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5 [0001] This application claims the benefit of priority of Singapore application
No. 201003696-0, filed 26 May 2010, the content of it being hereby incorporated by

reference in its entirety for all purposes.

TECHNICAL FIELD

[0002] Example embodiments relate to an analogue to digital converter, an integrated

10  circuit and a medical device.

BACKGROUND

[0003] Analogue-to-digital converters are usually electronic devices. Typically, an
analogue-to-digital converter operates on an analogue input signal to convert it into a
digital output signal. In other words, the analogue-to-digital converter may receive a
15  continuous signal and convert it into a discrete signal. Analogue-to-digital converters
may be used to convert an analogue signal from an analogue electronic device into a
digital signal, so that the information contained within the analogue signal can be

received by a digital electronic device.

[0004] One type of analog-to-digital converter is known as a successive approximation
20 analogue-to-digital converter. Typically, a successive approximation analogue-to-digital
converter converts a continuous analog signal into a corresponding discrete digital signal
using- a binary search. Specifically, the device may search through all possible
quantization levels before finally converging upon a digital output which best matches

the analogue signal.



- [0004] One type of analog-to-digital converter is known as a successive
approxi mati on 20 anal ogue-to-digital converter. Typically, a successive
appr oxi meWwpapl1a28gue-t o-di gi tal converter converts a ®6miSGAUARE018hal og
signal into a corresponding discrete digital signal using a binary search.
Specifically, the device may search through all possible quantization

| evel s before finally convergi ng upon a digital output which best natches
t he anal ogue signal. SUMVARY [0005! I n various enbodi nents, an

anal ogue-to-digital converter for an anal ogue i nput signal into
a digital output signal is provided. The anal ogue-to-digital converter may
include: a first input connection configured to receive a first part of the
5 anal og il@peAl Imgemlus qn@é@nmsn spunalegimiectigital mﬁemgu&édcqwem@eem/e a
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configure o cause the switching array to couple the second contact of
each capacivrisg astmpling feariodtof thechnglegumty-¢igital abnveyten thelstinprisrosnecgion i onmon
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above- descapdpitdr afithke cﬁgsl@lurahtghotj ichpdcitemnthe s¢cend iigpup caviedieh is configured to
15  couple the second part of the analogue input signal to the first contact of each capacitor of

the second plurality of capacitors, and the switching logic is configured to cause the

switching array to couple the second contact of each capacitor of the first and second

plurality of capacitors to a common mode voltage to determine a first bit of the digital

output signal.

20  [0006] In various embodiments, an integrated circuit including the above-described

analogue-to-digital converter is provided.

[0007] In various embodiments, a medical device which may include the above-described

analogue-to-digital converter, or the above-described integrated circuit, is provided.

25 BRIEF DESCRIPTION OF THE DRAWINGS

[0008] In the drawings, like reference characters generally refer to like parts throughout
the different views. The drawings are not necessarily to scale, emphasis instead generally

being placed upon illustrating the principles of some example embodiments of the



[0007] In various enbodi nents, a nedical device which may include the
above-descri bed anal ogue-to-digital converter, or the above-descri bed
i nt egr at SMOENTICP428 1 s provi ded. 25BRI EF DESCRI PTI ON OF PTHEGZRANPNGS [ 0008]

In the drawings, |ike reference characters generally refer to like parts
t hroughout the different views. The drawi ngs are not necessarily to scale,
enphasi s instead generally being placed upon illustrating the principles of

sone exanpl e enbodi nents of the invention. In the follow ng description,
various exavetienclatibdifoliawisg g@escrintion, riagnes @nnrml@ embedinienspiithe invertiasr ence
to the foll ow n r [ is a schematic diagram
of an anal 5%%%‘"?% \Q‘fﬂ ?gﬁ%e%cgg?/ﬁ{;%t@%W&gg%gll% 0 anﬂ‘exarrpl e enbodl ment ;

5[ 0010] Figure 2 is a flom/dlagran1of t he operation of the

anal ogue-t of.. Fi gur 1114 FLgure 3 natlc
di agram oflﬁgély]an%%gglj e- to U'C JITgr%rgn\t;glrlt e?lggcc%)rdd?l nvertﬁr gccg F
eﬁbOdiﬁenhnexmnphkﬁﬁiaﬁn&mgure 4 is a schematic dlagran1lllustrat|ng an

operation of the anal ogue-to-digital

5 [0010] Figure 2 is a flow diagram of the operation of the analogue-to-digital converter of

Figure 1;

[0011] Figure 3 is a schematic diagram of an analogue-to-digital converter according to

an example embodiment;

[0012] Figure 4 is a schematic diagram illustrating an operation of the analogue-to-digital

10  converter of Figure 3;

[0013] Figure 5 is a schematic diagram of a comparator according to an example

embodiment;

[0014] Figure 6 is a schematic diagram illustrating an operation of the analogue-to-digital

converter of Figure 3;

15  [0015] Figures 7 to 10 are simulation results relating to one example embodiment;

[0016] Figures 11 to 16 are experimental results relating to the example embodiment; and

[0017] Figure 17 is a schematic diagram of an exemplary circuit for providing a

differential voltage input.

DETAILED DESCRIPTION

20  [0018] The following detailed description refers to the accompanying drawings that
- show, by way of illustration, specific details and example embodiments. These example

embodiments are described in sufficient detail to enable those skilled in the art to practice



10converter of Figure 3; [0013] Figure 5 is a schematic diagramof a
conparat or according to an exanpl e enbodi nent; [0014] Figure 6 is a
schemat i CWOI2atyidM2B8| | ustrati ng an operation of the anal 8GUSGROH IV al
converter of Figure 3; 15[0015] Figures 7 to 10 are sinulation results
relating to one exanpl e enbodi nent; [0016] Figures 11 to 16 are
experinental results relating to the exanpl e enbodi nent; and [0017] Figure
17 is a schematic di a&*rqam of an exenplary circuit for providing

di f f er ent ithg MyENtQRy eOfhsp axampbheemppdimenss S hrru@izeéwlé@msqturphelogigﬁl oW ng
et ol od OTEx . ; b
etail ed deagtd,Piig esrrﬁi;}gﬁezrgtg% Mﬁ%@g%&eﬂg}?ﬁ% n@ﬁtﬁe ;ﬂ}%hd&ﬂ%ns. y way

of illustration, Sspéci S an S ese exanpl e
enbodi mentBheavaione sxampledembodmbfits cire miot dieteasdrily omenalbt exdlhiee askidnmeed in

the art to practice . . the inyention. O.her exanpl e enbodi nents may be
LT zed &ROMEERAPHImRs G2 he Eambine it Qae 67 FIOEF SLRRRREB GO
Wi t houts depad héwexdmmBembsedigesRe of the appended clains. The various
exanpl e enbodi nents are not necessarily mutually exclusive, as sone exanple

enbodi ments can be conbined with one or nore other exanple enbodi ments to 5
form new queyplLe MBS dMAUnents, an analogue-to-digital converter for converting an

analogue input signal into a digital output signal is provided. The analogue-to-digital

converter may include: a first input connection configured to receive a first part of the
analog input signal; a second input connection configured to receive a second part of the
10  analogue input signal; a first plurality of capacitors and a second plurality of capacitors,
each capacitor of the first and second plurality of capacitors having a first contact and a
second contact, each capacitor of the first plurality of capacitors having a corresponding
capacitor in the second plurality of capacitors to form a plurality of capacitor pairs; a
switching array coupled to the second contact of each capacitor in the first and second
15 plurality of capacitors; and, switching logic for controlling the switching array; wherein,
during a sampling period of the analogue-to-digital converter, the first input connection is
configured to couple the first part of the analogue input signal to the first contact of each
capacitor of the first plurality of capacitors, the second input connection is configured to
couple the second part of the analogue input signal to the first contact of each capacitor of
20 the second plurality of capacitors, and the switching logic is configured to cause the
switching array to couple the second contact of each capacitor of the first and second
plurality of capacitors to a common mode voltage to determine a first bit of the digital

output signal.

25  [0020] In an example embodiment, during a conversion period of the analogue-to-digital
converter, the switching logic is configured to cause the switching array to couple each
second contact of at least one capacitor pair to a different one of a first and a second
reference voltage, and to couple the other capacitors in capacitor pairs via their second
contacts to determine subsequent bits of the digital output signal. In an example

30  embodiment, the first reference voltage is higher than the second reference voltage.



100191 In various enbodi nents, an anal ogue-to-digital converter for
converting an anal ogue input signal into a digital output signal is

provi ded.wéhelianad2egue-t o-di gital converter may i ncl udepca/sG2ortoosmput
connection configured to receive a first part of the analog input signal; a
second i nput connection configured to receive a second part of the 10

anal ogue i nput signal; a first plurality of capacitors and a second
plurality of capacitors, each capacitor of the first and second plurality
of capacitors having a first contact and a second contact, each capacitor

of the fir lLuralit f c citors .havi ng a correspondj capacitor in

t he secondaéﬁlg %3¢ V‘%’Ip % 8’8&‘2‘3?’8?% dpgng &%g%flvﬁfsfﬂnap?rg 8# a%aﬂ}f@?gflf)'rto'pai rs;
a swit chi iggial E@weR MeathilcRing 6:is ACRAbgGed tPdusOthe @R60hiG 2 RAGY &p&ou’Pr& the
first and second 15 plurality of capacitors; and, switching |l ogic tor
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first \hit herdi Qi i . 0] ; I i ment,
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the digital output signal. I.n an exanpl e 30enbodiment, the first reference
vol tage i $OMIcgisdr Int RAARCHMePEEC Bidd thelt dcert SoVatth-alfe detempinp 13 spepndnbiéxanpl e

embodi;gentry,. %rg’n‘guécgﬁiﬁgf;‘éf)%{;ﬁdr%i@’e{sit{ﬂgm% ndif IR A %aﬁ&itmdbaist, b,

converter, the switching logic i's configured to caus e swtching array
to coupl eirtictabsee eoxahpdo thasiccesling dapagtor paiparclatiog tethierfourth eapdcitdrgragnt one
of the first, a he_second 5 reference voltage depending on the

determ natalreotHegﬁhtt%gleY?nr s?apﬁ‘flg’or glr?'he digital output signal, and to couple
in pairs any succeeding capacitor pairs to determne a second bit of the
digital output signal. |n an exanple, the first and the cond plurality of
capaci t or éé‘f?&;ﬂfr 81 iy %‘V&Hh@&?faél}“_f”ﬂﬁ “tfam@?fsm P‘Hb?_gt ﬁéﬁ’@oﬂ\?@rgé‘f"&i

peri 0gy eashtabEsiRBReC MRAGhiAL 18dA8isidohfifur6fRACS Othe RFitthihg af HPRECHPR 1O a
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exanpl e, €hh sseewshepngashebat it Fapsaiorgfain the ¢iffpreny epecadiihe st and thetsaeond; r st
reference L e : f. .t s ' hn the
pair is cgﬁﬁgéggﬁﬂpgégﬁgmgg 5%&9@293§§¥%§Q§o f%&gfogégS?%gfggﬁgé§ég%pending
on the deted m patplom miirstdng sheaesding ictpackor paie todeermmnangitcH gebit nfthe

SRR IENORMLY AT RO
25  capacitor pairs, each second contact of a third capacitor pair is connected to a different

one of the first and the second reference voltage depending on the determination of the

third bit of the digital output signal, and the third to eleventh capacitor pairs are

connected in capacitor pairs via their second contacts to determine the fourth bit of the

digital output signal. The first and second capacitor pairs are left as configured after

30  determination of the first three bits. In various embodiments, “i" may be an arbitrary

integer value.



