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rel at es twOBE®G/mwrBt ori ng systens, in particul ar of thePCymP000055284 can 5
be continuously carried by a person beipg nonitored. Mre specifically, it
relates to anal og-to-digital input signal converters for signals from

el ectrodes or transducers neasuring EEG signals. The invention further
relates to a neflRdT 6ONGREER FOR AN ERaMONTEO§NG SYGTEMIISGNAIL si gnal in
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the digital domain. Quantization nolise may be thought of as

20 By definition, noise inherent in a signal processing device is unwanted signals introduced
by the signal processing device itself. Inherent noise may e.g. originate from inadequate
operating conditions, poor design or variations in component values. These circumstances
have to be taken into account in designing the signal processing device. In A/D
converters, several different types of noise may be observed. Among these are conversion

25  noise, quantization noise, thermal noise, flicker noise, recombination noise, and noise due
to various physical limitations in the gain-producing elements. In order to provide a
distinction between the sources of these different noise types, the most important noise

types will be discussed briefly in the following.
30  Quantization noise originates from the process of quantifying a continuous input voltage

span into a finite set of voltage levels that may be represented by discrete, binary levels

according to the expression:
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the difference between the actual input voltage of a single sanple and the
discrete voltage 5 wused to represent it. This type of noise nmay thus be

m ni M zedwoedy/12w¥88i ncr easi ng the nunber of bits represeaTiEPgomioss2s4 gnal
arbitrarily, and will therefore not be gliscussed further here. Ther mal
noi se originates fromthe random Browni an notion of electrons in a
resistive 10 nedium G ven a resi stance, a bandwi dth and a tenperature, the
roms thermal noise Vnt is given by: V' Viakb T Af R 15where kb is
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sem conduct or devices. Since EEG signals typically are in the frequency
range 0.1 - 100 Hz, it is inportant to limt 1/f noise as much as possible.
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noni tori ng SVALL mis that the current drawn fromthe battery by the
electronic Titcuit is reduced as much as possible, preferably WO

2010/ 124738PCT/ EP2009/ 055284 3 to a value below 1 mA. A sem conduct or

el ement providing anplification in the of between one hundred tines
to perhaps a thousand tines the signav4prieddht at its input uses a

consi derabl e percentage of this current as its bias current in order to
handl e the large gain within its operating limts. 5 In the case where the
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where Id is the drain current, W is the physical width, and L is the physical length of the
semiconductor element. A lower drain current will thus result in more input noise, but this

is compensated by a higher signal level.

25
Flicker noise, or 1/f noise, is predominant in the noise spectrum at low frequencies. It has
been observed in electronic devices since the era of vacuum tubes, and is also present in
contemporary semiconductor devices. Since EEG signals typically are in the frequency
range 0.1 — 100 Hz, it is important to limit 1/f noise as much as possible.

30

In order to provide an EEG monitoring system to be continuously carried by a person
being monitored capable of working uninterrupted for several days without a need for
replacing the battery, one design goal for the EEG monitoring system is that the current

drawn from the battery by the electronic circuit is reduced as much as possible, preferably



10 possible. Oten the internal inplanted part will be prepared for

recei ving the necessary power fromthe external part. This could be

achi eved w9 20tve12appl i cati on of inductive neans. An EEG momiEpesovaspt ed f or
being carried continuously by a person frust be small and 15 unobtrusi ve,
and its power consunption has to be nodest enough to allow for the use of

| i ght -wei ght batteries, which should be |lasting at | east a couple of days
bef or e needbngalueptlaveimadt A PotitcadsdteraennDpooiting anenidicatica inghd orier@fin i n
the art. THERULPRRSSAS FRIKELL ol YA Gen ARALAR RN, vl t age
into a binary Bit streamfor TuOrtHar processi ng i REPHR oﬁgltal OITeli n.
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converter designs..In order. t.o reduce quantization noise introduced by the
quant i zat i GRSt 4YB 1 8P o npar at or 3 shown in fig. 1), oversanpling
and noi $e shaping is used. The oversanpling and the delta-sigm nodul at or
structure acts as a noiﬁe shaping filter, 25 pushing the quantiéation noi se
fromthe friadifefey "harrdhe EECNEREEIESESIHN SRBPTIS dWA ALY &< 48 BPlepfAllequence.
Thereby a fl.RQEeRGEYinLaRerdMct Andal BWehl 8 dolGrkidg istnsl B8E8End Mtadsh@dsi gnal s
of interest. A drawback is that the converter clock rate has to be higher
than a tradiRpgntic ARarayeHe-dillaftcal becarperd with dhreplagtiodes Bx thy makepiciing rat e
two tines tng b OGS tealdhe@L SBGY ansﬁrﬂ EInS&t the q@poéo%geﬁté?qmﬁy ey tIO\Jv!ag] t. In
delta-sig converters over arrp]ilng 30 ratios of 64 tines to 128 tines are
of t en sldlen.pobioblev@ften thiiisteingl anplintest padr abbe krepared drrpasdigag thei tehessdig

advant ages j t rger 1.0l e or .ya t he
componont s Thel RaE s ok TR 8 TS S Bl PRLbbbu B BiSEN For et o
essence, a m@ht.a-sigma Al D converter conprises a delta-signma nodul ator and
a lowpass filter. This may be made with an integrator, a conparator and a
D-flip-flop. The output signal of the flip-flop is fed back through a

f eedback | copEEGRSHi®F AgapiedodL bding cAXidl caniviesusBr by apesérsmastilersantieddf r om
the input sigpal upstreamof the integrator. The 5 subtracted feedhack
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The error 9gignakight MetiBe WheRdhasl JeaRinefat 1d1e AbdApRASIVERKE BEfotcSndediag t O
ensure that, on average, the output signal |evel OF the converter is always
equal to tHeplpgspsht-signal level. 10 If no signal is present on the
converter input, a symretric output bit stream of binary ones and zeroes is
generated by the AID converter. \Wen the input signal voltage changes to a
nore positiNdtaywgmadd) cavrestetsi avamellomesnwinl the tog. Eﬁg@senmoq’»miStthecoomrmt bi t

stream n i i | W - 2
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bal ance bet ween, ones anp t he .out put .bi e | ntion, in

: conyerter 1 n Zrﬁgrptesre{iunc antization oiseI 1t r8%JCe3 %\ tl-%rh a Hva%o
a first asp8tt: bV des i R GLUCE SHEEA AT WSS BEPPUeET PX 1 djapi142iohh e
i nvention, stdge &8 akOtthpatEaGtshowh Oviigl @3 oaed@hfliog aas noiecibapidg isused. dihen 9. The
invention, in a tlhi rd dashpeé:tl, Provi d S,an EEG nonitorin .sy?ltem a3 recited
in clai mi1Pvesgnplng an the delta-sligma modulator structure acts as a noise”shaping filter,
25  pushing the quantization noise from the frequency band of interest to higher frequencies
as a consequence. Thereby a frequency band with a low noise figure is created for the
signals of interest. A drawback is that the converter clock rate has to be higher than a
traditional analog-to-digital converter operating at a sampling rate two times the highest
frequency of interest, denoted the nyquist limit. In delta-sigma converters oversampling
30 ratios of 64 times to 128 times arc often seen. However, this is a minor drawback in

comparison with the advantages gained by the larger tolerance allowed for the values of

the components in the converter.



In order to overcone the above shortcom ngs, the input converter according
to the invention conprises a voltage transforner placed in the input
convert erwopstowiearssof the i nput stage and havi ng a trangComrat0oss284at i o
such that it provides an output voltageslarger than the input voltage. \Wen
the input signal voltage is transformed up prior to being 25 anplified by
the anplifier stage, less anplification is needed in order to bring the

i nput si gndh itgpsseuceandel@estgadilecingortdr compdses hdeltasigni weodelptor pfd &lowAoi se
contributiaon.t h i £ Si | is |lower. Accordin he | ntion,
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digital netywarks, and nmay be designed so as .to,optimz heir i ance to
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converter. shbidchar feb@Rtkrsgmanpebvardy ant ageSsialae t@vhéedifut foran tdeea-sigmendent
clainms. WO 2010/ 124738PCT/ EP2009/ 055284 5 The invention wll now be

descri bed iMP®Aher detail with respect to the drawi ngs, where fig. 1 is a
schematic of a prior art delta-signma AID converter, fig. 2 is a nore
detail ed schematic of the prior art delta-sigma converter in fi%. 1, fig. 3
i s an equi vEIcewor sighd feam éhej fiegdhaels lgpp mf thery Dhesingertar dy ayed \jg epsgigethes, onof an

anplifier = r.t i fi j - :SGh tic
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fig. 7 is ansehesititd wlthgd, usta l@barpgna willibs prepéra srethe buthhtebitsaephsthdvdpaci t or

i nt egrator ; ccordi.g(gd t thehi nventi on, fi gt 8 is a schgmati c ill Uﬁtbl‘ati ng a
second phadé® BPUtH %é{%{ﬂ%& WeHnt ¢ BTG Hearatlpea sl 8itdy 160t d be

i nvention, present ihitle ofBpitDiasusah et dottagfgnanAiDrpde sksittadsi @avets aarunblogut

transfornmer. in a first phase 25according to the inveg.ti on,
15 input signal into a balance between ones and Zeroes in the output bit stream.

The invention, in a first aspect, provides an input converter as recited in claim 1. The
invention, in a second aspect, provides a method as recited in claim 9. The invention, in a
third aspect, provides an EEG monitoring system as recited in claim 12.
20
In order to overcome the above shortcomings, the input converter according to the
invention comprises a voltage transformer placed in the input converter upstream of the
input stage and having a transformation ratio such that it provides an output voltage larger
than the input voltage. When the input signal voltage is transformed up prior to being
25  amplified by the amplifier stage, less amplification is needed in order to bring the input
signal up to an acceptable level, and the relative amplifier noise contribution to the

amplified signal is lower.

According to the invention, the input transformer is implemented as a voltage
30 transformer. Voltage transformers are easily implemented in synchronized (clock-
controlled) digital networks, and may be designed so as to optimize their impedance to

the impedance of the amplifier and the subsequent stages of the A/D converter.

Further features and advantages are evident from the dependent claims.



fig. 10 is a schematic of an inplenentation of an input transfornmer in a
second phase according to the invention, 30fig. 11 is a schematic of an
enbodi mrerwoabioa2¢BBt a- si gna anal og-to-di gital convert er PatEre@9O§280 t he

i nvention, WO 2010/124738PCT/ EP2009/ 0556284 6 fig. 13 is a timng diagram
showi ng sone of the nost inportant signals in the delta-sigma Al D converter
shown in fig. 12, 5 fig. 14 is a schematic showng a nore detailed view of
the input transformer T shown in fig. 12, fig. 15 is an equival ent
schematic W Nng..an._ invert e i fi | of, t.he Ki hown .in fiqg. 12,

T 16 1 TAORO NS HeRleaR irfoherielh e i MR b g

i npl antabl e part and an external part, fig. 17 is a top view of an

i npl ant abl rt of an. EEG nonitorjng s em and fig. 18 is a side view of
the. ol antHbl & HEPETic A PR Ty YOV a™ as shown in fig. 16, 20
Fig. 1 shows a block schematic of a prior art delta-sigma Al D converter
conprising an _input termnal |N, subtraction point 1, an_.integrator 2, a
conpar at or f%-%s ey dtaplpggshamatic of thy priogpl delip-signargiycksivEtler 5, a cl ock
generator 6, and an output term nal OUT. An anal og signal presented to the
input termnal INis fed to the subtraction point 1 where the output signal
from the 1-fif 8 iDpMCEGYRKSF seematiG dlusiasing s nodserlpvshveltrac Vo fien amghfagr of 25
generatingtggd&ﬁgég Slo@0Mer inlf\e 2di f ference signal fromthe subtraction
point 1 is fedto nﬁe I nput of the integrator 2 for generating an integral
of the i fference signal fromthe subtraction point 1. The output signal
fromthe integrato IS : e 4 npL r. for
generatingq§;96gﬁ6%Pén%%éﬁﬁﬁ§ggéﬁg éﬁg&%?oﬁﬁﬁﬂ%# gg%%ﬁ“%@gﬁgﬁﬁggéggﬁs a

pr edet er m rséghal tortiesdnadldict inrfig 3set by the conparator 3, and a | ogica
"zero"-level 30 whenever the output signal fromthe integrator 2 falls
bel ow t he predeterm ned threshold. This |ogical signal then feeds the data
i nput of t g Blid PschédficdliustMEh@D A 24 BRI HP2AALDED 28 htegrator,

15
fig. 6 is a schematic illustrating a second phase of a prior art sampled capacitor integrator,
fig. 7 is a schematic illustrating a first phase of the sampled capacitor integrator according
to the invention,

20

fig. 8 is a schematic illustrating a second phase of the sampled capacitor integrator

according to the invention,

fig. 9 is a schematic of an implementation of an input transformer in a first phase

