WO 2011/124251PCT/EP2010/054534 MONITORING DEVICE AND A METHOD FOR WIRELESS
DATA AND POWER TRANSMISSION IN A MONITORING DEVICE The present invention relates to
monitoring devices. The invention more specifically relates to monitoring devices comprising a reader
and a data carter. ad4ted for Swireless data and power transmission. THEHEEHISHHRS relates to a
method for operating a monitoring device. BACKGROUND OF THE INVENTION In the context of the
present disclosure a monitoring device should be understood as a small device designed to be worn
by a human user for continuous surveillance of a 10specific medical condition in the user. The

monitoring devisaoResisiaNGaEatsr AnbadpieEaaisEJReRadards Boweretly phvRigrnal primary

energy source, such as a battery. The data carrier does not have its own primary source of energy.
Therefore the datxemEF T &Y 4 M sORBlEREY&Rer transmission from the reader. A
transmitter coll iﬂ the 15reader and a receiver coil in the data carrier together form a system of

magnetically codfel TR ENPASBAS SoPMRRINETR AELES gt aP R Mefe RS G rent in the
transmitter coil. fEheesusrenbimting thansmittenretigenstatesadmdgnetieieddmhiehfirduces a current

in the receiver col Je YR RIIPIBCENRESOS. USed 10, PANEL e 81 cafnar .20 The data
carrier has monitoring means, such as electrodes Tor measuring TE Signals'in fife'fuman user of the
monitoring devicweRiagiatacooidsegdelbicthe monitoring means are preprocessed by data processing
means and wirelessly transmitted to the reader for further processing. The reader receives data from
the data carrier ﬁﬁ‘&]y%ﬁ o EHE TV RIS carrier. In a typical application the further

processing in the 25 reader i%%udes det%r ining if a specjfic medical condition has occurred in the
user and alertin§1t P T h R T S HRED 7 TRELIOR S HERbP L RERI B i€ data carrier
can be kept smathbidauice thebattenbandthéymdiomaruedthe sighalpiosessingnscplaged in the

reader. Thiﬁ)is a,dva:ga equs;in thc%it ma&es the data catrier feasible for im[ Iafntatio in the human
. SDRCIIG T e(atlcal condifion 1nl the user. The momto§161 %m ¢ consis ? of & %F{%é aitn
user. It is especially advantageous to have the data carrier ubcutaneously'i 6 ith respect
to measurementigbEEGesignals.

The reader is powered by an internal primary energy source, such as a battery. The data

carrier does not have its own primary source of energy. Therefore the data carrier relies

on a wireless inductive power transmission from the reader. A transmitter coil in the

15 reader and a receiver coil in the data carrier together form a system of magnetically

coupled inductors. The basic principle relies on generating an alternating current in the

transmitter coil. The current in the transmitter coi] generates a magnetic field which

induces & current in the receiver coil. The current in the receiver coil is used to power

the data carrier.

20 The data carrier has monitoring means, such as electrodes for measuring EEG signals
in the human user of the monitoring device. The data collected by the monitoring
means are preprocessed by data processing means and wirelessly transmitted to the
reader for further processing. The reader receives data from the data carrier through
load modulation of the data carrier. In a typical application the further processing in the

25  reader includes determining if a specific medical condition has occurred in the user and
alerting the user of this condition. Hereby the size and power consumption of the data
carrier can be kept small because the battery and the main part of the signal processing
is placed in the reader. This is advantageous in that it makes the data carrier feasible for
implantation in the human user, It is especially advantageous to have the data carrier

30 subcutaneously implanted with respect to measurement of EEG signals.



2 US-A-5260701 discloses a device for the bi-directional transmission of data between a master
system and a slave system that uses a single transmission antenna and a single reception antenna,
wherein the slave system comprises a switching circuit connected in series between a rectifier circuit
and a power supply circuit to modulate the real part of the impedance of the slave system between a
high value and a low value when the switching circuit is driven in its opened and closed position by a
control signal representative of the data to be transmitted to the master system. US-B1-6301138
discloses a datg carigiiwi Jpag meduirligR Reansand U INPHIXSH RO L URRI% B IBE, RroCesS of
load modulation. Additional means secure that the supply voltage for the data processing means
during load modsietisysican 4! leepeee Foattathiat vevepofingte|FagsmodigRtotcawiagdesibalg
modulation payses; thedizglosadaddiienal reansinelides @ volageimuplier cliaiit agg @ charge

pump. It is a feature of the present invention to provide a monitoring devicé incorporating a reader and

a data carrier sefiRsibgivoRRSdarTRATS T GiTdateend aspRIESIoIRIIY eliertyiemeHale eresy pdwilling a

monitoring deyjice yiffa-redyeerRONRr SANSHMBRHER IS Anetherdeatire Ridhe RreseRLinyention to
provide an improved method for operating a monitoring device. SUMMARY OF THE INVENTION The