15 Therefore, 'succeeding capacitor pairs' is taken to nean 'foll ow ng'
capacitor pairs, i.e. in the above exanple, the succeeding capacitor pairs
rel ati ng WO 20he14p428rt h capacitor pair are the fifth to @CEB&GA0N/00HPACI t Or
pairs. [0022] In an exanpl e enbodi nent, during the conversion period of the
anal ogue-to- 20 digital converter, the switching logic is configured to
cause the switching array to couple each second contact of an ith capacitor
pair to a different one of the first and the second reference voltage
depending on a determination of an ith bit of the digital output signal,
and to co [ ' n - di acl - pay t t ne.an (i+
Dth bit dVBL Rcpp R SUARER, Wlind YOChBIAT R, O HE BLLIELET, ¢
exanpl e i diditaticonyeréretherfirstZibpwapadction isp@nfigyred ac Hecvaplerthle fisnpac bf tfe a
third capacitor pair .is.connected to a different one aof the first and the
second T GPEHERECPE] R 6P dRIEG CORAEne SSh GPRINAT PbIBAT PITBRI R bit of
the di gi t 3hpdeHbRUthe Sbdndlinpr@REndedBor Ridodlfif @& kEUQBLPle GRORLbAPPaPBE IR are
connected in capacitor pairs via their second contacts to deternine the
fourth bi @endeguehiapeti agfror;utthp dirstsiogiaat of el chpacer ehtie seeonddlerabacift or
pairs arecgg%%mgs configured after 30determ nation of the first three bits.
I n various ‘enbodi nents, "i" may be an arbitrary integer value. [0023] In
an exanpl e enbodi ment, during the conversion period of the anal ogue-to-

digital conv er, the first i.nput connection is configured to decouple the
{1 ot par (O0A bhah aripla, EobrOiTETS | G AR i A ) Bl ot VBB
capaciih or ciplé bR Jeborlt conkdet of bdcl @pacitor fpihe FrbtQiISrality 6 P& lodHétof
connection is configured to decouple the second part of the anal ogue i nput

si gnal fr & fierefirense vobagadie ssponhicferenssaeitegs: thef canpaon godpdolirgsrandi ty of
capaci t or Zﬁs chQ&é?%dclﬂtlé"c\:/ l’&ci‘?&f e%eﬁgg%ﬂ]rgﬁgtof MG S zin(am) Q&?e&fvreﬁrycgg le .

configured to s y cou econd contact of eac acitor
in the fi tstsepbnd antdcy obtachagpaditooiiss theaseorel wiiraiheof capatitarefepenottheol t age,
t he second reference .voltage, the conmnon de,voltage and its correspondi ng
capacit or %fsﬁ r?tﬁ@ngeelf?} ) grss(ioflflﬁe%‘fen%eaﬁ%}ggf’cfpg cog ntrﬂo‘gee‘foitég?’\?gfi)}tscoupl e
the sesondogapbiiibg &pacitin tRERQIPIGLlH Bftdpacisgsond plurality of capacitors
to one of the first reference voltage, the second reference voltage, the
common node voltage, and its

[0025] In an example embodiment, the analogue-to-digital converter further includes a
comparator having a first input terminal coupled to the first contact of each capacitor of
the first plurality of capacitors, and a second input terminal coupled to the first contact of

20  each capacitor of the second plurality of capacitors.

[0026] In an example embodiment, the comparator further includes an output, wherein
the switching logic is configured to control the switching array in dependence on the
comparator output.

25
[0027] In.én example embodiment, the analogue-to-digital converter is configured to

determine bits of the digital output signal in dependence on the comparator output.

[0028] In an example embodiment, the comparator is a time-domain comparator
30 including voltage controlled delay circuitry configured to convert a voltage level of the

time-domain comparator to a delay of a clock signal, and phase detection circuitry



15correspondi ng capacitor in the first plurality of capacitors. [0025] In
an exanpl e enbodi nent, the anal ogue-to-digital converter further includes a
conpar at oWORAW/ 428 first input term nal coupl ed to thePCTS&R0AONIQEL of
each capacitor of the first plurality of capacitors, and a second i nput
term nal coupled to the first contact of 20each capacitor o f the second
plurality of capacitors. [0026] In an exanpl e enbodi nent, the conparator
further includes an output, wherein the switching logic is configured to
control tleensgired ki dgtemmawhlqh elethe riigalseinpyt aththecliishapat tymgal gud theps

[0027] In al, ?mﬁﬁ? i he anal ogue-to-digital converter is
. Mb ¢ g%“e%r an: ! (

configure erm ne e digital output signal in dependence on
the conparator output. [0028] In an exanple enbodi ment, the conparator is
atinme- do ar at or 30| di ng, v ntrqlled delay circujtry
confi gur ed Q%’]g‘b ref‘a‘é‘pl\‘ioF‘P mle‘étvetpe rsf “rta I¥p 0 gocﬁ‘ﬁi"ﬂto&so r AR0Y% 0" a
delay af @, cﬁ%e%‘aﬁl@@lnaﬁdﬁdblﬁm%l faki@Rshgd. rcuitry configured to
determ ne ich of the signals input on the first input term nal and the
second input termnal changes earlier. [0029] In an exanpl e enbodi nent,

the first [6’6%’1% aglye)gamp(ig%%ﬁjoh%e%t,nﬁ% ée@gﬁdﬂgﬁlrality of capacitors may include

capacitance values in a non-binary weighted relationship.

10 [0031] In an example embodiment, both capacitors of a capacitor pair have the same

capacitance.

[0032] In an example embodiment, the digital output signal includes N bits and each of
the first plurality of capacitors and the second plurality of capacitors may include more
15  than N+I capacitors to provide redundancy. In various embodiments, “N” may be an

arbitrary integer value.
[0033] In an example embodiment, the second reference V‘oltage is ground.

20  [0034] In an example embodiment, the analogue-to-digital converter further includes a
reset switch, wherein the switching logic is conﬁguréd to cause the reset switch to

regulate the common mode voltage.

[0035] In an example embodiment, the first bit is a most significant bit of the digital

25  output signal.

[0036] In an example embodiment, the first part of the analogue input signal and the
second part of the analogue input signal may include the analogue input signal in
differential form.

30



5capaci tance values in a non-binary weighted relationship. [0030] In an
exanpl e enbodi nent, the second plurality of capacitors nmay include
capaci t ark® 20a/4e88i n a non-bi nary wei ghted rel ati onshi pCTH0R0032)194n an
exanpl e enbodi nent, both capacitors of a capacitor pair have the sane
capaci tance. [0032] In an exanpl e enbodi ment, the digital output signal

I ncl udes N bits and each of the first plurality of capacitors and the
second plurality of capacitors may include nore 15 than N+1 capacitors to

provi de r 3Tl &ney examply smbedisertnBisdirpaafesence Npltaggyis palecied tortsi adpalrty 4 nt eger
value. [O n I | t. ..sacongd: I vol IS

gr ound. Zgﬁé%ﬁh]nﬁﬁegéﬁe aﬁ%ﬁgpg%ggggngﬁﬁ?gﬁﬁg ghﬁﬁ%g%g@fg- rgﬁ?gﬁg%
convert er chpucitbigrthatragd valpdedainrpaire hawnk vealne ofihalf ef thet firet sfértmdei vodtageoati c 1 S
configured to cause the reset switch to.regulate the common node vol tage.
[0035] | n%éﬁ’fs@ optasHIRsIRERHEONVERONPEHAY "hit is a npst significant bit of
the digital 25output signal. [0036] In an exanpl e enbodi ment, the first
part of the anal ogue input signal and the second part of the anal ogue input
si gnal may0038tiude etampimambedimentpghe analggud-tordigighl fdoarerteriiala Feacassido

approximation analogue-to-digital converter.

[0039] In various embodiments, an integrated circuit including the analogue-to-digital

10  described above may be provided.

[0040] In various embodiments, a medical device comprising the analogue-to-digital

described above, or the integrated circuit described above, may be provided.

