WO 2011/ 124251PCT/ EP2010/ 054534 1 MONI TORI NG DEVI CE AND A METHOD FOR

W RELESS DATA AND POAER TRANSM SSION I N A MONI TORI NG DEVI CE The present

i nventi orwoebutes2sto noni tori ng devices. The invention woTEPIpensfBcal |y
relates to nonitoring devices conprising a reader and a data carrier,
adapted for 5 wireless data and power transm ssion. The invention also
relates to a nethod for operating a nonitoring device. BACKGROUND OF THE
| NVENTION I n the context of the present disclosure a nonitoring device

shoul d be updansorANEPEFISFBANDIEMICAHOBT GRSARI HES BAMA RNRPOWER user
for continuous surveillance of a 10specific nedical condition in the user.

The noni t or TRGNSMISSEON dNsh MONEFORIN@dHEYI@ENnd a data carrier. The reader

is powered by an internal prinmary energy source, such as a battery. The
dat a carri efhdoesnnoiveitionerelates towoniotingdyyvicsUuT eeineént@nengyy spddifcatiyor e t he
data carrier relies on.a w rr transm ssion_fromthe

rel ess inductive po
reader. A tFCRHSHP Mo8Horng fie‘il?FStcﬁglPTSWgé‘dé?d%éﬁ%‘Y\gd?téG%Iir\?éradéﬁi? fa'n 't he data

carrier s o9gtrfiels Ja@f Mo LaMnRhsiTRaAMRLhERALbY a6 YRR d NFUGLATS: The basic
principle relies on generating an alternating current in the transmtter

coil. The cepcrasmg aimonikeingrdamisei tter coil generates a magnetic field which
i nduces a current in the receiver coil. The current in the receiver coil is
used to povBACKIGROEND ORITHEINVENTION data carrier has nonitoring neans,
such as el ectrodes for neasuring EEG signals in the human user of the

moni t ori ng ldalé EehtextDE tHdgirascaOdib@6duesla Mbnithen BRI ¢cOdhod B¥RRASTsB0E as a
pr epr ocessed b{ data processing neans and wirelessly transmtted to the

reader for fualktdriccicoigaediony worRdyrduden yseclor gexingapasrydhincseldat a
carrier,f hrs%‘é%i@iclfn?e%l RS iQQhé){lse}.hﬁleq%%gﬁ [e6ike cdbid SAPIER and a.
the furt the reader [ d

application er processing I'n Includes determning if
a specific deedeardtr.condi ti on has occurred in the user and alerting the user

of this condition. Hereby the size and power consunption of the data

carrier canTiherck@plis soWdred beeRusaniinRinial oty 8d\dcé, RecH® SbpREE. TOE dufae
signal processing is placed in the reader. This is advantageous in that it
nmakes the dafacreRes neirhaye Hs PR @TNGEY fersteeftaeieanTherclorethydatrramrieaneliost i s

especi al | y &f%@rﬂ%f&%ﬂﬁg&% r@%?u&&%i%ffr@%gﬁé £ladd0 ASHRSHERNGBHH e
i npl anted w respect to asurenent o signal s.
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 coil generates a magnetic field which

induces a 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 transm ssion of
data between a nmaster system and a sl ave systemthat uses a single

t ransm sswonoae2sma and a single reception antenna, wheceiEr2eloes4sBave
system conprises a switching circuit comnected in 5series between a
rectifier circuit and a power supply circuit to nodul ate the real part of

t he i npedance of the slave system between a high value and a | ow val ue when
the switching circuit is driven in its opened and cl osed position by a
control signal representative of the data to be transmtted to the naster
system US-B1-6301138 discloses a data carrier with | oad nodul ati on neans
and wi t h 10UBpd26@d 1 gosvsbscsupplige fon there-dmeottams trafsniissaeh ofiotitd bativoen a