25  according to the invention,

fig. 10 is a schematic of an implementation of an input transformer in a second phase

according to the invention,

30 fig. 11 is a schematic of an embodiment of a delta-sigma analog-to-digital converter

according to the invention,

fig. 12 is a schematic of a preferred embodiment of a third-order delta-sigma A/D

converter with a switched-capacitor input transformer according to the invention,



working as a latch, thus creating a bit streamrepresenting the input
signal. The bit streamfromthe output of the flip-flop 4 is split between
t he out puwotzermizes8 OUT and the input of the 1-bit D) A ecmEPrens®s810 t he
subtraction point 1 and subtracted frongthe input signal. The 1-bit DA
converter 5 converts the |l ogical ones and zeroes in the bit stream5into a
positive or negative voltage with respect to the input signal for
subtraction fromthe input signal in the subtraction point 1. This
arrangent ntt}ﬁ;l? 'seast%gl%g %iagf ! eﬁ%o%%nﬁasoh%e()g H]%Crﬁosk %I?Grtarrlrtasll(%lngg illl \El\}% dgft%-%igltnra eam
represent t changes®in e I nput signal” over tinme, T.e. en I nput

si gnal | eved/D @nz@teoshomm iedigal2, 10 nunber of digital ones and zeroes will be
present in the bit stream whenever the input signal goes positive, nore
ones than zeroes will be present in the bit streamin a proportion to the

i nput sisgnaig. l1@ved schameki SMVEE! mbRalefiilgh &lewdFabe MP@AtdnVRrmdTOr shom@rines t han
ones wil |l bfe resent in the bit streamin a proportion to the input signal

| evel . The ¥ t2stream may then be converted into a suitable, digital format
for further processing in the 15digital domain. A delta-sigm Al D converter
design for an EEG nonitoring system should have a small noise figure and a
| ow cur r entfig dAdtiApEqBYRICNHS fic showipgan gyerermpigins L apthie dindoshoprdn | nput
anplifier of, the Al D converter is decreased without any alterations to the
design, the %0roi se fi gure of the anplifier will increase correspondingly.
This prl®bl em and a possible solution, will be explained in further detail
in the fol low | 10T, il.ed. t f [ art
dol t o si gt B s s GietRE A RE LS P Aot SUSHR rafaBlan RPllhte 70,
resi stor Rlpartandecowtdnalgsitstor R2, an anplifier A, 25 a capacitor C a
residual loop filter RLF, a D-flip-flop DFF, and a clock generator CLK
generating a clock signal. The anplifier A and the capacitor C forns the

i ntegrat or & of istdiep ciewErh nplhapat pgyoRMBAG monitdrihg s¥steranadt he r esi dual

|l oop filter RLF conprises subsequent |ow pass filter stages present in
second-1%or hi gher-order delta-sigma converters. The converter receives an
anal og i nputg 38 gNRkide Rickh& thOTBIAtate ¥l SRGEERE MonitBEng SBtehNBUShob@rif nal |I'N
and presents a bit streamrepresenting a digital output signal Y at the

out put terrfighdf OUT. It should be noted that the signals in the converter
are tinme-continuous until the generation of the bit streamfromthe output
Qof the flip-flop DFF. WD 2010/ 124738PCT/ EP2009/ 055284

20  Fig. 1 shows a block schematic of a prior art delta-sigma A/D converter comprising an
input terminal IN, a subtraction point 1, an integrator 2, a comparator 3, a D-flip-flop 4, a
1-bit digital-analog converter 5, a clock generator 6, and an output terminal OUT. An
analog signal presented to the input terminal IN is fed to the subtraction point 1 where the
output signal from the 1-bit D/A converter 5 is subtracted from the input signal,

25  generating an crror signal. The difference signal from the subtraction point 1 is fed to the
input of the integrator 2 for generating an integral of the difference signal from the
subtraction point 1. The output signal from the integrator 2 is presented to the input of the
comparator 3 for generating a logical “one”-level whenever the integral signal exceeds a
predetermined threshold limit set by the comparator 3, and a logical “zero”-level

30  whenever the output signal from the integrator 2 falls below the predetermined threshold.

This logical signal then feeds the data input of the flip-flop 4.

The clock generator 6 controls the flip-flop 4 in such a way that the output signal from the

comparator 3 is quantized in time and synchronized to the clock signal, the flip-flop 4



8 The anplifier A and the residual loop filter RLF conprises the | oop
filter of the converter, and the frequency transfer function of the | oop
filter, iwe.2oties4f3Bequency transfer function of both A &ou/EHRREY9/0828Lr M nes
the converter's ability to suppress freguency-dependent quantization noi se.
The gain of the anplifier A also suppresses the noise from5 RLF because
the filter RLF is positioned in the feedback |oop of the converter. In this
di scussi on,warkiag aeasaeh, fhos cthigtg smgustshinrgpibentieethe tipat sigpil.i Fhcdnt stroap

filter, re ive s to Lsolate,! noli cont ri but.i fr t.he
anplifier zpﬁ%hr%oélk }a?fﬁilgiﬂ?éhélgﬁrl%:gshtt ?%Wte??ne&iggg Batgw?lﬁgolo(gGT&P?mgtlﬁ%urt t hi ngs
bei ng equalaf thhé-hitoDse coexebr Hfto thresubnpdtiohi peint A tdilisubeactsd ifout ths ihfie mai n
noi se conponen f the converter_apart from.guantization nojse. This 10 is
the-r eason At 1R RORCS FHETST FPOH: B ORGP EPeur Arems Sen S Ee S houl d
be m ni 15 zdfo AR siiRObt LD el volthdrevikiofeegel 1dhe hputtsh@aiaphubtra@ionAonethe t o
have infinite gain, the signal level on the input termnal of the anplifier
woul d be zéPIEP.tSllgﬁélt“éﬁ’ﬁslﬂ?trat‘fﬁ?mﬁ)émdssuned that the total gain of A and RLF
15 conbined is sufficiently |arge throughout the desired frequency

bandw dt h of the converter for the converter quantization noise to be

negl ect ed. i FRNgIMIY EsseRsict @epaosty fapdbagk loar anakingghobit prremagpresegethy, t he
transfer funetdOm Meqhpt ngooMRt Bhe, EOMVRRURL irpll il 1&el B ARE ahd@h case
may thus be es%e?rrat.eea s: ?gilo Y HR =-U Rl1 i n lgl%der “t o ag)graesgﬂt he

pr obl emlof nudenefl digitad oney dsluzcrem Wil dmprésenti in gl big staggen, ofhendver donveutt er ,
this particy i se..squrc i ated S 1.8 il ated in the
schemati c isllr%ns{ 58&3&%&@%1 rli]no? g gﬁgSS?h%g%%fo(?gg}{qﬁ ﬁeoprsee%hfI rnéetﬁ%r%t I %{?eltaélr }nAgand a
noi se vol t ggepositur oehd/fnphissigabiivell aid wherche tharpbndl igees nkghtivef mgre Zroeand t he
configuratipn of C R2 a i.s _sketched out together with e. I nput
vol tage U, tﬁlemgwﬁ)lh@l%icpaagﬁj ity R PR e o élgeﬁl?vgbéﬂ% rce
VI, whil e stbem heyahdi trgconosrdnien tassuftitdandigigl fomat for hiefher pratesfingin thhe
schematjc for. gl arity. If 30 the total anplification fromA and RLF (not
shown iR figgitagomangssuned to be sufficient for the desired bandwi dth of
the converter, the noise contribution Y. to the output voltage Y nay be

witten as: . , L
A delta-sigma A/D converter design for an EEG monitoring system should have a small

noise figure and a low current consumption. However, if the current consumption of the
input amplifier of the A/D converter is decreased without any alterations to the design, the
20  noise figure of the amplifier will increase correspondingly. This problem, and a possible

solution, will be explained in further detail in the following.

Fig. 2 shows a more detailed schematic of a prior art delta-sigma A/D converter. The
converter comprises an input IN, a first resistor R1, a second resistor R2, an amplifier A,
25  a capacitor C, a residual loop filter RLF, a D-flip-flop DFF, and a clock generator CLK
generating a clock signal. The amplifier A and the capacitor C forms the integrator 2 of
the converter topology shown in fig. 1, and the residual loop filter RLF comprises
subsequent low-pass filter stages present in sccond- or higher-order delta-sigma
converters. The converter receives an analog input signal in the form of a voltage U at the
30  input terminal IN and presents a bit stream representing a digital output signal Y at the
output terminal OUT. It should be noted that the signals in the converter are time-

continuous until the generation of the bit stream from the output Q of the flip-flop DFF.
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contribution U with reference to the input voltage U may then be

cal cul at edolzg1ociont38ni ng the two expressions thus: 5 Y/ BCEEP2009035284HX Thi s
inplies that the input noise U is depepdent on the anplifier noise V. In
other words, if it is possible to decrease V., the input noise U wll
decrease, too. 10 The anplifier noise voltage V' has three primary origins.
Noi se due tThet freplif@ctA tandt the hresidumpllodp dkterARhEscAmmistse thgaloap filker exfnibdul at i on
products orjainating.fromnonlineardti.es | h l.ifier. A and therma

noi se proddgggyﬁéaP%gwiﬁﬁﬁ?ggpggggg?&¥§§O%%ﬁ%%%ﬁggRAP‘ FFW? gﬁ%“%%%lifiers
w t h | ar ge fgaition\of|boths A head R ILH, aldictmmuathe yeobester' s abidity o @ippess fraquendy-m ze 15

Sem conduct SRRt e Boie: ARt PEPe AreliTeuk Frar ity & B8P ent s i n

order tG keegr bfb@uéth@Hilt&OREE is'hposﬁthﬁae@m mldtfee&i:blgdkalbolabf&i& @aceRt.ablris| evel .
Hovvever, none of these approacnes are especi al 1y, ttractive in a converter
desi gn for BHUHPIEDS RS (96 FISHBEWS&tehatWirsn dhe 2api ’SEI‘)@B@%%H%‘%WdEalPri ed by
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10 is the reason that the contribution from this particular noise source should be minimized,

as mentioned in the foregoing.

If the amplifier A were to have infinite gain, the signal level on the input terminal of the
amplifier would be zero. Instead it may be assumed that the total gain of A and RLF
15 combined is sufficiently large throughout the desired frequency bandwidth of the
converter for the converter quantization noise to be neglected. Given an input voltage U
and a resulting output voltage Y, the transfer function H of the complete converter in fig.

2 in the ideal case may thus be estimated as:
20 H==—=—2"%

In order to address the problem of the noise contribution from the input stage of the
converter, this particular noise source has to be isolated. This is illustrated in the
schematic in fig. 3.
25
In fig. 3, an ideal, noise-free amplifier A and a noise voltage source V, is substituting the
amplifier A in fig. 2, and the configuration of C, R1, R2 and A is sketched out together
with the input voltage U, the output voltage Y, and the amplifier noise voltage source Vy,
while the remaining components from fig. 2 are left out from the schematic for clarity. If
30  the total amplification from A and RLF (not shown in fig. 3) is assumed to be sufficient
for the desired bandwidth of the converter, the noise contribution Y, to the output voltage

Y may be written as:



U and the output signal Y by placing ideal transforners between the input
termnal U and RL and between the output termnal and R2 with a given

t ransf or msi0i2zoro/R2&380r N. Fig. 4 shows an equi val ent schecatEPeoofsi2Re
converter in fig. 3 wth ideal transforgrers Ti and T2 in the input branch
and the output branch of the converter, respectively. Both the input 30
transforner Ti transfornms the input voltage by the ratio 1: N, (i.e. the

vol tage on the transforner output tR the vol tage on the transforner
i nput), and the feedback transfor sforns t he feedback voltage by
the ratio 1:N (i.e. the voltage 10/124738PCT/EP2009/055284 10
presented to the anplifier is N tlnes the voltage present at the output

node Y). T values of th R1. and ar.e | ed
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out put, resg&cbuM%bwombmkngéﬁm)&@ﬁsyaﬁummof the integrator capacitor Cis
scaled hy the factor N-2. It may be shown that the resulting anplifier
noise 5 voltage Vi, is scaled correspondingly by the factor V,i/N In
theory, it is pOSSIb|e to scale theynoi ge ggntribution fromthe anplifier
stage down by an arbitrary anoubt = vf jtﬁﬁ anplifier stage is capable
of handling the increased input voI ut bei ng saturated. The
current denmands for the converter are also smal |l er due to the inpedance
transformati on. 10 Real transforners are non-ideal and therefore inpossible
to use in pFactipligs tEEdharbmit oeibhl» 3y denonddng oncthaemnlibersnatssr Yyilngthy a

person due v C opower Iosses The
i nvent or hé%&tigﬁtﬁggét %FM%EgQ%&L{®EP§EP“g$:an |dk8%%%?gnsforner may be
appl i edlas a solution to the problemwth satlsfactory results. Such an 15
equi val ent fugth etall | tarting
poi nt of t hilnhse acgi‘fpzlclﬁglgollgenvoqtage Vad ?St thgee pnmary IOBgconN/%l? e tﬁtl ;I' teth%t %
t opol ogy basmedifien Aslaafinged gaatpaﬂemmdslatlcﬁamohﬁmk Gﬁ@aanntgcfrors tnag&&arattee in

consi dered
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| ustratin 1 rst ase O a sanp gc ocC contro S| gna |napr|or
art sanpl edg%’alaLePlﬁ%r ‘E%"Ylﬁ% @tsgrfﬁawﬁﬁ GrigEee LYCORpIYING g SaRicPREGtor

term nal U, ci@ndntsif kheSAPHLNQitE ARREIE BN 1afe8 cufertd ihdkded W E&P Rl totaPnsi@GANd
switch SE, a hold capacitor Ch, an anplifier A a feedback |oop capacitor