invention, in asfiréekispeetravibvitlalsiscomonittpirepersdcars chpafdgResEiamn by At cosrelifedlyighdre is
provided a m%@gﬁ@&ﬂﬁ}@‘&&%’HE{Q&'E&J&%@E&Q@E’o%tfé%‘i?a&%?@?ﬁtélﬂ.apted for wireless data
rom

transmission, the data carrier to the reader, using load modulation and for powering the data

carrier using 3 \irglegsoPHICtiyRPOWET fransmissiab: frasmthe sgageisandits thesalacarrerwherein
the data carrier comprises a receiver coil, data processég means, rectifier means, switch means and

at least two cAPRERBPE, RENETeVRRE datdhsraresssh §ineath s aditiomeArdiHamRE apsritorscire
connected sugh,thab Hﬁﬁp@%&@i@@ﬂf@%@d&@;ﬁ%@&%&&?g&%&@%ﬂ{ﬁg ipReRMgkaNey iBa $econd
|

configuration, the capacitors are coupled in series, whereby load modulation of the data carrier is

achieved by shfirbintgase ahdeni sesb ol Stelsakaasiiptiontbuaadie kird modulainrrarssird Rrther

arranged for sgying&nsigiFeeMeshi apitaesikelssRoue 'Y%zﬂﬁi%ﬁ{tt&ﬁ&%fﬂiﬁd@‘p@ﬁﬂafor powering
the data processing means. 2a This provides a monitoring device with a reduced power consumption.

The inventionjinsa.sgeand aspechRieridasaauathodol nresalingiadatadaiteniboapmnanigring device
according to claim 6. Accordingly, there is_grovided a method of operating a data carrier in a

monitoring delfREEofRPriinG thELteds BitPraviinyCth MerasOEAgr HMLPESEcitdf £4888nd

capacitor, switghingnneaes-8nehdtaiREOCaRSINGALABSIcCONNBGlRaIb&l fiskenpasitanpseaond
capacitor, switching means and data processing means, and operating the switching means to obtain
a first configunatignayigseifcthacagatitorsamconaties i pawalet aperatingytide metitodirfgrmeans to
obtain a second configuration, wherein. the capacitors are connected in series, storing energy in the
capacitors usifBEHERy PARRIEE & B SSwireless inductive power transmission, powering the data

processing means r i stored energy, and switching between the two
configurations@%ﬂ%ﬁ%@%@s@%&%ﬁransmitted from the data carrier. This provides a
method of operfing, 8 moniaring: deyice.vih, adedGes:RSNISE RENSUTRURME YDA antageous

in a
features appear from eg’epen ent claim

Accordingly, there is provided a monitoring device comprising a reader and a data
carrier, adapted for wireless data transmission, from the data carrier to the reader, using
load modulation and for powering the data carrier using a wireless inductive power
transmission from the reader and to the data carrier, wherein the data carrier comprises
a receiver coil, data processing means, rectifier means, switch means and at least two
capacitors, wherein the data processing means, switch means and capacitors are
connected such-that, in a first configuration, the capacitors are coupled in parallel and,
in a second configuration, the capacitors are coupled in series, whereby load
modulation of the data carrier is achieved by switching between said first and second
configuration, and said capacitors are further arranged for storing energy received from

the wireless inductive power transmission and for powering the data processing means.



Still other features of the present invention will become apparent to those skilled in the art from the
following description wherein embodiments of the invention will be explained in greater detail. WO
2011/124251PCT/EP2010/054534 BRIEF DESCRIPTION OF THE DRAWINGS By way of example,
there is shown and described a preferred embodimengof this invention. As will be realized, the
invention is capable of other embodiments, and its several details are capable of modification in
various, obvious aspects all without 5 departing from the invention. Accordingly, the drawings and
descriptions wilhiseregdrdedramitiustatve de nafurerahdetbpas sestistmptionthe drawings: Fig.
lillustrates an equivalent circuit diagram of a prior art data carrier in a first state of operation, Fig. 2
illustrates an ddivalenticircinit dlisapent afnews, (rovidasdatadhederioffigating 4 Oktecwondrstate of

operation, Fig, %li}ll%%%tgg‘glgeeagg)j#glggtgi‘g%#j%_(gggram of a data carrier, according to a first
[

embodiment of the inv ntion, In a first state of operation, Fig. 4 illustrates an equivalent circuit diagram

of the data cagier, agearding.fo foe.firstemaogiment of hiInERUPR.IR B.S55000 StalsAbARgration,

15Fig. Sillustrates, in higher detail, the modulation portion of the data carrier, according to the first
embodiment ofahedmpananninthisestiet stapeosidipeistits, g Gunisstrates! fnmghes darinnhe

modulation pottion.of te Saia FATHEN 8GRATAIRY SR tesTiE ! ARACIMENLAR &I MRIUB IR he second
state of 20operation, .
second capacitor, switching means and data processing means, and operating the
switching means to obtain a first configuration, wherein the capacitors are connected in
parallel, operating the switching means to obtain a second configuration, wherein the
capacitors are connected in series, storing energy in the capacitors using energy
received from a wireless inductive power transmission, powering the data processing

means on the data carrier, using the stored energy, and switching between the two

configurations'in time with a data stream to be transmitted from the data carrier.