Addi ti onal nmeans secure that the ply voltage for .the data processing
oans. duct e Ry SRR T E st it & Sod R But R iyio R OF R L P o
nodul at i on @idpting ahfend, Sakrdi® ehel sidvie@PstBRALDBPrisdEswithed gasrAitaedctcanal
nmeans i ncludes a voltage nultiplier circuit and a charge punp. It is a

f eat ur e Sof ScHes betwseht racH{agiicyH ang apewer sHpply erswittte madylageiie eeal part of

I ncor poratigg irg%gd%néee@fqﬁé l?ggsﬁtegr?ﬁgt <&l %hl h V\M&egln'd %6\9%’%916%%%11& or .dat a
transm ssi on and ener gy ef I cr’ency, Here y Jproviding a nonitoring device
W th a redusdthp@vercult dndivaatin @8 opérediand @tdpssiticatiys eordifol bigaalpr esent
invention to provide an inproved nethod for operating a nonitoring device.
SUMVARY OF IFRESSSINVEIRL B¢ Sabarieeds tranamiticdio themastesysieMaspect , provi des a
nmoni toring device according to claim1. This provides a nonitoring device
with a redudedlpbifdl 3¢ disslongstd data carrier Witly kagd ingasluldtion aneas emdiwiBpect |

provi des, a : i ri in a j t.or i ice

becor di fg. tey A teyeP R e BB riBl By AT A B ST, o1 g
devi ce wit hthat thedupedvlewe forthe doaprogpidifinmedmsrdubiap |advasdidgiauanibeat ur es

appear fromthe dependent clains. Still other features of the present
i nvent i on wkaPf atdeese Aethe fysl efifhe fagd mprsidatioriduriag thedopdymodylation payseshd he
fol | owi ng iAL.i1@ iQ; ' f e i i i
expl ai ned | gy carudghIhhe SR, T B b TR R5pglt buf

It is a feature of the present invention to provide a monitoring device incorporating a

15  reader and a data carrier with improved means for data transmission and energy

efficiency, hereby providing a monitoring device with a reduced power consumption.

It is another feature of the present invention to provide an improved method for

operating a monitoring device.
SUMMARY OF THE INVENTION

20 The invention, in a first aspect, provides a monitoring device according to claim 1.
This provides a monitoring device with a reduced power consumption.

The invention, in a second aspect, provides a method of operating a data carrier in a

monitoring device according to claim 6.

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

25  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.



3 BRI EF DESCRI PTI ON OF THE DRAW NGS By way of exanple, there is shown and
descri bed a preferred enbodi nent of this invention. As will be realized,

t he i nverwODami/4zsapabl e of ot her enbodi ments, and its ®er@apradionsssail s are
capabl e of nodification in various, obvipus aspects all w thout 5departing
fromthe invention. Accordingly, the draw ngs and descriptions wll be
regarded as illustrative in nature and not as restrictive. In the draw ngs:
Fig. 1 illustrates an equivalent circuit diagramof a prior art data

carrier in BRIEFBESCRAREIQN OfpBABORAWINGS Fig. 2 illustrates an equival ent

circuit diagramof the prior art data carrier of fig. 1 in 10a second state
of oper at i ddy wey @f egnmple.ubencas sovarandgigbordied ntpreferediembellimgnarhtbis a dat a

carrier, according,to.a first odi nent .of t i-nyention, in a first state
o oper at | overtiog Ay it ot P E R F G Sa e o PR ErBP gy w1 e da o
carrier, acgQ&dl fdailsuré bpabiel sFimQIIROMHBMarfus! S8/ iduR\EH Ll withod second

state of operation, 15Fig. 5 illustrates, in higher detail, the nodul ation

por tion of dapartigatieene theripegntiopcdenoadinglyt bedravingy and desprintionemtillbe t he
| nvention, Ilenarggf %{ i!lﬁl?‘&‘a 1%7%% Sat&fe a%ﬂﬁ{g?%ﬂa]%&hcg{feq In ﬁlel drln%%%gat es, in higher

detail, the ion 6ort|on of a carrier, according to the first
enbodi nent of the.invention,.i he second st.ate. of 20operation, Fi 7