Cs', a feedb%@%pMéﬁﬁﬂﬁ%ﬁmﬁwaﬂﬂé?Eﬁﬁran output 25 terminal Y. The feedback
Ioop termnal Q carries the feedback signal fromthe output of the
D-flip-flop (not shown). The switches SI and SE are controlled by a

sanpl i ng C|EM@VGHGDH€SW.3PP]N&@JG$ pregspyshdly attpictivchia %mpmemge&igmfﬂk agont r ol

signal h i 9.5 h a i apagi t.o ay ged i nput
vor't age%or hBaldfe b hift R e RBR, Mt b PeSUPb LB, o
of tinme, viwhdaharsn ctanhurﬁition'ﬁhé cespoant csw'lttlmhtoSE Kept mpennnmmrﬁﬁt drderftor st

Dhese T R RS R SR AR SO0 SRt ks iR, e
fromthe Iﬁﬁukcbﬂ%ﬂkﬂﬁmnwdaﬂ&dconnectS it to the input of the anmplifier A
and the hold capacitor Ch, whereby the
25  In theory, the noise voltage V, may be downscaled, e.g. by transforming the input signal
U and the output signal Y by placing ideal transformers between the input terminal U and
R1 and between the output terminal and R2 with a given transformation factor N. Fig. 4
shows an equivalent schematic of the converter in fig. 3 with ideal transformers T1 and
T2 in the input branch and the output branch of the converter, respectively. Both the input
30  transformer T1 transforms the input voltage by the ratio 1:N, (i.e. the voltage on the
transformer output is N times the voltage on the transformer input), and the feedback

transformer T2 transforms the feedback voltage by the ratio 1:N (i.e. the voltage



WO 2010/ 124738PCT/ EP2009/ 055284 11 sanpling capacitor Cs is discharged for
a second, specific period of tinme via the swwtch Si, transferring its
charge t owoheldiahscapacitor Ch. The switch SE is cl ose@CirEPeéve/ose28oNnd
phase, and connects the feedback | oop ggpacitor C,' to the input of the
anplifier A The voltage on the input termnal of the anplifier Ais now
equal to the voltage on the input 5 termnal U during the first period of
time ninus frésented foghe ywblifeegés Nitiewe e vohagelneestred Beckitpuenerenial TIQ valleen  t he
sec_on_d phas% tﬁengegi’sto%shﬁl et tRCihagé eSclh s%aﬂgd §v|i5th%.r Fictof E)P {\Im%g o}(fgr th lfery n%h%' al
positions shown in 11(. 5% Mand® e process 1s repeated perio rcall y.
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ig. 5split into tw capacitors, eac aving a capacitance of C5/2. A
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sanpl ed- capgCiat@lifidesh@nist Qpiolor Ihiak@inkNBe SEREREE ifpul Rolidgd with@NBehb 9. 8,
respectively. The sanpl ed-capacitor circuit design shown in fig. 7 and fig.
8 conpri se ewEtedodhe shirend dempnds Hasthgjcomyatesire alsa sqeper ducep the inzpehyice

capaci t or Qﬁmfgggaﬁfog.ur capacitors Ca and Cb, Cc and Cd, each of 20 the four

capacitors having a capacitance of C5/2. In fig. 7, the switch SI connect
the twolOcapacitors Ca and Ch to the input terminal INin parallel in the

first phas | r.siml h Lyw.flg, . 5.; ! ig. 8,
the: st t on ! Qe ERRCT pIMAL b BRR ! Sudim IS, B, P,
series in trhenieacosgtgph &s eontmuauneamyerg s arpéraom due to Miadir stvowright) chirgnt 6. 25
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vol tage pr SSBHIITHRN AHG PSR IBRER 6N RISF AR a8 T AT o bshE o988 ound
via the swittbfodmrintytteeppliddss apbasien tonthé p@bleh, wittnghtisfactohercagc ofidh phase,
shown in fig.. 8 the feedhack. capacitors Cc and.Cd _are cqonnected_in series
bet ween'>t hee%fuéféla%ta@kdﬁr%f&ﬁgtlérwﬁ%g i h‘blﬂi%g’?]ﬁﬁlﬁ}%f' rStRTIRg Houh of ﬁ@sswi tch
SE during diigehanoe ef ddhideedbBclontaracitiimg ¢Cophldgdascahel aplae

vol tage drop between the feedback | oop term nal Q and the hold capacitor Ch

i s doubl ed.camrdossobanaped-pipacitan stages arpeonsisisipd to e tiel-kaapn it therartpandythe he
second phasg,i$ehARALINVYSF suc@satpRd-chfiBitd OB SHv APt U EAGE AR YStadl NE
doubl ed feedback voltage. WO 2010/ 124738PCT/ EP2009/ 055284 12 The effect of
t hi s arr angetherfollowsing wath refhenéerip die. hodeliod. t he anplifier Ais isolated from
the inpygt termnal U and the feedback |oop term nal Q by the voltage
transforners formed by

Fig. 5 is a schematic illustrating a first phase of a sampling clock control signal in a prior

art sampled-capacitor delta-sigma A/D converter comprising an input terminal U, a first
sampling capacitor Cs, a first switch S;, a second switch Sg, a hold capacitor C;, an
amplifier A, a feedback loop capacitor Cy’, a feedback loop terminal Q and an output
25  terminal Y. The feedback loop terminal Q carries the feedback signal from the output of
the D-flip-flop (not shown). The switches S; and Sg are controlled by a sampling clock
(not shown). In a first phase of the sampling clock control signal, shown in fig. 5, the
sampling capacitor C; is charged by the input voltage presented on the input terminal U

during a first, specific period of time, via the switch S;. The second switch Sg is open in

30 the first phase.

In a second phase of the sampling clock control signal, shown in the schematic in fig. 6,
the switch S; disconnects the sampling capacitor Cs from the input terminal U and

connects it to the input of the amplifier A and the hold capacitor C,, whereby the



the capacitors Ca, Cb, Cc and Cd, respectively. The net result of doubling
the input voltage 5 and the feedback | oop voltage is that the intrinsic
noi se | ewsD 2ve/2fi738he anplifier A becones conparati vel y PewaEPR@9/ 0552284 t he
signal-to-noise ratio thus is inproved,;jwhil e mai ntaining both the input

i npedance and the out put inpedance of the anplifier stage A as seen from
outside the circuit shown in fig. 7 and fig. 8, respectively. 10Wth the
capaci t or s s@aplighsap@gtoafidis Gebchagddrigr ¥ secamb specifCyefiod plagperit ithesivgtich Shi s
configuratign ds. i yal 0 vol t age~t ransf or i.on,with

transtor mat' Oy FnEcl A Anda il Ao ch MNP Yot B Be sorong . 4
for the feqibacknd cansdtothadeedbak lbdyecdpapied@ace ths inphit dfike oplifiec apdtet or Cs

now becones: .15 4 z=_s L f Thi s. arrangenent. thus effecti,vel
oy oo b e Nt qine i Binkonspe frtid RIRETCRN BIRS ke R e
confi gursat itevifd] U deingithc st pdridd DY BB mamiszaé bost wolthde grient sothp hasiesk of t he

sanpling clock frequency fs of the sanpled-capacitor delta-sig Al D
converter, BB %q\é(.lea\gn é‘lﬁ LHAdRiRICHES: BF sypfgheser gad %mrﬁiﬂﬁn?@. thoirang 8,

the input vghihagRiibhPHEFEM BE 3 Snd ME plodRY s kffalddiRlo@taityhe anplifier Alis
t hen doubled to 2U. Consi der the anplifier A having unity gain, and an
error signal of O V being present on the feedback |loop termnal Q Then the

out put sig t I : for Cd is:
2" By, v 2T AR Pl OR RERLA R AR AR NFR MR BT & and
Cd ar e ¥hi fthednisdange €nofithesample capacitor C; may be described as:

Consider the sampling capacitor C, of the sampled-capacitor delta-sigma A/D converter
15 in the first phase shown in fig. 5 split into two capacitors, cach having a capacitance of
Cy/2. A voltage transformation may then be implemented by changing the sampled-
capacitor design to look like the schematic in fig. 7 and fig. 8, respectively. The sampled-
capacitor circuit design shown in fig. 7 and fig. 8 comprise two controlled switches Sy and
Sg, an amplifier A, a hold capacitor Cy, and four capacitors C, and Cy, C, and Cy4, cach of
20  the four capacitors having a capacitance of Cy/2. In fig. 7, the switch S; connect the two
capacitors C, and Cy to the input terminal IN in parallel in the first phase, in a manner
similar to that shown in fig. 5, and in fig. §, the switch S; connect the two capacitors C,
and Cy, to the amplifier A in series in the second phase in a manner similar to that shown
in fig. 6.
25
Likewise, the feedback capacitors C, and Cqy are charged in parallel to the voltage present
on the feedback loop terminal Q with reference to ground via the switch Sg in the first
phase in fig. 7, and in the second phase, shown in fig. §, the feedback capacitors C, and
C4 are connected in series between the feedback loop terminal Q and the amplifier A via
30  the switch Sg during discharge of the feedback capacitors C. and Ca, whereby the voltage
drop between the feedback loop terminal Q and the hold capacitor Cy is doubled. The
voltage present at the input of the amplifier A in the second phase is then Vy - Vi, i.e. the
doubled input voltage minus the doubled feedback voltage.



30 parallel configuration in the first phase shown in fig. 7 and the serial
configuration in the second phase shown in fig. 8. By isolating the input
of the ampbizbiogr47asof the input stage of the Al D conver PEN/HPe@9i055284 r est of
the circuitry with first and second voljpage WO

2010/ 124738PCT/ EP2009/ 055284 13 transforners in this way, an effective,
conparative noise figure of V'/2 may be obtained in a sinple and effective
manner. A schematic illustrating a first and a second phase of the function
of the inp vV, . ransforner. .circuit of. fig. .7 d i cribed in
Che fol | on Hs Mt P RisubnBlb T TRl o Fcho b ight Sap T Afhy folgadRihb g~ 1o
a vol t age tingansdrminukl) aad tieuicédbacknipop seainainQ by phit valtegatranafordaers &rmed bput
termnal VA, five controlled,switches Si, S2, S3 nd ,SS, and two
Sanpl ng. o dBEPPOIRES on Crfe e TobURC D M4 eSpler daunBBE F e Slief
respect st o dnbensehapmkileoPivolidpe iCithst Uhd iBAONN nbile fdval VR olinke Bmpilie Hut put
termnal VA of the voltage tr nsfornﬁr circuit 10is to be,connect%d to an
anpl i fier (QEYNSheRRPRrAEcly| Ipdeh e dhg pisrilgongisy mfiogthuy ps frpgoysdy gthilghase of
t he vol t agentih@nsfoUoiBihe iSO WMIpddhckiabd 11 out e inSdheR @S thel ampblicr &EE BS5 are
closed, and the swtches S2 and S4 are open. The two capacitors are thus
connect ed i3 sgparfEan entsidethe cyithawn iefign7rigd fig §.4esppeiively. A vol t age present
on the input termnal Uwll 15thus charge the capacitors Ca and Cb to the
same voltage. In the second phase of the voltage transformer, shown in fig.
10, thelOswi Wihetbe Siapacgars §ad Cs5 Carandnow lopes, vaw ohéBwiresphdiyelS2 thind S4

are now clo The . - i ' eries,
thus doudl { AR it SRATRERE { it FuB iRy Eh iy ERIMGORGESH Rl Bt BF
capaci t ancéot the @pudtramafisimen nspatiedy 2d fohehededdpartk ttaasfiormmal as\ée infiledarconbi ned
charge col | Cgfﬁgrhﬁf the.caBaci tlg)rs Ca and Cb is now presented as a voltage
to the out gut’ deaPaRT St 8t hge is double the vol tage of U due to
the altered configuration of the capacitors Ca and Cb. 25 Considering the
output term nal VA of the input voltage transfornmer shown in fig. 9 and
fig. 10sconnected to the input stage Qf_én_arrpl ifier Ain the way shown in
fig. 7 and fig. 8. If the anplifier A r(@sfga)n anplification gain 13, then
the input voltage Uis both doubled and multiplied by 13, but the noise
voltage V, is just nultiplied by 13. For a given input voltage U, the

vol t age OUtTH arMiofih QMR @ rBERLE Juslirufte¥Mlk linf@ imRQance of the amplifier A. By
changing the configuration of the circuit in synchronization with the two phases of the

sampling clock frequency f; of the sampled-capacitor delta-sigma A/D converter, by

20  means of the switches Sy and Sg as shown in fig. 7 and 8, the input voltage U presented to

the input terminal of the amplifier A is then doubled to 2U.