This provides a method of operating a monitoring device with a reduced power

consumption.
Further advantageous features appear from the dependent claims.

Still other features of the present invention will become apparent to those skilled in the
art from the following description wherein embodiments of the invention will be

explained in greater detail.



Fig. 7 illustrates an equivalent circuit diagram of the data carrier, according to a second embodiment of
the invention, in a second state of operation, and Fig. 8 illustrates an equivalent diagram of a
monitoring device incorporating a reader and a data carrier according to a third embodiment of the
invention. 25"WEFAIEB DESCRIPTION Reference is first made to Fig. 1F#HERMOEHERS an
equivalent circuit diagram of a prior art data carrier. The data carrier is shown in a first state of
operation wherein the data carrier is set primarily for receiving power wirelessly supplied from a
reader. The circuit diagram comprises a receiver coil 101 and a resonance capacitor 102 that WO
2011/124251 P GREPZ0LIEATANM fdgEhie DRARVANESonant circuit that is tuned to a resonance
frequency that corresponds to the transmission frequency of the wireless signal from the reader. The

circuit diagram féivtvey edaprigds theettifidoro3ndriegehyy) storlgecdaeldbmeouotirssistor 105
representing the lpaghaf the mepitedng.anddaRRIREsINg MeansRR e daiAGaAIas Aswitch 106,

and a modulation resistor 107. A small part of the wireless signal from the reader couples to the
receiver coil 108%d frtrilseescopibig e ippdaicationde it son b TRES ASRaGR 34 PR in rectifier

103, and assa relspirenergyrishstarasinina @aedgstargecapaciad d84-iReferengads now made to
Fig. 2, which iIIustratﬁaganliIlzquivalent circuit %ﬁ ram of the 10prior art data carrier of Fig. 1 in a second
i

state of operatidRedH T TP ERIE SR PEHR 4 BRHTEE i dBe AR E the second state the
switch 106 is clgsed. Wher: witch. 106 is closed. the mogdulation resistor 107 is ceupled in parallel
with the load re%%fgr 16@% %\%ﬁ?& %ﬁtg}l%%%lfagﬁflgg te modulation ?egg%?dﬁ?f%ﬁiﬁgggﬁ?é%t a change
in 15 impedance of the afamsraite coil in the reader (to be described below) when the reader and data
carrier are inductively coupled. This has the effect of an amplitude modulation of a voltage in the
reader. TherefoFd&data LAYt AR SAYAH GiFPBih iaesRer i sauise it iy of fige SWitching of
the modulation resistor i @¢dscantefesh&yitbe data to be transmitted from the data carrier and to the
reader. This type of load modulation is

Fig. 3  illustrates an equivalent circuit diagram of a data carrier, according to a first

embodiment of the invention, in a first state of operation,

Fig. 4 illustrates an cquivalent circuit diagram of the data carrier, according to the

first embodiment of the invention, in a second state of operation,

15 Fig. 5 illustrates, in higher detail, the modulation portion of the data carrier,
according to the first embodiment of the invention, in the first state of

operation,

Fig. 6 illustrates, in higher detail, the modulation portion of the data carrier,
according to the first embodiment of the invention, in the second state of

20 operation,

Fig. 7 illustrates an equivalent circuit diagram of the data carrier, according to a

second embodiment of the invention, in a second state of operation, and

Fig. 8 illustrates an equivalent diagram of a monitoring device incorporating a reader

and a data carrier according to a third embodiment of the invention.
25 DETAJLED DESCRIPTION

Reference is first made to Fig. 1, -which illustrates an equivalent circuit diagram of a
prior art data carrier. The data carrier is shown in a first state of operation wherein the
data carrier is set primarily for receiving power wirelessly supplied from a reader. The

