PONER SUPPLY CIRCU T IN I C CH P FOR NON- CONTACT | C CARD BACKGROUND OF
THE INVENTION 1. Field of the Invention This invention relates to a power
supply circuit in an IC chip for a non-contact IC card, and in
particular relates to a power supply circuit in an ICchip for a

non- cont actoWER CSUPPLeN@PRCOYTSIRI [er CaapaioRaNON -ONTHE TS Dt CRRDY
capacitor and reduced IC chip size. 2. Description of the Related Art
Non-contact | C cards are wi dely used. Such cards incorporate an IC chip
havi ng nenory functions and conmunication functions into a card or sheet
of base material, and are capable of wireless data exchange wth a

reader/witer. FbmeverCpggﬁgRaﬁﬁghﬁgng%IEﬁ% h% ds conprise, in

addition to so-called | s an fags paper currency, securities
and simlar incorporating |IC chips. hbrnally, the ICchipin an IC card
recei vies capié®s ofaghe wmavestfieam the reader/witer, and rectifies the
waves to generate an operating power supply voltage (as for exanple in
Japanese Patent Laid-open No. 2002-99886). Wien using this_ technolo g
the prior éThlSthéV@nFéonoﬁ?éﬁt?ﬁetﬁr@bP&H%ﬂuﬁuPﬁkyt¢k¥¢W% uehcy ? the
carrier radio
chip for a non-contact IC card, and in particular relates to a

power supply circuit in an IC chip for a non-contact IC card
enabling smaller capacitance of the smoothing capacitor and

reduced IC chip size.
2. Description of the Related Art

Non-contact IC cards are widely used. Such cards
incorporate an IC chip having memory functions and
communication functions into a card or sheet of base material,
and are capable of wireless data exchange with a reader/writer.
However, what are here called IC cards comprise, in addition
to so-called IC cards and IC tags, paper currency, Securities

and similar incorporating IC chips.

Normally, the IC chip in an IC card receives carrier
radio waves from the reader/writer, and rectifies the waves to
generate an operating power supply voltage (as for example in

Japanese Patent Laid-open No. 2002-959886).

When using this technology of the prior art, there is
often the problem that, if the frequency of the carrier radio
wave from the reader/writer is low, the required capacitance

of the smoothing capacitor is large, and so the capacitor



wave fromthe reader/witer is low, the required capacitance of the
snoot hi ng capacitor is large, and so the capacitor 1 cannot be nounted in
the IC chip. For exanple, if the frequency of the carrier radio wave is
13.56 MHz, the capacitance of the snoothing capacitor is required to be
100 pkcanngtebtempuaned tin $hHehyi<l ceidyy. iMposskdrhelép DBubhea capacitor
with such a | arge capacitance on an IC chip neasuring approximately 0.5

nm on Ar&§denclienge tore @ARiraEr Hadid svdvwend ipn, 66, Mhp, | kabt of the
above problem of the prior art, to provide a power supply <circuit in an

| C chi : -.contea I : havi : e i paght or
capaci?%%%élgﬁgc%h?gh%?gngggﬁﬁﬁgﬁﬁ?égm%éﬁﬁéﬁmd|f*?@g??%aiggaﬁel3§ghip
even when the_ frequency, of t.he reader/witer carrier radio ve is | ow
SUMMAFRE (BT TRESPROERTEN Irf drd o okt bV & BEF obf, "8UBEnfi gur ati on
of this inyention conprises _an antenna,, a diode for rectjfying the

out put CIBREAGRT o 1t Re SEefnd 2 T8 S FIRAC YRS RBrafnker €BdPon  the

out put side of the diode, and a snoothing capacitor connected to the
base oreaperiagi apprexigiesedryy &.He Mhowt i ryideapacitor i s nounted
integrally on the IC chip together with

Hence one object of this invention is, in light of the
above problem of the prior art, to provide a power supply
circuit in an IC chip for non-contact IC cards having a
smaller smoothing capacitor capacitance and which can be
mounted without difficulty in an IC chip, even when the

frequency of the reader/writer carrier radio wave is low.

SUMMARY OF THE INVENTION

In order to achieve this object, a configuration of this
invention comprises an antenna, a diode for rectifying the
output voltage of the antenna, a series transistor inserted on
the output side of the diode, and a smoothing capacitor
connected to the base of the series transistor; the smoothing
capacitor is mounted integrally on the IC chip together with
the main portion having memory functions and communication

functions.

