31 Cctober 2005 1 ELECTROVAGNETI C COUPLI NG CHARACTERI STIC ADJUSTMENT METHOD
| N NON- CONTACT POWER SUPPLY SYSTEM POWER SUPPLY DEVI CE, AND NSNQutpbresZpos
POVNER 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 ectronmagnetic coupling- characteristic adjustnent.
met hod for the non-contact power supply system 31 October 2005 2
BACKGROUND OF THE I NVENTION In recent years, an I C card has cone into w de
use, which is made of a plastic card containing such as an IC chip of a
non-vol atile nenory, a CPU (Central Processing Unit) etc. The IC card is
nore advantageous in terns of handling of |arge anmount of data, security,
etc. than a nmagnetic card, which has been commonly used. Wth such

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.



advant ages, nuch attention is now focused on an IC card as a new type card
for the next generation. The reason for rapid w despread of an BTQOxaelkri2905
conpatibility with various applications. The IC card can carry out not only
applications currently enforced by a9 magnetic card, but also applications
whi ch cannot be enforced by a magnetic card due to technical limt. Also,
there has been expectation for a nmulti-purpose IC 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 I C card and the

reader/witer devicedablkdROEUMNDtEH TyDg NE NT@INCONt act -t ype dependi ng
on their interfaces. In case of contact-type, each of the IC card and the
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enters t eandling 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 1is
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 br'ing'ing the connection
terminal of the IC card into contact with the connection

terminal of the reader/writer device. Bringing the



generated variable electric field so as to allow the reader-witer device
to supply power to the IC card by electromagnetic induction tec3inOktayr 2005
al so allow data transm ssion between the reader-witer device and the IC
card. The non-contact-type IC card rqftifies an i nduced voltage generated
in the antenna coil at a diode bridge” before supplying the voltage to
respective function blocks. Note that, in this nmanner, 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 electronagnetic wave
having a carrier. frequenc i 198 fromseveral NHz tq@@rveral 10MHz,

of ina.r
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for an external devi.ce, and.therefore no, concern is necessary,for breakage
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non-contact reader-witer device. Accordingly, the non-caq tach |C card is
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hi gh- speed processing _etc. The non-contact reader/witer device falls
roughl y antenna coilof the reader-writer 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 10MHgz, 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



into two structures dependi ng on whether or not the device has a function
for fixing the non-contact IC card. The forner is referred to ad @ctober 2005
cl ose-type, while the latter is referred to as an open-type. The

comuni cati on di stance between the clgse-type reader/witer device and IC
card is not nore than 5Mm and is often | mMm Such a short distance of the
close-type reader/witer device and IC card appeals to financial fields in
whi ch security of information plays an inportant role. For this reason, a
conventional market has a stronger denmand for a close-type reader/witer

devi ce thameanno@PeBnitiRe dRWIE:-wHAYEYedeviiBe I eCERbcYLAlSglst hetHE card is
nore often wused in traffic fields and also as a system for "supervi si ng
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superi or conveni ence increased to be greater than that for the close-type.
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open-type rgaderIMW|ter device, so as to aIIOM/the device to 31 Cbtober 2005
S carry out ‘data processing with the IC card ("hold up" data processing).
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ticket gate ("touc a processi

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 Smm,
and is often lmm. 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



However, the conmuni cation distance between the open-type reader/witer
device and I1C card is not fixed, thus arising a problem when p3iledcteb@plfs
is carried out fromthe reader/witer device to the IC card. Figure 8

shows a relation between the comuni cgtion distance from an open-type
reader/witer device to an IC card, and power received by the IC card, when
the power supply of the open-type reader/witer device is fixed. As can be
seen in the figure, the power received by the IC card beconmes maxi mum when
t he conmuni cation distance is 0, and then gradually decreases as the
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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 O, 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 into 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 expectaﬁoflfOf a multi-purpose

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

increased, since the multi-purpose card requires a larger



Figure 9 shows a relation between the conmunication distance and the

recei ved power by the I C card when nore power is supplied from3lh@ctober 2005
open-type reader/witer device. As can be seen in the figure, the received
power can be increased by supplying karger power if the comunication

di stance between the 1C card and the reader/witer device 1is fixed.
However, | arger power supply causes an increase of power difference of the
recei ved power between respective comunication distances. Further, an
excessive increase of the power supply may cause an adverse effect on other
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required to reduce the heat generatlon caused by the received power

di fference,frdherio arseqent vewamel ﬁpémb@gr bE £8tdidss @hl-GNIEM B

comuni cation distance so as to realize superi| or conveni ence. However, to

i ncrease Qﬂﬁn§8H¥Hﬂ%g?éh?gxngé?tance it is necessary to raise power supply
r

fromthe reade vice as shown in Figure 9, and therefore the sane

probl em as abovegegur 8. ABwd WOk 58 BLALEM Ofc hegh FRRsLatian. one

sol ution exanpl e ‘€an bé Foun |n panese Cpen i Patent

Aovl 1 catl on Tokukal el 41 39050, 1999.LPU LADGE L PRREIETA0e 1o99), I

'Wm ch powe

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

solution example can be found in Japanese Laid-Open



reader/witer device is adjusted according to the conmunication distance
between the reader/witer device and the IC card. Figure 7 shov @rtober 2005
arrangenent exanple of the reader/witer device and the I C card discl osed
in the foregoing publication. In theyfigure, the left side of the broken

| i ne 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 includes an oscillator 110, a power control
circuit 111, an anplifier 112, a matching circuit 113, a voltage detection

circuit 1p4tedt Appdeddvbint EfokGkhlheial 1UBBBD ERPAOIIPI(phiblisard an
antenna coil 117. The oscillator 110 outputs a high frequency wave, which

is anmplifpadDdeomtet o anphobierin MRicBOpRswiP @ﬁpw?prﬁ&% tth e he antenna

coil 117 via the matching circuit 113. The antenna coil 117 is directly

connect edrd 94t PRl NG gapacd t ofs li@ogasagdt 0 4PEELASE; kANSISSI ON _
efficiency. Note that, in the circuit diagram of Figure 7, the antenna coil

117 is ma : s 1N t I esd: onent RI1.
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The I C card n uni ng capacitor 121, a

oot £ CENELT 6L baBeel BRI TLC R J AR LR, The
antenna C8f lth%zpegae\fyi/miter 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 [C 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



the tuning capacitor 116 connected to the reader witer device 100, so as
to increase transm ssion efficiency synpathetically with a sel {31 GdiodbeaRoes
L2 of the antenna coil 120. El ectromagnetic coupling of the antenna coi

120 of the I1C card 101 and the antenga coil 117 of the reader/witer

devi ce 100 generates an induced voltage, which is then rectified through
the rectification circuit section 122 and adjusted to be a predeterm ned
voltage before supplying to the IC card |logic section 123. The
reader/witer device 100 is characterized by including a power control

circuit 11J f@AneentHolhi pArRNErwiSUPHY dQtdhBaaBbeNNR G0k *ith a vol tage
detection circuit 114 for detecting an input voltage of the antenna coil

117,  andfier st ARG SeLHR6i dAD! epsStorfskifad e M eREeFE W ey }ifer 115. The
first table is to deri a coupling coefficient k froman output voltage Vs
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d 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 1is 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 - { (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 kK and an optimal received