I Tust rates tn eqtbPire Gppalint dulghdior Argotar SR Rrr 6 » BECSPH ng 1o
a second enbodi nejftopefatibfle | nvention, in a second state of operation, and
Fig. 8 illustrates an equival ent diagramof a nonitoring device

| ncor poratipg 2 rifageestbofivdRhAcifiidi Rl RIS abtath dticibremEDodh ment

10 a second state of operation,

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 equivalent 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 DETAILED 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



25 DETAI LED DESCRI PTI ON Reference is first made to Fig. 1, which
illustrates an equivalent circuit diagramof a prior art data carrier. The
data carrwenoiigizgisewn in a first state of operation whePerEPRII6/086&88
carrier is set primarily for receiving ppwer wrelessly supplied froma
reader. The circuit diagram conprises a receiver coil 101 and a resonance
capacitor 102 that WD 2011/ 124251PCT/ EP2010/ 054534 4 together form a
resonant circuit that is tuned to a resonance frequency that corresponds to
t he transnito8¢ther fprre gueseagnteircyih thahisrtaneskte agpspranco fiesirch¢yethpteisppontth e

circuit di M i@r&%ﬁh&c{ t‘%é’c%é&fc?fsthé‘wfn%fe&é §1§r§eﬂ fﬁq‘{’r?‘thg%qfd%f‘efh%n%ﬁ prage

capaci tor rests representing he ‘ORIt oring and
dat a procesdinprgmneahs dornptrilsés datafi&cl@B| ieénergy Svdape baphOffor l@Ada eesivadul at i on
resistor 107. A small part of the wireless signal fromthe reader couples
to the recel Qﬁéﬁpr@mtmz@le loa(ﬁaf the Rpoéeriag oo ﬁaaf@ BIOSEYSHEEMEHS Opélaf‘eg%r coil .

The vol tsage, zﬁﬁmf§§®h&iﬁﬂihﬂﬂﬁﬁﬁﬁhbhgﬁﬁ%%ﬁxl@ad as a result energy is stored

in the energy s forage capaC|tor ence is now nade to Fig. 2, which

il lTustrat esA%Hlaﬁ% g hee \;/1trg1 $s sy%tal ﬁb@%@{” aﬁér ctOH le% ?dratélte%ceﬁf fﬁ@l G rier

of Fig. 1 ina's peration Stare o operation
the switch ih@cck a vopege a&ﬁd;s ithe febevaaointhstatage idectfdd iahedtr i163,ahosed.
When the switch 106 is cl osed the nodul ation resistor 107 is coupled in
paral | el widsH TCHE! gisERy B eoret Briha orrensievre Mmanteol?and of f of the

nmodul ation resistor 107 brings about a change in 15 inpedance of the
transmi t t erRefgicnes iy npwenacéeat@gﬁag (% o/hih ﬂe@@@smqwabm cijyetrfliagiemmod dltfer  and

dat a cafy rie rlloafra% daPa?éﬁ%er o?lF)f%(\lOlH%l géejc{,ndT%eg op(ﬁjserétlega tfhg(ﬁrst(giat aly anpl i tude

nndulatlon a can be ransm tted

from data ceetdtidn th@svmamdmts ik bpdrhendtih M@ coid dtive tisanvtiedhi 106 i0Elotdde When
nodul ation resistor 107 is controlled by the data to be transmtted fro
the data caffpwHchp 15(9lqsﬁ‘etl}eéﬁ%}latloﬁﬁt3§5t9§/b%7 isroyRiediimpserlchpiithrihg lad

20d|sadvang%g§§y§ 04N that the voltage across the |oad resistor 105 may vary
during the load nodul ation and in that power is di ssi pated as heat in the

modul ation KeRIShBL oh0fa oFE SO AAAAM A5RRS6T HRS BOLOLaAbE it 2 carriers

adapted for wr mnre ransm ssi on using | oad

modul atison igfp etimedﬁu& tcam@mtwr c6itim the réa@lufldo Ibs dtdeeibbdbl oWy whb@tif reader
Fi nkenzel l er: "RFI D handbook:; fundanental s and eg plications in

25cont act | e defpgaTig AT dgstivelientpiad; Shisihgnthe ehtsaipfian agpligndsgnedulgtingn3) .