The smoothing capacitor can have a capacitance of order
several pF, and can be realized by stray capacitance in the

circuit.



the main portion having menmory functions and communication functions.
The snpot hi ng capacitor can have a capacitance of order several pF, and
can be realized by stray capacitance in the <circuit. 2 Further, a

suppl ementary transistor to supply a base current nay be provided as an
adj unct to Fhetder,es duprlsdnsdorsxy her suppseaent ar yuppagsiassbesenay have
voltage- limter functions. Further, the output side of the diode may be

CO““eCEEerEHt RS MY Riowidies of s anwthejuslbedeof ener setlibyi ng the out put

yoltage 0 aR external® antenna. By means of the configuration of this
invention, t smQt hi qg@g{ C e e +Qf -series
:Lan5| fSEéﬁgggrdgﬁgmﬁéggng%pac|%éﬁ%eggﬂﬁ§%§?8£ET%?O?Q?%evgéggg?itance of

e snpot hi ng capacitor when a series transistor is not used (where Pis
t he CHEF@ﬁFegaﬁ NFEAHE - series transistor). That is, the series

transistor increases the equivalent capacitance of the snoothing

capaci tor, @Ay, aratdSfRet ofyde i §P! ene eductbonadf beciconmrdied to

obt ai ned; when the carrier radio wave frequency for the reader/witer is
the output side of another diode for rectifying the output

voltage of an external antenna.

By means of the configuration of this invention, the

smoothing capacitor connected to the base of the series
transistor need only have capacitance equal to 1/Bp of the
capacitance of the smoothing capacitor when a series
transistor is not used (where B is the current gain of the

series transistor). That is, the series transistor increases
the equivalent capacitance of the smoothing capacitor, so that
a satisfactory ripple reduction effect can be obtained; when
the carrier radio wave frequency for the reader/writer is
13.56 MHz, the capacitance of the smoothing capacitor reguired
in the prior art, of 100 pF or greater, can be reduced to the
order of several pF, so that the capacitor can easily be
mounted integrally on the IC chip. Further, such a low-
capacitance smoothing capacitor can also be realized as stray

capacitance in the circuitry within the IC chip.

A supplementary transistor provided as an adjunct to the
series transistor supplies the base current to the series

transistor, and improves the stability of operation overall. A



13.56 MHz, the capacitance of the snpothing capacitor required in the
prior art, of 100 pF or greater, can be reduced to the order of several
pF, so that the capacitor can easily be nounted integrally on the IC
chip. Further, such a | ow capacitance snoothing capacitor can al so be

reali Z@dp@ieﬁlbh@éryc&&%mshm idard hel b regl i YeWbhicagehe ihGtel p. A
suppl ement ary tranS|stor provided as an adjunct to the series transistor

suppl i fﬁn&bgoh@% R P gm_e 1584 d %J[Ei@g%étsrflaee LERRGYeS the

stability of operation overal 3 supple tary transistor can al so
realize voltage-limter functions by limting the base voltage to a
fixed vol t agé. ahtéeat brodl aide pisoprded ded rectefyi thet betputtput

vol tage of an external antenna, the carrier radio wave received fromthe

reader{pithge vifashhe@deidlalamdeina e caksoeberutiibi egeas an
operating power supply voltage, so that the distance over which
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external antenna is incorporated within the base material and connected
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Fig 12°aR overarl system di agram a

the distance over which communication with the reader/writer
is performed can be increased. The external antenna is
incorporated within the base material and connected to a

terminal provided on the IC chip.

BRIEF DESCRIPTION OF THE DRAWINGS
Fig. 1 is an overall system diagram; and,

Fig. 2 is a system diagram showing principal portions in

another aspect.

DESCRIPTION OF THE PREFERRED EMBODIMENTS

Below, aspects of the invention are explained using the

drawings.

A power supply circuit in an IC chip for a non-contact IC
card comprises an antenna A, diode D, series transistor T, and
smoothing capacitors €1, C2, C3 (Fig. 1), and is formed
integrally on an IC chip 10 together with a main portion 12

having memory functions and communication functions.