15 [0041] Fig. 1 illustrates an analogue-to-digital converter (ADC) 2 according to an
example embodiment. The ADC 2 may include a first capacitor array 4 and a second
capacitor array 6. Within the present example embodiment, the first capacitor array 4
provides a first plurality of capacitors, whereas the second capacitor afray 6 provides a
second plurality of capacitors. The ADC 2 may further include a comparator 8 having a

20  first input terminal 10 and a second nput terminal 12. The first input terminal 10 of the
comparator 8 is connected to the first capacitor array 4 by a connecting element 14,
whereas the second input terminal 12 of the comparator 8 is connected to the second
capacitor array 6 by a connecting element 16. The comparator 8 may further include an
output terminal 17 which is discussed further below. The conﬁecting element 14 is also

25  connected to a first switchable input connection 18, and the connecting element 16 is also

- connected to a second switchable input connection 20. The first and second switchable
input connections may be switchable between an ‘on’ configuration and an ‘off’
configuration. In the ‘on’ configuration, a signal present on a switchable input
connection is input to the corresponding connecting element. In the ‘off’ configuration, a

30 signal present on a switchable input connection is not input to the corresponding

connecting element. The first and second switchable input connections 18, 20 are



[0037] In an exanpl e enbodinment, the first reference voltage is selected to
be equal to a conmopn node vol tage of the anal ogue input signal in

di f f er entWal20f1oP428such t hat capacitors that are coupl e®CiT{SGRai108018ave a
value of half of the first reference voltage at their second contact during
the conversion period. 5 [0038] In an exanple enbodi nent, the

anal ogue-to-digital converter is a successive approxinmation

anal ogue-to-digital converter. [0039] In various enbodinents, an

i nt egr at egonfigused to iepgiveiah aAeplogue ivpva siggeleinttyo diatgs-tlnlan kanipleamitipdimertove may
be provi ded, 04 | p_.vani.ous .empodj.gent s, -a ical Vi o) i,Si ng the
anal ogue. it d L opi e ER0R BT da nl B Bl pEEFREBL R Do
above, maypoteatiplrafWiAgslandl${n0A4ddy Hei githidl the fatigd frédh €525 toat 28 W eultig @i gi t al
converter (ADC) 2 according to an_exanpl e enbodi rrend:i. The ADC 2 may | ncl ude
a first caphderential dpnusdynaniingange o6 L¥nl ahpwEIniosmbdinpgntgthe\ppyyisign

present exghRDe SHPALbRRked bPE sdnishSihteFBRAG AR s@waé,yfoflepa&@ﬂé AR cifkuli T St
plurality of capacitors, whereas the second capacitor array 6 provides a
second pl wfFigury 1'6fln eapasnple embodimenA\DE dromityof Figurdé¥ rélated toceeblaod dopar at or
8 having a_2 LISt | t. termnal_10 and second .Lnput .termnal 12. The
Firat i mpafpsPiariedical Bic e Do fdh Bhof F5QBR A B e Friesr
capaci t or igdut ayltdgelrygnal Vedtine sthidhds e rprided tHoughhevLiablet lagists e Rde i THoUL
termnal 12 of fL}h.e co}rl,g rator 8 i s connect eg to the second capacitor array
6 by a coHEYE Phiissreheen £empripss WrRecht oRrsE syighed fuimgRt nfegratergdagsn

out putyot ergNd¥dld Py/a WRlfelendsd & §FRAIGS %dﬁ Tst'ﬁ?é. lﬁ@fefb‘f’{tialmﬁtagé’{‘(?%tg@%da ement
14 is also 25 corinected to a first switchable i nput connection , and the
connect i n oal(enwhichi®riespoaldsto iopwinedtagel Yssnse srecprndidediias clugrivitse fiomp it

connect i on-% . Fhe. fi. econd sw tchabl e i nput connections may be
swi t chabl & %t?}\l;ég(ﬁtoa&ﬁﬁ%}gﬂgﬂ S%fslg%ﬁ'r ation and an 'off' configuration. In the

‘on' configuration, a signal present on a swtchable i Input connection is
oot L0 W osesasead Al B AR, AR ke R b L o @
cor r espondirs gapoitoeataydicghyed @nmedting Elemehi 24 indatodhsecombcapadito haby 6 by aput
Conne(its i Oggnn]éécgﬁngzger%crﬂ?t 26. The switching array 22 is in communication with three signals, a

first signal Vref 1, a second signal Vref 2 and a third signal Vem. The first signal

Vref 1 is provided to the switching array 22 via a connecting element 28. The second

signal Vref 2 is connected to the switching array 22 via a connecting element 30. The

third signal Vcm is connected to the switching array 22 via a connecting element 32. The

20  first signal Vref 1 provides a first reference voltage, the second signal Vref 2 provides a

second reference voltage and the third signal Vem provides a common mode voltage. A

Vem signal line 32 may also include a reset switch 33 configured to switch between an

‘on’ configuration ahd an ‘off’ configuration. In the ‘on’ configuration, the third signal

Vem is provided to the switching array 22, whereas in the ‘off’ configuration the third

25  signal Vem is not provided to the switching array 22.

[0043] As mentioned briefly above, the comparator 8 may include an output terminal 17.
The output terminal 17 provides an output signal of the ADC 2 at an ADC output
terminal 35. Also, the output terminal 17 of the comparator 8 is connected to switching

logic 34 via a connecting element 36. The switching logic 34 provides a switching



configured to receive an anal ogue input signal in tw parts. In an exanple
enbodi nent, the anal ogue input signal is received in differential form In
an exanpl\&ogfhodb428nt, t he potential of Vin_p and Vi n_nPERSGRe&11WN184 n t he
range from0.25V to 0.75V, resulting in a differential input dynam c range
of 1V. In an exanple enbodi nent, the input signal of 5 the ADC may be
generated by a sensor interface circuit, such as, for exanple, the circuit
of Figure 17. In an exanple enbodinent, the circuit of Figure 17 relates to
a bl ood f lconird signal vigiconestiag elemspisi Al . tosyvitching peray @dn Fheotwirchipgre 17,
the circuit,. j [ Y S [ 1S n ssed

t hough a &§¥§§%ﬁ%¥?§§?§%3?8ﬁé%hgﬁ&é%ﬁgékﬁgﬁﬁﬁygg?§ﬁiéﬁﬁ@ET? %ﬁgﬁ gg%prises
t wo st ageswitehifig degic $¥idsohmdvides an eedet sighdgriatconnesting) eleh@nf ¢4 [towedrebgt a

si ngl e- ended t ifferentiagl .ggin st . Differ i al ,voltages Vout(+) and
Vout (<) WATEH: Shr PRt ineog gk ooty G a-stauiieh 4 ie (P GUFERths out put o

fromthe single-ended to differential gain stage. [0042] The ADC 2 may

further i swi t chi array 22 which is connected to the first
capach for 1L Sah et fibE sk B Rt AT A T TR0 ST Peh e ¢ or
array 6 b¥end2oft@itnemiel gk RInBEHL cadR cagdetoS¥f the Hrstthrak 42 c8dpled td the
comuni cation with three signals, a first signal Vref 1, a second signal

Vref 2 andfozpeeting elesienhit- sepppsl eontagt ofjegetnicanacier of the Prsbaraed o t he
swi t chi ng V] . GO c44 28, C ' I ef 21is
connect edc?‘gﬂ%ﬁéozélv% gtv@ﬁl 1r?% g{rhs'a%/i g% @Fg@gﬁ%gﬁggéﬁkﬁé%] gﬁrr'gtr}\lt% gg ?}\1% third
si gnal Vcrapasitararfniecicechd apbdi®r syt € hiag gncdudesayfiRPcontaat andcosenerat ¢angacel enent
32. The 2Q.first signal Vref 1.provides a first _referen ol tage,. t he
secondls, dhsiirsonial B st chanseih 8 Uit e pike 65 SPUERE Tl sohBkiiner g

si gnal Vcelepieal 16l €BhesecOEVntadP6Iea¥ b ipagior of tME §BcohdDAady 4 isnBupidd fdtheal SO
include a reset switch 33 configured to switch between an 'on'

. . 1 On .
conf i gur asWHehiag drayn 22 afg the copngcug gtemsat 26-nEachecapasitor b Hiei fifist eapaeiter t he
third sig Y& L SoREQYA 1 Iy 1Y) , i he
"of f con??gu'r a?i% (l%%ot ﬁ%“t‘ﬂﬁgég‘g‘ﬁg‘f}gﬁi& %/c%?n ?galﬁgtt&parr%\%iédle ?%att%hfg&é\%vi t chi ng
array 22. pluadugpf dapacitemppioned briefly above, the conparator 8 may incl ude
an output termnal 17. The output term nal 17 provides an output signal of
the ADC 2 at an ADC output termnal 35. Also, the output termnal 17 of the
conparat 0f00@5] $he swiddnearayr? sisicoafigured tootglestigely gorneat bonervod iconfaesidmrent
36. The sw tching. | ogi provi.des a sm.tchin cont rol - si gnal _vi
connect i nerett ananies e sRERKREranl ) Sl M, VB et 2Bl Frogi ¢ 2a
control s téreesppetiad capaciddr inhethe setdndhéapgeitirraamay 22 \Adalitidnally, ot rselitchingnal .
The switchin 0gi c .34 al so provjdes a reset sjgnal via connecting,k el enent
250"t heorioat i< SR el Tonfg Sortd Sikcoht FrshSepraor BOBE ow t ch

33 Vi a t hgedb$ 8hpagit@titayd Bk]lof Fash 1 CORACH Vfm @fid [thEortdspSidikcdPpatitorr array

4 may include a first contact and a second contact. The Tirst contact of
each @éapa#l thefirsranasoramagid. array 4 is coupled to the connecting el ement
14. The second contact of each capacitor of the first array 4 is coupled to
the switchi n% array 22 via the connecting el ement 24, Furthernore, each
capaci t or [JH0} Rig- 3ecofew diagsam pbp mgthodpf gonmeyting v anglogye mppktigndittaet and a

second Coafg?tglt output signal using the ADC 2 of Figure 1. In the flow diagram of Figure 2,

processing begins in 100.