Consider the amplifier A having unity gain, and an error signal of 0 V being present on
the feedback loop terminal Q. Then the output signal downstream of the second voltage

25  transformer C. and Cq is:

This is based on the imperative that the capacitors C, and Cq4 are shifted between the
30  parallel configuration in the first phase shown in fig. 7 and the serial configuration in the
second phase shown in fig. 8. By isolating the input of the amplifier A of the input stage

of the A/D-converter from the rest of the circuitry with first and second voltage
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vol tage noi se and current consunption. The voltage transformation further
reduces the bias current demands of the anplifier and thus the current
consurrpti onnolie ﬂiﬂSEplrasmqnﬂthé eolAkDtremsfiarerct, showio fn ﬁ@]i%hletswecltﬁsss SYrnéls for
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In the second phase of the voltage transformer, shown in fig. 10, the switches S1, S3, and
S5 are now open, and the switches S2 and S4 are now closed. The two capacitors C, and
C, are now connected in series, thus doubling their total charge voltage while reducing
20  the total capacitance to Cy/4, and connected to the output terminal V4. The combined
charge collected by the capacitors C, and Cy, is now presented as a voltage to the output
terminal V. This voltage is double the voltage of U due to the altered configuration of

the capacitors C, and C.

25  Considering the output terminal Va of the input voltage transformer shown in fig. 9 and
fig. 10 connected to the input stage of an amplifier A in the way shown in fig. 7 and fig.
8. If the amplifier A has an amplification gain [3, then the input voltage U is both doubled
and multiplied by B, but the noise voltage V,, is just multiplied by B. For a given input
voltage U, the voltage output Vy from the amplifier A will be:
30
V, =2-3-U+p-V, &V, =p(2-U+V,)



30 transformer stage OT, a residual loop filter RLF, a conparator CWP, a
flip-flop DFF, and an output termnal OQUT. The flip-flop DFF is controlled
by a systwm2elooick73source (not shown). The anplifier stageT@R2009/0522d4 a
constant current fromthe constant currgnt source | ¢ powered by a
connection to the reference voltage source Vref. This current controls the
WO 2010/ 124738PCT/ EP2009/ 055284 15 operating point of the anplifier QA in
order for ithetnoisheokdgeeonobptiiavyde thheutdeisiottegt Gaistherohalhie inppevolsiggnal .
The input transfor St T conpri ses ptching tr i.st.or -, 2, Q
R K s B e St e Dl
conpri ses ssapdbthwfitgndlingnisd sdnefosmEBinpdroltige, of Q. and Qu), and capacitors Ce
and Ca. For sinplicity, these four capacitors are considered to be of equal
capacitance, i.e. Ca= Cb=Ce=Cd. The switching transistors QQ, @, @B, 4
alnd SS of the \joﬂ?g-btcohfr%ﬁﬁ(fr?frﬂiﬁrthéfeﬁ@ﬁcﬁ %o@@%nél&)f(ﬂw’m%dlt@lsigﬁdt AP @mlsacfagl i ngf
cl ock generator (not shown) in such a manner that en the signal edge o
the sanpli rigdeytbekingendas ¥ty ‘@b@@ seroad tvplaecitipngformer &t 2aph S s dtdvint chi ng
transi stor Sf‘%§7,an&] and @ close (i.e. they allow an electrical current to
pass), and and open (i.e. they block an electrical current). This is
illustrated in fig. 11 by an open or a filled circle, respectively, on the

base term inchf1e dF SRR kR ASHLENTiNQhBR| B B Srbitty IRkiE: I I3t phase
of the si 92216 g%‘bc of the %arrrp i ng aclf;oplg Senerat or, arflt#?P?fe circle denotes
a cl oseld t rsampling cpaciiods ch bpene dicrcepasiteisnof €Nam dfsshretlvamsihs appareiithen t he
si gnal edg f I 1.ng: &%ﬁe e o] Q f i S nd
phase, thquﬁfgéﬁg%éﬁgghﬁgﬁéE%%g ) %3&gﬁdﬁtglgfegﬁgﬁﬁﬁ%ﬁgb¥?§ﬁs o@ﬁer | T
open, and tihend6n thati thehinpg trawsfismst and @R facitha tohdeener | ave hbe semond

phase of the signal edge of the.sanpli. cl ock generator, an n.circle
onot s a dIBREATPAERS, s Bt e PRmiBamel i bR ey BHSet ihs| stor
Thi s confi ghiicht sigpler SvaB0thie/ & @it rddocddhéensmbe wat it< persditance withiggard Qoand 10,
respectively, where the transistors Q , @B, ™4, and sypstitute the
swi t chel Si a,mphgﬁ]%ﬂogﬁams&}eﬂa o088, InfeERpdIctiopdeipe. 1gteaoR; ﬁgr;& @R@lt%%m al
function ofihd higpidRr. circuit shown in figs. 9 and 10. The cl ock frequency of

the sanpling clock generator (not shown) is of the magnitude of 30 kHz, and
the clock frequency of the system clock generator (not shown) is of the

magni tude Ir mtﬁef th ¥H3ann-ltrs§$ge Rirase A/NEHRrE ac%rd%&dto%e Qﬁ\%nﬁ(lnpﬁﬁg and Q2
and Q4 are open, the capacitors
consequently be implemented as a simple, single-stage amplifier comprising one single

20  semiconductor element, such as a BJT, FET, or other amplifying clement having
sufficient gain. Single-stage amplifiers inherently have a very attractive relationship
between thermal voltage noise and current consumption. The voltage transformation
further reduces the bias current demands of the amplifier and thus the current
consumption of the complete A/D converter, of which the bias current for the input

25  amplifier constitutes a substantial part.

Fig. 11 shows a delta-sigma A/D converter ADC according to the invention. The A/D
converter ADC comprises an input terminal IN, an input transformer stage IT, an
amplifier stage Qa, a hold capacitor Cy, a constant current generator I, a feedback
30  transformer stage OT, a residual loop filter RLF, a comparator CMP, a flip-flop DFF, and
an output terminal OUT. The flip-flop DFF is controlled by a system clock source (not
shown). The amplifier stage Qa is fed a constant current from the constant current source

I powered by a connection to the reference voltage source Vier. This current controls the



30 Ca and Cb are connected in parallel to the input terminal IN, and each
capacitor is charged to the voltage present on the input termnal N 1In the
second phaeesivherse Q, B and b are open and 2 and QeCamP2@boseds t he
capacitors Ca and Cb are connected in geries to the input of QA delivering
their conbined charge to the input of QA and the hold capacitor WO

2010/ 124738PCT/ EP2009/ 055284 16 Ch. Due to this arrangenent, the input

vol t age f edpertingpointgdibe amplifsf On e prdeTonitith bbebld sulrbede Hie detisdgaingat , as
expl ai ned atQé)%ﬁ Uts'll'hg1 switching transistors @B, Q/, @ and Qo of the

f eedback transtormer Ol are also 5 controlled by the sanpling cl ock
generator (not shown) in such a way that when the signal edge of the

sanpling clgck erat or es _positive in the first ase, . the sw tching
Crahsi Stor s esn T wah s S 5D SSmREN e drtN e b BRS¢ O & OF

i |'lustrat edinbycaparitoeq, @hd ayf Mt ebedbhdke trénsfar@ep ek \BF Yomphisch NevilRiag
termnal of the respective smﬁtching transistors, where a filled %ircle

denotes a drgestPaili Ordl adanpgnediorct et eho et Sigmligipe those four

transi st or.caftitsrsiaflonggertd@tbetdteq b baatilAtS i & c,ard-Cdcgre connected in
parallel to the input of the anplifier QAin the first phase, delivering

their conbined charge to the input of the anplifier In the second

QA
phase, whe S f &.he.s i I S ative,
I B e R A R LS e
this cade, cantrdjsdrbyci sah@ingrelackeccherstor (mt howat) ipfsutthe mamspreibat weent thansi st or
denotes a cl r i . i i rcl S en sistor.
This ol i LT of IR Ehflin? BP ere Gl SR IR AT SR, RENKRRDS' 710
out put t er rransibtoU(];, OB, dnde)ssdbasorick. pizgsdownd cbteaicgleairioyt tb hpessgrandQ.\entit age

fromthe flip-flop F.. The capaci.tors and. r S ially placed in
20 the 1 eedbEEn ofesPithan SRERFHEErEaT hh b i< n e Eb 2L Bl Eage
fromthe ouildtcirolk, tehecfivelQ-ohl thpbddE frertmirfad bLthp re&spenive RYittHigy aidsforyaht age to
the input o

he anplfier .. The residual loop filter. RLF outputs the
i nt egral® ofh¢ e Riighal o fl@ﬁ%&ge Aribe 1 lies 9k & I@Fatwﬁgﬁft ﬁtf?f‘séwea@i cal
zero val ue e eyaistdrgd blﬂél%grcﬁbleld&o@@aﬁ\@p&l @zﬁl_sisfbrr.edet ermned thr e$h0| d,
and a | ogi cal one val ue whenever the integral is above a predeterm ned

threshold. The flip-flop DFF converts the binary integral signal fromthe

conpar at or \GYB, ihRtsRnd &ist of EHG%H{Q%%]EIEQJ éé%graw g%@sene%laf?&kinsa! 90&ld fake and fed

to both the output termnal OUT the Tnput of the feedback transforner
Or as a fedbbawkchingmansistgs @y @Gowbdli@got He ot wepsigymes Ehtopant. andethenput  of

the a i fier i Y t.Lanshor.ner a . ti y, the
i nput rr\%): tasgféw%gwﬁ%?%é%g%z %& ggfé elatocs%'ofrIll {hgosggoélﬁod h}%eegetgl astlén 31:9%% ésf\él%\%ol t age
| evel V. i ssamplbiux edclagereratanse gpendelavitdomata tlbed nimesstboand adiledsirclg t he

supply cur rgnt. 9, LS IRLLLI ik, e W21 0 A2AFARSTLERRO0Y 935784 17
figs. 9 and 10, respectively, where the transistors Qq, Q,, Qs3, Q4, and Qs substitute the
switches S1, S2, S3, S4, and S5, respectively, retaining the essential function of the

25  circuit shown in figs. 9 and 10. The clock frequency of the sampling clock generator (not
shown) is of the magnitude of 30 kHz, and the clock frequency of the system clock

generator (not shown) is of the magnitude 1-2 MHz.

In the first phase, where Qi, Qs and Qs are closed and Q» and Q4 are open, the capacitors
30 C,and C, are connected in parallel to the input terminal IN, and each capacitor is charged
to the voltage present on the input terminal IN. In the second phase, where Q1, Q3 and Qs
are open and Q; and Q4 are closed, the capacitors C, and Cy, are connected in series to the

input of Qa, delivering their combined charge to the input of Qa and the hold capacitor



The delta-sigma Al D converter according to the invention acconplishes two
goals at the sane tine. Firstly, the single-stage input anplifier design

i npl i es twatotoe4sarrent consunption of the input anpli PCEEPa®y/ 0B84 educed
consi derably, and secondly, the signal-jk0-noise ratio is inproved by
transform ng up the signal |evel before it reaches the 5 input stage. The
application of sanple-clock controlled voltage transformers for isolating
t he i nput éﬁa@@eﬁ0¢h$@h@%knpm¢tMmmpmheﬂ@gq6ﬂ¢be@dbmmkﬂwwﬁpﬂwrE%p@ébbvely,
provides th signal -t o-noi se ratio problemarising from
using a s.ﬁgP&Ed?lﬁouﬂﬁ9 %eﬂﬂmngﬁer ‘Wi thout a significant increase in
power consunption. This deS|gn is preferred in a battery- pomered circuit

per son_ bt AenOTLLE Lo S e oh ke CalBe FRIb-B i Tt o G o °

converter rayudled sypihenempitl Glock RencedtdrClibt sINn) i€ RO b swgrgthath@hdﬁathe part
of the electronic circuit of an EEG nonitorin The schemm

t
fig. 12 shoti@acdgert desrynnem eskeashtrart gros Qe%gY%rﬂfﬂgeef%t phgee: |ﬂrﬁﬁém°fll g n

The Al D convgtitels GOOPEASOS Bile bPO! ald @JSHRI TR is 2ls8 Yustraked by 8t opéﬂto@gr at or
stage, a second integrator stage, a third integrator stage, a conparator

stage, a fid fikd grctggecspegtiiely. o the bﬁﬁ%’ﬁ“@@éﬂg‘?f th\raspecsig wHLtE v frgpsistops, i s an
EEG el ect r qgie, shafiRdCORRY hsioRd ABloEECGsRik 0l Gnd8in GORNCELRY 3
connected to {ieq?hput terﬁ#na of théﬁ#npuf'trgﬁg%orner stage?/fﬁg EEG

el ectrode duesstaotlhisgmpligrethat tof caphetosonved(arard coseddted ibparajerie thatiemitt he
signals to C gpﬁ

sanpl i ng frote%%lljegancps/ an@ ﬁlﬁglﬁ?% Stép At (?enl\églr& ethel'f 15%%#\6} ?%Fheqp%ggp&g ed to
t he si gnal sainiplifier Qhe EEG electrode The i nput transforner stage conprises
an input transfornmer T having an input termnal 1 and an output term nal 2.
The transfornmer T transforns the output voltage fromthe EEG 25 el ectrode
by a fact orinafic steahd phag, whiiethe elghsigdgpohe pdmmingtchek gerapitdr does nigaele, 2 of

t he |nput t ansformer T is three times the voltage present. on the input
termnal 1 B st 1%&]5?19{515?%&& RuroperyfndiQy 3%%@%%8#%@3? hsopen

Conflguredcﬁ%k&nﬁﬁb%h@yéwmhﬂhﬁﬂh&ﬂgﬁﬁh&@ﬁmﬁgh%&Bﬁn&{@8§£&M@§ﬁmu@@ﬂiQetai|S
of its operation is to be describ | ater with respect to fig. 14. The
i nput t r andfllse rficleTdongtes gnope frapissy. Ahisjigpliey Halkths jcgppgitors Ne1andrfel #esecond

clock 30 %oﬁﬁh%led(lh )sgnes rt@%lféecﬁftﬂu\f %rbﬁma'l @IPIF fethe 5QoREHhAE Thy Chdr8Qi€hy the
transformation. The clock s 1)2 are mutual Iy excl'usive.

