
suppl y devetectypanagneticadiyleawplab s hat the growee sikpply Mevigen- cont act
power supply systemin

adj usting

supplies power to the semiconductor device without contact
with the semiconductor device, the power supply device
includes a first adjustment impedance element connected in
series to the power transmission antenna coil and a second
adjustment impedance element connected in parallel with
the power transmission antenna coil. The electromagnetic
coupling characteristic adjustment method comprising the
step of: (a) determining impedances of the first and second
adjustment impedance elements so that the semiconductor
device receives greater power than a minimum power for
operation of the semiconductor device when a power supply
distance, which 1is a distance between the power
transmission antenna coil and the power receiving antenna
coil, is within a predetermined range.

Thus, the difference of received power due to
variation of power supply distance can be reduced
compared to the conventional method, thus reducing heat
generation due to the difference of received power with a
simple structure only provided with the first and second

adjustment impedance elements.

for



whi ch a power transm ssion antenna coil provided in the power supply

devi ce and
devi ce are

supplies power to the sem conductor d
sem conduct or device, the power supp
| npedance el enent connected in

a power receiving antenna coil provided in the sem conduct or
el ectromagnetically coupled so that the power supply device

t he power transm ssion antenna coil. The el ectromagnetic coupling
characteristic agj ust mrent nethod conprising the step of: (a) determ ning

| npedances

t he sem conduct or

of th

\éi ce without contact wth the
device includes a first adjustnent
series to the power transm ssion antenna

coil and a second adjustnent inpedance el enent connected in parall el

W th

Unther, ;a8 d886RPCGdj e relsctromarietCe COMMIBEs0 t hat

devi ce receives greater power than a m ni num power for

oper ati on éhangctssintéienadivstmeati sretined af pdwerpeesgny ingieitanve, whi ch
Is a distance between the power transm ssion antenna coil and the power

recei vi ng ant enn@n-ceintacitspamdr supphedatséem nisd arsaggedriaes thiate
of received power due to variation of power supply distance can

di fference
be reduced
generation

theonptaed(ap ihelwdnyenhieonslibrstéps, dfhusletedotimpgeat

due to the difference of received power with a sinple structure
only provi aetatithh betevdarn i) and edecorsim agh etit neot plipg deveffidlesitent s. 38

for the power transmission antenna coil and the power
receiving antenna coil, and (ii) the power supply distance;
and determining impedances of the first and second
adjustment impedance elements so that the semiconductor
device receives the greater power than a minimum power for
operation of the semiconductor device when an
electromagnetic coupling coefficient becomes a value
corresponding to the predetermined range of the power
supply distance.

Accordingly, with the foregoing method, impedance of
the adjustment impedance element can be easily determined
by finding the relation between the electromagnetic coupling
coefficient and the power supply distance.

In the foregoing arrangement, it is preferable that the
first and second adjustment impedance elements are
capacitors.

Further, as described, the power supply device
includes a first adjustment impedance element connected in
series to the power transmission antenna coil and a second

adjustment impedance element connected in paraliel with



Further, as described, the el ectromagnetic coupling characteristic

adj ust nent
systemis
determnin
for the po
coil, and
the first
sem conduc
operation
coefficien
t he power
| mpedance
finding th
t he power
that the

| npedance

nmet hod of the present invention in a non-contact power supply

arranged so that the step (a) includes the sub-steps of:

g a relation between (i) arqgel ectromagneti c coupling coefficient
i1 and the power receiving antenna
(i1) the power supply distance; and determ ning inpedances of

wer transm ssion antenna co

and second adjustnent inpedance el enents so that the

tor device receives the greater power than a m ni num power for
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first and second,adj ust nent inpedaggsg cf'l enents, are, . capacitors.

Further, a$TG8SEFHRRYWVErnY S RIPY T P

el enent connegted in

Thus, the difference of received power due to
variation of power supply distance can be reduced
compared to the conventional method, thus reducing heat
generation due to the difference of received power with a
simple structure only provided with the first and second
adjustment impedance elements. Further, when the power
supply distance from the power supply device is extended
while enabling operation of the semiconductor device, the
foregoing structure allows such extension with a smaller
difference between the extended power supply distance and
a power supply distance where the received power becomes
maximum, thus offering greater received power at the
extended power supply distance than the conventional
system. Consequently, it is possible to extend the power
supply distance without increasing power supply.