Fig. 2 is a systemdi agram show ng principal portions in another aspect.
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS Bel ow, aspects of the invention
are expl ai ned using the draw ngs. A power supply circuit in an IC chip
for a non-contact 1C card conprises an antenna A, diode D, series

transi stor Thea@dtepmRotEhiing caacitead stla €2pa&3tbFi 9. o), pandlilel
formed integrally on an IC chip 10 together with a main portion 12

havi ng, BeERE Y cbUNEhiORS AN ctqmngﬂt@fsr&@mfmc&hgnﬁn?ﬂomhaeang@aeai/s\ is
connected to a capacitor C for parallel resonance; the end of the

ant enn@ofn@R: LRC YIGLANNAGE Uitfid o LOMRELEg I Dreyanotnend! ade st 0 the

col |l ec e Seri ransi’s e output srde of t lode Dis
connected through t termnal TA to out put side_of anather, di ode Da
connectBANEOSLRE gndt}g’ﬁ tc’r‘rgm’éfgr%ltﬂ?de%f &ekb% %?O‘g‘ﬁ %x%%rﬁgpnegﬁ?gnna Aa,

and is al so connected to a snoot hi ng capacitor_éi. A res#sta ce R is
connectBaoBEPwEls tREMidaledort and d et $Hde sefi 880FhgRsALPdE P2 and

a snoot hing capacitor C2 is connected to the base of the series

t r ansi sponeTtedhécotheutendsiate tofe tungsewndsdt s idei of ornTextRaNals, the

en]ttegﬁtéina Aa, and is also connected to a smoothing capacitor Cl.
A resistance R1 is connected between the collector and base of
the series transistor T, and a smoothing capacitor C2 is
connected to the base of the series transistor T. The output
side of the series transistor T, that is, the emitter, is

connected to a smoothing capacitor C3, and the emitter of the

series transistor T is connected to Liie main portien 1Z2.

The inputs of the diodes D and Da are connected, via
coupling resistances R, R, are combined and connected to the
main portion 12. The external antenna BAa is connected to a
capacitor Ca for parallel resonance, and the grounded end of
the external antenna Ra is connected through the terminal TB

to the grounded end of the antenna A.

When a carrier radio wave from a reader/writer, not shown,
arrives at one or both of the antenna A and the external
antenna Aa, the output voltages of the antenna A and external
antenna Aa are rectified by the diodes D, Da, and are smoothed
by the smoothing capacitor Cl. On the other hand, the series

transistor T acts as the equivalent of a smoothing capacitor

with capacitance equal to B times the capacitance of the



connected to a snoothing capacitor C3, and the emtter of the series
transistor T is connected Lu tije main portion 12. The inputs of the

di odes D and Da are connected, via coupling resistances R, R are
conbi ned and connected to the main portion 12. The external antenna Aa

IS conpgeled ity &a of A2 CALOF e PAT 8L £her 8&998 ‘ifﬁa%ld die 1y ounded

end of the ext'ern antenna Aa IS connected throu e termnal TB to

t he grounded end of, the antenna A VMgn,a carrier radi ve froma

r eader PREREST © At SSHW, 1) arTReECEd0ha BRTAOLRLob 1the iR GHIRP TR
the external antenna Aa, the output voltages of the antenna A and

ext er nGPPagAtten & Pa HERCe YR | Cliehythnef@paBEECY, Ofa thend il &hmot hed
by the snoot hing capacitor C. On the other hand, the series transistor
T act sraslivhersetpuiadenthef readenovhi hgrcapaddt 66 Muizt h td@paci t ance equa
to O tinmes the capacitance of the 5 snoothing capacitor C2 (where P is

t he cuceeaicigaintefof hehe seo@shingnséstoitd)y, C2oneedt ehliyn hegradtl el with
t he snmoot hing capacitor C3. Hence even when the frequency of the carrier

radi o wawe,f @Mdiier easiesfa ipel The 13mb6tMiag thPaciarRas t@ANGDICT he
snoot hi ng capacitor C2 need only be, at nost, of order several pF. The

smoot hing GRS {3y aNkh&3cach need only be of order several pF.

Hence each of the smoothing capacitors Cl, C2, C3 can
easily be realized as stray capacitances of the circuitry
within the IC chip 10, without the need to take special steps
to form capacitor devices within the IC chip 10. Moreover, a
sufficiently stable operating power supply voltage V is
generated on the output side of the series transistor T, so

that power can be supplied to the main portion 12.

In Fig. 1, the circuit 11 comprising the series
transistor T may also be configured with a supplementary

transistor Tl added (Fig. 2).