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



a function). In the foregoing arrangenent, the voltage detection <circuit
114 detects an output voltage V (input voltage to the antenna SaiOctdber)2005
the anplifier 112 at a certain timng. The detected value of the output
voltage Vis sent to the reader/wit@r I1C 115. Since the reader/witer IC
115 controls the output voltage Vs of the power control circuit 111, it
has al ready obtained the value of the output voltage Vs at this stage.
Next, the reader/witer 1 C 115 obtains the coupling coefficient k with
reference to the first table by using the output voltage V of the anplifier
112 and t kefwntpidniol tage Vs of the power control circuit 111. Then, the
reader/witer 1C 115 obtains an optinal (a voltage not causing excess heat)
out put voltage Va ahet Herpgukngcantangentémeuithel Mbltaget Heteotipld ng
coefficient k wwth reference to the second table by using the coupling

coef fici entirkuithilal deascheein abtepued clodge e (epbiutaloltegel vedhrpower P for
the I1Ccard. Further, the reader/witer |IC 115 controls the power control

circuit 1bhtediihatoilhe 1MQVBF GaNtd@ipliecul 12138 a wduis tieieg! ai ned
out put voltage Vs. Consequently, it is possible to cut the excess power
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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 obtaiﬂed 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 control 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



10 device 100 which can prevent heat generation due to the power difference
of the received power however causes nmagnification of circuit sddDeohed2®)s
i ncrease of power consunption because of provision of the power control
circuit 111 and the voltage detectioni@ircuit 114. Further, the I1C card 101
and the reader/witer device 100 still require an increase of power supply
when extendi ng the comruni cation di stance. Therefore, the problem of
adverse effect to the other devices due to an increase of power supply
still cannot be solved. SUMVARY OF THE | NVENTI ON The present invention is
made in vidgswiek tINED fwihdghi RGN corvednht onaht pgehkeasioranduan tobjthet is to
provide a non-contact power supply system having a sinple structure and

capabl e ofpseducidigfdieaicedener @heonreliedved dpbdherenaewdver ecgiged powver.
Further, another object of the present invention is to provide a

non- cont ack ;PAIBIc PRl Yofsusteit capakl eanld exhendicrgazr af ?@Wee operation
di stance between a sem conductor device and a power supply device w thout

| ncr easi ngc&%gsfnrgwam YbEEQWskheo POWREH v SRR yOﬁeYh%e-péﬂfe?r denf@)sol ve the
foregoing problens, in an electronmagnetic coupling characteristic

adj ust nent .. h f od L f | yst4 ng an el ectronagneti c
31 oot Obermgggéf’q 1 Plad e 658 gd MeqBLLIh @ cad Ysi4.
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 aliowable operation distance
between a semiconductor device and a power supply device
without increasing power supply from the power supply
device.

In order to solve the foregoing problems, in an
electromagnetic coupling characteristic adjustment method

of the present invention for adjusting an electromagnetic



11 coupling characteristic between a power supply device and a

sem conduct or device which are used in a non-contact power sup@lyOstpbere2ddsn
whi ch a power transm ssion antenna coil provided in the power supply device
and a power receiving antenna coil pypvided in the sem conductor device
are el ectromagnetically coupled so that the power supply device supplies
power to the sem conductor device wthout contact with the sem conduct or
device, the power supply device includes a first adjustnent inpedance

el enent connected in series to the power transm ssion antenna coil and a

second adjsipERly idHadateei & €NBAtweeANAC ok i rslpﬁf)glrl&évwet dde power

transm ssion antenna coil. The el ectromagnetic coupling characteristic
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first and secong adj ust ment 1 npedance elenents so that the sem conduct or
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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 eXamplé, a non-contact

communication system, where the semiconductor device is

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



31 Cctober 2005 12 device, falls into a close-type, an adjacent-type, a
proxi mty-type, according to a comuni cati on di stance between t3eOtcben2ahs
and the reader/witer device. These different types are in progress for
standardi zation as |1S010536, |SQO | EG#443, and |1 SO | ECI S693, with likely
comuni cation distances of Imm (mllinmeter), around 100nm and around
700mm respectively. Therefore, the predeterm ned value of power supply
distance is preferably around Immin a close-type, around 100mmin an

adj accnt-type, and around 700mmin a proximty type, in case of a

non- cont agl y§OEMUMNGR | Ofh 13y STLM cfyd- "t‘gpe then pregelmd oe ? valéle of
comuni cation distance is nore prefera y in the VI cinity o
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Imm (millimeter), around
100mm, and around 700mm, respectively. Therefore, the
predetermined value of power supply distance is preferably
around 1lmm 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 = f (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



or the local mnimumin its range, the dependent variable 31 COctober 2005 13
increases and al so decreases, and the range becones snaller. NB31BOobéOZ003
vari able varies in a predetermned range, a variable including the |ocal
maxi mrum or the local m ninmum generaljlgy has a small er range of dependent

vari abl e than a variable nonotonically increases or nonotonically
decreases. Accordingly, in the electromgnetic coupling characteristic

adj ustment nmethod in a non-contact power supply systemaccording to the
present invention, variation of the received power due to difference of

power supph¥refls&t anged calsbe HedvegdesConpAl edhle0 BafigBVenéLOfds NMethod in
whi ch the received power becones nmaxi num when a power supply distance is O,

and then gpnofjgpi C%bynegecr@@saesv@ﬁamé PAYRIs SHPBl pratstapsRddicr eases. On
this account, heat generation due to the difference of received power can
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adj ust nmen nce el enents. her, when the power supply distance from
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sem condu evic egoi ng structure a suc ension with a
smal Ler difference hetyeen thg ; exlended poner SURp!v; flstance ad a- power
supply di' &t &hce where t hd recelvedapomer(becones maxi mim us
monotonically decreases. o
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 O, 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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greater received power at the extended power supply distance than
ntional system 31 Cctober 2005 14 Consequently, it is 3oOsiobee20ds
e power supply distance w thout increasing power supply. Further,
ctromagnetic coupling charagferistic adjustnment method of the
nvention for adjusting an el ectromagnetic coupling characteristic
power supply device and a sem conductor device which are used in
tact power supply systemin which a power transm ssion antenna
ided in the power supply device and a power receiving antenna coi
provi ded iy hHeqaemtePnductior pitge ate cktELHr aMRINSSwed! Iasppl ed so
power supply device “supplies power to the sem conductor device

a first adjustnent inpedance el emen
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in par With the power transm ssiGn antenna co
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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.

j ust ment

power
power



di stance, which is a distance between the power transm ssion antenna coi
and the power receiving antenna coil, is within a predeterm ned3t @gder 2005
COct ober 2005 15 Wth the foregoing arrangenent, the inpedances of the first
and second adj ustnment inpedance el emgpts are determ ned so that the

sem conduct or device receives greater power than a m ni mum 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 thewiggnyeet fopaboires hadrahbumewtuahrg ihepédgerersatdfon due to
the difference of received power with a sinple structure only provided with

the firstiiandrisecond (adUIABNL djiRed0se iBhbeRiN&e EWhbers argower supply
device of the present invention’including a power transm ssion antenna coil

which is elgcthonpanethcalihyt COUR edeh 1dd A REVEF RGBLYI NEkcARbgNna coil

provided In a sem conductor device so as to supply power to the

sen Condugé%teqﬁ;ﬂ&sew oyt ACoREAGE ;oM %PWter}e fé?”&ﬁ@??gﬁf? lordeykce,

i ncl udes: irst adjustnment inpedance enent connec In series to the
pover . ERATLIRLARGY ARELEE! b 2 3EGRIS At o hoedgnce of erent
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 semiconductor device receives greatest power when

a power supply distance, which is a distance between the



transm ssion antenna coil, inpedances of the first and second adjustnment

i npedance el enents being determned so that the sem conductor dAav@cteber 2005
recei ves greatest power when a power supply distance, which is a distance
bet ween the 31 COctober 2005 16 power jtgansmi ssion antenna coil and the power
receiving antenna coil, is within a predeterm ned range whose lower limt
is greater than 0. Wth the foregoing arrangenent, the first and second

adj ust ment i npedance el enents are determ ned so that the sem conductor

devi ce receives greatest power at a power supply distance of greater than

0. Thus, aswiasGirblAfnisdon dihtenenceoifl hecei ttad g@wwr deectipivariation of
power supply distance can be reduced conpared to the conventional nethod,

thus redughRg@nheatc AENES af oy flue Ispedétberrﬁiﬁéarﬁ@ﬁgeotvﬁ@wn\s%epower wi th
a sinple structure only provided wth the first and second adj ust nent

i npedancey:. el.e tEH ,0 When the power supply distance fromthe power
supply de{/llngiet {%%tég?engetyﬁ]iq e enabling operation of the sem conductor

devi ce, the T or SB9HGNS! [HSIHIE AL 0N o HHER XHEN51A0 AN sacBul | o

di fference between t ext ower i stance and a power supply
G L WAL B BEEL VB gRR ElBTR TE LU S ool R BC A o7 oo