Fur t her nor errot eltdgagipm thleethlsv%gp ﬂitEF Th¢ samglmrr» éru pedi Cip aresasedntiallynglgcadhat  t he
2016/ 170738 BCH RSB SReS A e 0B hslpd L TLABLGIBpZRER KEbdu oD

first capach¢ Dip-flddp, DIEF Isdtaro pebseraing chet coror GRltaga td thi rmbut:ranhmampirﬁeCQA and an
inverter anplifier "Al. The second integrator stage conprises a first
capacitor C4, a second capacitor C5, a third capacitor C6, and a inverter
anmplifier TJ."heTfk@ldtlzhi l‘odpifﬁlteeg{laﬂ' @utpatsage mwgmliozfeﬁle as@ﬂat Stont apacdndothe C7, a
second capacito hird 5 capacitor inverter anplifier 1A3.

The purposé”HPmPHE gMﬁtﬂEmP¥e% Ipgif gﬁﬁ?dﬁh?t&6@§vpéﬂp Itegrh & ¥e?shapi ng

| oop fidst erpréR@ehied mickidld, handf £eshias konsi @Ml §hédc08 thaeinfdgtap 15 Ia@@veshage and
the switches,, The coefficients. in the | oop filter are given b

capaci t or ragdetssmied dhreshpld. Ehy Bip-flemPEE. CO@’FF‘@Qhe berénteafalc%egl@ﬁe@ %‘F t he
i nput transehiRlor CNIEiIntAP B ki QhScdéroll by o6k AL d$RAnliqtd RURKIAGE Of the
anplifier offset voltage used to 10elim nate DC and to reduce the 1/f noise
in the conwafuétermingl QUT @ahicaunat pisthe fosdbaek wrsiarmer O rae b &tedbacl sigbhle
sanpling. The conparator stage conprises a tenth capacitor Cl0, a fourth
inverter anplifier |1A4, and

30 By doubling the voltage present at the input of the amplifier Q4 with the voltage

transformers 1T and OT respectively, the input voltage is increased by a factor two, and
the relative noise voltage level V, is reduced as a consequence without the need for

increasing the supply current to the amplifier Qa.



a fifth inverter anplifier "AS. The purpose of the conparator stage is to
condition and 15digitize the output signal fromthe chain of integrator

st ages i nwo 2a10bi24738t r eam sui tabl e for further processi n@ChEPRIDO/08%284 mat i on
filter and the flip-flop stage. The 1/l i p-flop stage conprises a first,
edge-triggered D-flip-flop FF1 for generating the output signals Yl and Yl
fromthe output signal fromthe conparator stage and the first 20cl ock

si gnal cji IThealekesigmd A/Bdgevarter geserdep ©-the inyerftjoomeeemdlisoss tyerperlani thg t he
out put signals Y2 and.Y2 fromith ut put  sj |, f.rom i

cdge-trogorad W TR o PR hBMLalhAR bl TeblRattehthe cumarea
third, edgeohsunggened the fihpup-aidphifier-R3y fter rederdr@nsidgatlheamiusqobdlgi hnal s Y3

and Y3 fromthe output.signal f t he secon edge-trjggered D-fl|pflop
2R and t norrerRtiT R LR bR e R IO T Fatbe bR oot put
fS: _gna:c | ¥1 tFi@pZut fgﬁg% e iﬁlﬁ}ﬁllbhti&f oﬂda@p&a@wkl Y;toﬁﬂrél&dfdopwgeﬁﬁasffof{ﬁkﬁs &Eﬁ@ﬂtﬂéing
I p-flop .feeds the output signa o the input of the thir
flip-flop nig% }npahatag%ém@hﬁ%? dantiaag ﬁh%ﬁfﬁp%eébéga?%@smﬁspma HPYAs thy3 and
Y3 to the rgl@yand EMsioal-169BLsk Qhtid PRIMSEN Q’f‘isih%@r(;rﬁ sthg | NLAGLALQE ighiage.
Y. 3 are used as conditional

The output signals Y1, Y2, Y3, Y1, Y2, and : . as. )

f eedback si agfng!lf@r Vslhous p sigpifiict iiprgeaphie ROWGHEANSHMBPn;. Rhis design is preferseddbnd and
third integfakeft.- Soirch® iyel & [ ik are
mutual |y exc pgﬁke, %%dn?he§%%%%§t §¥5g§P§H%Fq§§3%Q?ﬁ?1%%g%JBYél%méﬁ and Y3
from t hd ficegied tyhe psserohdnambnithesds 4ridr & @ degeltt mprggtbere dndDd¢liaigenid 402 ar e

al so VO 2030024 T38PCTH EER0091055284 9. myhal oy 6! STty pThe,rRaner in
whi ch the output signals fromthe flip-Tlop stage regul ates the signal flow
i n the firsdgctrbhie csastorfen &bh mbatoring sybtdnmt egr at or st ages will be descri bed
in the followng. 5The first node of the first capacitor Cl in the first
integrator stage is connected to four, mutually exclusive controlled
SW tches. Wienchdinatiodn ¥ig. i35 sHoimgh, deit-s{giya2A/anebnVartdr icdur@ihg td the ifivehtén. node of
the first capacitor ClL is connected to ground, an en (1)1 and Y3 is
hi gh or "ﬁl% A/D converter cornpr?ses an mput transfgrmer stage, a f?rstvmtegrat(or )stage, a second

integrator stage, a third integrator stage, a comparator stage, a filter stage, and a flip-flop

stage. Also shown in fig. 12 is an EEG electrode stage comprising an EEG electrode and

connecting wires connected to the input terminal of the input transformer stage. The EEG

clectrode does not form part of the converter itself, but generates the signals to be

20  digitized by the converter, and the input impedance, sampling frequency and input

voltage range of the converter is adapted to the signals from the EEG electrode.

The input transformer stage comprises an input transformer T having an input terminal 1
and an output terminal 2. The transformer T transforms the output voltage from the EEG
25  clectrode by a factor of 1:3, i.c. the voltage present on the output terminal 2 of the input
transformer T is three times the voltage present on the input terminal 1 of the input
transformer T. The input transformer T is configured as a triple switched-capacitor
voltage transformer, and details of its operation is to be described later with respect to fig.
14. The input transformer T is controlled by a fist clock signal ¢; and a second clock
30  signal ¢n, respectively, in order to perform voltage transformation. The clock signals ¢
and ¢, are mutually exclusive. Furthermore, the input transformer T is configured in such

a way that the output common mode voltage at the output terminal 2 is zero volts.



(1)2 and Y3 is high, the first node of the first capacitor Cl is connected
to Vh. Thus, the first node of the first capacitor Cl may be connected
t o groundworzoM24138specti vel y, dependent 10on the contr @CTgiPgenRi0s528The
second node of the first capacitor C ijg connected to the output of the
voltage transfornmer T, the first node of the second capacitor C2 and the
first node of the third capacitor C3 formng a first input node.

Fur t her nor elhet firet iﬂltqgsatorisrqqgatconmdeesiasﬁtsbnmgitoedilt ) SQ@dmitm@n@v@ﬁd( Nlis

hi gh. The & gacqgr 80 gd 91}:1 n}veﬁer a%?pcl)%r apﬁlcel stegond 1&5@ to(f %ﬁ gee %&rﬁéjrhseé) ?tf ? I nput

of the firstrinvertér a enever

i nverter anmppacitbe,, laA&comé ca;montdr-@;;g 4 duridtoephcitWih@d endes 1n412mr$nipilltjbr IAi I’Tée second
node of the tﬁﬁn rtd caglag i tor onnect etd the o t 2{ % f| rst
inverter arpr{ fiiggrao a&?}&OP‘Berﬁe i S[Slﬁap%cll °t heé 8€€Y aﬁ?%‘@if soft g

form ng sa &apmdr Copbd a nodeer MBIV BE. rlib)lﬁlrpose a0the BF gha, tres@ntegaﬁmﬁgage@n
between the fi and the second integrator stage exi.st first
node of theSt P?ﬁnegsa@p%rom @%ﬁﬁwé&w fge %afrcrngft Pve

25cont rol | eghgsWhd GR&RitcNEMEE AN An s lbblgmtertarbegltzénrt%l thé) Qﬂﬁc&fr rzltﬂ)@ fourth

capacitor C4 1s connected to ground, and when (kl and Y2 is high, the first
node of theffeufFt-nCeapaeiCorCei. iy hegd knabt€atEo oUHhe Trput firansiormgadhef t he

fourh CaPAGHiAL.h 1@ AiSe, GNEPkatl el PuscrRnihl Bk IOME: uLBGe1 Vi ng

t he out put rom-t Irst integrator stage. d node of the
fourth lé)apaﬁélmuaﬂte A and tegAmedhedt nasa ihéhdf jomgrtenolhes t9¢hrmdme if 4l$ot knopapaci t or

C5 and the f si xth capacitor C6. The second node of the
fourth capaC| ﬁ{ed@&qe& ptlltI.{gconnect ed to ground whenever (1)2 is high. The
second node of the fifth

The comparator stage comprises a tenth capacitor Cy, a fourth inverter amplifier 14, and
a fifth inverter amplifier Ins. The purpose of the comparator stage is to condition and
15  digitize the output signal from the chain of integrator stages into a bit stream suitable for

further processing by the decimation filter and the flip-flop stage.

The flip-flop stage comprises a first, edge-triggered D-flip-flop FF; for generating the
output signals Y, and Y, from the output signal from the comparator stage and the first
20 clock signal ¢;, a second, edge-triggered D-flip-flop FF, for generating the output signals
Y, and Y, from the output signal from the first, edge-triggered D-flip-flop FF; and the
second clock signal ¢, and a third, edge-triggered D-flip-flop FF; for generating the
output signals Y, and Y, from the output signal from the second, edge-triggered D-flip-
flop FF; and the first clock signal ¢;. The first flip-flop FF; feeds the output signal Y, to
25  the input of the second flip-flop FF,, The second flip-flop FF, feeds the output signal Y,
to the input of the third flip-flop FF, and the third flip-flop FF; feeds the output signal Y,

and Y, to the relevant switch control inputs of the first integrator stage.