circuit diagram comprises a receiver coil 101 and a resonance capacitor 102 that



20disadvantageous in that the voltage across the load resistor 105 may vary during the load
modulation and in that power is dissipated as heat in the modulation resistor 107. Further details
concerning prior art data carriers adapted for wireless power supply and wireless data transmission
using load mBdtRtiERHthe data carrier can be found in the book by KlauH{RREH2EMEN+RFID
handbook: fundamentals and applications in 25contactless smart cards and identification”, John Wiley
& Sons, (2003). Reference is now made to Fig. 3 which illustrates an equivalent circuit diagram of a
data carrier, according to a first embodiment of the invention. The rest of the monitoring device (i.e. the
reader) is omitteoghrdar thiendr aswimgrincomabelr theutim prosdtelarityonblrecdatquearsiehds shmspoidsa first state
of operation whelei this dalRi SRITEREA0 IS URALLY [LIFRRIMNALRGIEL Hiielaaly supplied rom &
reader. The circuit diagram comprises areceiver coi , @ resonance capacitor 2 , a rectifier 203,
an energy WO $08rBn FuiBrROTIERSQI0MS4E 3355t onats SmprasiteiPR0MTal fdsisterion

representing the §eagpfdheRanitaring: A ARIAPINEESIINg MEsS eRhR HR18198KIRE, @ modulation

capacitor 206 and'c_:onnect_ioncj)oints 207 and 208. Reference Is now made to Fig. 4 which illustrates
an equivaleht ciféUittiagrarhothemstamedéorrties! Hecording to the first embodiment of the

invention. The rgst of the manjtoring device (j.e. the reader) is again omitted from the drawing in order
(0 improve clarit) 1l BP0 SR OURR 2y LTA e O BB AT TRETShd loati L the data
carrier, as seenifrdmetrevwdadenaschangedirelatiie Thihelfiust statetdiedpenatiafierTHa cinduit diagram

again compriseg e JFRNELE £0ku NENELRNA Forage capacitor 104.

Reference is now made to Fig. 2, which illustrates an equivalent circuit diagram of the
10 prior art data carrier of Fig. 1 in a second statc of operation. In the first state of

operation the switch 106 is open and in the second state the switch 106 is closed. When

the switch 106 1s closed the modulation resistor 107 is coupled in parallel with the load

resistor 1035,

A switching on and off of the modulation resistor 107 brings about a change in
15 impedance of the transmitter coil in the reader (to be described below) when the reader
and data carrier are inductively coupled. This has the effect of an amplitude modulation
of a voltage in the reader. Therefore data can be transmitted from data carrier to reader
if the timing of the switching of the modulation resistor 107 is controlled by the data to
be transmitied from the data carrier and to the reader. This type of load modulation is
20  disadvantageous in that the voltage across the load resistor 105 may vary during the

load modulation and in that power is dissipated as heat in the modulation resistor 107,

Further details concerning prior art data carriers adapted for wireless power supply and
wireless data transmission using load modulation of the data carrier can be found in the
book by Klaus Finkenzeller: “RFID handbook: fundamentals and applications in

25  contactless smart cards and identification”, John Wiley & Sons, (2003).

Reference is now made to Fig. 3 which illustrates an equivalent circuit diagram of a
data carrier, according to a first embodiment of the invention. The rest of the
monitoring device (i.e. the reader) is omitted from the drawing in order to improve
clarity. The data carrier is shown in a first state of operation wherein the data carrier is
30 set primarily for receiving power wirelessly supplied from a reader. The circuit diagram

compriscs a receiver coil 201, a resonance capacitor 202, a rectifier 203, an energy



10capacitor 202, the rectifier 203, the energy storage capacitor 204, the resistor 205 representing the
load of the monitoring and data processing means on the data carrier, the modulation capacitor 206
and the connection points 207 and 208. In the first state of operation the data carrier according to the
first embodim&Rt?8 efNention forms a low impedance resonant circuit, 86 S8} {8t Eteader
inductively 15linked to the data carrier. In the second &tate of operation the data carrier forms a high
impedance resonant circuit. By switching between the two operating states in time with a data stream
to be transmitted from the data carrier and to the reader it becomes possible to reconstruct the data
stream in the restdegbaspetiver abdapproprati) evepumtonngricddadefntthmeeadeng 201t data specific

advantage of the present invention;that load modulation is achieved with only negligible power
dissipation in th rcomplggnents usedﬁ ?or t!he %aj)’ m%l%ﬁgﬂg B\q (?’8% |1}%6F6a§?§11 Ce(gr]nng%%%l r(?tn%fge
capacitance of tHe/ énérfifstorage capacitor 204 is between 2 and 10 times larger than the

capacitance of the modulation capacitor 206 and the capacitance_ of the energy storage capacitor 204

is in the range HRHFERINSISRIH4e vbite HENCIHANREHEE B (AW YABHLIATIH A285ENGT 3856 is in the

range between Q:t aatidOoiFid? ietekablynihe eapaaitanto Ohiba sngrom starpgcTaRagigrds 10 nF and
the capacitance of the mo%ulatio acitar is.1 nF, Accordég%{tgénother, embodjment the ratio of the

nC
capacitances of TRE'REHE fﬁ%eé%é RE7568 K BREr §EERBHLPHEL in the range
between 0.5 anth#r8oPrefasallyctiecapacitandesvofithestumdapaciib rpateinowinal thédemtical and in

the range bemean .5 1. 40 20.1E, WO 2ALUAPA2SIPCTIERAA0I04534 § Relegence is now
made to Fig. 5 which illustrates’the modulation portion of the€ data
operation. The circuit diagram again comprises the receiver coil 201, the resonance
10 capacitor 202, the rectifier 203, the energy storage capacitor 204, the resistor 2035
representing the load of the monitoring and data processing means on the data carrier,

the modulation capacitor 206 and the connection points 207 and 208.