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 transmitted 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

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



Ref erence is now made to Fig. 3 which illustrates an equivalent circuit
diagram of a data carrier, according to a first enbodi nent of the

i nventi orwOThe/nexstt of the nonitoring device (i.e. the PeadEPR)10i0545641i tt ed
fromthe drawing in order to inprove clagity. The data carrier is shown in
a first state of operation wherein the data carrier is 30set primarily for
recei ving power wirelessly supplied froma reader. The circuit diagram
conprises a receiver coil 201, a resonance capacitor 202, a rectifier 203,

an energy \pr2gd gapeoisrsPpcTrEPEo 207 0aussatin dedeald thapagiterans ad4late
resi stor 20 ol &RhEAThs 89N cglﬂfi’eroi n}oﬁﬁlaﬂs’ﬁ‘&{p‘%h@gg%%ﬂg‘Séﬁx?ecﬁ&fﬁcﬁﬁ?s' ng
a a nodau or an

nmeans on t a~carrier, at1 on capacl connection points
207 and 208207Refle08nce is now nade to Fig. 4 which illustrates an
equi valent circuit diagramof the 5data carrier of Fig. 3, according to the

first embodggmeithcdis noembdw8Hig oNwhitRellus@tes @h c§llCalBmMbidcQlt dRGraeyf Ge (i . e.
the reader) is again omtted fromthe drawing in order to inprove clarity.

The dat & ca#atd exriproidhpwh apqerding txBadirgteabodunens péhatinetigherhe rei@fthsad of
the data capplgli, 'c%%{.‘e.ftﬁe%‘?&%fisfaggl %&niu&éﬁ%ﬁﬂ%&&i&% ﬁtdr}{& o the first
state of operatl OI% e Clrcul agram agal n conpri ses e receiver coil
201, the reisprevtcarltYcBimaditd odrridOid shévne i €sicbid ehteP3pertien ehereale Bhdr age

capacitor 204, the resistor 205 representing the | oad of the nonitoring and
data procesdithgdiaswsicnns s¢e fepme thegsrdards chingsd mlgfiNcde thsnishyaeiof or 206 and

t he connect | i . - fi L t he data
(gfr%gaitﬁﬁ. 'ﬁﬁém thoﬁégga&%%gg c{fieﬁ‘ntgﬁ?es 0‘415 feheﬁfhaécﬁl ﬁ 1, %‘%&)tn'af?&

carrier acc ng to the t e e invention forns a | ow
i npedante rapantnt202,the wictifiea?)3s derentrpyrstaaageeageacitor A04ahe veslstor 28bi nked to

t he data carrier..lng%he sg&gnd state o% oFeration t he datﬁﬁgarrier forns a
hi gh i npedaifRESTRILg fnioad P thgingonigping gnd dafh REPCHIYRGRRANSIE tRGudate SUFISHi ng
states in tEeoahlafoR é}?a%ﬁoﬁid6%'&!t%éﬁc&ﬁeét{cﬁﬂ§ﬁﬂt5Q@’ﬂaﬁd f9Q.t he data carrier

C
and to the reader it becones possible to reconstruct the data streamin the

reader baseg] Jﬁé‘ﬁf’s@ st%{%R{ff%{BEﬂaﬁ&’?tlﬁva%'taucaahiié}%c%rﬁﬁlg% iR firdt érﬂt?‘oéiaf@rﬂ?‘orfthezo' tis

a specific advantage o e present 1nvention that | oad no ation is

achi eved w inhersiohyomegd logi intedpaeeesodhsginpat.j sseemirome readepaniantieclysed f or
the | Oalds ml?tﬂ!egtté %g'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 becomes
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 negligible 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 energy 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 206 and the energy storage capacitor 204 is in the range between 0.5 and 2.
30  Preferably the capacitances of the two capacitors are nominally identical and in the

range between 0.5 nF and 20 nF.