The output signals Y,,Y,,Y,,Y,,Y,, and Y, are used as conditional feedback signals for
30  regulating the signal flow in the first, second and third integrator stages, respectively. The

clock signals ¢ or ¢, are mutually exclusive, and the output signals Y,andY,,Y,andY,,

Y,and Y, from the first, the second and the third edge-triggered D-flip-flops are also



capacitor C5 is connected to the input of the second inverter anplifier |
and the second WD 2010/ 124738PCT/ EP2009/ 055284 20 inverter anplifier | is
short - ci rwoi20edi2¢tsenever (1)2 is high. Wienever (lii i sPhirgieomhes2second
node of the sixth capacitor C6 is conngoted to the output of the second
inverter anplifier 1& and the input of the third integrator stage, formng
a third input node. 5The first node of the seventh capacitor C7 is

connect ed trouthally enslusak! Fhexwhogi mewkiohtrobliteet ggwalsc frew. thwwfepflep astrgey i s

hi gh, the f|r e. of | he . sqve a 7 A d und,
and when 4K2® ét(ejs %% Sllggl a]hjlﬁog\ﬁ, IICltttstl rﬂget Pe%cgn & t%? thl?d l%egrat? S?aagpe)ga ct))r9 C7 is
connect ed kﬁyﬂhedﬁhﬁeﬁﬂbsﬁgnode of the seventh capacitor C4 is also
connected to the third i nput node, receiving the output signal fromthe
second integrator stage. 10 The second node of the seventh capacitor C7 is
connect &d tThetfiier fdde SF tHrofiket @lpadifoe CRiigilt GPRGta@r €e anebrinb@ed fof Bhir, node of
the ninth capacitor C9. The second node of the seventh capaC|tor C7 is al so
connect ed toutgalbiarlugiie pravieHedsviiches Wien dThrd Yedsdrigh. Aodteandf Yt éighi eh
capacitor C8 is connected to the input of the third inverter anplifier 1A3,
and t he t hiffref nogdgof thv@r&téapaamslqlflt eqnpoi@l fogresdr andoyhea i pedl Yoiekigher (1) 1

is high. Whenever (1)2 is , the second, node of the ninth capacitor C9

i s connect & 2% % H%hlé%rtﬂb%ﬁrsblf(’dt? REthe firyt ganagier G idp Codﬁ‘ﬁ‘ft?(t toefn- Thygndhe disd | nput

of the compar,at he.co rator s ceiives the ut .signa
From the  HEFa°F e S6 S g Ban oo G Rarar §r e v AR fUnl & ¢ or
pr ocessiong daythé kwatdegdgnmmt i on filter. The bit streamis also fed back to the

first, the second and the third integrator stages, respectively, through
the flip-flop stage for controlling the operation of the individual

i ntegrator wmlcagesndhdde sfempetitt tpatide ¢ NRWonsdciaalo the QMfun@fehecbiiRde.
25The decimation filter generates an out put of a plurality of individual,

di gital si grapereiTeitbefrssingdrarf the ﬁe@nér%p%cmr Eatrdthe first Ityde PHyhet thigeh t he

input bit shreag cThested 191'5'@ ﬁ?limtsdog@ qlu?thérﬂfo% L BrsChp iUl & coARLER 1o
representing the sanpl e§ digitized signal fromthe Input electrode,

sui t abl & memmh@ddnﬂqrﬁomhe%ectronagnetlc transm ssion and further
processing by a digital signal processor (not shown). 30 The AID converter
according to the invention is configured specifically for converting

The second node of the second capacitor C, is connected to the input of the first inverter

amplifier 15;. Whenever ¢; is high, the first inverter amplifier 1A1 is short-circuited.
Whenever ¢ is high, the second node of the third capacitor Cs is connected to the output
20  of the first inverter amplifier 1o; and to the input of the second integrator stage, forming a
second input node. Whenever ¢ is not high, no connection between the first and the

second integrator stage exists.

The first node of the fourth capacitor C4 is connected to two mutually exclusive

25  controlled switches. When ¢; and Y, is high, the first node of the fourth capacitor Cy is
connected to ground, and when ¢ and 'Y, is high, the first node of the fourth capacitor C4

is connected to Vy. The first node of the fourth capacitor C,4 is also connected to the

second input node, receiving the output signal from the first integrator stage.

30  The second node of the fourth capacitor C, is connected to the first node of the fifth
capacitor Cs and the first node of the sixth capacitor C¢. The second node of the fourth
capacitor C4 is also connected to ground whenever ¢, is high. The second node of the fifth

capacitor Cs is connected to the input of the second inverter amplifier In,, and the second



EEG vol tage signals with a bandwi dth from between 0,1 Hz to approxi mately
40 Hz and a signal value of up to 0,1 volts RVMs. Thus, if a sanpling

frequencywof208212k48 and an
ratio of 128 is sel ected,

becones:
adequate for the current purpose. The A/D converter has a noise floor
1 p. Vrs ouevertehemefifiedti seshoarawiidthwiianovar G, Zis Hight &vVhd0evdr ¢ anblighsthdesi gned

to be operati t I | t f 0,9 lts. In.t i nt I t of
e BEQ moartarhge 85 BERHH enmet 830 Ryodisige eopt Surbgidived t ©

communi cat i @qsifieol, agehenphi dfghabird Makiedtbtagt Kofhing e fitird ihgmMnady/ar yi ng
el ectromagnetic field generated by a correspondi ng communi cati ons coi l

pl aced in an external part of the EEG nonitoring system and a capacitor

WD 2010/ 124738PCT/ EP2009/ 058284 P2d090528$anpl i ng
the effectivegbandw dth of the AID converter
Bandwi dth = 1 (32 kHz = 125 Hz 2128 ; 5 which is nore than

bel ow

for stors norichgrseRBIOYS RS stSBthDYhphdiRr &1 Rt ERRbEedCd &M tmutyally TERIsIVET NY
diagram shown in fig. 13 illustrates six cardinal signals in the
del t a- si gneopir@lcliSeankeer Woen codr i wdigho theHastinodeof thoseveBbenpdcrtantt e t op

down in fig. 13, the first graph represents the first sanpling cl ock signal

tki havi ng @prsteddel gepungdsfand whepde and &, jisshighy dhasBiishnads @f theeguemie apaqité second

h f h in fig1 | ock si gnal 2,
ol so nawi ng 8 peiand it V9t B BROEATR, S0 b8 ABRR Oh3EE SIS it BhC, 1o
the first

t the sane tinme, a non-20overl apping clock scheme is used. This

state
means t

ts t second-.cl o

S, vers esp

thir¢ Inpetnode,gelvifglthd outhit siymdiefiorh eheryotond aegigtociaggnd (1) 2 change

at th and (1)2 wll never be high at the
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The second node of the seventh capacitor C; is connected to the first node of the eigth
capacitor Cg and the first node of the ninth capacitor Co. The second node of the seventh
capacitor C; is also connected to ground whenever ¢; is high. The second node of the
eigth capacitor Cg is connected to the input of the third inverter amplifier I3, and the third
inverter amplifier Ias is short-circuited whenever ¢; is high. Whenever ¢, is high, the
second node of the ninth capacitor Co is connected to the output of the third inverter

amplifier [x3 and the input of the comparator stage.

The comparator stage receives the output signal from the third integrator stage and
generates a bit stream suitable for processing by the decimation filter. The bit stream is
also fed back to the first, the second and the third integrator stages, respectively, through
the flip-flop stage for controlling the operation of the individual integrator stages with

respect to the input signal from the electrode.

The decimation filter generates an output of a plurality of individual, digital signals
(sixteen signal lines are indicated in fig. 12) from the input bit strcam. These digital
signals form sets of digital words, representing the sampled, digitized signal from the
input electrode, suitable for encoding for electromagnetic transmission and further

processing by a digital signal processor (not shown).

The A/D converter according to the invention is configured specifically for converting
EEG voltage signals with a bandwidth from between 0,1 Hz to approximately 40 Hz and
a signal value of up to 0,1 volts RMS. Thus, if a sampling frequency of 32 kHz and an



same tinme. The third graph fromthe top in fig. 13 is the output signal
Yo fromthe conparator stage. This signal represents the bit streamas fed
to the dewOrratoviaw73Bi lter. The fourth graph 25r epr esent s PCinEPoeOs328%i gnal
Y1 fromthe first flip-flop FF1l. This sijgnal is equal to the signal Yo

del ayed by half a clock pulse, and is used to control the third integrator
stage in the manner described earlier. The fifth graph represents the

out put Si gnHIerSMﬁplngomiomsf F28r st sefeciep, fheopfeRfde. batdwsdtbiodrthé A/D aquertert o t he
signal Y1 a}%(ed by half a clock pul se, and is used to control the
second i nt egra of stage in the manner described earlier. The sixth 30graph
represents the output signal Y3 fromthe first flip-flop FF1l. This signal
is equal to the signal Y2 delayed by half a.clock pulse, and is used to as
feedback to the third integr@&,dwidth i > manpper described earlier. WO
2010/ 124738PCT/ EP2009/ 055284 22 The tAir &&rder delta-sigma A/ D converter
accor di gg to the invention is configured to sanple, noi se-shape and
digitize the input signal fromthe electrode as shown in fig. 12. As the

signal s fromithe nfr&mhh eEtQuatt forVIRS SuridRdirpos® e FAOD b Bfertanik hhhbkatibén i1s
desired 5 before the signal is dlgltlze In order to keep power

requi r ementbsloyt | tNes eyessherbietiverhandridthlran 84 iizte iz andds designaditn bea vol t age
transfor marqpl—ra'tl %é{saesggé}? vbl'fhfgre %ﬁ@ 8 ,bhe Irﬂ 'I!rﬁém&l%‘éﬁ'of ﬁw‘é%ﬂ(}aﬁhﬁt&fﬁ the AID

converter , a vo tage transtorner having a
transform rsamm, tbfs stipiBy veltags wroxm&dky\ﬁcﬁonagmlaatlamsbd rgmmratiﬁg@o mfdugtiomed f or
use in tOh y nverter a ntlon i glhown in fig. 14.

The voI]tageufrFansofnbr r?'m%ef:efitﬁ% gt 13 ?‘lnﬁratte rarﬁorrﬁTpof "8 first capaci tor

C', a seco rvdnmamatammrcoﬂ)olacai i tan leﬂtema]qmu dfetic KEG aoardrimgfsyaomf andlal ed

swi tches for g‘%?’?tlnrg thhe Si ro t.hrough.the vol tage transforner T,
and an out Fﬁﬂ?“ﬂ F 9T HRTIRhe $he ?‘}e‘it‘f‘?é’f Jrthge transformer T are

controlled by the first clock si gnal (kl and 15 the second cl ock si gnal
11) 2, respectlvely The cl ock SI qnal s ch and é are changing with the
frequency ofhetiingdiagpe shayein fig T4 disiitpenr eudinplsignalsir fie dgia-deme &R osed

when thg r egpeglet x&oﬁiﬁ% i gn@hudns SBindfem ATtoBRBI R 12 tliﬂeché ﬁ%sl?%@a hve

cl ock signal is not hi in the sane manner as shown in OWhen
the first obweknsityndirstchampingdiclphk signel i hstingnedesodfof e,échwlmerre tﬁhcs the
capacitors Cx, Cy and Cz are all connected to the input termnal 1, the

second nodegmptingfieticesty. Thresceansaariroirem dre togin figd 3 @preseets dic scewdsiasked t o
grou nd Th %?%}wlf %y alsy 35%9& % ggrfq?'ied} S}go %u{ Ibﬁ%%gatlgpe%edtlg %ﬁgsg wlth }esﬁpcq t IR fi Eﬂ&l €

capacitors

clock signal ¢;. In order to not having ¢; and ¢, change state at the same time, a non-
20  overlapping clock scheme is used. This means that ¢; and ¢, will never be high at the

same time.

The third graph from the top in fig. 13 is the output signal Y, from the comparator stage.
This signal represents the bit stream as fed to the decimation filter. The fourth graph
25  represents the output signal Y, from the first flip-flop FF1. This signal is equal to the
signal Y, delayed by half a clock pulse, and is used to control the third integrator stage in
the manner described carlier. The fifth graph represents the output signal Y, from the
first flip-flop FF1. This signal is equal to the signal Y, delayed by half a clock pulse, and
is used to control the second integrator stage in the manner described earlier. The sixth
30  graph represents the output signal Y, from the first flip-flop FF1. This signal is equal to
the signal Y, delayed by half a clock pulse, and is used to as feedback to the third

integrator stage in the manner described earlier.



25When the second clock signal (1)2 is high, the first node of the first
capacitor Cx is connected to ground, the second node of the first capacitor
C' is cormocbmdi28m38t he first node of the second capacit @CT@pP20MNES28€cond
node of the second capacitor Cy is conpected to the first node of the third
capacitor C, and the second node of the third capacitor C, is connected to
the output termnal 2. The voltage charges of the now serially connected

30 capacitors Cx, Cy and C, are thus conbined to a single voltage equalling
thr ee 11 mespf b BRHE aUOLUBAS A MNER, LN oLdckBhy 6] 8GN SLA0RYS (dlbylcg (01 on
again, the process 1s repeated. In {hi's way, f e voPYage preseﬁP on'the

i nput t er msamblelnéise-ehpeatd digitiye theiippue dighdffame tHeallsvgofs sshntvedn fig. the fir st
i ntegrator stage. 2010/ 124738PCT/ EP2009/ 055284 In.fig. .15 i.s,shown
an equi val it PEGIRRHACTR BF SEUETorE connyets syma i o g e hdeyfid shown
infig. 5f12_.befd’1wal_rets%ﬁ151 i@ﬂi@itfzé@QﬂBﬂbﬁMlkuélﬁpb\Tdﬂ rﬁdliugi:rhéﬂts 61 th€ eledtsode bﬁd/ih_eg t he
virtue of inverting or negating the |ogical value presented to the input.
Inverters aV® YT P ﬁﬁﬂfé@%ﬁ%@%ﬁﬁ@ﬁ#ﬂ%ﬁ@ e to dngrense B igRanat or

field effechalddnsitsd AID (EMISRETh (RebRPRIYh St QRAIALIVBEadcNrad AbHi@thh@Rg Aode.
However, an inverter nmay be regarded as a single stage inverting anplifier

wi th an i nptaosfermp &éio of Tids ifut of fset is about hal f the supply voltage.
The output of the inverter anplifier is in fact a push-pull anplifier
stage. Such an anplifier stage is very effective in 10 sw tched-capacitor
syst ensl0 The vokagronaistormigntl térdigurednoc ondue tthi €D ( svaer riccafling MBS/ PMOS

push- pul | I.L1er e |l I J r sitive
Bnd mogat i yaririh B pRREras T PHEvdhal B A £ UBRR 0] PRl EITY 125 o
out put st adest aapeiter Che soeoad rcagactorf Une thiaicapaditgr € lastisoffcontralet heitcliche

mpor tance PHEGH+ ERA HaR DR lreto S e R B RRY  EmionlL P 2

stabl e bi asThQEREKS ih SheSkdabd @&hsfdrer T RAWEEINEH1IM by theifve cAdRiAkIe), and
amplification for a lot of circuit aﬁplicatLons, including the AID
convertler dhe sasend gedkmignahgz. werectively. Hée glock sigamsdpodde aeshaigerwth bas

di scussed ol seuere i LRSIARR! I&addAbed GMED ARlal BARKEAT AR fgat i on
gain (3, the output voltage Vo’of an inverter anplitier is: Vo =
respective clock signal is high, and open when the respective clock signal is not high, in

the same manner as shown in fig. 12.