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 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, a non-contact power supply system

according to'the present invention includes a power supply



supply di stance than the conventional system Consequently, it is possible
to extend the power supply distance w thout increasing power syipbDstober 2005
Further, a non-contact power supply system according to the present

i nvention includes a power supply 31 ctober 2005 17 device having the
foregoing structure and a sem conductor device having a power receivVing
antenna coil which is electromagnetically coupled with a power transm ssion
antenna coil of the power supply device. Since this non-contact power supply
systemis made up of the foregoing power supply device, the sane effect

can be obijaivied. hAddhgi gnal foakjeeihg, steatunes, aadd astseenidisdaictbhe present
invention will be nmade clear by the description below Further, the

advant ageg|eQficé hey ¥ iRSENh 1 HYRBYT ok ddibingbey e eat ddiomwheci olikow ng
expl anation in reference to the draw ngs. BRI EF DESCRI PTI ON OF THE DRAW NGS

Figure 1 i$e@WARBnPMAL c@@ﬁg&ariwﬁ of rscRkyed rREVRsBYoRn | C card)

of a non-contact conmuni cation stem and a curved line a shows

char aCteria?ftie%rﬁa( Coqpra)\fem% m?f%ig?}g% as a conparative exanple, a

curved |ine b shows charact e ‘power in a non-contact
communi cation syskem.acGfidl \9oho 8R%act 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



enbodi rent of the present invention, and a curved line ¢ shows
characteristic of received power by an IC card wi thout guarantad @abber 2005
operation in close-contact state. Figure 2 is a graph show ng characteristic
of received power by a reader/witeriglevice of the present enbodi nent 31
Oct ober 2005 18 on condition that an adjustnent capacitor connected in
series to an antenna coil has a fixed capacitance, and the capacitance of
an adjustment capacitor connected in parallel with the antenna coil has
three variations: CBlI, CB2, and Cl133 (CB I: CB2: CB3=8: 13: 9). Figure 3 is

a bl ock diggragnsheNgtRasChemed dfusBheatdmtci@bracoinaari@cln
communi cation system according to the present enbodinent. Figure 4 is an

equi val entsGlipguid £ aghaehah thel HN-LIMkEG! cSBATHULAL | Al EYHEM shown in
Figure 3. Figure 5 1s the same equivalent circuit as that of Figure 4,

addi 1 onal dyp Restengt 1 ghenab N8 HEc AN A pd SREAANGRIn LA am Nt o na

resi stance card to so i fferent "points. ure 6 is a graph

showi g a 121 S1LN DAL WRED. 2 RURLENG. SiPCALLCL AR a0d, pATBUA: cpis on di st ance

in the non-contact conmuni cation system shown I'n Figure 7 is a

ggggﬁnggggﬁéﬁtggggﬁng?(éﬁyfﬁeﬁgfz(ﬁéégggeﬂypb)pf a conventional non-contact

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 1s 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 1is 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



system Figure 8 is a graph showng a relation between received power and
comuni cation distance in the non-contact conmunication system 3hOstobeR 2005
Figure 7. Figure 9 is a graph simlar to that shown in Figure 8 and show ng
a relation between received power andi@1 Cctober 2005 19 communi cati on

di stance when nore power is supplied. DESCRI PTI ON OF THE EVMBODI MENTS One

enbodi nent of the present invention will be described below wth reference
to Figures 1 through 6. Figure 3 shows an arrangenent exanple of a circuit
for a non-contact IC card systemused in the present enbodinment. In the

figure, theyhehtinstdeioi dibeabcekemdn nRosbqyewan isastiphgesant exanple of a
reader/witer device (power supply device) 1 and the right side shows an

arrangenent exanple of an IC card (sem conductor device) 2. The
reader/witer device 1 includes an oscillator (power supplying section) 10,

an anplifier (power QE@@MP@‘IO?\?@FOﬁI){ElkM%ED?MENT§aPaC' tors 12 and 13,

and an antenna coil . The oscillator 10 outputs a high frequency wave,
which is then a figdy the (gplfd&lndl; $0eA8idP supplied to
t he antenna coi {@Jﬁ I'n %@gh‘&ﬁgsgm tenbo%lf msnr%tl ee anlt enngg%:loiutlpgm is

connect o0 44 L ABLHE LR %At %Séf@?.@hcga%mﬁ&rur(ég gt Adbugreat

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 1is 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



i npedance el enent) 12, and al so connected in parallel with the adjustnent
capacitor (second adjustnent inpedance elenent) 13. The | C car 3120D¢tabén2ds
an antenna coil 20, a tuning capacitor 21, a rectification circuit section
22, and an IC card logic section 23.20he tuning capacitor 21 is 31 Cctober
2005 20 connected in parallel with the antenna coil 20 so as to increase
transm ssion efficiency synpathetically 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 VQldiagee tali fh b bR keghi fied dRronal thal pectdd iggtiken circuit
section 22 and adjusted to be a predeterm ned voltage before supplying to

the | C candchagie §ea1dsShn THARIBHEIN! 80in b G iceridatNst LAl 4he present

enbodi ment is an adj acent-type with a co I on I stance of fromOmmto

50mm  The sfle-liH\ngcgtaV}‘-léé L?Wfa&pe taf]ré@ealeﬁal 4108t g@%?f’{ohrgxag‘rﬂ&g&r omagneti c

coupling characteristic between antenna coil 1 eader/witer

device L PAbIEIeRRS SHLh oarag G eaesid e bafa, poce the
the ant e%nnateCrPrillclscg)'ﬂ %Brdo%othei:tréasdgrsfv%gﬁ%ri etvri]geff)uggr\ﬂ“-epgtes an
induced voltage, which 1is 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 SOmm. 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 wuses the following
procedures so as to increase the communication distance
from Omm to SOmm.

(1) Find a coupling coefficient k according to

the communication distance

(2) Find capacitances CA and CB of the



expl anation that the shapes of those are fixed. The present enbodi nent uses
the following procedures so as to increase the conmmuni cati on didtQetoberf 206%
Ommto 50mm (1) Find a coupling coefficient k according to the

comuni cation distance (2) Find capagijtances CA and CB of the 31 Cctober
2005 21 (3) adjustnent capacitors 12 and 13 so that the comunication

di stance causing the maxi mum power receiving exists within a predeterm ned
range of conmunication distance. Determ ne an output voltage VO of the
reader/witer device so as to constantly offering the m ni nrum power

consunption for driving écﬁ'ﬁJéGn‘é%{td égﬁgcﬁorgoq@rgﬁat iien dhstgpee Within

the predeterm ned range. As descri bed "above, the coupling coefficient k
changes dependi ng on geong{{ i Qﬁﬂgﬂ of 41 aht ennal; i 4 with
respect to the antenna coi 28? a{r{gﬁl t ergPore S{Iﬁden coup?i ngm%ge# %ci ent k

can be found out by simyatliohugt bBSdi KcdiViAReExiSISoEiHE, shapes of

predetermined range of communication
distance.