According to an enbodi nent the capacitance of the energy storage capacitor
204 is between 2 and 10 tinmes |larger than the capacitance of the nodul ation
capaci t orwQQ611ane2st he capaci tance of the energy storagePCafFReoos45304 is in
t he range between 5 and 20 nF, 25 while §he capacitance of the nodul ation
capacitor 206 is in the range between 0.5 and 10 nF. Preferably the

capaci tance of the energy storage capacitor is 10 nF and the capacitance of
t he nodul ati on capacitor is 1 nF. According to another enbodi nent the ratio

of the capaReferenedls norv mpds tedde Savhish ldupaies thermoddatigndartien effbe gytast or age
capaci tor ZC%%r?itn'h}gg@eQ%e{aﬁ”&%o{hﬁ%%‘%ﬂe Besp o204 iﬁ«enl (gf':thgfn‘%leﬁ&g%’n gtié?ﬁ the range

capaci tancesS o WO “capaci are nom nal I'y Ica

bet ween 0. Silloftraacsthe Bndify stokdRe 203atitd 224125 IHREHS EPRABhWapLA320@ skefckesence i S
now nade to_Fi 5 which illustrates the nodul ati on._portion of the data

carrier, inZQ_%gh%ar}dd%kla%qd,coae%lpaﬂoﬂ@t%%P%wé Hpr e enbuErRC B wRéer
nventt an Ehdit & ihhBAE ahRDrbPERALTIMSHRL AdR FBRAGHLOhedhchdiRo

nodul ati on capacitor 206, switc 9, 210 an connecti on points
207 and 208ndFRilg.ar&closddusitd tht ewittin21 @astopen.afirel cpacitovwhzd dnid 206 arathuihe fir st

state of operatiop. In is first state of operatjon the switches 209 and
211 are of cudcc i il L S s R Geh O ALLBAARG 204 and 206 ar e
thus connected in parallel relative to the connection points 207 and 208.
Ref erence i Refsicqigde vt Bads tg Fig Gaphich thystratss thermaedulpfionhogiiones Baddr t i on of

the data C%a?ﬁ&rmﬂiél%é?iiigﬂl%ﬂ a&@%&ﬁgmttﬁﬁﬁ%& 0inBEditRnt HEnE h{v%ﬁti&ﬂ'@@%?%m?”t of

the invention. Fig. ustrates e energy storage capacitor 204, the
nodul aticon itagexésttbe c@DGy stowigt chmsit@0B)4, AitOnaddatblcapmutoc d0h eetiiches poi nt s

207 and 208, Fi 6, l]lustrates. the. d carrier. nit is jn the second
a0 opsdne P Y R EReETghasirea® SR keFis: O BRRirks Uil sos and
211 are opegperAinth ih g S¥biEfatd b op&afdi03Lthis é@@@n&ﬁ%%bﬁérﬁﬁ@t@ﬂle@ﬁﬁtcg&6 are

thus connected in series relative to the connection points 207 and 208.
15Accor di ng2G9mndizd 1 farg enenearisiotic rerich 20 tsietosedvidhetdaparitotse? Mewid 2061205 i s

coupl ed in 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
parallel 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



parallel 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
rel ati velwoconsiaast i ndependent on the state of operati @eaT/EPR@008836t or 205
of the equivalent circuit represents the, nonitoring and data processing
means of the data carrier and the 20correspondi ng vol tage regul ati on neans.
A too high voltage drop across the voltage regulation neans will result in
unnecessary power dissipation. It is an advantage of the present invention
t hat ener gympRitgingglevied (+@ thisadabisggaistoniged remghe dragrnguordeidot he