20  When the first clock signal ¢, is high, the first nodes of each of the capacitors C,, Cy and
C; are all connected to the input terminal 1, the second nodes of each of the capacitors C,
Cy and C, are all connected to ground. Thus, the voltage present on the input terminal 1

charges the capacitors Cy, Cy and C, to the same voltage.

25  When the second clock signal ¢, is high, the first node of the first capacitor Cy is
connected to ground, the second node of the first capacitor Cy is connected to the first
node of the second capacitor C,, the second node of the second capacitor Cy is connected
to the first node of the third capacitor C,, and the second node of the third capacitor C, is
connected to the output terminal 2. The voltage charges of the now serially connected

30  capacitors Cy, Cy and C, are thus combined to a single voltage equalling three times the
input voltage. When the first clock signal ¢, is high again, the process is repeated. In this
way, the voltage present on the input terminal 1 is effectively tripled before being

presented to the first integrator stage.



where V1" is the input voltage. Using standard technol ogy, anplification
gain values of 25 around 150 tinmes may be easily acconplished in this way.
The i nverwerzoswphi3Bi er | shown in fig 15 conprises a fi PST/HRMIS055280Si St Or
Qd, an PMOS transistor @2, and a secong3NMOS transistor Q A supply voltage
source Vh is connected to the source of the first NMOS transistor Q, a

bi as vol tage source Bl, having a voltage 30 value larger than Vh, is
connect ed tlo fighéS5 grashewofantdqeivilentsich¢dhDB df regesérst iver@t amphgersiofrtbekiofl t he
first NMOS transisto I is.connected to the.squr f the PMOS transistor
@ “an i o P TRl A Rt A AEELGHGReD IF SRR GR B ETHRED

t ransi st or ifRridmpdortiegatigabn tbegMOGlia @aehtt o6 tHBnputelapactd areluyyally meaddr ai n of
t he PMOS transi sto and the MWD 2010/ 124738PCT/ EP2009/.055 rai n of
the second RRBETHERETomes PEie GBRPEE o G BIH DUt Pb S and ¢ he
source of tdensecHoktiNVaSatuFaldsnslder B is connected to ground. Wien a
positive signal voltage is applied to the input A of the inverter anplifier
I, the 5 output voltage Y goes negative, and when a negative signal

vol tage is @RRIviedn i chiflendy RUlcgfided 118 QMO Whod/RldrBGLanlp NG Svihasi ikhive. 1N

this way, the inverter operates as an inverting anplifier with a sufficient
linearity abictdiTdedrputaniset yughour balf dace sunplyt MeltagrDlev AYERE BF theci@dPtirng to
the i nventionyal0 i ﬂctdal&sﬁ-gﬁﬂ"%m Hii‘lé?'%ﬁ %%ﬂ%ﬁﬂgm@&%&g&%%@ fBde3h N9 an
inplantable part 41 and an externa par%t 42. The inplantabl e part 41,

sui t abl @ f owitgkddagppanitior vysiered uhoy rgpesr tis dlee dthd dhiinpayndintanear(lafVia glerson in

need of EE i L I C 43. having a
i urali ty o DSOS I FATRRLIES Fief fRf Y SRUBRBACkE B8, 38T, "T,
bei ng conneatl edgitiyeampue lsenbls,owhich ¢§ natuht c&@. of theaddik@akbtlesst A @dgud Staghiown i n

this 15 enbaodi nent has.three active areas, 5 but. ot her enbodi ne may
Foqui re. an Rt BratpSisc SO Ry bha TR iy ShE T +RETSE b dle
circuit 60 lowmohcseguiddndt 3 eonveiduar ifpbrtasedn dh MBECQ mohii@ingnvashitobe a data
packet controller. 45 a comunications controller 46, and a vol tage

regul atlor 47 $AREIEPELE r ode 43 is connected to the input ternminals of the
Al D converter 44 via electrode wres 54, the conmunications controller 20
46 is connected to a first comunications coil 49, and the voltage

regul at or 4¥ajsigbledrinserttags is sunplied rtbmrinyertcs puld ighsradagiatermplificrtiondar a fart 42
of the EEG df%ﬂbﬁipéﬂpﬂgatéﬁéltiﬂl'ﬁcﬂ@g ROMPHIfRr@r GARL [RbhiRN, Ak HANRGLEHJt 0 a

second communi cations coil 50, a battery 52 for powering the controller 51,
and a | oudgpesk esongderpigms pigeisetidn glsewheie ows thicc appligatadn. @ivgn amn ahcienh i n t he
event a sei.zure com u 5 Wepn ip use, the external part 42 of the
te6 o oy ey Creb b P iE T Batiferet REP B %6 s Doer for “whom
nonitoring of an EEG signal is desired, and in the vicinity of the

subcut aneously i npl antable part 41, said_ inplantable part 41 being

i npl anted right bel ow the skin and slight' My behind the ear of the user and
positioned in such a way that a 30reliable, electrical EEG signal nmay be
detected by the el ectrode 43. The el ectrode 43 picks up EEG signals as a
varyi ng el eclicrd ¥alis vdal inpge ofregee tilsing| stehdarh téadology, amplification gain values of

25  around 150 times may be easily accomplished in this way.

The inverter amplifier I shown in fig 15 comprises a first NMOS transistor Q;, an PMOS
transistor Q,, and a second NMOS transistor Q3. A supply voltage source Vy, is connected
to the source of the first NMOS transistor Q, a bias voltage source Bj, having a voltage
30  value larger than Vy, is connected to the gate of the first NMOS transistor Q,, the source
of the first NMOS transistor Q; is connected to the source of the PMOS transistor Q,, an
input terminal A is connected to the gate terminals of the PMOS transistor Q, and the

second NMOS transistor Qs, respectively, the drain of the PMOS transistor Q, and the



of the active areas 56 and feeds the varying electrical voltage to the
input termnals of the AID converter 44 via the electrode wires 54. The AID
convert erw02ooonysst s t he varyi ng WO 2010/ 124738PCT/ EP200%/rpr2&20485285

el ectrical voltage fromthe electrode 43 into a digital signal and presents
said digital signal to the data packet controller 45. The data packet
controller 45 arranges the digital signal representing the electrical

si gnal fromrtihef ¢hesrondSMEB irmspta Gt is samcofed data oppok ermsinac¥ormithg to a

pr edet et m 1. cOMUOLGR (RS RLRLOER): 1. AT J8505, g Tesul ting stream of

5dat a packe e communi cat ons ol'lTer e communi cati ons
controller 46 is configured to alternate between two operational states.

The first te of .the.co ni cations,contr.oller 46 enabl es tf | ectronic
T it b0 VB b Pl SRR R &0 Mo Hhof e dhrer am iy Sy FF o't he
second GONTRURIUE Ab1tROY gokOntile, 26k @hed hcganivigial viiaps ishgpld tb e ifpurst

comuni cations coil 49. The el ectromagnetic energy received in the first
conmuni cat i4r8c EBPHt RES Y §osh BPRE e T NS Wive tRoWVErH CRETRIGHES RbHYVFEIRBer 46

to the vol taggincedshat Qirmddniandasy ohgdiddrief lnyu@siod uiolnt dgen/pha@nggtdrn the
ceram c capacitor 48. The electrical energy stored in the ceram c capacitor

48 is then age¥dingdo He pugRiionsource for the electrical circuit 60. 15 The
second state of the communications controller 46 takes data packets
representing the electrical EEG signals fromthe el ectrode 43 fromthe data
packet Bonthglltethons apkECConvigning system40reotipeisihg pe tmplontabinipedtdl gnd agoi | 49

into bursts | ect,r0 j S I i r i d
ot act ed by et LR ORI SO PLO MGAZES M ABLOBGEFEMERET, 4,
The second tebmduind catof ansrsooiih n&fl cfoffe mianitbtiee, camptisced sobicusdnsowf EEG

el ectromagneti c,ener i nt.o | ectrical. signal, suitable for bein

cont i nuous!eHBMC Bk et BAN-AL A4S 8 SE SHEFLT B eor ity HUFRGTER ¢ he
resul ts of 43hecignadnnsetsd ef ah keeckhe irguiabs., TREEES dasroday3bdotvakenhiy 25
the controller 51 to activate the | gudspeaker 53 soundi ng an. al ar e.qg.
when a lor e&&%eﬁm%gwm?eca?meo%ﬁst?O%ﬂ)uf §al‘iéé gdipGnis My ESBHE aflrgll‘rﬁ]t he
anal ysi s ofcldchedERvind 8B Svo d0ive RéaRl MhERYeckBIBO BT 60 TokDEtest /1 KB .
medi cal condition, and allow himor her to take adequate steps to alleviate

t he medi calOBYHET tH gpcording to thy inveRiiony aadaby Backet qonirelier f¥ug comMEBisaiAs | ng

medi C_al perc%ﬁt@&fé!r 4%,0 aﬁfg \Io‘ﬁﬁ e' fggﬁgfoﬁq? @Hé/ iefé@tr&fe AtBeispconqui’é?ing)i g i%htt he
30nedi cal condition. Figs. f% and 18 shows an I nplantable part 41 of the

EEG noni t ortemynalyef mA40 corowiar {4 viajadpctrad wikgsgd4, e eohowwnicatiomspeonirellerof t he
il antZ%)b ! GPR' éonﬁ&cteda[bd aftilrgt c&mﬁﬁ&%ﬁ)n?‘ coil 49, and the voltage regulator 47 is
connected to a ceramic capacitor 48. The external part 42 of the EEG monitoring system
40 comprises a controller 51 connected to a second communications coil 50, a battery 52
for powering the controller 51, and a loudspeaker 53 for providing an acoustic signal, e.g.
an alarm in the event of a seizure coming up.
25
When in use, the external part 42 of the EEG monitoring system 40 may be placed behind
the ear of a user for whom monitoring of an EEG signal is desired, and in the vicinity of
the subcutancously implantable part 41, said implantable part 41 being implanted right
below the skin and slightly behind the ear of the user and positioned in such a way that a

30 reliable, electrical EEG signal may be detected by the electrode 43.