(3) Determine an output voltage VO of the
reader/w;iter 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 [.

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 coupiihg coefficient k is
uniquely fixed with respect to the communication distance I.

Accordingly, when the communication distance [ is



antenna coils 14 and 20 are fixed, the coupling coefficient k depends on a
comuni cation distance 1. Figure 6 shows a rel ation between the 3dddgtbbeg2005
coefficient k and the comuni cation distance 1. Wth reference to the
figure, the coupling coefficient k iso@ function nonotonically decreases
with respect to the comunication distance 1, i.e., the coupling
coefficient k is wuniquely fixed with respect to the conmuni cati on di stance
1. Accordingly, when the comuni cation distance | is 31 Cctober 2005 22
determ ned, the range of the coupling coefficient k is wuniquely fixed. In

Fi gure 6, kN9 tfeef f4,chenty (K ik | BodJ1RNGe cJdra®ifn®5 £ 0i9. 27 when

t he commn(%é(}%tr%gﬁpddli’stance Idi% in a rangg Horrganmto éORTn Th(lan, t he

capaci’tancl%giﬁbgpgix@ are determ ned so that the power receiving becones
e couﬁ

nmaxi mum when Ing coefficient k is within the foregoing range. This
cal cula o0 U569 2 L05 OTPRRL o) RYPLLAG,ARHCYA) PP d G fgghiomn i
cTou ey o) 91580, 4087 DR A SR ATRTR RUgRURLL G S 2l
Wil explain respective compongnts o constituting,the o pquiti A

CB are determined so thét the power receiving becomes |

maximum when the cou‘pling 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 Acbapacitance of the

tuning capacitor 21 connected in parallel with the antenna

coil 20, and a capacitor C3 i1s an internal capacitance of the



| oad resistance of a sem conductor device included in the IC card 2, and
the resistance value thereof is found according to an operati o3l &ntelsart2005
val ue of the sem conductor device wused for the IC card 2. The resistance RL
is supplied with a voltage VB in it®3both ends. The voltage VB is generated
by power received 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
capaci tance of the tuning capacitor 21 connected in parallel with the
antenna coil 20, and a capacitor C3 is an internal capacitance of the 31
Cctober 2@@%p23nchinisi Rxddihplexanplieh WY choksehawenet netcergeesisarily
provided inside the chip. In the present enbodinent, it is not necessary to

change thgrepidegonsdiant tRE ¢hegpanteniae pRkkedd embbeimentarid i and
therefore, the value of the capacitor C2 is appropriately determ ned

accordi ngpl, hReesslil sonshamta Mt bhiincbhethGicardie dAeehgsl stance R2

is a loss resistance of the antenna <coil 20, and an inductance L2 is a self

| nduct anceonf oddicor AHENRA GoHd 20 adhe thRticsbARC IR AN hsr igduict ance

L2-M are termned as specific values according to the col constant, for

‘the sane Eg??ﬁ%ﬂg%gzbg@a%gp?ﬁ?%qgt Meitégﬁli%djaa{%&@rq}’iﬁ Nee t‘Plfe the

ant enna col I'on between the coupling coefficient

k and thngHt YL st RAYGhANGSE M iR 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. .The 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/(LLxL2)1/2 -=--- (a)
That 1s,
M =k (L1*L2) 1/2 --ex- (a')

The inductance L1 is a self inductance of the antenna
coil 14 of the reader/writer device 1, and the resistance R1
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



generally expressed by the follow ng equations. k = M (L1xL2)1/2 ----- (a)
That.is,, M= k (L1*L2) 1/2 ----- (a') The inductance L1 is a sel31 Oonwbet 2005
of the antenna coil 14 of the reader/witer device 1, and the resistance Rl
is a loss resistance of the antenna cpjl 14. The resistance R and the

i nductance L1-M are determ ned as specific values according to the coil
constant, for the sane reason above. Therefore, in the present enbodi nent,
the 31 October 2005 24 capaci tances CA and CB of the adjustnent capacitors
12 and 13, and the coupl ing coefficient k operate as variation paraneters

ot e CEBEHSERIRL R BAPL LB o Hbca ksl ane e Shegls e e 1 erelved
L2 e geaey é?f%%e%%ﬁﬁgm% SRCITNECA S8cFR0 14 s aapldnbe not e
Redance Ll AR CPIRRER (SIS0 pEne SENATELT o ol i oure
points  touard, the Ie card side are deseribed 95,27, ZG, g8, Z2C and Z8

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 S 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 = fA (CA
CB, k) --- (Formula 0)

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
understood, ZB and ZC are constants,' ZE 1s 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



When the coil constant (LI, L2, RI, R2, C2), an |IC card-side constant RL,
and C3 are deternm ned, the inpedance ZA fromthe point A towar 31tOaobds 2085d
side can be expressed as a function denoted by the formula below in which
CA, CB and k are variables (paranmetergsZA = fA (CA, CB, k) --- (Formula 0)
Accordingly, the function fA can be found by setting substitute values for
the coil constant (LI, L2, RI, R2, C2), the IC card-side constant RL, and
C3. As can be clearly wunderstood, ZB and ZC are constants, ZE is a function
with k as a variable, ZGis a function with CB and k as vari ables. Next, a

vol tage VApatefdlarBehtivR Fsrdouns By rlh Ykl nga 3ty Ed1Rher e BPSs gt he
el ectronotive force VO by RO and ZA,™ which is expressed as follows. VA = VO

(ZA (RO + ZAY)j1a3ws. (Fornmula 1) Next, a voltage VG at the point G (point F)
is found by dllvioﬁ'ng the voltage VA at the point A by the inpedance of CA

?Egy ﬁlcfi a\M;i) Crl\llei(sf,&g:pvo Eggf(%é gr![ .b?wz._ﬁgi r}{‘?’r@}‘géﬂ ( %);J Y\EA}Z .o:ngei)y- N

Gyt ng L vohisge YO aloLIRetS (RN oLlolk B Aol PEeBTEC

28 --- (l?@l(/m:ljfr?g e %%)ﬁagg v ta%g?h(\e/CngnE e tg)}?it%e ci:rrilgefjg%ncde by dividing
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 5)

Further, a power PB at the point B is 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 formula 6 can be



the voltage VE at the point E (point D) by R2, an inpedance of (L2-M and
ZC, which is expressed as follows. VC = VE (ZC/ (R2 + jw (L2-M -81A0)tober2005
(Formula 4) Next, a voltage VB at the point Bis found by dividing the
voltage VC at the point C by an inpe ce (1/jwC3) of C3 and RL, which is
expressed as follows. VB = VC (RL/((1/jwC3) + RL) --- (Fornula 5) Further, a
power PB at the point Bis expressed as follows. PB = VB2 /RL --- (Formul a
6) Further, by using the coil constant (L1, L2, Rl, R2, C(C2), the IC
card-side constant RL and C3, and varying the foregoing fornulas 0 through

6 and a', f.Qr : 2 - r Si-t foll ow ng
function F%%%ets%egggc%gﬁglﬁﬁgg}g\Sl?rrlf’é;t‘b?f)gs%?cgl %@(@e‘%é& If()é1$e -

(Formul a ZI)aI‘E'ilQP £ 1 shows a relation between communication distance and
recei ved power en the coil constants of the reader/witer side and the IC

card side are deferm y~d he,for in justnment. In the figure, the
vertical axis ?%mnkgzg:e}?vgc}%’po r 3?%trﬁgu?% ard 2, the received power Al
shows power consuned by the sem conduct.or device for the IC card. In other
words, rhe ool JBR Bovker SAPHEh ot TITROR: TR Gove AT UBF S IR a

non-contact-type 1 C card. . .
dist gce 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, [ =
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.