Further, as described, the foregoing power supply
device of the present invention is arranged so that power
supplied to the power transmission antenna coil is
determined so that the semiconductor device receives

greater power than a minimum power for operation of the

REABGEs 1% I &dj ust nent
_ seri ﬁs to f.he power transm ssion antenna
coi | and aPfedsigrmigaragge WhRialewed Uppiiisc8reRtsthan Barallel with



39 the power transm ssion antenna coil. The inpedances of the first and
second adj ustnent i npedance elenents are determ ned so that the

sem conduct or device receives greatest power when the power supply
distance is within a predeterm ned rapge whose lower limt is greater than
0. Thus, the difference of received power due to variation of power supply
di stance can be reduced conpared to the conventional nethod, thus reducing
heat generation due to the difference of received power with a sinple
structure only provided with the first and second adjustnent inpedance

el enents. Remiesndwesrt devieyewheilPhey PoSicanauppbm dhapnverissuppl y
device is extended while enabling operation of the sem conductor device,

the foregakithist fhietpredl ctlerBither¢Anpet.ension with a smaller difference
bet ween t he extended power supply distance and a power supply distance

where the recei veghPquReghfts B thioRK Wiy st AU P e ihBPe 85836 £l hieeCei ved
power at the extended power supply distance than the conventional system

Consequent [\ d [ Lpl t I j wi t hout
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I ncreasi ng power sup as describ t he Toregol ng power supply

GovLce, o SRR I B SR Aol e S BRLSE 0 e
devi ce recqiixagsng a specific power supply value causing the
semiconductor device to receive greater power than a
minimum power for operation of the semiconductor device
when the power supply distance is within a predetermined
range.

In the foregoing arrangement, it is preferable that the
first and second adjustment impedance elements are
capacitors.

Further, a non-contact power supply system
according to the present invention includes a power supply
device having the foregoing structure and a semiconductor
device having a power receiving antenna coil which is
electromagnetically coupled with a power transmission
antenna coil of the power supply device.

On this account, this non-contact power supply
system offers the same effect as above.

The embodiments and concrete examples of
implementation discussed in the foregoing detailed

explanation serve solely to illustrate the technical details of

the present invention, which should not be narrowly




greater power than a m ni num power for operation of the 40 sem conduct or
devi ce when the power supply distance is wthin the predeterm ned range.
The foregoing nmethod allows a |arger increase of the range of power supply
di stance than the conventional nethodwith a snmall increase of power
supply, thus easily finding a specific power supply val ue causing the

sem conduct or device to receive greater power than a m ni mum power for
operation of the sem conductor device when the power supply distance is
within a predetermned range. In the foregoing arrangenent, it is

pref erabl e ihgtptotea | WithifNIneeanif @S WIRI LEpSHAES AermRbe 2 e

capacitors. Further, a non-contact po m according to the
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structure and a sem Cco ce hNaving”a power*recei vi ng antenna coi
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patent claims set forth below.



expl anation serve solely to illustrate the technical details of the
present invention, which should not be narrowWy 41 interpreted wthin the
limts of such enbodi ments and concrete exanples, but rather may be
applied in many variations within thgespirit of the present invention,
provi ded such variations do not exceed the scope of the patent clains set
forth below. 42 WHAT IS CLAIMED I'S: 1. An el ectromagnetic coupling
characteristic adjustnment nethod for adjusting an el ectronagnetic
coupling characteristic between a power supply device and a sem conduct or

devi ce which arewgad {§ CLAIMEPNJCt power supply systemin which a
power transm ssion antenna coil provided in the power supply device and a

power receiving antenna coil provided in the sem conductor device are
el ectromagnetical l'y coupled so that the power supply device supplies power

to th dugt d b th d
o the sem condugtor dgyi c ng atgrﬂﬁ%g[gacg Séhng ecqlei’gacan%ghgr evi ce,

the power supply deV|ce |nc ce el enent

" d
e S L A O JP el
transm ssi 28upl Egncahgf’étlzterlstlc between a power supply device and

a semiconductor device which are used in a non-contact
power supply system in which a power transmission
antenna coil provided in the power supply device and a
power receiving antenna coil provided in the semiconductor
device are electromagnetically coupled so that the power
supply device supplies power to the semiconductor device
without contact with the semiconductor device,

the power supply device including a first adjustment
impedance element connected in series to the power
transmission antenna c¢oil and a second adjustment
impedance element connected in parallel with the power
transmission antenna coil,

the electromagnetic coupling characteristic
adjustment method comprising the step of:

(a) determining impedances of the first and second
adjustment impedance elements so that the semiconductor
device receives greatest power when a power supply
distance, which is a distance between the power
transmission antenna coil and the power receiving antenna

coil, has a predetermined value not less than 0.



the el ectromagneti c coupling characteristic adjustnent nmethod conprising
the step of: (a) determ ning inpedances of the first and second adjustnent
i npedance el enents so that the sem conductor device receives greatest
power when a- power supply distance, gghich is a distance between the power
transm ssion antenna coil and the power receiving antenna coil, has a
predeterm ned val ue not less than 0. 43 2. The el ectromagnetic coupling
characteristic adjustnment nethod in a non-contact power supply system as
set forth in claiml, wherein, the step(a) includes the sub-steps of:
determning a relation between (i) an el ectromagnetic coupling coefficient

for the power transm ssion antenna coil and the povver recei ving antenna
coil, and (ii) the powepe S ' ; a,#g” ces of
t he fi rst and second &us#%ﬁ%oﬁ}% gce e ng so t éﬁggﬂe

sermi conduck g, ABYI£e deFRLYESn! Be Al st adio R gg?egyﬁg §lepipamanet | c

coupling coefficient becones a val ue correspon et érm ned

val ue of tgs Qé)ﬁ’\% ?Hlé(aqﬁtﬁor\&%er%m-rhe el ectromagneti c coupling

characteris hon- cont act power supply system as
set forth in Cl aJche steplfas ?EElu&”‘%r%hé% etesﬁ)tsegf:Of

determining a relation between (i) an electromagnetic
coupling coefficient for the power transmission antenna coil
and the power receiving antenna coil, and (ii) the power
supply distance; and

determining impedances of the first and second
adjustment impedance elements so that the semiconductor
device receives the greatest power when an electromagnetic
coupling coefficient becomes a value corresponding to the

predetermined value of the power supply distance.

3. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in claim 1, further comprising the step of:

(b) determining power supplied from the power supply
device so that the semiconductor device receives greater
power than a minimum power for operation of the
semiconductor device when the power supply distance is

within a predetermined range.

4. The electromagnetic coupling characteristic



(b) determ ning power supplied fromthe power supply device so that the

sem conduct or devi ce receives greater

operation of the sem conductor device when the power supply dista
within a predeterm ned range. 4. The gl,ectronagnetic coupling

characteristic 44 adjustnment nethod in a non-contact power supply system
as set forth in claiml, wherein: the first and second adj ust nent

el enent s

are capacitors. 5. The el ectromagnetic coupling characte

power than a m ni mum power for

nce is

| npedance
ristic

adj ustment nmethod in a non-contact power supply system as set forth in

claim4,
the first

sem conduct or dg\fﬁl}&é}jrégg? \iﬁg&t:\?‘gﬂ"%reat est power when the power s

di stance h&$ tH

3¢t less than 0. 6. The

el ectromagnetic Eﬁup}igggé{\éﬁ acteri,sti.c ﬁ% ust nent thod jn a no

power supply sys
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value is in a range from20nmto 40nm 7. The el ectromagnetic cou
char act eri Eccapacitors.

5. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in claim 4, wherein:

the step (a) is performed to determine capacitances of
the first and second adjustment impedance elements so that
the semiconductor device receives the greatest power when
the power supply distance has the predetermined value not

less than O.

6. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in claim 1, wherein:

the predetermined value is in a range from 20mm to

40mm.

7. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in claim 1, wherein:

the semiconductor device is an IC card.
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adj ust nent
claiml, wherein: the sem conductor device is an IC card. 45 8. An

el ectromag
el ectromag
a sem cond

devi ce and
device are
supplies p
sen conduc

t he power
characteri
I npedances
t he sem co
operation

met hod in a non-contact power supply system as set forth in

netic coupling characteristic adjustnment nethod for adjusting an
netic coupling characterish%c bet ween a power supply device and
uctor device which are used I n a non-contact power supply system
I n which a power transm ssion antenna coil provided in the power supply

a power receiving antenna coil provided in the sem conduct or

el ectromagnetically coupled so that the power supply device

over 1@ (he aar condugb ol dexiiee. NONE Ol AsllLhe

tor device, e power sup ing a rirs

transni ssjon _ant enna g)oil the el ectroma

SEPIIEE ftetiatHo
Fower supphy - systen in®wileh 2aPopewer PEighsmission
antenna coil provided in the power supply device and a
power receiving antenna coil provided in the semiconductor
device are electromagnetically coupled so that the power
supply device supplies power to the semiconductor device
without contact with the semiconductor device,

the power supply device including a first adjustment
impedance element connected in series to the power
transmission antenna coil and a second adjustment
impedance element connected in parallel with the power
transmission antenna coil,

the electromagnetic coupling characteristic
adjustment method comprising the step of:

{a) determining impedances of the first and second
adjustment impedance elements so that the semiconductor
device receives greater power than a minimum power for
operation of the semiconductor device when a power supply
distance, which is a distance between the power
transmission antenna coil and the power receiving antenna

coil, is within a predetermined range.
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di stance, which is a distance between the power transm ssion antenna coi
and the power receiving antenna coil, is wthin a predeterm ned range. 46
9. The el ectronmagnetic coupling characteristic adjustnent nmethod in a
non-contact power supply system as sgg forth in claim@8, wherein, the
step(a) includes the sub-steps of: determning a relation between (i) an
el ectromagnetic coupling coefficient for the power transm ssion antenna
coil and the power receiving antenna coil, and (ii) the power supply

di stance; and determ ni ng i npedances of the first and second adjustnent

i npedance el enengs so fhat [Fn%@gpﬁg RAV&L Ofco Lﬁgylg‘g‘ rcg.ﬁ%lé/&%rggaﬁcgreater

power than a m ni mum power oper t|on of t ctor device when
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the predeter range of the power — supply stanc

el ectrorragggté'é:t &L{[ﬂ EHQ:I M@Ctvﬁfle%i adj ust ment nmethod in a non-contact

power supply sys em  as se ort ¢claim8, wherein: the first and second

adj ust ment i npedgn nt s apaci.tors. 11. The el ectromagnetic
coupl i ng char act@‘?%ss‘[tgg?msmcm § (P Steps of:

determining a relation between (i) an electromagnetic
coupling coefficient for the power transmission antenna coil
and the power receiving antenna coil, and (ii) the power
supply distance; and

determining impedances of the first and second
adjustment impedance elements so that the semiconductor
device receives the greater power than a minimum power for
operation of the semiconductor device when an
electromagnetic coupling coefficient becomes a value
corresponding to the predetermined range of the power

supply distance.

10. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in claim 8, wherein:

the first and second adjustment impedance elements

are capacitors.

11. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system

as set forth in claim 10, wherein:



adj ustment nethod in a non-contact power supply system as set forth in
claim 10, wherein: 47 the step (a) is perforned to determ ne capacitances
of the first and second adjustnent inpedance el enents so that the

sem conduct or device receives the gregter power than a m ni num power for
operation of the sem conductor device when the power supply distance is
within a predeterm ned range. 12. The el ectromagnetic coupling
characteristic adjustnment nethod in a non-contact power supply system as
set forth in claim8, wherein: the predeterm ned range has a lower [imt of

0. 13 The el ectramBeng!ia} i20UBkidinERRt@eldel ik, cRtlaustamats mthod 1n

non- cont act power supp m as set forth in 8, wherein. the

pr edet er iy B"edfﬁ-%@%?a&@o%ﬂ"f& i el 508U aridh Bt sdMhiat

el ectromagnetic COUp Ing C ara eristic ust nent net I n a non-cont act
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device is ower Su devic |ng a power
transm SS|on ant enna coil |ch i s, el ct magnetic 48
minimum power for operatio of P9 \Erhfcotiductor device

when the power supply distance is within a predetermined

range.

12. The -electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in claim 8, wherein:

the predetermined range has a lower limit of 0.

13. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in c¢laim 8, wherein:

the predetermined range has a lower limit greater

than O.

14. The electromagnetic coupling characteristic
adjustment method in a non-contact power supply system
as set forth in claim 8, wherein:

the semiconductor device is an IC card.