In the first state of operation the data carrier according to the first embodiment of the
invention forms a low impedance resonant circuit, as seen from a reader inductively

15 linked to the data carrier. In the second state of operation the data carrier forms a high
impedance resonant circuit, By switching between the two operating states in time with
a data stream to be transmitted from the data carrier and to the reader it becornes
possible to reconstruct the data stream in the reader based on an appropriate evaluation

procedure in the reader.

20 Itis a specific advantage of the present invention that load modulation is achieved with

only neghigible power dissipation in the components used for the load modulation.

According to an embodiment the capacitance of the energy storage capacitor 204 is

between 2 and 10 times larger than the capacitance of the modulation capacitor 206 and

the capacitance of the cnergy storage capacitor 204 is in the range between 5 and 20 nF,

25  while the capacitance of the modulation capacitor 206 is in the range between 0.5 and
10 nF. Preferably the capacitance of the energy storage capacitor is 10 nF and the

capacitance of the modulation capacitor is 1 nF.

According to another embodiment the ratio of the capacitances of the modulation
capacitor 200 and the energy storage capacitor 204 is in the range between 0.5 and 2.
30 Preferably the capacitances of the two capacitors arc nominally identical and in the

range between 0.5 nF and 20 nF.



carrier, in higher detail, according to the first embodiment of the invention. Fig. 5 illustrates the energy
storage capacitor 204, the modulation capacitor 206, switches 209, 210 and 211 and connection
points 207 and 208. Fig. 5 illustrates the data carrier, 5when it is in the first state of operation. In this
first state of SHRARiIEN ! switches 209 and 211 are closed, and the switch 218 1 ef T he
capacitors 204 and 206 are thus connected in parallePrelative to the connection points 207 and 208.
Reference is now made to Fig. 6 which illustrates the modulation portion of the data carrier, in higher
detail, according to the first embodiment of the invention. Fig. 6 10illustrates the energy storage
capacitor 204, tRefenodalatiorvoapdcitor 205 ydwitchivstRog, 1he dadhed 2ib1 perdiconhdetitatepoints 207

and 208. Fig. 6 ilustraes,ihe daiacamisbendiisin iasannnd siais ofanesatien, 4 this second

state of operation the switches 209 and 211are og&r;, and the switch 210 is closed."The capacitors
204 and 206 aré it Rvcrdinteane s1eaatior 4kHbecaphidation e rafoartizbes According to

the first embodippent of g iNveptiediheRIsnL AR 169unedin Pataliekiq the anerayisiorage
capacitor 204 in hoth_the first and second state of poperation, In this way the voltage acrgss the resistor

205 is kept TelatKhsly E5HL s ndehinabmanieh Lk SrdptrsfSereirt e s sys85 9 the equivalent
circuit representsdite mepitiing antkelaia prpCassingymeans aiphadatnsanderangddthes

20corresponding voltage.requlation means. A too high voltage drop across the voltage regulation
means will resuﬁafﬁnﬁ t%g%:neg‘é%?lf %rgvfgg}r%n?%st%a o %E S o 1598\/%#1‘2[56% %agthe present invention that

energy is suppligdhdo.fhe &ngoX.siaraGR caNARIIAr A0%aRd e madklation fasiAcar. 296, during both

the first and the second state of operation. If the high impedance resonant circuit, as seen from the

reader, 25forme@icth e Seder d Stk efoodesinohaiast siisifimers pé the e tae. asvér transmitted
from the readeryiAa.Vve.Sie PLaRRISUARNGHIRSHDGERLIS, PR SN iR N data carrier
a

Therefore the power efficiency of a monitoring device including a reader and a data carrier, according
to the invention 283pHe Q}éirg ng‘ﬁd connection points 207 and 2087 Fig. 6 illustrates the data carrier,

when it is in the second state of operation. In this second state of operation the switches

209 and 211 arc open, and the switch 210 is closed. The capacitors 204 and 206 arc

thus connected in series relative to the connection points 207 and 208,

15 According to the first embodiment of the invention the resistor 205 is coupled in
paraliel to the energy storage capacitor 204 in both the first and second state of
operation, In this way the voltage across the resistor 205 is kept relatively constant
independent on the state of operation. The resistor 205 of the equivalent circuit
represents the monitoring and data processing means of the data carrier and the

20 corresponding voltage regulation means. A too high voltage drop across the voltage

regulation means will result in unnecessary power dissipation.