nmodul ation . I Lok ' LI of

oper ati on. 1ﬁfp9<?\ﬁee51%{1t5h Ieﬁ%ﬁ%%ﬁggpgég%ﬁgﬁﬁ %:eic§{l:(lij|§? tg Otzggses e@ﬁ@?/ﬂgﬁq{xﬁﬁg r eader,
25 forned idutd beeriseis octpriviaril ¢ f@fre@ipdn@power wiadesiynquppliehfropercadsr CThd  t he

power transmtted fromthe reader du,ring this state of operatjon would not
be used to QUIfMPIGREEHB CHPPEFSTAET AL SRT-rPemancrfapaaitor 411 Hectishas

ef ficiency gf, ﬁ&’&%é Qa{ﬂaé‘igor@qlﬂ &%sﬂo‘f‘@i9%?&@1&%@?&&?%%%&&@% er,
according to the invVention, can be very high. Reference I's now made to
Fig. 7, whidia plokessingat@ss an tleglitayadreat noidnlation caiaagerath3ahd @oniatctocar ri er

300, accordin a 0 enmbadi t of the i.nyention. e rest of the WO
2011/ 12426 0T Boba1dT BEABE RTINS By HRENSCIY RS d i ) i s again
om tted fromitdihodfaMsites 364 AR5, Wheh TRY @RE ifubdd/in tHORcERERCHBICO §F 1 S
shown in a second state of operation whereinthe data carrier is set

primarily fiontspesigive haldrwioweeriad theldessis| 30 1 sufopivirsldbifsed and cvresend dlows The
circuit, di ra rises recei r ~coil 09, .resonance capaci,to 10
Coertti ! SR AR IRIR G Ron R H T £fifing s pyr SRS NN RS BREAGP I ) e

| oad of theitdTOFIOtdt0gnBiMe sAACRinpHABESEH DTS RBARS “ON”tshige, UakcBy €S durRht
nodul ati on capacitor 313 and connection _points 311 and 312. The rectifier
303 i ncl udefdow wicelvivsdde rdorn ta e sodveeail thigushvihe shiltsbing tansiptet 395 V8o and

305. Wen th @Aqlg [ gy g trPl B It 0% ellribd 5 jtive
hal f - wave pefgivé %ehe&lcﬂe@ eﬁlg 6idelﬂée %r \%\gfﬁ lﬁl %ggf%’ llélrelﬁ Ctﬁar%gr?t rl?‘lri O&Qﬁéde
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

cach 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. This is 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

30 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



10 towards the connection point 311. During this period the sw tching
transistor 304 is inits "OFF" state and the switching transistor 305 is in
its "ON' woabe/12msneby the current flowis allowed to r@CumP210/054584

recei ver coil through the switching trangi stor 305. Wen the voltage

i nduced in the receiver coil 309 is in its negative half-wave period the

di ode 302 is forward biased and current flows again towards the connection
point 311. 15During this period the switching transistor 304 is inits "ON'
state and ttRéhagliosemiraymissigisiratuspe3oihe svifeless signal dom therrgadst pykeleby t he
current fl oyy,i returp. ta.t ' L thKo -

swi t chi ng t%%%%?@%%ﬁﬂgg%Lg EPégéo?ﬁﬁpﬂ&gV%§$§%¥§§f%%%%gﬁﬁpsyggﬁﬁgsg)’mﬁth a
ci rcui t havingheayl forag®capacicke si04 anedsistor 408 kepderentirig thh doddalfftharavritg@arg ods
only a single diode is active. Hereby the totﬁl vol t age, 20drop ,of the
rectifier cidd#fapiessssins mpgaren hedertaEidi daedyidtionsaaityt0orafs is a

i gni 1 Gant cJnABRAGRER! 4OPRRAIBAThO 0kt Bllirkl Q0P ifithrisd WYl Llggs where the
total voltage drop’is about two tines the single diode voltage drop. n
addi tion t héescredivitterefatneuo Fimdconddigg. t o t he second enbodi nent of the
invention only consists of conponents that are small conpared to e.g.
rectifier cThedigiad gbasaor 015 ZheRsdssihaltsrnatitly Swdnt i the tlanansestdll $12.