[0047] In 100, the analogue input signal in two parts is input to the first and second
25 switchable input connections. For example, the input signal may be input to the first and
second switchable input connections in differential form. Processing then flows to 102,
which defines a sampling period. In 102, the first and second switchable input

. connections 18 and 20 are turned to the ‘on’ configuration. Accordingly, the first contact -

10



10 The first contact of each capacitor of the second array 6 is coupled to
the connecting el enent 16. The second contact of each capacitor of the
second arweyofi/i4s4280upl ed to the switching array 22 vi arthsceonnecms ng

el ement 26. Each capacitor of the first capacitor array 4 has a

correspondi ng capacitor in the second capacitor array 6 in order to forma
plurality of capacitor pairs. 15[0045] The switching array 22 is configured
to selectively connect the second contact of each capacitor in the first
capaci t or oépmwapacntor imrthe 6fst vapatitar arrgy éfrecziveyghn input signsl mremnégrptmcﬁrﬁg

capaci tor second capa ston ar naII wi £ chi ng
array 22 |S§ﬂ81?ﬂt? aﬂl#t cgn?e‘:?g ﬁe’catnl @rg%%)%ﬁagc%deta%hg a(c:lon gljgen egorfd Bteach
capaci t or 6iBcdiftg Mﬁ@ﬂp@@ﬁﬁ@hwsewﬂmlﬁhme aipat @nn¥itivh 20, Pdithbmibre,Vecm and
its correspondjing capacitor 20in the first capacitor array 4. [0046] Fig. 2
is a flowths Byihieolose bemses be soighieamy 2nloHeanes dhe sorend cenidaf i nto a

di gi tak oulpid, §dl§>?@kg1esﬂr§gmﬁt§€coﬁ@ga%cﬁ$r aﬁ'fa?k‘ﬁeé Jo th'erwnh@igﬁhow didguam of

Flgure 2, proc ssi ng gins in 100 0, the anal ogue i nput
si gnal i nthatin paet r ithgs tcnbfuachuewed Hthe $Wltt<§1mgalnél<>sﬁcxhndld 2Bsesthe reshiadyviechi nput

connect | Ogﬁé%g réﬁ\)éﬁgutcoggﬁlhrgtl n. cco%lgg 91%&8/ € a{%lo n UtAIselgtc{%?erInlmr st, and

c
second sw rons’in orm rrocessi ﬁg t hen

flows to HaRbitfitdeddidrilireest during i Jaf@ling perisd. Sp&clﬁealy,tﬂ@s@wl ptovaded second
swi tchabl e i nput connections 18 and 20 are turned to the 'on'

conf i gur a@t &§.ouRsg &y @f i sprnapaior § pdicates phirdy pws sighnal RISSHY £8) BTt he

first lgap%};uttsom Hd &Y idafREE! Mé‘p%n&ﬁlg on"PEL 1AM reRAESEME A dobfpafatdrSt
swi t chabl e i nput connection 18, and the first contact of each capacitor. in

the secondnpat l@yné threessendesompteates igpiat] 12p iecloegast tbﬁ first ditsefcbadigétal ewprtbl e
i nput connect 20. Furt hernore,,.the.sw n o 85 th
p %n%c%moparat rw1l]{‘%)et 1’ora 0% "[th?s ?t'hg gi’)’% ﬁ"iﬁ For of

SwWi t chi ng81§ Pnec e Sefond ‘cont'ac

the first pavidedes DCCapaa tt@iinglr ¥5ay Brodessgt theit e w¥Cton Kidg Rdich dletﬁnles anot ed
that in order for this to be achieved, the switching |ogic 34 should cause
the reset SSWFEM PEEo be in the 'on' configuration. According to this
operation, the ADC 2 determnes a first bit of the digital result during

the sanpli ecificall t |ded at the output 17 of
the compal Ol Th B8 eBRben i o? o tied G o SiriegrdutsirsERin 10
i nputs 1006k, Jlﬁplaamhﬁfgﬁ@&wudﬂﬂ%elagmg 195bﬂﬂghf=‘eti t§b§l.ﬁ€|th63§vﬂﬁ:ﬁﬂltg adfaybhe first
conmpar ator i nput 10 nd the second conparat or input 12 est_the

is lar
fi | rst bit toeonnpe eaﬂgﬁqcalpd eantgstiof &ilepstpneotapeciior et difsreniiops og edisst]r or a
Thi s it of I t (out put
ermi nal - SEnbipyect Lt unt dfhofl Hehfh VRO INGBS bolieRhg EhelPCorBlif Bt
peri od. 15{ab0%8ip the* aldb@st cgmhsmpuemaub,l the segbnd bentatit 9if bud capesitariin thegair

B e R

cont act othejlailiea&ineoRe teMpacdondkighal Vref @, ar dbd {@sL£Mis ee @fdetdrmdfthatst
signal Vref 1 and the second S|?nal Vref~ 2, Therefore, consi derltgeé each
capaci t or 5@@%@3&%@%@@0 at lept 98¢ CRNREIQI AT may be sapnected ip ditletening

contact of,ofefRAACI tor in the pair

[0049] Also during the configuration period, the switching logic 34 is configured to cause
25  the switching array 22 to connect the other capacitors (i.e. those not included in the ‘at
least one capacitor pair’) in capacitor pairs. Specifically, the other capacitors are

connected in capacitor pairs via their second contacts.

[0050] Also during the conversion period, the first and second switchable input

connections may be tumed to the ‘off configuration. Accordingly, the first contact of

11



20 is connected to the first signal Vref 1 whilst the second contact of the
ot her capacitor in the pair is connected to the second signal Vref 2, or

vi sa ver swo 2bt1/1484280 be understood that different capaciptorsGpeilosoof the
"at | east one capacitor pair' may be connected in different configurations.
[ 0049] Also during the configuration period, the switching logic 34 is
configured to cause 25 the switching array 22 to connect the other
capacitors (i.e. those not included in the 'at | east one capacitor pair")

i n capaci teach paiacgor Ghtwei fiistatray 4 ishenoedet toc&h@aﬁiSt ansit gerericanifeof g i n

capamtor alrs vi,a acts u

conver si oo pRrRink s e FrdBSAY of S St EhBB ket Bt BT habREte ry be
turned t o thdcor it utqgﬂ{m;gua@tftmrton@@ﬁwﬂgl ngly, the first contact of each
capacitor of the flrst array 4 is connected to the first input termnal 10
of the conmparator 8, and the first contact of each capacitor of the second
array 6 i g0081PARes@ethgl @ thbabSeCeeeutionifithd esifighddtionDefibd,! the cuPUPAE &e0r 8.

[ 0051] According to the above operation of the configuration perl od, the
out put Sof comparair HREIIdS G SEPSpRUSY 8B sofathe isied it bignabs kheeeteregitieal

out put  si Mﬁi tquty, r.esul t
is presentg ﬁ%equ%?ﬁ{&%%ﬁ{eedl th]%%l ﬁﬁf‘ﬁ‘g : egeﬁatﬁlféeto gﬁtgﬁtcfg#g?%bg Ih{gt t he
above opertabé mmdemcmdbhauiheabotve o;je‘a@wmcaméaeelacdﬁtosi@mqwaach bibsequenttm‘eofdl gital
out put signal. .l.n various odi ment the n rrber of tor ai.trs which
o e connedratieid il s dRCB BT Pafer S AR R AEEPRG SapE D “par s
maki ng up afd@nndfled it tht eferencW\IGARAE b.L1RE nmbér&fcdpatc&bﬂpm&nmtmg:hp ket of
the digital output signal is output. For exanp If one capacitor pair is

connedfed ‘#de3shans eansFiRToRInoTqtergaRes Wiigh hﬁ@iﬁ@l%@éﬁ%}tqu% iRt he
second bl troplexhified i Gbrtel apBlilcpYhairSis Aot ICTRAIRAENE vifagkdOnL BBART L OF
pairs are connected to the reference vol tages, the above operatlon

det er m newpethgon Idc:tlerjmbes th@fseccmd hit gf th=l dlgualmmplms%ml AMetreatimely i xfeﬂwy’ i f
t hree capaci th c | rs o %ﬁ Sonne: trgd t%h 3 grence th‘i)lntff‘ es,

above oper# 6?1 eqr%cﬂ% ‘¥ Surt ABt o?get BV? PP eS| ger?al
Al ter nat i vied yhird bit faduthe chigieat | dugput Bagnab axle:nwnval@ptiﬁmré@ chﬁwltmef)amme
volta es t he ahove operation deteémnestheflfth bj t the}Hg‘{‘ghtal
out put'Ssi ghRectef o fhe 1g vege PRUIECHHAS APVS oPBTation AeiermIngS fhe fae gt he
sanpl i N9 RgSiiaPeuthdiQZdnal. |A1t€1%9t1¢é[5€ﬁﬁfoﬁf SapRSitct9falts BRWohh& [RDBMRe RiIGLRLI On can
be used to determ ne each bit of the digital out EUt 20signal . [0052] Figure
3 i | | ust r apkageanthapbpeoopestioprdstangines thanfith Rirptfthe digial metnut signal. It is

noted that the first bit was determined during the sampling period (102). It can therefore

be seen how the above operation can be used to determine each bit of the digital output

20  signal.
[0052] Figure 3 illustrates an ADC 202 according to an example embodiment.

[0053] In various embodiments, the ADC 202 may include the following features: a first
capacitor array 204, a second capacitor array 206, a comparator 208, a first switchable
input connection 218, a second switchable input connection 220, a switching array 222,
25  switching logic 234 and a reset switch 233. These features of ADC 202 are connected
together in an analogous way to the comresponding features of ADC 2 of Figure 1.
Additionally, the switching array 222 receives three signals, a first signal Vref hi, a
second signal Vref lo and a third signal Vem. The first signal Vref hi and the second

signal Vref lo provide two references voltages, whereas the third signal Vem provides a '

12



[0053] In various enbodi ments, the ADC 202 may include the follow ng
features: a first capacitor array 204, a second capacitor array 206, a
conpar at oW0208/14%28i r st swi t chabl e i nput connecti on 218PCa/S63¢109d0194

swi tchabl e i nput connection 220, a switching array 222, 25 switching |logic
234 and a reset switch 233. These features of ADC 202 are connected
together in an anal ogous way to the correspondi ng features of ADC 2 of
Figure 1. Additionally, the switching array 222 receives three signals, a
first sigsammanghods voliageeburieersiogmaic fsednd ssoembiswitehablednit gaptecteins  The
first sig I hj e ' - Rrovi de. references
vol t ages. R a2 s PRIHRELRERERSe ahrb ol Fioul SO KRS80, BT
Fur t her noregamplog differsitiab fidms efioischasd thabaltd ADGR02 incodiag tthese saddiBnalnd 220

are configured fo receive an ogue input signal in tw-part form for
exanpl e, dFa0{IEs l?rﬁl[lé?ﬁf’%ﬂ”ﬁm @%iaio E\ér&qt‘%é‘fnﬁ’(eaé‘g%‘ﬁc 202 including these
additional features is still analogous to ADC 2 of Figure 1 described
above. 5[ 0054 h ol | owi ng. descri bes the arr enment. of the first

capaci for ?‘g‘%ﬁé%aﬁ%g %@%&%@ﬁ&“&%&&“f of thgfﬁ}gvaﬁe%tor?ﬂéy ?P‘? 504 Bgpaci t or
array 204 samydicafdcHeCart f2(f6.5_tTH3|ﬂ%§t|58ab£c?(tppfarr£}$ﬂ£ﬁ9ﬁﬁicl&%% fird¢ plhAlidy & r anged

in parallel formation. The first plurality o acitors may include a
nost - si gnit¢n eapaeitdss fa’ (tvBB)amgrgadpingfaradighfeimpders Thae firy plualitgedicapasiters al ong

side ale --SiaRi ficant.- bi Q 0 itaors. < f' to T, h
capaci tor %%é" lﬁ%lg@él'g %ﬂ‘o @P%é& F %@Q%??M%I%&ﬁ ét}c&ﬁ%ﬁt%%sa‘%aiol teopgglﬁr%nf dianoca:hl%ude a
first contaleta lessdsignifieaastd: (ESBY) goiup oEagiaciars S t€ Gt Bach ciagacitonfaeet gbfvi a a
conmbn _co ine .to the first switchable in connecti on 8. and the