It is an advantage of the present invention that energy is supplied to the energy storage
capacitor 204 and the modulation capacitor 206 during both the first and the second
state of operation. If the high impedance resonant circuit, as seen from the reader,

25 formed in the second state of operation was simply an open circuit the power
transmitted from the reader during this state of operation would not be used to supply

energy to the data carrier.

Therefore the power efficiency of a monitoring device including a reader and a data

carrier, according to the invention, can be very high.

30 Reference is now made to Fig, 7, which illustrates an equivalent circuit diagram of a

data carrier 300, according to a second embodiment of the invention. The rest of the



30 Reference is now made to Fig. 7, which illustrates an equivalent circuit diagram of a data carrier
300, according to a second embodiment of the invention. The rest of the WO
2011/124251PCT/EP20111/054534 7 monitoring device (i.e. the reader) is again omitted from the
drawing in oi& XY i#rSVe clarity. The data carrier is shown in a second S(ZH& b 3f&4t8n wherein
the data carrier is set primarily for receiving power wirtlessly supplied from a reader. The circuit
diagram comprises receiver coil 309, resonance capacitor 310, rectifier 303, 5energy storage capacitor
314, resistor 315 representing the load of the monitoring and data processing means on the data
carrier, modulatiorrgapegidorisd § aricondativmpuinistd e Be2ramiegeiidsr303 includes two

diodes 301 and;3012,30¢h IR, SWILCRING HARSISIANS AP 390302 sMhs A e Yoliagr.laduged in the

receiver coil 309 is in its positive half-wave period the diode 301 is forward biased and current flows 10
towards the corfiéEHHEOMICE PIMBHTHEHHISCHERs AANE! St RFy trinbiidFosna 18aensT"OFF" state

and the switching-dransistek30mipriteisedaber St oeralnihe: Guprnb o isatimaethto return to the
receiver coil through the switching transistor 305, When the voltg%a igguged in the receiver coil 309 is
RG?

in its negative HAIFRAVEBERGHPREWdHE B8 AlnvaErasrasag MRS QA Mvards the
connection poindatd protdétndngethis petioddha swiching dlansisiar 304 i31h digl @M:stiate and the
switching transistor 3Q5.is in its,"QFF" state, whereby the current flow is ed to return to the
receiver coil thrgﬁiélﬁ"t e1 é‘%@téfi?h?%aﬁ%%%? 4?%%%%5%&&%%?59& ﬁf?:%@%ﬁr% %Af:(hieved with a
circuit having onlyitvhingdivalesstarscd i ead B nd\Vbkthdbdralttagmnie perd dstbniyaisingle!didtisis active.
Hereby the tolalyqUage ARdiAP-oLibsLecHiR! Gt 6aR he-abaAsale digds valiaoe drop. This is
a significant improvement compared to traditional rectifier bridges where the total voltage drop is about
two times tHe sitifardiche cpomagieongpnt 311. During this period the switphi.ng transistor 304 is. n

its “OFF” state and the switching transistor 305 is in its “ON” state, hereby the current
flow is allowed to return to the receiver coil through the switching transistor 305. When
the voltage induced in the recetver coil 309 is in its negative half-wave period the diode
302 is forward biased and current flows again towards the connection point 311,

15 During this period the switching transistor 304 is in its “ON” state and the switching
transistor 305 is in its “OFF” state, whereby the current flow is allowed to return to the

receiver coil through the switching transistor 304,

Hereby full-wave rectification is achieved with a circuit having only two diodes, and in

gach one of the half-wave periods only a single diode is active. Hereby the total voltage
20 drop of the rectifier circuit can be about a single diode voltage drop. Thisis a

significant improvement compared to traditional rectifier bridges where the total

voltage drop is about two times the single diode voltage drop.

In addition the rectifier circuit according to the second embodiment of the invention
only consists of components that are small compared to e.g. rectifier circuits based on

25 resistors and switching transistors.