Ref erence is now made to Fig. 8, which illustrates an equjvalent circuit

di agr am f or TR GHsisnt Brthe farpedifteecodl geapigics gn plicating magestis digidwhichof t he

i nvention. ; I hies dgvh : I 401.
The readerlﬁg%m?ﬁgﬁgﬂgg%%;S|gngﬁiggﬁgggﬁgggﬁﬁgﬁqge?gg%%gﬂggﬁ$g@%%?§ég414, a
resonante capaectit dicldit dearted thetopansng ficguen8P.CcHid cudikt inThereceisaniansal to
resistor 414, resonance .capacitor 413 and transmtter coil 412 together
form a resd¥V IS 944 MIEhat i s tuned to a resonance frequency that
corresponds. WD 2011/124251PCT/ EP2010/ 054534 8 to the chosen transm ssion
frequency ofcqoR@ngiq ) eabodimgpidhe data gpirgeisigpbpatedigpthumppdegigtar carri er 401
i ncludes a éo?lﬁﬁﬁé’tﬁrsuﬁ%manéggf a %eEﬁﬁ%@cﬁ'&a‘? o6 f%he ﬂ%’ A@co‘fcﬁﬁ% 'th ;!IL er 403,

an energy storage capacitor 404, a resistor 405 representing the | oad of

t he noni t orfungcramibadi@hentphodes samgr Ivsahstrode tieensdfat eccoating EEG sggnatsdiflaat i on

capaci tor 406 and 5connection points 407 anpd 4Q08. The data carrier 401 is
T ar Y o PRE RS 8GR & DM RE TP AT Ar RIS ¢ o B g. 3 and Fig. 4.

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.



The signal generator 415 generates an alternating current in the
transmtter coil 412. The current in the transmtter coil generates an

al t er nat iwgQ 2nagnezsic field which i nduces an al t er nat i ng PCUMPROTH/054534 he
recei ver coil 409. The frequency of the @lternating 10magnetic field is
denoted the operating frequency. The current in the receiver is used to
power the data carrier. According to an enbodinent the data carrier is
inplanted in a human being for continuous surveillance of a specific

medi cal corfap theorhgrhang & hgs been fapedihgt g pewcactfigionpe el Gaiditeeng deviee dat a
carrier has_el S rdj - i t he
dat a carrié?%ﬁgqéﬁggﬁggﬁ@ghgﬁﬁFP%%&gﬁggggﬁﬁgﬁ%gkggggﬁngcgg?%?#g%%bﬁgﬁother
enbodi nent kHretoop®Itdd. i ng frequency is in the range between 900 kHz and 1100
kHz, preferably about 1 MHz. Hereby is provided a nonitoring device which
can be nadep&EBhbaifichiiy e VaffFork dY tHiGtAclueWRIhd PRGN il beeweasr Yo because
the requirenents to the m ninum size of the coils are rel axed when the

oper ati g 2bpscediilboddy thesarf.ncr eased. 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 nonitoring device according to various enbodi nents of the invention this
proportionality starts to dimnish about 1 MHz due to the skin effect. 25It
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
capaci tances. 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 30difficult to inplenment because
they are too simlar to the parasitic capacitances. 9 On the other hand it
has been found that the power efficiency of the nonitoring device can be
increased with a factor of say 4 by increasing the operating frequency from
100 kHz to 1 MHz. O her nodifications 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 nonitoring device conprising
a reader and a data carrier, adapted for wireless data transm ssion, from
t he dat a warnin4ise t he reader, using | oad nodul ati on amdTEPRO1POMSE4 Ng t he
data carrier using a wreless inductive ;gower transm ssion fromthe 5
reader and to the data carrier, wherein the data carrier conprises a
receiver coil, data processing neans, rectifier neans, swtch neans and at
| east two caﬁaci tors, wherein the data processing neans, sw tch neans and
capaci tors @k&IM8nnected such that, in a first configuration, the
capacitors are coupled in parallel and, in a second configuration, the
capaci t ors hr & wmoupdrerg davisepingsisinghacalsy ahdadataoauicatadaptcd fofwitdessdat a
carrier is achieved by swtchin et ween id first and,seco