Tt P nodte Bt phgslish o6 st 568 inelich s BT LD e STo8d GOANEG B o ¢ he
swi t chi ng fdtr @itadP % cobBetbd Mid a @BRAN WnnédtiodVirkOth MBYfirkUswi@fableNinputde an
attenuation capacitor '1' which is arranged on the comon connection |ine
so t hat tgennection 218 and the first input of the comparator 208. Each second contact is
connected to the switching array 222. The first capacitor array 204 may further include
an‘ attenuation capacitor ‘1’ which is arranged on the common connection line so that the
15  size of the MSB group of capacitors can be reduced while achieving the same equivalent
capacitance, reducing the input load capacitance of the ADC 202. The first capacitor
array 204 may further include a capacitor ‘k’ positioned in parallel formation with the
LSB group of capacitors ‘f” to ‘j° and adjacent capacitor ‘j°. A first contact of the
capacitor ‘k’ is connected to the common connection line. The capacitor ‘k’ may be used
20  to adjust the weightage of the capacitor so that the switching of a unit capacitor will result
in 1 LSB of voltage change. The arrangement of the second capacitor array 206 is
analogous to the above-desbribed arrangement of the first capacitor array 204.
Accordingly, the second capacitor array may include a second plurality of capacitors ‘a’

to ‘j°. It is further noted that the capacitor ‘k’ of the first capacitor array 204 is connected

25  to the capacitor ‘k’ of the second capacitor array 206 via their respective second contacts.

[0055] The following describes the arrangement of the switching array 222. As
mentioned above, the second contact of each of the first plurality of capacitors is
connected to the switching array 222. Therefore, by analogy, the second contact of each

of the second plurality of capacitors is also connected to the switching array 222. The
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15 size of the MSB group of capacitors can be reduced while achieving the
sane equi val ent capacitance, reducing the input |oad capacitance of the ADC
202. The wonrstyaapaci tor array 204 may further include acetagaciitoososk'
positioned in parallel formation with the LSB group of capacitors 'f' to T
and adj acent capacitor T. A first contact of the capacitor 'k' is connected
to the comon connection line. The capacitor 'k' may be used 20 to adjust

t he wei ghtage of the capacitor so that the switching of a unit capacitor

wi | | resulcontestidn hS8Beaf ecachlseaod ccohmmgmd thé ewaehing greaye2it2 dfas tibléo vese CHired

capacitor arr 206 i.s anal ogpus t above described arr enment. of the
FiPet capdBitchie dmpugs SO BumDle PGy RS0t SR ZoRery B ARF 2] tiny
include a sgRGRNEePhHNALT | wwfmcaa@accbﬁ@gp%ndlﬁg sé@nd conthetlif tHbth&eiluapted t hat
the capacitor 'k' "of the first capacitor array 204 is connecte 25to t he
capaci t or ofgapagftorsh&ox exagipde, dapeaeprdbeonsact afcapaeitosi‘h’ efthe Iﬁrs}"@@f?@lﬁb’lnw second
cont acts C e r t chi ng
array 522 bki%élve?%ﬁégﬂt&gkgvég@eﬂﬁ% nglélﬁz)o%%ﬁ a!(i}g\rqferf }ﬁnG%'i"gg%&%fo Eltﬁﬁe S%)f[gl rd st

pl ural ity cofitactagfacdphcits ‘bs of aln ecbad phwoalithe Aduhtlcﬂmllnyg tlar seaynd® 23ntadtheft ef or e,
by anal ogy, the sec cont act, of. each .of econd raljt f.. .

orpacs t or Sty 55 e cor BHRRG Tat g Vel ot torpihef Biehdie i on
bet ween eaghr &L RAMGROSR6Ad @d}ﬂac&bfecawlto@m ragﬂ@rﬁr%l&%ﬁty s as follows. The
switching array is configurable to selectively connect a second cont act
with one of the signals Vref hi, Vref 1o, Vcm and a correspondi ng second
cont act ?oom T8t hasc pba 6§4rht%é/a§f0116@9%3é6rﬁ’lé§ an%ﬁﬁlo@i%alﬂpdlt%’lgntahﬁ) S&igand
contact of capacitor 'b' of the first plural |t8/ be sel ectively
connedfed omumgn@lr QH@ng)fa teRwling peEPS O\Orﬂéer AR ZQ?e‘IhelfifSt sRétsheblet ipputs econd
contact of second
contact OLosARAal b9 it inlfrs SRFRISHORH Bkl orh ELADRL e 6
connect ed pﬂlmalaytolﬁeapadrtelfs Ha ;he\troerimduocoﬁviemomr lutehd &reiyomal caddidonalkyf the
capacitor ' t.h i rst ural i,ty. [0056] ,The A erates a

ol T ows ¢ =CBATEIERER R coBa o god isogRered & Srarg st S B Ob e s  gnal
During a sasmltomner theseddild Plurblitg oAloepatidss Wik ehef donfhors Yérinedtaddl knd S¥ittay
connection 218 is configured tq connect the first contact of each capacitor

of thd3fiP8p pruhen ﬂWWcschleaé%? 2ot & spnfsvied 1o st he HIdERg ¥FN 27300f
array 204.,00di hi D3hd Yonthd1Bf S£AhRYY mﬂélﬁ,ls? J R ndGAAGE! 1B 220! S

4
configured to connect the first contact of eac?‘n capacitor %15 t he second
pluralit ytwwccapémtqdodlifemmdy,tﬁe spatahing acon Paatis @nnfﬁgm&d of reset thy sed®d206.

Further, th w#} Cnofl %lilur ?ce?p%lc’ £, %hg?r%vvl tching array

. 3€f
corntal eac a01 cht I‘ S
222 to connec e se on con szd eac capaci iTst and second

plurality of capacitors to ch Stated differently, the switching array 222

|5 1000t 9y 2.0 aRLe YICaRe Rk SRR G ATR! 28RS ARG h Ol DSl T

and secon capaci ccor bove
conf i gur atigaal 1@ﬂetéﬁﬁn&i)ﬂomahé outpiit dfithe @fmpaberordl0§L tSpecifiudlgyithe cdthpatragiral i s

det erm ne romthe ut of the ¢ arator 20 Specifically, the

Conpar at ot BB R EECEN{T HPRe s DO SHS PN ABUE BPYR SIS Rted on
i ts input syhidhedhed® bREMRE. NWhatheLhe TR bitSs 8" Pajrar 0’ ¥grhéesn Whrhfilgustighilt 1s a
1" or a '0' depends on which input S|§nal is greater. The output of the

conpar at o#s geger. sThy @@%P@ﬂled“éﬁlpta@tqrﬁ@ swlﬁ@nmgiedé@ﬂ@ sz&gtqhmgﬂgglg\xﬂ chi ng
| ogi ¢ 234’[%1?)3@1&}9 T%hcszﬁhtﬁeﬁ)i?&{t id &2 oﬁgraﬁgﬁ?f;%tsw L2 amd 0 T eset

25 switch dence on t e SI corrpar ator 208
duri ngst hewitcn2@3 snaiepqﬂehen@dmdelse:mgbddothpktoﬁnmlthe anmxarqnlﬁ)Sedntmrg tient, the

first bit is the nost i ficant bit of the ital out.put.signal. Once
the first “OHEye %’toélr%ﬁﬁ'g’&d bteﬁ’ -8 A 1K APIS &M 8 1megt, &6%&59%&?& 1§ ¥ BBtlver si on
period begighficaBiChHf the dlgiRPodtpRGidnaB dORGXthe first bit is determined, the sampling

period is over and the conversion period begins, which will be described next.
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[ 0058] During the conversion period, the switching logic 234 is configured
to cause the switching array 222 to connect each second contact of a first
capaci t orwpanri/ups2¢. the pair of capacitors |abel ed 'a' pcrscaodiobdies ent one
of the signals Vref hi and Vref | o, depending on the determ nation of the
first bit in the sanpling period. For exanple, the second 5 contact of
capacitor 'a' fromthe first plurality of capacitors may be connected to
the first signal Vref hi whilst the second contact of the capacitor 'a'
fromthe $e58hDuphgtlad ¢cnyersion paped,ithe swité¢hlsng mgive23deid configured secanndthei gnal
Vref lo, or. visa ver The choi ce of which round to conpect the second
cont act s PBHUEHES PG P4 OGREREUPET SHEOMhPTIALOCK S0 AIBEURER €t BEGaTs ade
i n dependgpggabitort MBeet £ 19 NditferRAt &ie JMBe fibhad VRIFthiWAH She VRS dBSLiREMEd 10
during the sanpling period. For exanple, if the fiTst bit is determned to
be a 1', ohdhedgamnnaion ¢f theffirstht {1 thetsapiplipgipetigd.i $or exarerie.cidie tsecanfle fir st
si gnal . Vr i I the } -y econ rall i

connec? ed%{ngg‘lttﬁ\emésdea?z%%dgs?%ﬁa @%gﬂufagl.ty %{)Cr?&/)gcﬁtsogﬁ Igllgy ?? Q%Iﬁlggéflli &%Itthet%ilmtt is

det er m nedighal Waef &i Whilst thérecconp aaitiodbf the' capicitoh&’ ffions thepkcund| plinlitysof