Reference is now made to Fig. 8, which illustrates an equivalent circuit diagram for a |
monitoring device according to a third embodiment of the invention. The monitoring
device has a reader 400 and a data carrier 401, The reader 400 includes a signal
generator 415, a resonance resistor 414, a resonance capacitor 413 and a transmitter

36 coil 412. The resonance resistor 414, resonance capacitor 413 and transmitter coil 412

together form a resonant circuit that is tuned to a resonance frequency that corresponds



In addition the rectifier circuit according to the second embodiment of the invention only consists of
components that are small compared to e.g. rectifier circuits based on 25resistors and switching
transistors. Reference is now made to Fig. 8, which illustrates an equivalent circuit diagram for a
monitoring dé¥fté"atEdrdihg to a third embodiment of the invention. The nf8HitEYRedt@ELIe€ has a
reader 400 and a data carrier 401. The reader 400 indludes a signal generator 415, a resonance
resistor 414, a resonance capacitor 413 and a transmitter 30coil 412. The resonance resistor 414,
resonance capacitor 413 and transmitter coil 412 together folio a resonant circuit that is tuned to a
resonance frequeticyditatcomesposds HAMDA01 bf1R4 25ERSTHER2 Grbdi0hd 5348 parthEhehosen

transmission freté cy: Of the ) ire ignal from reader part. The.data.carrier 401 jpcludes a
receiver coll 4055?‘?B a? ?é%(l)%far?c?el\ﬁé%%&a%c%t%o%g%%%c?élcéﬁ%raéfB%cfng%cgr?éPgaf/ﬂg{o‘r?g%’eaEgcﬁggfoirﬂim, a
resistor 405 repfesaatiisitiado sepetitnedbnitssngaHid denscprooestingpadedrsconatieodaga carrier, a

modulation capagifor A0 REd REORNRE URNIRAIRLES 404ANA-ARR:HIG dala.farueE 404 is similar to the

data carriers described with reference to FI%_. 3 and Fig. 4. The signal generator 415 generates an

alternating éurréAtr iR PaHdR e rae# 0% 2 b ate Grraist P iHs traHaRRiSE doirgaritiiates an

alternating magaglisitieldwhicheiraticesran aliganating current in the receiver coil 409. The frequency
of the alternating 10magnetic field is denoted the operating frequency. The current in the receiver is

used to power tie«ddiadameracddfdingisanepitadimngnidhendatshearsisrstimnplintet] in a human
being for continqﬁlej% sury 1.iImlf%ﬁec&erzaof% %‘%@%@F@n%gfi%l é%lo,‘rﬂgiti%@i in théa ugnecr.ﬁ@coﬁdirﬂg to a further
embodiment the data carrier has electrode méeans for recor?jrllrllg BEEQ grllgnalsl of & ISUser and the data
carrier is su bcuﬁad‘e@ggﬁy mammmlﬁms ingbe receiver coil 409. The frequency of the alternating

10 magnetic field is denoted the operating frequency. The current in the receiver is used to

power the data carrier,

According to an embodiment the data carrier is implanted in a human being for
continuous surveillance of a specific medical condition in the user. According to a
further embodiment the data carrier has electrode means for recording EEG signals of a

15 user and the data carrier is subcutaneously implanted in the user,

According to another embodiment the operating frequency is in the range between 900
kHz and 1100 kHz, preferably about 1 MHz. Hereby is provided a monitoring device
which can be made smaller than devices having a lower operating frequency because
the requirements to the minimum size of the coils are relaxed when the operating

20 frequency is increased. For a given design of the coil and with a given load of the data
carrier, the Q factor of the resonance circuit on the data carrier will generally increase
with the operating frequency. For a monitoring device according to various
embodiments of the invention this proportionality starts to diminish about 1 MHz due

to the skin effect.

25 It has been found that the resonance capacitor 202, 310 and 402 at an operating
frequency of 1 MHz can have a capacitance in the range between 25 pF and 75 pF,
preferably about 50 pF, which is well above the parasitic capacitances. As opposed to
this, a resonance capacitor with a capacitance in the range between 2 and 5 pF is
required for an operating frequency of 10 MHz. Such small capacitance values are

30 difficult to implement because they are too similar to the parasitic capacitances.



According to another embodiment the operating frequency is in the range between 900 kHz and 1100
kHz, preferably about 1 MHz. Hereby is provided a monitoring device which can be made smaller than
devices having a lower operating frequency because the requirements to the minimum size of the coils
are relaxed WHaRHE8perating 20frequency is increased. For a given dedi§h/BFHhdEatFihd with a
given load of the data carrier, the Q factor of the resofance circuit on the data carrier will generally
increase with the operating frequency. For a monitoring device according to various embodiments of
the invention this proportionality starts to diminish about 1 MHz due to the skin effect. 25It has been
found that the ré€somandechpatitdr? 02;3hominta 88 averrgpbcaing defeenaytofidgdticecan have a
capacitance in U0 [RAEHSNYSRM 23R AL RIFIEUANEBRULROFNIED fpoielhgove the
parasitic capacitances. As opposed to this, a resoriance capacitor with a capacitance inthe range
between 2 and BHsHas! Aditired for an operating frequency of 10 MHz. Such small capacitance values
are 30difficult to_ implement because they are too similar to the parasitic capacitances. WO
2011/124251PCHEPOTGRSEB2A™Y BRITHISHP harr b BbrRseiiRe Al B pésietficiency of
the monitoring dieyicelcanibe dncseased with a factor of say 4 by increasing the operating frequency
from 100 kHz to 1 MHz.  Other modifications and variations of the structures and procedures will be
evident to 5those skilled in the art. WO 2011/124251PCT/EP2010/054534 10 CLAIMS