cont | gur at 1 on S Gy Re ORI Sptir PinglBie FEESBHGP spdosner oy
recei ved frompbRering th@|d@’sh5cahmld1§ﬁ1'ﬁ\é&xzmmlinddcﬁﬂé13@)\5&1' tehs@ndiohGronp @wer i ng

t he data processi ng neans. 2. The nonitoring device according to claiml,
wher ei n 5 n t h&cadecanldo demdatycaraen stereisthl slataigredr compriagser i€etiptredili n seri es
and the data [ s_.arl: l.ed . ral | el w n he
capaci tors. 3!851%&)2&?%%9% glr%lgt%gr%é@lelg%g%é t%xf%ﬁrﬁnrg&tng alé%f/t lg%sté ?Vg)é) C%H?g{t%r%’ec edi ng

cl ai ms, wher eiwhetdiethealnacirbedqsiag aifcans, kivitsh neameaidt@apadi®tedre ¢endeotetihe
capaci tance of a second_capacjtor . is_in the range between 0.5 and 2. 20 4.
The noni t or i ngUdePitle B! HEEbFAITRYTatioNathy Copnsiion aheouprddadrigeland; Bt wher ein

the rectifier sEGARR o, ét%rr? tlf%fcfa?aéciliolfssére @g’ﬂ;l?dhﬁlesgﬂgsd _w%e%i%%@?&!g{oﬁlt and

second switching transistor conftgured su at a first
recei vero coi | of thechrinmacti@ds schitvied by aimiteking befech hadffirstsind sedond hi ng

transi stor, the fbase.of t(te. econd sw tfch' ng transjistor. and the inpyt of
the first di odERYPHE" %‘&‘gﬁ"’d’a&‘?msélfe tH erraé@ag?ﬁi I 8O1P8 PRETBBESANELt ed to

the collector g theeviRGe MM d FEW R erahsBRSiLE LAY foerBGveHﬁ%ﬁleCHaté he first
switching transistor and the input of the second diode. 5. The nonitoring

devi ce accor dipragesssnginegdny 4, adapted for inplenenting an operating
frequency of the inductive link between the reader and data carrier in the
range bet wezn T thdokHariag devid&:ckitding to claim 1, wherein in the second configuration,

15 the capacitors are coupled in series and the data processing means are coupled in

parallel with one of the capacitors.

3. The monitoring device according to any one of the preceding claims, wherein the
capacitance of a first capacitor relative to the capacitance of a second capacitor is in

the range between 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 to 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 in 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 neans and data processing neans,
connect i nyot2ha /2253t capacitor, second capacitor, sw tchRrCcmErr®ansssand dat a
processi ng neans, and operating the sw t;ghing neans to obtain a first
5configuration, 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 €romvading irethe slgtai cadfise ifirst QDA tarsapEnd @piater, srtchimger i ng
the data processing neans data carrier, using the stored energy, and
swi tchi ng between %hgn%ﬂ%iﬁé%wﬂaﬁ?gﬁﬂ$ﬁ£5.n tlne wth a data streamto be
trmwnmtedfromthechtaﬁﬁwyer

connecting t st 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,

e operating the switching means to obtain a second configuration, wherein the

capacitors are connected in series,

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

inductive power transmission,

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

energy, and

e switching between the two configurations in time with a data stream to be

transmitted from the data carrier.