connected to Ihe,secondsﬁi gtgal Vref. Ia\?/n%l st the capacgjtor 'a' og. he
second pl GRRAFIIQR) I EPECHHAISEE STFORY SiERE Yich 4D VGRS e iPoicF BDBEICEAI s0
during thqaG oIS coheBethe 9ond Béhtsd ©oahE DEt LigRdI o/ réB i Al tRONCLAMEgRAIt O
cause the switching array 222 to connect any succeeding capacitor pairs in

capaci t or Vel losis made ithdependanan pn dregletermination gf dedirsiditpuhick was perfirseddi ng

capaci,t or i I . it paj "oy to T Th ihe swi Eehing

| ogi ¢ 1%34(1]2%%213 sjtaw hrs‘%?% cﬁl' ng&ar ra §2i th?ofﬂ%tobr%tn;egc(fe&eg%l%e% tﬁ(}ﬁoq‘ 8lc’attpglgci tor
pairs 'b' cipacifori 1’ pdithedirftoplnmtityois. cdmmeathes thefids ,sigrab Vael bnavhdenthact of
capacitors 'b! to, T gfhthe fidrsﬁﬁaﬁl ur.alité% i 'S, con ectedd:o.'thﬁ econd

cont act of’apt?ﬁlﬁ%fpiat of t.fb'se‘foél_ TP _%éss‘é’ ?ﬁﬁedplt?]r FiiOne espdet Vel .
Accor di ng Cofvdritlss i£@Bfird Wik dermintd toSbePP 98] b eapagitciehes Mhb & rdtheurgiagond bit
of the digital output signal fromthe output of the conparator 208. In an
exanpl e eMRoENeRHk to the secepd sighalpy et jle whHg the s#nseiterpat of ths seqogd iplyralitsit bi t
of thesdi %ictoﬂhec?édttglﬂfe S0h3 a1 viRAICEH. t he second bit has been determ ned, the
first conversion cycle of e conversion period is conplete. [0060] Figure
4 illustrates the above-described operation. Figure 4a illustrates the
sanpl [ N9 RRsbPA1so WG AR SnILSHA pdflo @Mk AFirdnld U5k BLE (BbdfipltiY gaRl i ONS
for the first conversron cycle of the conversion period. nsidering Figure
4a, duri nthetsvatcbmgpitiang22 peroroget: dny shtgesding wapasherpairsiingegpacgomnpatst ilon i s
swi tched so .that the,input signal €Vinp),present on the first swtghable
put | conNecbiia b B el LR SRRl Bt "B rehlo B YA £y
of capaci tofjs. Thaklbie] tieamlityhing hegis 2BOeuisawhé shiadhing drfgyLt2200 Boekt edhi S

swi tched sp that the ipput_sjgnal (Vinn) present on the secopd sw tchable

i nput 2?:onﬂgﬁ‘iﬂa8‘|tf’ri9§“rs 5 pPov; Hethied ?W@t%fl—r §F_°§Eﬁt“é?6f% i Sl seiei!

plural ity gfackaPapithop Sf thdfidshfluraliyNR Whdceddl 100hd QQbkd Efta @Y GHackhs
switching array 222 and the reset l'ogic 233 to reset the second contacts of
the first ‘Wrd ‘seeoty sscendapluralityfresngpvaly-orArcoringcn thin cenfigaxatiopl & is

enbodi nmen S fio.hi#vref l1o) e i t he
first bi tb (l)S\s{ﬁ){l%gndeggﬁem&%esgy%ngs%gbg%lﬂet({%%lltagt?{ué’ﬁl% é%? git%e égﬁggﬁg&c’ffhﬁo&
Al so, thecaoppavato8. old pmt example embodiment, the second bit is the second most

25  significant bit of the digital output signal. Once the second bit has been determined, the

first conversion cycle of the conversion period is complete.

[0060] Figure 4 illustrates the above-described operation. Figure 4a illustrates the
sampling period, whereas Figures 4b and 4c illustrate alternative options for the first

conversion cycle of the conversion period. Considering Figure 4a, during the sampling
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10 is provided to the swtching |l ogic 234 and used to control the sw tching
array 222 and reset switch 233 during the first cycle of the conversion
period. [WOGdjvidmreng the first cycle of the conversi onppersicad,/obées second
contacts of the first capacitor pair (the pair |abeled "a') of capacitors
are swtched to either Vref hi or Vref o in dependence on the output of
the conparator 208. As seen nore particularly on 15 Figure 4, if the first
conparator input is greater than the second conparator input, the

arr angenemperiad thei fixst ewiddhable ismitabhichon is fvitchedabithal the nplut sigeals(Vinal at

the first conparator input js.less than the secqnd.c arator | ,. the
arr angemeﬁlresg%)t Oﬁiahéﬁ.lﬁ’ét %Ié)‘“‘lthéf’léé‘ipé‘ﬁﬁ?rg‘ﬁ%t&?n 1P RO i‘@ﬂé‘? th(‘?ggg,coﬁﬁafts gé@@ﬁ%ﬂi ng
capaci t or pRahlit§ of tagacitht8l MAd}BRALS the RcorldOswilch@1€ AP BSHHe&Lbnl i9IGIEIRM 1 N

pairs. It is noted'that onl&.three of the capacitor a‘gal.rs ("a" to'c') 20
are shown sp ih#ti Geriepwt siggal (Bimneordser) athéhesspcerddvighablepipit eenngetiansisi n

paired_fornati [ . | ik . t . a

Virtual VR UsRtadle fie SERITE S0t BETOAHARIGR, RFkE, LAARMARRE T |

t hi s pai r ésgié QB4abises thd swisdchiex anpl 222 rnbd dhevesstt, loglee234 td terét tMe neaqdal s

(Vref hi+Vref |lo . According to this operatian, the secqnd bit of the

di gital oGPYas s(%tjgﬁﬁl B na"gle S%QP&WPW 4 P?O?ﬁp?ﬂ@r%l}? pUtMoflnt #k 3gMBYr at or

208. 25 DHbbfithedeVRRMsN@hhian Otefl e VSECRNG. MA{ desthBedCaRAE] herirRadil isl abel ed
e

‘a’ is maintained in the configuration Which was established follow ng
det er m nathenrdetsimined bisedom the putppiogaly coprrardten 2Q5wi Mgo.dbe eamprsaioheputhe

conver,si OF | t i t rm e i S hits of
the. digi ¢ 3 PEUFEnE Bt Rlahe el ahiRed B ool A BEERY DR Bl oo
[ 0063] Theesstdwichi2ig dhogg the Zidst ciycde obthkicguveedon permduse t he switching array
222 to connect each second contact of the second capacitor pair (i.e. the

pair of capacitors |abeled "b') to a different one of Vref hi and Vref |o,
dependi ng [@06]1] Daridetter Arsnayilonf die tdnwesenopeiiol; theisacdnideconiacsst ofcthe Ifiestof t he

conversion period. For e |l e, ..t he second contact. of, 6 capaci.tor "b' from
CheF1 1 st g, Tipai R B e e A e b EREeE i 8f Vestghal v of
hi whi | st i Rep&dedot @Y aghutodf theecsapaabt 008.' s kédnmbhep saedady phural ity
of capacitors is connected to the second signal Vref lo, or visa versa. The

choi cas of Figtreh Wdlhe fiest sempaatopiprtds greates dagnhie Semopd comraEtar{apyt; thet

signal Vr ' heeSeCaN]s Sds@BAthelT STallethatiSelJRIE ld sHAREAOSRC QN the
determ natg{rgﬁr;gegféﬂgﬁg sé%gngmblstés\%i %:ﬁ}{was %er.aflo? %d zgtbO\?{éj;‘.?l 10 For exanpl e,
i f the secomparfor iripyt $dessrthaimibd seapni eomparkior inhvé thepaarigement ¢f Fighiretdge fir st
plurality.is nected.to the first signal Vref .hi,.whilst .t capacitor 'b'
bt "L he. seloREEHNTRG FieheCal ol cbceatd e boRat i &b laig, 57879

Conver sel yire dohnédiel thzéthdr ibpiird. & isiréted Hanedly tioedef the cépacitdripairs pawi tYr ' b’

of the first pl ur,alqi ty is_connected to the second. signal Vr.efstJ o whilst the
capaci®? or arephoyp if FiguietoRY CMFCHRg thy speCcediih ERASHOT RIS HePTddPrmaong na|

Vref hi. (i.e. by connecting their second contacts together) a virtual Vcm voltage is created at the

second contacts of the capacitors in this paired formation. In an example embodiment, the
virtual Vem equals (Vref hi+Vref 10)/2. According to this operation, the second bit of
the digital output signal can be determined from the output of the comparator 208.
25  During determination of the second bit, the capacitor pair labeled ‘a’ is maintained in the

configuration which was established following determination of the first bit.

[0062] The following describes how the conversion period continues to determine the
third and subsequent bits of the digital output signal during second and subsequent

conversion cycles.
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[ 0064] The switching logic 234 is configured to cause the switching array
222 to connect any succeeding capacitor pairs in capacitor pairs. In the

i nstant caOal1tHe428 are ei ght pairs of succeedi ng capacPCHSGRaI11080194 . e.
capacitor pairs 'c' to j'. Therefore, the switching |ogic 234 causes the
switching array 222 to connect each of capacitor pairs 'c' to T in paired
20 formation. In other words, the second contact of capacitors 'c' to T of
the first plurality is connected to the second contact of capacitors 'c' to