The base and collector of the supplementary transistor Tl
are connected through the resistors R1 and R2 respectively to
the collector of the series transistor T, and the base of the
supplementary transistor Tl is connected through a Zener dicde
Z to ground. The emitter of the supplementary transistor Tl is
connected to the base of the series transistor T. Moreover, a
protection diode D1 is connected between the collector and

emitter of the series transistor T.



are suppl enentary, and each need only be of order several pF. Hence each
of the snoothing capacitors Cl, C2, C3 can easily be realized as stray
capaci tances of the circuitry wthin the I1C chip 10, without the need to
take special steps to formcapacitor devices within the IC chip 10.
Mor eover, aTrﬁéﬁéa@%éﬂtéiﬁbtﬁaﬁg%%knmp%%&ﬁté&p'ay Méﬁﬁ‘ Vis

T, a

gener at ed on the output side of the series transistor t power

can be §yppld.e (¥Jﬂ%€iﬁhr%%f58§%t£8$ %gnekndgl cén%ﬁguﬁg%%%4ﬁ$£%n

conpri §ing the seri€s  trans also
suppl enent col | ector of

t TI Fi a
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and R2 respectively to_ the coIIector of the series tranS|stor T, and the
base oflCh&assuptenehfasryivearyrsest wains ot eeri e oEéﬁnélZ§ﬁér

diode Z to ground. The emitter of the supplenentary transistor Tl is
connectad c@n motasidowie the seabidirabthensobr oPerRbieover, a protection
diode D is connected between the collector and emitter of the series

transi stor E The su Iene tary.transjsto al.izes a volta

[ mter fundf die et SeRLF Ol oﬁé hSRanPT ABGEDRGn s T
capacitor Ca connected to the terminals TA and TB are
effective for broadening the distance of communication with

the reader/writer. An external antenna Aa and capacitor Ca

should be provided as necessary.



supplies a base current to the series transistor T, and so can i ncrease
the effective current gain of the series transistor T, and can contribute
to stabilization of operation. In the above expl anation, the external
antenna Aa and capacitor Ca connected to the termnals TA and TB are

ef f ect W@ tf ars krgadesyw ngs  he di stance of communication with the
reader/witer. An external antenna Aa and capacitor Ca should be provided
as necessary. 7 What Is Clainmed Is: 1. A power supply circuit in an IC
chip for a don- dorRQMer |BiRR Y, CebApitsinganaACamhémndora dinsde; whi ch
rectifies the output voltage of said antenna; a series transistor,

i nsert ednataathd ®utamd, scatepoissagd di ode; and, a snoot hi ng capacitor
connected to the base of said series transistor; and wherein said

snoot hing capacitor is fornmed integrally on the IC chip, together with a
mai n porti ofTh&Afg tfenhory functions and conmuni cation functions.

a diode, which rectifies the output voltage of said

antenna;

a series transistor, inserted at the output side of said

diode; and,

a smoothing capacitor, connected to the base of said

series transistor; and wherein

said smoothing capacitor is formed integrally on the IC
chip, together with a main portion having memory functions and

communication functions.

2. The power supply circuit in an IC chip for a non-
contact IC card according to Claim 1, wherein said smoothing
capacitance has a capacitance on the order of several

picofarads.

3. The power supply circuit in an IC chip for a non-
contact IC card according to Claim 1 or Claim 2, wherein said
smoothing capacitor is realized through stray capacitance of

circuitry.

4. The power supply circuit in an IC chip for a non-
contact IC card according to Claim 1, wherein a supplementary
transistor supplying a base current is provided as an adjunct

to said series transistor.



2. The power supply circuit in an IC chip for a non- contact IC card
according to Claiml, wherein said snoothing capacitance has a

capaci tance on the order of several picofarads. 3. The power supply
circuit in an IC chip for a non- contact IC card according to Claim1l or
A aim 2, whereinTsai powssURglYy c@paciiorih saeali zedpt foeughnshray
capacitance of «circuitry. 4. The power supply circuit in an IC chip for

a non- -eARLaet TLC A AHHINY t& A4, Wherein 3asuppl ementary
transistor supplying a base current is provided as an adjunct to said

series Y, t I or a non-
contacf&Féﬂggéh%aCES .g%%#gyggalnl %é%ﬁ%#% %%ﬁlgggu%%ﬁgkgﬁﬁéry

transi stor has a voltage-limter function. 6. The power supply circuit in
an | C chip kor aThenpoent anipglsy calrbwcicoini sng 10 €hapmidr eheoern the
output side of said diode is connected to the output side of another

di ode cwWhiebtr get ichires ddie Uttt yatiane Pf Weexifropk antpanasife
of said diode is connected to the output side of another diode

which rectifies the output voltage of an external antenna.