Accordingly, the IC card 2 does not start operation when the received power
is less.than Al. Further, the horizontal axis shows a coupling 3t&bitéheri2865
k. As described, the coupling coefficient k is a function which
monot oni cal | y decreases with respect 4,0 the comunication distance 1, and
therefore, the communication distance 1 decreases as the coupling
coefficient k increases. In one exanple shape of the antenna, it was found
that | = 50mm when k = 0.05, 1 = 30nmwhen k = 0.10, and I = Omm when k =
0.27. In Figure 1, the curved line a shows characteristic of received power

in a CO”VEI‘HLHQnac'he'sx%tc%%eé[h?o%ﬁ’%ér‘e%%e% 2Newe %Bn@ﬁ{@ﬂg@@ﬁ'ah in which

the recei ved power becones greatest value at the comuni cation distance

= 0mm 31 (et ONeE 2005 fs S a ide ?wae;hgﬁcr%ﬁﬁes B dhe

comuni Catl on gl stance 1 ncreases, 1’? rops | owe an t ower

consunptlggvggfs qhégnlcgpdﬁghgr q§%5§goa%.(ﬂﬁgncggqugcatégn qTﬁtance of

15mm t he XI'mum conmuni ¢ ance I'sS approxi mately
real | zed By TSP SHAR YOI NS A Loauer suptl J v BBRvER At 1S cage,
there occurs the foregoing. problem of heat generation 0_an excessive
i 11 or oncEIBELTIOUR PR TRT Hth PBCRI Ve ot BET GREA el 15mE.
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 péwer (A2-A1l), but

the amount thereof is within a range for allowing the IC

card 2 to operate without malfunction.



communi cation di stances = Onm and the received power Al . Next, the

vari abl es CA and CB are changed to plot the received power chaBdddaobat2005
and this plotting is repeated so as to found an optimal received power
characteristic. The curved line b ofgFigure 1 shows received power

characteristics in case where the capacitance CA = | OpF (picofarad), and
the capacitance CB = 60pF. In the curved |ine B, the received power becones
maxi mum when k = 0.10, i.e., when the conmunication distance | = 30nm

Therefore, the IC card can be frequently used around a conmuni cation

di stance of 30nms kHeiseribeal gener atd vedcuswyr exdéharReveristi2- Al), but
the anobunt thereof is wthin a range for allowing the IC card 2 to operate

wi t hout nakfuedd 9f- thSY Pefahed A%, A8 h% e ser bbeEu tt PSItageeined power
characteristic changes in the vertical direction when the output voltage VO

of the regderyur i gicdpyised deviehandad: cindbeacur Y ki BeidveRl Figure 1,

t he output voltage V e reader/witer device 1 1s adjusted so as to

obtain thed eqei ved ROMRICA 12t goamug eghion, disldAncaggof o Prmgiand - of

50mm I n other wor n the’conmuni ca dr st el1s wthin a range
from Omm H’gaé%mrlip@r P ce 1 is adjusted so as to obtain the

received power Al at communication distances of Omm and
of 50mm. 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 [ = 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
communication distance | = Omm 1is 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



supply fromthe oscillator 10 and the anplifier 11 to the antenna coil 14
is adjusted so that the received power becones hi gher than the3m@dtoben2005
power for driving the IC card 2. Wth such adjustnent, the IC card 2 can be
in operation even in close-contact sfjate with the conmunication distance |
= Omm Therefore, the IC card 2 wth the foregoing arrangenent can be
adopted for the close-type reader/witer device. Further, since the

Recei ved power at a comunication distance 1 = Ommis determ ned to be
slightly higher than power consunption of the sem conductor device of the

| C card, ip%oiv?dPl‘?%fé'th‘r‘cfe%t B &Y 3‘? e BENBIAH RN PYEX R PQURN. which

may cause a trouBle I n operation. er, the'received power reaches to

al nost A2 rqund comyni iLon.-dis ce | = ober 2005
29 provi dionf(:%1 tgrhlgf P%lggn 2 irar g‘lé ﬁ%%Fggbg%a%%nﬁﬁo%ra%?ggl ghgl%%cg%ecg:ﬁm this
account, the.foregoi cO ni cation distance can be frequently used.

oh SHeCBbHeek:

Furt her, Hece I"cation distance exceeds 50mm the received power
becores | over, Ui, A1E, TULIUL 0L Y0, YOLLAGE, ACROLNL kg, O Stance
50mm, 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 Stéte, impedance is
adjusted to have the received power characteristic shown by

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



with the foregoing adjustnent. Wth such an arrangenent, there establishes
an inpedance adjustnent nmethod for a non-contact card system i3t Qdtoladr 2095
recei ved power of the ICcard 2 is increased so as to increase

comuni cati on di stance. This nethod 3frovi des the naxi numrecei ved power at
a communi cation distance (30m) nost frequently 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 ICcard 2 are in close-contact state
(comuni catn de roadeansehla spoific Onntmisnacdoont distherdeor egoi ng probl em
of heat generation can be solved while providing | onger conmunication

di stance. FurtHher thiberaisk,i & fnot anexegsdr yhto gnsurecgipedathconerof the 1C
card 2 in the close-contact state, inpedance is adjusted to have the

recei ved jeyem ethds aetrethah @ showhbycommumniedtldmedistahcki gude 1, so that
an | C card specification 31 October 2015 30 can be nmade with a specific

comuni cain@n @hst angepetn tikh cage, cbiniugidangad thatahbe resei ved power
beconmes | ower than A" ‘at the conmunication distance = 0, and the upper

limt of cogpunicaltedn Avsiance is approximtely 45nm Further, Figure 2
shows a recei ved power

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 (CB1l: 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 CB1, 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 [ = 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



characteristic in the case where the capacitance CAis fixed to a certain
val ue, cand the capacitance CB is changed to CBI, CB2, and CBS (3IB)}¢tob&22005
CB3 = 8: 13: 9). As can be seen in Figure 2, the coupling coefficient k
i.e., the comunication distance | f8i the maxi mum received power changes
dependi ng on the capacitance CB. Wien CB is determ ned as CBl, the received
power beconmes maxi numw th gentle curve where k = 0.15. Though this
characteristic is relatively desirable, the systemcan be vulnerable to

di sturbance such as a noise etc., since such a characteristic cannot ensure
el ectri c bgoyere grangixim e nwER res kdet eQ ) fe nagsh@B2icidiyr edeitiied power
becones maxi mum where k = 0.25 (in the vicinity of the comunication

di stance domraA0Mikatidnt HistLhes ast a0iski)c, Thhehl £ claafadtegeeia/es maxi mum
power near the reader/witer device 1, thus attaining a limted, though

si gni fi cae | BEITERIENKN ﬁdiﬂeﬁomnidqa{zim di sanegredgRoGBId StHet erm ned as
CB3, the received power 31 Cctober 2005 31 beconmes naxi num where k = 0.08

(in the VighnthiyiehtHg ASHAMOL Cat i DB dhSt ARG tHe4PaM ivdd 0158&7%1-

characteristic, the sufficient power for ’dr! ving is ensured around the
GO, o 00 Al pSORF 0 1 SGLCH IR eSS Ut 2
the IC card 2. Accordingly, this example succeeds in
obtaining a desirable characteristic.