“jt of t hd0@63d did spitchiag lagjc 234ds perfiguias] t caysedles sivitplingoartalyi222 do adringetr at i on,
A ) . . ! MO Sivtat
the out putedh bl SRELELAE s Fe il forbel (BF, OB fb PRl b W PR%, " O

t hi rd nosta diffgpehf dreaoftvief hi @fd Vi€ 16 dpptradingon thetdesangitation Bfithiegeond bit
determ nation .25 o %h third_bit,.th&ﬁcqgggitoL pair Iabeleg ‘a'. is

mei nt ai ned® ff #ecxctnd gtga PRRVEBHPIHITOH: WS xRl the preand epnteshio gapacitor

det er msnaty, Ofoff the Nirst pliSinPbF capAEi d'n?ig?ll)é Yonrfdbicd NG (HEGRY rﬂ%?gf Wodt pf the

third bit, the capacitor pair |abele I's maintained int T
conf i gur atwhilst thiei setpndecontast afbthe shaditdnoib! dugim thedwseadnplnealityool edpatitpes ssecond

bit. [ 006! i,dering the V. rijnti the.formatiaon of the
first, secomtetlls et SQR IR S, GPGS{ Lt Bhe Shoik B ARLNRA G 1ol
per son muf)fi&andﬁrﬁt@ﬂwgh&\otsttfo tl&ﬁﬁ&gdighhe\l/ﬁﬂjhﬁ ahd @i @f:or}d"lﬁglﬂD@/rEflll?o %Dso f
generate a remai ning bits the digital output sjignal. Once a its o
the digit &adgde gerendsngsap thedrtcrpRRoR Y dicrerad hlﬁ@/ﬁ@gﬁvﬁér@rfeﬂnf&eﬁ%@f is 5

conpl ghe. FoHickARFIEDIGhe 8cohdib® it IdRmINGE & BET Qb Ethdll @hicibr O Prihe Sirgnal
correspondi ng to the anal ogue input signal has been determi ned. [0066] The
swi t chi ng parality ip ponngsted dattheofirsedighbgl Yied hiwitilshhecapenjior ‘P3af thedgeand t he
nunber of itors. r Lr 0 r ol t t.shanal . ... .
Additionapﬁﬁgﬁgﬁé %ﬁf%ﬁ%ﬁh@ﬁg?%%§L§igﬁég%%%% fo?#gggéggtﬁih%mﬁ?gﬁwnﬁ | ogi c
234 r educdstetthimettorben 0f, theldipaditoy éb’sofahe Gyst phsalithad commected @ the speynidor ned
during the, conyersion .period. Specgjfically, according to the

Sbove. des Sl Hedrasg b foiPpiET Ao 5Bs SHard TRBID & Gl ainate SR ed
directiky Qphel VRe Hiirst contacts of the first and second plurality of
capacitors. According to this operation, it is possible to determ ne the
first bit during the sanple period, i.e. before the conversion period.

Accor di ngl[y064 The 6RNIMBASIORR 2WMGh EorFigutddao chide GRIWATCRINEMAENROGh Esmsaved
since the first bit does not need to be determ ned during the conversion

period. TRRYSHREEHNG srReciior Ppiss iHsEPacderERAMr Jn the Ipsient e, BickesacishbPaifsai r in
the first oRucoseRANpRIE Bhitd Yo QlbpRABRRIICL Siof T THEIAIETM Wity kSt DI L,

t hereby reducing the nun capacitors required. Furthernore,” this nmeans
that time284 cawes theemdtching iarrgy 282 tcomestsadnohepaatbr geire fatitmiihdp paieedf i r st

o Sk Pt L DS LA 2% SR ROARE, o
reduced, tiheoleytedhor thendebghdt bentsbor @t ¢apaciis t'déteto GNuAT thi el plghlity,0067]
The reset u (g, 290, ascont 0l e ol s, S SHLNS oL 2RhE. AL tal g0 L o0 The
the digital output signal from the output of the comparator 208. In an embodiment, the
third bit is the third most significant bit of the digital output signal. During determination
25  of the third bit, the capacitor pair labeled ‘a’ is maintained in the configuration which was
established following determination of the first bit. Additionally, during determination of

the third bit, the capacitor pair labeled ‘b’ is maintained in the configuration which was

established following determination of the second bit.
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signal Vcm |l evel of the capacitor array after each conversion of an

anal ogue i nput signal to a digital output signal. Wthout such regul ation,
t he thirdwei2qHal49N8m nay be subject 25 to variati on un@€m/SIGAMIG/ 0PSO
operation if the charge from previ ous conversions is not conpletely

di scharged. Therefore, the reset switch reduces variation of the third
signal Vcm from one conversion period to the next. Reducing the variation
of the third signal Vecminproves reliability of the ADC during |ong-term
oper at i on,[00#§] &tonpidgringethe ggwei degtriptiop afdhe famatierpot detfibtn seeopd iandithinsns
such as, f0or | ' i appl icati n.ex :
embod; mento e ST TR R s R o oud M o) FRAR P o
second pl wpatatibly obthe dAp@202 Qr@nér@tetaheerghihh@ bets gfithe d‘!@ﬁml blﬂ?ﬁt@i@rﬁyeﬁn&y
activating,_ 5 one reset switch, i.e the reset swifch perforns a, .
common- moddl Pisar herfietah putPHt sighalr BaNscResn: frlerinad: Hiengenyersion pyriogsisnel | as

the power coRaudTerl N8R NarsHlstitl, it QRENAL dHBLRES Btal YHtdsPShdingSiond! e
switch sets each second contact to the third signal Vcm Stated

di f f er ent Ithe anadnghe dwobsighat bes kesh delowsinebt need to be individually switched
to the third signal Vcm 10[0069] In an exanpl e enbodi ment, during the
conversion period, the first contact of each capacitor of the first
plural ity (0966t dhacivichivg (amay. 222 agsaeintrolled by 'the ewitfhingflogie 234 redups ihe
coupled tag the fir Lnput. termn of, the.c rator 208, . Addi t.i onal |y,
Chortirst Teblenel areinfeabfilid Bombind A EE TR sPlrel T Mo IR ¢ 0
(i.e. capaeitthihg dnay 220 & @htralleédpy 206 pwitshing Ugdie @34 qedidtes siec pmdbérngfut
term nal of the conparator

08, Additional.l in an . 15 ex | e, odi ment ,
dur i nd%t hEORBHRI EYLT Primesd o b et diripg E‘@&aﬁ&ewm%ﬁy FHfaL.
connect i oRgcAdidg aB0the 24bodé-BestWbid Bphatich bhehe HIHC 2RNTthd YRl i RfhaANGre
therefore, do not provide an input signal to the arrays 204 and 206, or the

conpar at osappkd digothopntp rthedirscgnisce adrtho diryreand , seepndoplutslifyapf) canaditarslant
glaggr’]:jt 2;”648%?1?1%% %?@g;&fgﬁgﬁghégrp%ss%le tt(b%e{ehﬁi%te tﬁéa[ﬁ?scfibtito urﬁ’lrgr i s%\%éleand the
period, i.e. before the conversion period. Accordingly, one conversion cycle of the
15  conversion period is saved since the first bit does not need to be determined during the
conversion period. This means that it is not necessary to include a capacitor pair in the
first and second plurality of capacitors for determining the first bit, thereby reducing the
number of capacitors required. Furthermore, this means that time is not spend during the
conversion period determining the first bit, since the first bit is determined during the

20  sampling period which would occur in any case. Accordingly, the number of conversion

cycles is reduced, thereby shortening the duration of the conversion period.

[0067] The reset switch 233 as controlled by the switching ldgic 234 regulates the third
signal Vcm level of the capacitor array after each conversion of an analogue input signal
to a digital output signal. Without such regulation, the third signal Vcm may be subject
25  to variation under long term operation if the charge from previous conversions is not
completely discharged. Therefore, the reset switch reduces variation of the third signal
Vcem from one conversion period to the next. Reducing the variation of the third signal

Vem improves reliability of the ADC during long-term operation, which may be
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20 redundant algorithmintroduces extra bits to correct any conversion
error that occurs during the process of converting an anal ogue i nput signal
into a diybralvwm2put signal. The redundant al gorithm uPCIiS&E611800410€r ent
step sizes instead of a standard step size for each bit conversion in order
to obtain an optinum step size pattern which provides the best tolerable
error range. The application of redundant algorithmcan relax (i.e. reduce)
the 25 settling time requirement of the first few bits. If the reduction
in the setpatticnlprlyi nelevaaguior esgrtpis gpplivaidonst hausht ke iferc raxampleof biomedical

conver si on §ﬁ§gg and capacitors, the overall power consunption of the ADC
can be redbted °Ks nenti oned above, the switching array 222 reduces the
nunber of capacitors and conversion cycles and, thereby, relaxes the
timng reqgyg nt of the go rator, In_ an epbodi ment., _th

sett] g dy0staF 2R SRRRALE Hine e e AT ST R e By
wher e p i girithadstandlwrelifoficheacitelsas echind Gigna¥cmiaagtefed B fetieaingus bit,
g is the 5redundancy i.n the corresponding step, and r is the tine constant
of the3capBeiresst SWichay-- thsoreset SWHC%ﬁelgmpa EOTBIEBANIIS HESet-a Thisiontaation

al gori t hmgaRORtd %ft&iﬁ@%cﬁ@kl lak NGelf 128BHOTpoRE DRSamdd b3 NeLHDRHIHRRE . one

redundant bit is utilized for "a 10 bit ADC'design. After a sinmulation, the

r edundant operdéopaince aetivating Rodegle switple sots eacl] 988nd tomacte8, thg Thirdeignall, 5,
4, 2, 1} ereqi =10;.0. ich.,gives, th st settl] ti .of .2.2r.,. 1.n an
examl o 108Mbod el Ters L ERIP TR b e B8 BT b (ithd BT Blienst” e
si ze of thetheapiadsigml ¥cnd.0072] I n an exanpl e enbodi ment, an ADC 202 for
converting an anal ogue input signal into an N-bit digital signal with M
redundant bits needs first and second pluralities of capacitors each
cont aitni ngoeIMIrc apercaintpde anboiimentdduringtthe tdnversiomrpengé the first toénthalk€sach+M
conversion cycl es HP 0 leHe t?e conversion. . oy e e .

capacitor of the stnB urality of capacitors (i.e. capacitors ‘a’ to ‘j° of array 204) is

coupled to the first input terminal of the comparator 208. Additionally, the first contact

of each capacitor of the second plurality of capacitors (i.e. capacitors ‘a’ to ‘j’ of array

206) is coupled to the second input terminal of the comparator 208. Additionally, in an

15 example embodiment, during the conversion period, the first and second switchable input
connections 218 and 220 are switched to the ‘off’ configuration and, therefore, do not

provide an input signal to the arrays 204 and 206, or the comparator 208.