1. A monitoring device comprising a reader and a data carrier, adapted for wireless data transmission,
from the data carrier to the reader, using load modulation and for powering the data carrier using a
wireless indu‘%tivgog)lo}/gfzrqgransmission from the Sreader and to the data carrier, wherein the data
carrier comprls%s AEEENer coil, data processing means, rectifier means,%w{%%%?iﬁ?énd at least
two capacitors, wherein the data processing means, $Witch means and capacitors are connected such
that, in a first configuration, the capacitors are coupled in parallel and, in a second configuration, the
capacitors are coupled in series, whereby load modulation 100f the data carrier is achieved by
switching betweleh/ S first and second configuration, and said capacitors are further arranged for
storing energy received from the wireless inductive power transmission and for powering the data

processing meahs * PO ARGAR OISR LR ERURR D himCIFharkipiGH Pevdideitd

configuration, 15thetapacitaisiare fonmediin.senes anthihedataprocrasingMpans ale seupled in
parallel with one of the capa it s, 3. The monitorjn? device accordingto anyéqne f the preceding
claims, wherein the CAFathahce 6t STt St itor TP e G YR B8 PRl ARTE S&F’afo@é% d capacitor is

in the rangesbetweesndebaad do2h2Gda Tdreemenitarimhddviceaceordingriceany-osewttile preceding
claims, wherein the,reciifier. n nsisis-0f a first apd a second diode and a first and second
dg‘tz"a r#o%e@&%gucﬁg%}e%?ﬁ%r %ea é, S\ﬁ%&l TICAns ancl Fg ?east gwo %iei]gf:lgit

switching transistor corifigure that a first end of the receiver coil is connec o the collector of
the first switching treksiztohaldeth ameceb e messnesivitohians traf siteriantkthednputsf the first diode,

and the second end,of e reeei collisAaranaecieghindtiecoleginiadl heaaeeand suitching

transistor, the base of the first switching fransistor and the input of the second diode’ 5. The monitoring
device according toIehAN HEuistiaRs qmmﬁﬂﬁ’g"%’éﬁg‘fb e fradeiey srmedtttenve link
between the readepad gaka-galkias ihe sangeaeensR0-kHa andlHIQ kidgd

configuration, and said capacitors are further arranged for storing encrgy received

from the wireless inductive power transmission and for powering the data

processing means.

2. The monitoring device according to claim 1, wherein in the second configuration,
15 the capacitors are coupled in series and the data processing means are coupled in

paralle] with one of the capacitors.

3. The monttoring device according to any one of the preceding claims, wherein the
capacitance of a first capacitor relative to the capacitance of a second ca.pa'citor is i

the range bétween 0.5 and 2.

20 4. The monitoring device according to any one of the preceding claims, wherein the
rectifier means consists of a first and a second diode and a first and second
switching transistor configured such that a first end of the receiver coil is connected
to the collector of the first switching transistor, the base of the second switching
transistor and the input of the first diode, and the second end of the receiver coil is

25 connected 1o the collector of the second switching transistor, the base of the first

switching transistor and the input of the second diode.

5. The monitoring device according to claim 4, adapted for implementing an operating
frequency of the inductive link between the reader and data carrier m the range
between 900 kHz and 1100 kHz.

30 6. A method of operating a data carrier in a monitoring device comprising the steps of



WO 2011/124251PCT/EP2010/054534 11 providing in the data carrier a first capacitor, a second
capacitor, switching means and data processing means, connecting the first capacitor, second
capacitor, switching means and data processing means, and operating the switching means to obtain
a first SConfig‘{’i‘J’%ﬁ0 l,ieﬁ%lrein the capacitors are connected in parallel, or})&gﬁéﬂﬂ‘%ﬁﬁ&hing means
to obtain a second configuration, wherein the capacitdts are connected in series, storing energy in the
capacitors using energy received from a wireless inductive power transmission, 10 powering the data
processing means on the data carrier, using the stored energy, and switching between the two
configurations in time witlprwddingstrébmiiat: bemearsinitteshiomrtheaate capristor, switching

means and data processing means,

e connecting the first capacitor, second capacitor, switching means and data
processing means, and operating the switching means to obtain a first

5 configuration, wherein the capacitors are connected in parallel,

¢ operating the switching means to obtamn a second configuration, wherein the

capacitors are connected in series,

e storing energy in the capacitors using energy received from a wireless

inductive power fransmission,

10 e powering the data processing means on the data carrier, using the stored

energy, and

¢ gswitching between the two configurations in time with a data stream to be

transmitted from the data carrier.