As described, it islpossible 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 [C 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



the IC card 2. Accordingly, this exanple succeeds in obtaining a desirable
characteristic. As described, it is possible to provide an | C caddctober 2005
conpatible with different operation conmunication distance specifications
by adjusting CA and CB. Note that, the present invention is not limted to
the foregoing enbodi nent above, but rather may be applied in many
variations within the spirit of the present invention, provided such

vari ations do not exceed the scope of the patent clains set forth bel ow.
For exanple, the adjustnent of the peak value of the received power

ChaTaCter&ﬁhh%iHEYJﬁﬁPGBQpQ@i&h@ceSQEQEfbﬁab&OQﬂQQn%QMgrtﬁﬁﬂ?uﬂﬁkion of a
sem conduct or ~ déevice used for the IC card 2, and the Specification of

comuni catk gy §istavse Rf st hecpon-contact |1 C card system Further, the
exanpl e o% g?gure 2 agfug%s i npedance by fixing the capacitance CA of the

adj ust nent capaph&QEC;Z HgggafﬁggﬁLEE %?gFgggﬂgé%ﬁgﬁgﬁgﬁagggﬁﬂeagdjustnent

capacitor 13; however,’t ance na e perforned by

IR e e e e L e e
some al L SLOBLLYENcYCR A okl OV 83 s A8 hebnb Oty OB LSE Y
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 embodiment 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



capacitances CA and CB so as to automatically adjust inpedance by using
information of the initial response of non-contact comuni cati 8h.OGalkdr 2005
automatic adjustnents nay allow conpatibility with other types of IC card
having different usage nodes. Furtheys though the present enbodi nent
describes a non-contact IC card systemwi th the reader/witer device i

i ncludi ng the adjustnment capacitors 12 and 13, the present invention nay
al so be adopted for a non-contact IC card systemusing a reader/witer
device 1 including other inpedance elenent than the adjustnent capacitors

12 and 13j]sbobeetdBPtRd Fot0hl pyweheshi Eystea | friohuah gdeef or egoi ng
enbodi nent descri bes@ an | C car(.}lﬁj;ystem Elgt%g ?he | C card 2 and the

reader/w istt.ﬁfplgdﬁ\éiv@@e ko hheeRfieseut fyealhiPe MRyt RSuRAOPERYhRigt he  whol e
of RF communication by el ectromagnetic induction, such as a non-tontact

tag. Further, thgidpfiggoi ng embodi nent describes an exanple of perform ng
data communi cati on between the reader/witer device supplying power and the

R T
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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 O.



As described, in an electromagnetic coupling characteristic adjustnent

met hod according to the present invention for adjusting an el edir@taberc2(0s
coupling characteristic between a power supply device and a sem conductor

device which are used in a non-contacfy power supply systemin which a power
transm ssion antenna coil provided in the power supply device and a power

recei ving 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 w thout contact with the sem conductor device,

t he power ) SUDD%\Q@,\” o e NElipdes | b3t ?&&é{%raentpdmﬁda@ﬁ@ g ement
connect ed in series to the power transm ssion antenna coil and a second
adj ust ment, ji-ApEARNCE, el gﬂ%?&r CQﬁp‘gﬂ%edd'ié‘taﬁ%@' lehnWi the the Rovey
transm ssion antenna coOil, the efectromagnetic coupling characteristic
adj ust nen LS| . : 14,0g; A ces of
Che f1 1ot compaied SETERLLOALERTIShER Blord, YR MU Raid gpeear |

sem conduglgre dgYh §€ i RCGY ¢ I RGN ROV W0l 2 BONEL, SPR] Y, di st ance,
which is di'stance bDetween e power transm'ssion antennha coil and the
than 0. 31

Ot aber 200K ST ALT URe GritertraddBHEE T HUhSt "B08 s B ation of
pover Sup%lc%udsit%grqg%ngsgdg%cree%t[lgr%dents. Further, when the power
supply distance from thel 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 1s 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



conpared to the conventional nethod, thus reducing heat generatio
rence of received power with a sinple structure only pBidtoled 2006h
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characteristic adjustnment nethod of the present invention in a
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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

ed so that

pply

st nent
gr eat est
e 31



supply di stance. An el ectromagnetic coupling coefficient depends on
geonetric arrangenment of the respective antenna coils. Theref o3& Odtblser2006r
supply di stance nay correspond to the electromagnetic coupling coefficient.
Further, the relation between the elgrtronmagnetic coupling coefficient and
the received power can be easily found by using an equivalent «circuit

di agram Accordingly, with the foregoi ng nethod, inpedance of the

adj ust ment i npedance el enent can be easily determned by finding the

rel ati on between the el ectromagnetic coupling coefficient and the power

supply di sleantepnfulcttber deasceascainbad, ddrel eledt tlosrgoatdrc sagpiply Ng
characteristic adjustnent nethod of the present invention 1in a non-contact

power supplewis¥siem teatiBey wiedtIdRS/iEBE thel PReOérafR) redler i ey power
supplied fromthe power supply device so that the sem conductor device

recei ves greatefaROWehnt RN @hE1 Bl SRKOLRPNET nber nPRS a8 PHotRE
sem conduct or device when the power supply distance is hin a

w t
pr edet er meged e [=EPN S T o1 eﬁgg%’ r e regupRyy di stance
IS preferggfyt%gugﬁj?o a%r ﬁg@ o{ﬁ%omer suppl y |stagggﬁp?kéﬁ§ uéid for the
system F nle;.. L0 a non-contact comruni cati on system where the 31
Cct ober nggggégrmkf typé.

In the conventional method, the lower limit of power
supply distance is fixed as O, 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 O 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 pfesent invention
for adjusting an electromagnetic coupling characteristic

between a power supply device and a semiconductor device



sem conductor device is an IC card and the power supply device is a

iter device, the preferable range is not nore than 5Smmf@dtobdi2005

e, not nore than 100mm for the adjacent-type, and not nore than
the proximty-type. In therconventional nethod, the lower limt
supply distance is fixed as 0, and therefore an increase of power
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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
coll, 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.
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31 Cctober 2005 37 which are used in a non-contact power supply systemin
whi ch a :power transm ssion antenna coil provided in the power Suptybeedose
and a power receiving antenna coil provided in the sem conductor device are
el ectromagnetically coupled so that tdg power supply device supplies power
to the sem conductor device wthout contact wth the sem conductor device,
the power supply device includes a first adjustnent inpedance el enent
connected in series to the power transm ssion antenna coil and a second

adj ust ment i npedance el enent connected in parallel with the power

transm ssion angeind £0i hs H¥d S BEH! OPRENELd Gt rotRYBhietfe c@@ﬁg@f&gi stic

adj ust nent nethod conprising the step of: (a) determ ning i1 npedances of the

first and Seonde diushapik chidedanet el mNtfeS0 Elah ! Revegrigonduct or

devi ce recelves greater power than a m ni mum powe operation of the

sem condu%o% deyi ¢e when ?ersééﬁﬁgy%?ﬁ%}ﬁ?f%fm 0qi So gl pt ance

bet ween the power transm Ssi on ant e power recelving antenna

coi |, 15 whthi g, predetsrned ranoes Mg, heodi  hef eiiee of or egel ved

power due T0 Vvaria n of povier supply dis can be reduce conpared to
the conventi onal thod, thus VEdﬁFEQ heate eneratlgg du% .oi;h _
di fferencé® ?“Pébgﬁvgﬁ*BbABFEV?t% & TEINDER Eﬁ%ﬁf?ﬂ? enf-y 6&8v?ﬁgd with the
first ande?C(t)ﬂg power transmission antenna coil and the power
receiving antenna coil, and (i1) 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 parallel with