The electrode 43 picks up EEG signals as a varying electrical voltage potential from two
of the active areas 56 and feeds the varying electrical voltage to the input terminals of the

A/D converter 44 via the clectrode wires 54. The A/D converter 44 converts the varying



correspondi ng side view of the inplantable part 41. The inplantable part 41
conprises an WD 2010/ 124738PCT/ EP2009/ 055284 26 EEG el ectrode 43 having

i sol at ed woean/B3%738act i ve areas 56a, 56c¢ for contacti ngPsulapatos28s ti ssue
in order to detect the presence of an ekectrical signal, and a
substantially circular carrier elenment 57 conprising an electronic circuit
60, a ceram c capacitor 48, and a first communication coil 49. The

i npl ant abl eelgsaricpl 4ditdges foonfhegeleawmdt @b in® s digitat siged adiprpieatntsaidi dgitdbehi nd

t he ear of r he, EEG el et rpde 43 is e i n..el ongat ed
rember havi Oty BE ab ARG RS B £ty SRR 3y DRl o RRR

appr oxi mat elighallrepmyenanglthc kiecsigisigaal frah khe obdctrodd 4% inar stiean ofHampaketSs7 has a

di anet er of approxi mately 20 in order to ke the EEG el ectrode easily
ol ant abi aecF Bl g o] Wby SraFohB ot oS My B 13 of
subcut arseousitaypabledi o ahd ddennamicabbnseotiS@ler 4p. or der to provi de a signal
suitable for detection by the electronics of the internal part of the EEG

nonitoring system A typical output signal fromthe EEG el ectrode has a

nmagni t ude iThet ek @G80 caRBI AR &n¥igdrell -6 Mitb@ath AS2Mecn NUS CofcRifional
contractions usually generate 15 voltage levels of a magnitude of 10 nvV,

but such sisiest Shefiist K3tp phihe gorpgpnipstions eondgipl ercdh englples the elegtpppiceinggit 8 | evel

of the ele i e 1 f 0,1to
200 o, “ande PRERreZe e ambghctal o TERARUEREL NG 1 ARSI L e
el ect rode vad 54 dites ederpaltpatl4d HTHE o lcymeunigaisws caihdd t He déctiomeghtic

{act . i SN bl ) ity r
CPe e o8 i pEA s ok SEH Rl SRREH aStorrbd B HEMIRIAGtIL | DY
i npl ant abl eop@elter 46 tb shenclege degbatgd €1 eddy stored erivtlp-as anpdb b Llgrgesi the ( not
h but f .th de, 43. i d t tect. the el egt i
oo try. 1Bt g e Tisn e Sl Cami g ShRe At rePrbict o
i npl ant at i aR a pdhensoutre f@xheslodticabirgardd. 42 i s worn behind the ear where the

i npl ant__has been positioned, the second conmmuni cations coil 50 of the
ext er nal® part will be less than one cmfromthe first conmunications coil

49 of the iTRlefhakle: dahd cobmutibidond @mkbildratol thigs @ HeatheRnbit een the
i npl antabl e part 41 and the external part 42 of the EEG nonitoring system

40. This cohstiitrt EECotignake fratiethe tarstrade 43 fEam s data pagkst icowrallgg 45 and
el ect r omagnghi&sGRGH &Yt @ dohenintBRESRtBN B iRR! burdd of @r&({irohﬁgné-timln@xggabl €

part 41 transmtting data representing signals fromthe el ectrode to the
ext ernal panitadQ fdrdreingngbaraddsand dggerd 10/ the 4738PCTNERPRFIYB5HASH of the

20  external part 42. The second communications coil 50 converts the received bursts of
electromagnetic energy into an electrical signal suitable for being continuously decoded

and analyzed by the controller 51.

Depending on the results of the analysis of the EEG signals, decisions may be taken by
25 the controller 51 to activate the loudspeaker 53 sounding an alarm, ¢.g. when a
predetermined medical condition is deemed to be present from the analysis of the EEG
signals. This alarm may then alert a user to the medical condition, and allow him or her to
take adequate steps to alleviate the medical condition, e.g. by taking a prescription drug or
consulting medical personnel to ask for immediate advice or help, depending on the

30 medical condition.

Figs. 17 and 18 shows an implantable part 41 of the EEG monitoring system 40 shown in
fig. 16. Fig. 17 shows a top view of the implantable part 41, and fig. 18 shows a

corresponding side view of the implantable part 41. The implantable part 41 comprises an
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EEG clectrode 43 having isolated areas 55, active areas 56a, 56c¢ for contacting
subcutaneous tissue in order to detect the presence of an electrical signal, and a
substantially circular carrier element 57 comprising an clectronic circuit 60, a ceramic
capacitor 48, and a first communication coil 49. The implantable part 41 is configured for
5  subcutancous implantation behind the ear of a user, and the EEG clectrode 43 is
embodied as an clongated member having a physical length of about 60 mm and a
physical width of approximately 1 mm, and the substantially circular carrier element 57
has a diameter of approximately 20 mm in order to make the EEG eclectrode easily
implantable.
10
The EEG clectrode is arranged to be implanted subcutaneously behind the ear of a user in
order to provide a signal suitable for detection by the electronics of the internal part of the
EEG monitoring system. A typical output signal from the EEG electrode has a magnitude
in the range of approximately 1uV to 100mV. Muscular contractions usually generate
15  voltage levels of a magnitude of 10 mV, but such signals are filtered out by the system.
The intrinsic noise level of the electrode is about 1 pV RMS measured over a bandwidth
from 0,1 to 100 Hz, and the uscable bandwidth of the output signal is 0,1 to 40 Hz. The
electrode has a bio-compatible PTFE polymer base, and the electrode contacts are made
from a, likewise bio-compatible, platinum-iridium-alloy [Pt-Ir] with 90 % platinum and

20 10 % iridium.

Prior to implantation, the implantable part 41 is encased completely in a bio-compatible
resin (not shown) but for the electrode 43 in order to protect the electronic circuitry from
the environment of the surrounding tissue posterior to implantation. When the external

25  part 42 is worn behind the ear where the implant has been positioned, the second
communications coil 50 of the external part will be less than one cm from the first
communications coil 49 of the implantable part 41, thus facilitating communication
between the implantable part 41 and the external part 42 of the EEG monitoring system
40. This communication includes the external part 42 delivering clectromagnetic energy

30 to the implantable part 41, and the implantable part 41 transmitting data representing
signals from the electrode 43 to the external part 42 for analysis.



5. 25 6. 30 7. An i nput converter for an EEG nonitoring system said
i nput converter conprising a voltage transfornmer and an anal og-to-digital
convert erwof2otofie4m38l t a- si gma t ype havi ng an i nput st agePamEprPanndnsi2put

stage, a connection fromthe output of she input stage to the input of the
out put stage, and a feedback | oop between the input of the input stage and
the output of the output stage, said input stage conprising an anplifier
and an int €graMY, wherein the voltage transforner has a transformation
ratio such that it provides an output voltage |arger than the input voltage
and is placed in the input converter upstreamof the input stage. The

anal og-t o-di git aln dgnveconecrteacfoor @i HEG anaditring lsyseharsact enpus echbnivertdr hat t he
vol tage transforner .i.s a swi tched. capacitor voltage. transfor . ,Ihe

hnal ogct o di ot ¢ SPREEHUeE ¢ Bhes R oG A0 o8 Pale 5K RErT SO (o hat ¢ he
Vﬁl t agg st ransf Ol’sfglﬁil’a t?péﬂhﬁiiﬁgsn ahput @@%b ah&@ncﬁwlﬂﬁisb?gé,sa abﬁ@dag@d fﬁta)ﬁh e

charged in a parallel configuration by an jnput voltage and. t e

di scharged in a°d®pt of thedmpyt gtaeads dis, maw ¢fvils i%@%ﬁ%@ﬁ&a f\??ﬂ%ﬁ%@,opand
neans for contr%B&h&gﬂkhanghaﬂguﬂauaﬁg:Qm&g@amgwngwgimh@ﬁs&@aaﬁwhgﬁﬁ in the
respective configurations. The anal og-to-digital converter according to

cl ai m 3, char act@gs seEPising Hatmpliier oel phEceratern sheeimethe veltags iepypied by a
sanpl i ng cl ock : ] =di g al re(l to
clarm A char actay | sn e e ABRAgEhEn AR an AMEL bRl REER GRS Dy
systemldl ock genmuavgiage Tivks ahatdogtheonplitgpmattecupsivean efthamperstigag to clai m
1, characterized in that the anplifier conprises a single anplifying

sem conductor elenment. The anal og-to-digital converter according to claim
1, char act eri Zedhe nntlbgto-tilzaalacopiértar exccardinp rto sésmal , bahbfaeterisadvier thatr thas t he
anplifying elenggﬁqﬁtmo 010/ 124738P /EPZOOQagggZS 28

ransformer 18 a switched capacitor vo ansformer.

15 3. The analog-to-digital converter according to claim 2, characterized in that the
voltage transformer comprises at least two capacitors arranged to be charged in a
parallel configuration by an input voltage and to be discharged in a serial
configuration, delivering an output voltage, and means for controlling the
charging and discharging of the capacitors in the respective configurations.

20

4. The analog-to-digital converter according to claim 3, characterized in that the

voltage transformer is controlled by a sampling clock generator.

5. The analog-to-digital converter according to claim 4, characterized in that the

25 voltage transformer is controlled by a system clock generator.

6. The analog-to-digital converter according to claim 1, characterized in that the

amplifier comprises a single amplifying semiconductor element.

30 7. The analog-to-digital converter according to claim 1, characterized in that the

amplifier comprises a buffer inverter as the amplifying element.



8. The anal og-to-digital converter according to claim?2, characterized in
that the output voltage of the voltage transforner is |larger than the
respect i weoiznpu24%8l t age. 59. A method of converting anpramaPogossizaal into
a digital signal in an EEG nonitoring ggstem conprising a digital signal
processor, a sanpling clock generator and a system cl ock generator, said
nmet hod conprising the steps of transform ng an i nput signal voltage into a
hi gher vol t ag®, Tarphilbgitadigitieconvertes fageardidg itoplaims3, gphatactgotedaigethat the
integrating the transforne |0 T i ol t ToredO0odl gl T zI NG £ h

ol 1 ed, i nt o8 Rlb et oS Rises SRS e & v otk ¢ ne
transforned i npubltagel t age, and using the digitized, integrated voltage for
generating a digital output bit streamrepresenting the input signal

vol tage to subsequent stages of the digital signal processor in the hearing
aid. 1550. The nethwghdact @bthichthet Bn Ghalbf SanalVigb ed nlidifae sh&Pidfan EEG
transformng the input si (%nal vol t age id{gt-o a.hi gher voltage i -vo!gi/eg t he
steps of char gi APIEPTIIE AXYCR vOMYAISHE] § ghigtal r?l%la[q)é’F%ﬂe?S@F %éﬁ@?g‘&ﬁ 96n to an
i nstant aneous Valmeaef atd18 dyapMt v t@@RtdrNsAd fhdifdd aiasRindf tht hepsignal
fromthe sanpling clock genérator and discharging the at |east two
capacitors in ateefoming ¢hf ingut alendnvelisga i8@cankightiasdtass. yRRlifgingnde 20
fromthe sanpli . . i i t : i

di schar ge vol taé*%n%%ﬁ%ﬁﬁ@ﬁ‘52@?%1%%“3%%3&?%%“%%%é‘%%&%gb%%%%‘i‘?ﬂ%%’ The
met hod &ccor di ndigitrieg the pmglifigth éntedrated meltage.eypbiodctiag dictdigiirng voltegeafiprhi f i ed,

i ntegrated vol t age, | S f rj. th Lj £

integrated 25 vo %rg%go \ége{n%lr?gv zt%%e?ﬁaﬁngeué&gg@ ? adéggéeﬁd?%%gtﬁ %t\%oﬁggeafor

di screte, | ogi cabnesatougad digitaldewemdeincecand réfhasemalgure ahput hznahpodldgk ed,

integrated voltage and the signal .fromthe syste | ock generator. 3012. An
EEG oni tori ng SySFait Ech el (i Dl 1t RIS YRGS F86 “8 per son bei ng
nonitored, said systemconprising at | east one el ectrode adapted for
measuring one_ or nore EEG signals fromthe person carrying the system said
syst em Conpri L-Ade Mghed agsp [ ﬂémh@aﬁ’?erfeg‘r thﬁrféﬁpy%é Hé“ ‘)rgﬁ@méE‘é%P%}’ﬁal ,
adapted for, bagpdalomblhpe itk et 3bltagk ABMHIVE Whd Sey oPEREIISE hiBagRRET fi C

bi ol ogi cal incidences 35in said person, characterized in that said system
conpri ses an i nSiaciéghine pasllcl gynfigpregen ap3petynempopbres §rdapu golage or di ng

to any one of the,qaifiBsclorthSsighfiffhn %%%m?ﬁﬂgd/@16&1@%%&12&%&9111&@1%@&%9111&0

convert an anal og EEG'signal fromsaid electrode in digital srgnal. 13.
The EEG noni t or ithvpt dsast e capasdomiim g serinl edrdigmation invheaceidphasd of the slgnal ode and
20 from the sampling clock generator, thereby multiplying the combined discharge

voltage of the capacitors by the number of capacitors.

11. The method according to claim 9, wherein the step of digitizing the amplified,
integrated voltage involves the steps of comparing the amplified, integrated

25 voltage to a predetermined voltage and generating a discrete, logical signal in
dependence of the value of the amplified, integrated voltage and the signal from

the system clock generator.

30 12. An EEG monitoring system for being carried continuously by a person being
monitored, said system comprising at least one electrode adapted for measuring
onc or morec EEG signals from the person carrying the system, said system
comprising signal processing means for analyzing the EEG signal, adapted for,
based on the EEG signal, identifying or predicting specific biological incidences

35 in said person, characterized in that said system comprises an input converter



5 said input converter are arranged in an inplantable part adapted for
recei ving power supply wirelessly through the skin of the person being
noni t or eawoand/f2ur38her adapted for transmtting digitizedTEE®®iog2ad s
wirelessly through the skin to an extergal part.

according to any one of the claims 1 — §, said input converter being adapted to

convert an analog EEG signal from said electrode into a digital signal.

13. The EEG monitoring system according to claim 12, wherein said electrode and

5 said input converter are arranged in an implantable part adapted for receiving
power supply wirelessly through the skin of the person being monitored, and

further adapted for transmitting digitized EEG signals wirelessly through the skin

to an external part.