15. A power supply device including a power

transmission antenna coil which is electromagnetically




coupled with a power receiving antenna coil provided in a sem conductor
device so as to supply power to the sem conductor device w thout contact

with the

el enent connected in
second adj ust nment
transmn ssi on antenna coil,

antenna &G4P

sem conduct or device, conprising: a first adjustnment inpedance

series to the paower transm ssion antenna coil;
| npedance el enent nected in parallel with the power
| npedances of the first and second adj ust nent
i npedance el enents being determ ned so that the sem conductor device
recei ves greatest power when a power
bet ween t he qygg t ransm ssi on antenna coil and the power receiving
S%& Wilthidh PPWEEIR GIViREdapAsge ansedt Prieded ant & s

and a

supply di stance, which is a distance

greater than 0. 16. The power supply device as set forth in claim 15,

further coEERISIMGUCAOpoVIRE

power transm ssion antenna coil, the power supplied to the power

t ransmi ssis¢mignRanstoni |

receives greater power than a mninmm power for operation of the
seni condusteanicvid uetontdnvicke quonprisimgl y di stance is within the
predeterm ned range. 49

a first adjustment impedance element connected in
series to the power transmission antenna coil; and

a second adjustment impedance element connected in
parallel with the power transmission antenna coil,

impedances of the first and second adjustment
impedance elements being determined so that the
semiconductor device receives greatest power when a power
supply distance, which is a distance between the power
transmission antenna coil and the power receiving antenna
coil, is within a predetermined range whose lower limit is

greater than 0.

16. The power supply device as set forth in claim
15, further comprising:

a power supply section for supplying power to the
power transmission antenna coil, the power supplied to the
power transmission antenna coil is determined so that the
semiconductor device receives greater power than a
minimum power for operation of the semiconductor device
when the power supply distance is within the predetermined

range.
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17. The power supply device as set forth in claim 15, wherein: the first
and second adjustnent inpedance elenents are capacitors. 18. The power
supply device as set forth in claim 17, wherein: inpedances of the first
and second adjustnent inpedance eIeQEpts are determ ned so that the

sem conduct or device receives the greatest power when the power supply
distance is within a predeterm ned range whose lower limt is greater than
0. 19. A non-contact power supply systemincluding a power supply device
and a sem conduct or device having a power receiving antenna coil which is
el ectromagnetically coupled with a power transm ssion antenna coil of the
power supply device so as to supply power fromthe power supply device to

t he sem conduct Qr_, device w t hout contact, therebet n, .t he wer suppl
devi ce i ncl udi ng'?a fi h‘i’{e ST nEHPP Vﬁ@&%@%l%ﬁgﬁ?f@oﬁﬁ‘egﬁ%ﬂni n Egriyes

to the pom%:‘ ransm ssion antenna coil and a second adjustment inpedance
el ement cémew S R-parallel with the power transnission antenna coil,

i npedances of the first and second adjustnent 50
the first and second adjustment impedance elements

are capacitors.

18. The power supply device as set forth in claim
17, wherein:

impedances of the first and second adjustment
impedance elements are determined so that the
semiconductor device receives the greatest power when the
power supply distance is within a predetermined range

whose lower limit is greater than O.

19. A non-contact power supply system including a
power supply device and a semiconductor device having a
power receiving antenna coil which is electromagnetically
coupled with a power transmission antenna coil of the
power supply device so as to supply power from the power
supply device to the semiconductor device without contact
therebetween,

the power supply device including a first adjustment
impedance element connected in series to the power
transmission antenna coil and a second adjustment

impedance element connected in parallel with the power
Aransmizsion anteana coil,
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| npedance

ant enna

greater than 0. 20. The non-contact power supply system as set
claim19, wherein: the first and second adjustnent inpedance el enents

el ements being determ ned so that the sem conductor device
recei ves greatest power when a power supply distance, which is a distance
bet ween the power transm ssion antenna coil and the power receiving

coil, is within a predeterm ggd range whose lower |imt is
forth in

are

capacitors. 21. The non-contact power supply systemas set forth in claim

20, wherein: capacitances of the first and second adjustnent inpedance

element s aimiatangenedispedidt heingenteitther deyd cerigeci yag he
r whe

greatest po n the power supply distance Is wthin the predeterm ned

range. 22.

wher ei n:

STHE BN GO AHe ROUGYe RURBL Yo IS BBwRA! wH O 4 Bdwekal m 19,

e sem conduct evice I's an
supply distance, which is a distance between the power

transmission antenna coil and the power receiving antenna
coil, is within a predetermined range whose lower limit is

greater than O.

20. The non-contact power supply system as set
forth in claim 19, wherein:
the first and second adjustment impedance elements

are capacitors.

21. The non-contact power supply system as set
forth in claim 20, wherein:

capacitances of the first and second adjustment
impedance elements are determined so that the
semiconductor device receives the greatest power when the

power supply distance is within the predetermined range.

22. The non-contact power supply system as set
forth in claim 19, wherein:

the semiconductor device is an IC card.