adj ust nrent i npedance el enents. 31 Cctober 2005 38 Further, as described, the
el ectromagnetic coupling characteristic adjustnent nethod of ti3a (etebaz005
invention in a non-contact power supply systemis arranged so that the
step (a) includes the sub-steps of: dghermning 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 ning inpedances of the first and second adjustnent

i npedance el enments so that the sem conductor device receives the greater

pover thanpg M EEM PONEM ifsQlo nORET t&ld P4 @éﬂtheT%%ﬂHﬁﬂﬂQﬂﬁh@Esd%YiC? when
an el ectromagnetic coupling coefficient becones a value corresponding to

the predetgfdm fed réﬁaes%fcotrgf Qtamgggﬁ}%gf%ng&afﬁp f c18GEOREE NgLy, with the

f oregoi ng net hod, inpedance nt | ance el enent can be

casi Iy detalipethe Ry 4 nding t Bcrebatlinny HeGiee eqlampaget | ¢

coupling <coefficient and the power supply distance. In the foregoing

g N R e e R T AR

device InCluflSs 3l L8t A ISEABIL (dWErANGS: L YR LSS IPd 1N

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



series to the power transm ssion antenna coil and a second adjustnent

i npedance el-enent connected in parallel with 31 October 2005 3931 dztelmee2005
transm ssion antenna coil. The inpedances of the first and second adjustnent
i npedance el ements are determ ned so hat the sem conductor device receives
greatest power when the power supply distance is within a predeterm ned
range whose lower |imt is greater than 0. Thus, the difference of received
power due to variation of power supply distance can be reduced conpared to
t he conventional nethod, thus reducing heat generation due to the

di f f er encesGhid GERLEHr PAWRICH ftheh BhaD bewd U&Ltl}?!b?%06|1¥t&ﬁ@¥' gded with the
first and second adjustnent inpedance el errents Fur when the power

supply di sv;,ﬁlplqﬁ {}q@:ﬁrtergf\etggmfnewg@rycéjew ce is extended while enabling
e

operation of t seri conduct or device, the foregoing structure allows such

extension W th k?é*’%r@ oidb ! FRIENGE V\%W%e% EQF,%@B(H%‘?%QSIQOWW rpupply

di stance and a power pp §y distance where t ecel ved power econes

TeXi UM -ty Off?“%gfe%haépffcaggf@adnggwa%{ she  exhsadsdopayer supply

di stance tkmug%he conventi on nsequent 0SS

e doscr | BBECBRe iBR E'aﬁﬁ%'ba BoErr sy PRAGHEE) >E°%h§3€%?$'l¥%§ﬁi ? on | s
arranged Sf?népr?é pave spec1f1c 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



supplied to the power transm ssion antenna coil is determned so that the
sem conduct or device receives greater power than a m ni num powdid QGaober 2005
operation of the 31 COctober 2005 40 sem conductor device when the power
supply distance is wthin the predetggm ned range. The foregoi ng net hod
allows a larger increase of the range of power supply distance than the
conventional nethod with a small increase of power supply, thus easily
finding a specific power supply value causing the sem conductor device to
receive greater power than a mnimum power for operation of the

sem conduciaerge¥t&® wiennt hthPovienisuppt ysdi bt anedddimehisn and
predeterm ned range. In the foregoing arrangenent, it is preferable that

the firstcaRer&RCoNEa Afhlest MLt | FRENNCE £ eBBNSp FTied GaParid9yS-
Further, a non-contact power supply systen1 according to the present

i nvention ¢ NGLYARSs @ KOMEn SYAR! YspHQYI ¢ NAMENG, L& h Pr‘?ﬁQ’e Wﬁhr uct ure and

a sem conduct or devi ce havi ng a power recelvi ngpant enna coi l

el ect 1 OMGaes}cRld Vs SEHPLeM N2 28R LARMELOSHAN SAENDR oL of the

power sup evi ce. th|s account, i's ‘hon-contact power supply system

coffers the,sane 11665 &5 20PMP below.



The enbodi nents and concrete exanples of inplenmentation discussed in the
foregoing detailed explanation serve solely to illustrate the B8t€&hutoloexl2005
details of the present invention, which should not be narrowy 31 Cctober
2005 41 interpreted within the Iimtggof such enbodi nents and concrete
exanpl es, 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 clains set forth below 31 Cctober 2005 42 WHAT IS CLAIMED | S:
1. An el ectromagnetic coupling characteristic adjustnent nethod for

adj usting an el gagparegnetixd MEDUPSE Ng characteristic between a power supply
device and a sem conductor device which are used in a non-contact power

supply systemin which a power transnmi ssion antenna coil provided in the
power supply device and a power receiving antenna coil provided in the

sem conductor  gevi ceagre &'e%@%éﬁ{%@ﬁiiccak'dh}?ﬁ%% ed- §9rhbed rilhec power
supply device supplies power to the sem conductor device w thout contact

with the som copdlct ormdeU e {d1e RRYRlsTHBP! % fevi ik drBehaghRg;@ first
adj ust nment
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 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 greatest power when a power supply
distance, which 1is a distance between the power

transmission antenna coil and the power receiving antenna

coil, has a predetermined value not less than 0.



i npedance el ement connected in series to the power transm ssion antenna
coil ‘and a second adjustnent inpedance el enent connected in paBdal®abben 2005
the power transm ssion antenna coil, the el ectromagnetic coupling
characteristic adjustment nethod comgyising the step of: (a) determ ning

i npedances of the first and second adjustnent inpedance el enents-.so that
the sem conductor device receives greatest power when a power supply

di stance, which is a distance between the power transm ssion antenna coi
and the power receiving antenna coil, has a predeterm ned value not |ess
than 0. 31 Cctober 2005 43 2. The el ectromagnetic coupling characteristic
adj ustnent nethod in a non-contact power supply system as set forth in

claiml, whereip, thergiepactish ttlbe Y01 eRS Shard8t&FiBHH NY a

relation betmeen (i) an electromagnetic coupling coefficient for the power
transm ss e HethoNd the [£CeI Y Reragh §9kkerpnd (i)
t he powerLal ply di stan%:lg and et(%?\,n\ﬁ]?ng I mped aﬁces?}gjg? 2 f?rst and

seco_nd gﬁ@ég’@ tH r’rHeglaﬂ%@m]E so that the sem conductor device
'en an e

receives e greatest power Péctronagnetlc coupling coefficient

becomes a val ue gory@SpANqiNG R & Phe 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 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



predeterm ned val ue of the power supply distance. 3. The el ectronmagnetic
coupling characteristic adjustnent nethod in a non-contact powsl Qetpbéry2003
system as set forth in claiml, further conprising the step of: (b)

determ ni ng power supplied fromthe poper supply device so that the

sem conduct or device receives greater power than a m ni mum power for
operation of the sem conductor device when the power supply distance is
within a predeterm ned range. 4. The el ectronagnetic coupling characteristic
31 Cct ober 2005 44 adjustnent nethod in a non-contact power supply system
as set forddjustrakaitmristid@r s na hbe-tbnshcanposenonrd @ojusysetimi npedance
el ements are capacitors. 5. The el ectromagnetic coupling characteristic

adj ust menta $relehofd rit A i ’0ATLOoNt achepeomer supply system as set forth in
claim4, wherein: the step (a) is perfornmed to determ ne capacitances of

the first and segendird dsideRlcolPed@icefbateithp ettt batelethents
sem conduct or devi ce receives the greatest power when the power supply

di stance has theiesesermned value not less than 0. 6. The
el ectromagneti c coupling characteristic adjustnent nethod in a non-contact
‘power supply system

S. 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.



as set forth in claim1l1, wherein: the predeterm ned value is in a range from
20mm to - 40mm 7. The el ectromagnetic coupling characteristic &dj@stbb&ai2005
met hod in a non-contact power supply system as set forth in claiml,
wherein: the sem conductor device is @ |IC card. 31 Cctober 2005 45 8. An

el ectromagneti c coupling characteristic adjustnent nethod for adjusting an
el ectromagnetic coupling characteristic between a power supply device and

a sem conduct or device which are used in a non-contact power supply system
in which a power transm ssion antenna coil provided in the power supply

device and a p@wer recei veblgetadienaacetd | poaplidad | ehtbacsenisednduct or
device are electromagnetically coupled so that the power supply device

supplies ppyRistiehiie sesilcoaduespr gdayhseingy thout etertiraghaphichid he
sem conduct or device, the power supply devi ce including a first adjustnent

i npedance &) epEMg COHRLItREisIcSBELRShO al PR viPOMR U phANSIR el ah BNt enna
coil and a seconc? adj ust nent i npedance el enent connect ed in parallel with

the power 5 tLaRSEbLHIIPAANENNRCH hicH Nerel ﬁ%ﬂonﬁg'&etd&nc@&ﬁkéeg

characteristic adjustnment nethod conprising the step of
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 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.



(a) determ ning inpedances of the first and second adjustnent inpedance
el ements so that the sem conductor device receives greater powsdl Ottabera2005

m ni nrum power for

operation of the sem conductor device when a power supply

di stance, which is a di stance betweent@ he power transm ssion antenna coil
and the power receiving antenna coil, is within a predeterm ned range. 31

Oct ober 2005 46 9.

The el ectronmagnetic coupling characteristic adjustnent

met hod in a non-contact power supply system as set forth in claimS8,
wherein, the step(a) includes the sub-steps of: determning a relation
between (i) an 6l.ectr @hegnetlectremugndetgccoeblipdingt thartiveeposec
transm ssion antenna coil and the power receiving antenna coil, and (ii)
the power adjupphyedt sthanbed dnd adetendonbget npedarcesimblyt ey Stenst and

second adj ust nent

i npedance el enments so that the sem conductor device

recei ves tbiesgf ¢at e ipOWRlinh @Nwhéidinfum power for operation of the
sem conduct or device when an el ectromagnetic coupling coefficient becones a

val ue CorreSpO@anQtéﬂat)h%oQﬁ@ﬂ%tﬁﬁg‘i‘@S se6ge g3t the power supply
di stance. 10. The el ectromagnetic coupling characteristic adjustnent nethod

In a non-contacyREPMEIinSHRPLY r&M&ISH 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:



as set forth in claim8, wherein: the first and second adjustnent inpedance
el enents are capacitors. 11. The el ectromagneti c coupli ng char agt ©¢ctobei 2005
adj ustment nmethod in a non-contact power supply system as set forth in
claim 10, wherein: 31 October 2005 47 the step (a) is perfornmed to

determ ne capacitances of the first and second adjustnent inpedance

el ements so that the sem conductor device receives the greater power than a
m ni nrum power for operation of the sem conductor device when the power
supply distance is within a predeterm ned range. 12. The el ectromagnetic

coupl i ng char actige i Seirt (a pd§ Usé Mt 8t fod eitBrihinenc g pakacin peywsi supply
system as set forth in claim@8, wherein: the predeterm ned range has a

lower |imteqird ahd stROR! djiyaRatiien seHRhIdRde IakatEedd Thiak _
adj ustment nmethod in a non-cont'act power supply system as set forth in

claim 8, wherelfyicbhenpeadetRiiitoed-£aRgs s gréaoc\é@rgwért tghgaker than 0.

14. The el ectronmagnetic coupling characteristi adj ustnent nethod in a

hon- cont %in@%bsﬂggl% %éf?tgg]eration of the semiconductor 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 O.

13. 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 greater

than 0.

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 1s electromagnetically




as set forth in claim@8, wherein: the sem conductor device is an |IC card.

15. A power supply device including a power transm ssion anten3d @apbendtioSh
is electromagnetically 31 Cctober 2005 48 coupled with a power receiving
antenna coil provided in a sem condygtor device so as to supply power to
the sem conductor device w thout contact with the sem conductor devi ce,
conprising: a first adjustnent inpedance el enent connected in series to the
power transm ssion antenna coil; and a second adjustnent inpedance el ement
connected in parallel with the power transm ssion antenna coil, inpedances

of the gl wegP Bdivist FEBL L dHYER h CEBN HrBGiNaqdet exm ned so

that the sem conductor ‘device receives greatest power when a power supply

T hoe s M el Goll URRTE DUGOEIL LG PONRIply] " BRSO (BN Aatenna o

and the power recelving antenna i1, n eternmn range whose

| ower Iim'et i.$ greater tr&q’i%e 16-W{E’111%1ROWEVC§HP é%/ de‘)‘/,iltche as, st forth in
claim 155, PUrther conpri sing.”'a power supply section for supp?yl ng power to
the power transgiﬁicsti on.antenna coil. .the power supplied to the power

a

transni ssTOR QA L of PV e Bt 580850 t hat the

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

a second adjustmcnf. 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 O.

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.



sem conductor device receives greater power than a m ni num power for
operati-on 6f the sem conductor device when the power supply di sila@ctobes2995
within the predeterm ned range. 31 Cctober 2005 49 17. The power supply
device as set forth in claim 15, whef%ein: the first and second adj ust nent

i npedance el enments are capacitors. 18. The power supply device as set forth
inclaim 17, wherein: inpedances of the first and second adj ust nent

i npedance el enments are determ ned so that the sem conductor 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 conductor device having a

power recei vi ng] ant enpeCol dwé\P'&Hp?ﬁyeH@G{d@@é}f‘s@ti ¢aHly irceupiad with a
power transm ssion antenna coil of power supply device so as to supply

power frofxt powet. supply device to the sem conductor device wthout
contact thérebetween, the power supply device including a first adjustnent

i npedance el emepy . cOPREGLed L O-GRY S%jh%t%PQ%edance elements

are capacitors.

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

impedances of the f{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 0.

19. A non-contact power supply system including a
power supply device and a semiconductor device having a

power receiving antenna coil which is ¢lectromagnetically

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
RranBeniss 0w awteana Lc-’\\,
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transm ssion antenna coil and a second adjustnent i npedance el enent
connected in.parallel wth the power 'Trans-flk 5 QVI <ankevrndl Qcadb&eN2@5
"VA 31 COctober 2005 50 i npedance el enents being determ ned so that the

seni conduct or devi ce receives greatesil power when a power supply distance,
which is a distance between the power transm ssion antenna coil and the
power receiving antenna coil, is within a predeterm ned range whose | ower
limt is greater than 0. 20. The non-contact power supply system as set
forth in claim19, wherein: the first and second adjustnent inpedance

el enents iarpedapeei t alemeidts Théenng- caldt@etn poedr sopplbhastyst gmeas set
forth in claim 20, wherein: capacitances of the first and second adj ust nent

i npedance s duater détefod nedebe d akattbet Seweeowtieat or pleweee recei ves
t he greatest power when the power supply distance is within the

pr edet er mgigspan@ista?de, TREn K- €oONhaclisponee Dadesyshempmsyeet forth
in claim19, wherein: the sem conductor device is an |IC card.

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.