[0070] In an example embodiment, a non-binary redundant ‘algorithm is applied to
capacitors of the first capacitor array 204 and the second capacitor array 206. The
20  redundant algorithm introduces extra bits to correct any conversion error that occurs
during the process of converting an analogue input signal into a digital output signal. The
redundant algorithm utilizes different step sizes instead of a standard step size for each bit
conversion in order to obtain an optimum step size pattern which provides the best
tolerable error range. The application of redundant algorithm can relax (i.e. reduce) the
25  settling time requirement of the first few bits. If the reduction in the settling time
required is greater than the increase of the conversion steps and capacitors, the overall
power consumption of the ADC can be reduced. As mentioned above, the switching

array 222 reduces the number of capacitors and conversion cycles and, thereby, relaxes
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15[ 0073] In an exanpl e enbodi nent, the conparator 208 is a time-donmain
conparator 308. The time-domain conparator 308 is utilized to further
reduce t hwopoverseensunpti on of the ADC 202. As seen nopeTpaRiiioudi@ely on
Figure 5, the tinme-domain conparator 308 is conposed of a plurality of
stages of voltage controlled delay circuits 310. Each stage converts i nput
vol tage |l evels into correspondi ng delays of a clock signal. In the exanple
20 enbodi nent of Figure 5, two input voltage levels Vinp and Vinm are each
conver t ed thentiming reglisynenf ofthe lcomkarsiogn il ar{ exda)ple Tinbodiimert, denwithing angear at or
308 is furtgeggﬁenFoEed of E@hase detector circuit 312 which determ nes
which of f &t BYCIPAPER® Aol t age | evel s changes earlier, i.e. which one
of converted Vinp or converted Vinmis delayed the nost. In other words,
the tine-domain conp or converts each voltage signal to a pulse width
25and conpay, ﬁﬁ on of the pulses. The tinme-domain conparator is a
fully digita %IFCUII .q he ti me-domai n conpar at or does not consunme any
static power and is able to operate with a |l ow supply voltage. In an
exanpl e enbodi nent, the tinme-domain conparator 308 may include five stages
of vol t agevhernp rislthe stepl sizayof3the . refetencs vobageechange fistro pceviduatbii, iy sotie ot her
exanple enbodi nents, the co ar at or , include di fferent nunber of
ot agess T BROBR b he SRR eas I HRLBE RS ORUY EPELOT FE 5 5
further noted that the switching array 222 as controlled by the swtching

| ogi ¢ 234 60eh pxesn Lhgid %9&1&@&“%@&&%@% Qfgotifien Eérﬂ@ptﬂﬁh'%@'ﬂ{é s‘%ﬁﬁﬂ?@ﬁﬁ%or 308.
Hence, power consunption of the A is reduced. [0074] Figure 6

illustrat eétfanAEfEanTplae @mh@ddnmmne erngdmet gt tsomtlleGbﬁmdlslﬁ/\bltt WG desagove-
descri bed ,Ei gu gure |IIu trates. h wan ex d voi ds
i ege fpdlarigh, eerﬁ%“rné‘?nec?o %P‘% R Se" % %rp {??gﬁggdégﬁ?a%‘fe to

using a arately g VoIt

avoi d usi ng, 53, zﬁepa} &ttefeyz=geneﬁvaicﬁcgﬂzdalth@lbasalsétagtg tirﬁé’@fZ'Q@ ¢h laflleR@hglet he
need for power | ow-inpedance buffer which woul d i ncrease the overal
power I‘Peqﬁinbé‘%ﬁﬁflt a1 aenuatinscapagiiopisaititged @ reduse theavds of teaspatiipent of Figure
6, Vref lois set to OV, and Vref hi is set to a reference voltage Vref. In
an exanpl e enbodlnent Vref i s equal to thgslnput common. 15 npode voltage

(Vi n_commiy72li #hexampleerbodimentya ARC 24505 ForpsFiinggn aloguaimPihgienilr i od,

the secong¢QRMB %ngltal gl Wite i 3EHnISA IS n%w ﬁx‘st Equ Qécoﬁ@BﬂFrhﬁtféE pfare
connected to Vref while the first contacts sanple the input voltage. In

t hi s conf Fepaciars each cpn@mmg Nabfecapeadiorsd Anvording tfo|th1§tarram#nseecotrtqu§|1{ﬁr1\él ity of

f%ﬁﬁfhf?¥?@5%§&$%§%h§“9gﬂﬁﬁaeggﬂ%n%g{ﬂﬁﬂVﬁn common) and a differential term

15 [0073] In an example embodiment, the comparator 208 is a time-domain comparator 308.
The time-domain comparator 308 is utilized to further reduce the power consumption of
the ADC 202. As seen more particularly on Figure 5, the time-domain comparator 308 is
composed of a plurality of stages of voltage controlled delay circuits 310. Each stage
converts input voltage levels into corresponding delays of a clock signal. In the example

20 embodiment of Figure 5, two input voltage levels Vinp and Vinm are each converted into
a delay of a clock signal (clk). The time-domain comparator 308 is further composed of a
phase detector circuit 312 which determines which of the converted input voltage levels
changes earlier, i.e. which one of converted Vinp or converted Vinm is delayed the most.
In other words, the time-domain comparator converts each voltage signal to a pulse width

25  and compares the duration of the pulses. The time-domain comparator is a fully digital

circuit. The time-domain comparator does not consume any static power and is able to -
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20 input common node voltage (Vin_common) is equal to Vref, the common node
vol tage stored on the first and second plurality of capacitors is zero.

Ther ef or ewoaoiyi4vd2e di fferential input voltage is store@gcTAs20lascsiobed
above, after making the first bit decision, during the conversion period
the second contacts of the first pair of capacitors (labeled "a'" in Figure
3) are switched to either Vref or OV in dependence on the first bit
decision. In 25 this exanple enbodinent, the first plurality of capacitors
i s identi opbtrateowithea dewongphl uoltdget yhofancezparpilet embodiftteat, ethor epe-dbmainhar ge

redi stribution wil]l create a 1/ Vtef i..e.. Yr at the econd
contact's 8Pm8§r8t?rs3|9§68§5§?11?@%8a¢)§c? alopags g‘tf&toél&}{ c%%‘ 2-121(9 TIH 1§ R §ure 3).
I't is notgdddrbdbd it &1 sonke dBér ek Bmmtm@tﬁmecm@ama ¥ ke BRAde g
virtual voltage val ue nentioned above in reference to Figure 4. Further, as

seen on Fidiffarentgmmber of stagesorier ofampie ap‘@ﬁ%l?%lgée"&irfb@t 8f tﬁss A e, defsat i ng
to the.f f f
cgpame? olr rﬁ%#he?héteg?ﬂr%&h %Eg%tr%%ﬁ?ta {/r%?s 174 rewe\%ﬂrtf_ tﬁ%?‘%ﬁ%fogfa%sﬁg ﬁrgﬂa@e& tage

present otihe tinfgi regiiretent afthe dineedomimic apragarstor 308. Hbwces powarccopbum@lont y i s
3/ 4Vr ef +Vi db@@ 2Fyrthg nﬁ as seen on Figure 6¢, during the alternative
CrP8 #5fg to

conversi of? i the first bit, the voltage present on the
first contact of each capacitor of the first pIuraIity is 3/4vref+Vin_diff,

wher eas t t age esent on th first c act of each,ca itor of the
eond ol Mgl EiATEs HRSSHES atrimiie s btipda Hafre ame g e BB i o Ther o i &
no need t @e@Bad Fhy 40eRgHRL € ilfustries HoWOdi agengle ¢Rbodintinabi@ds BYRE %
conversion cycle, the Vcmis fixed. Stated differently, by designing the 10

i nput leonﬁawrate}aege@etateég@réwwaeemh) It 65 desiblealo ayPidusing @ sepasatply n

need to s & t hi I exanple
enbodinenggﬂ?aélé%Fg% %%h?é@é@ él1|s fhggga%%ﬁféfﬁ%ytﬁ2§£§§259?%9§£of t he
first andbsfferombichlwmid ircyeawd thie oazetaﬂlpodvevmetquagmetnedfdhe ARG gicoordimgkiong.

Accor di ngl the third.vol parat e ner.a but nstead is
noh eved HF BAPSRIE FROPHERE A Pyt dr wiBh T oM BEnad Vit sl 8%50a
and 206. Té'fbx‘én&p%lﬁigb Otef. edu@esmlble eﬂ@dﬂﬁndﬂemﬁi&ﬁlsoéquhhfb ABDGhy cemhidhnat i ng
t he need for i gh- power | ow | nce buf er for holding the third
vol t agé. A ﬁP e HLF@P“@&hwggﬁéﬁﬁﬁmﬁﬁ tSOFO uW of power. [0077] In an
exanpl e enbodi nent, the capacitors of the first and second plurality of
capacitors_are char n._one step during the sa riod. Accordlngly
the tinme X7akDyring weﬂegaﬁﬂ at%gﬁsenf??mctss? fj;?qr?[“g sseogd gliraltyout put

si gnal i s opeipaRiicts ARIGMANEXe RV & KGhilk R §RPEMIHEAE saniple thelihplt|vB1t8dL P -
[0078] In an exanple enbodi nent, the additional power consunmed by the reset
switch this configuration, the voltage stored on the first and second plurality of capacitors

contains a common mode term (Vin_common) and a differential term (Vin_diff). As the
20  input common mode voltage (Vin_common) is equal to Vref, the common mode voltage
stored on the first and second plurality of capacitors is zero. Therefore, only the
differential input voltage is stored. As described above, after ntaking the first bit decision,
during the conversion period the second contacts of the first pair of capacitors (labeled ‘a’
in Figure 3) are switched to either Vref or 0V in dependence on the first bit decision. In
25  this example embodiment, the first plurality of capacitors is identical to the second
plurality of capacitors. Therefore, the charge redistribution will create a virtual 2Vref
(i.e. Vref/2) at the second contacts of each successive capacitor pair (labeled ‘b’ to ‘j’ in
Figure 3). It is noted that this virtual voltage value matches the corresponding virtual

voltage value mentioned above in reference to Figure 4. Further, as seen on Figure 6b,
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during operation is |less than 1% of the total power, i.e. it is negligible.
Furthernore, in an exanple enbodi nent, the ADC 202 has a fully differenti al
st ruct ur evard112884268pl enent ary swi t ches whi ch reduces chZ€HESG201809196n
caused by input sanpling at the first contacts of the first and second
plurality of capacitors. [0079] In an exanple enbodinment, the ADCis a
successi ve approxi mati on (SAR) ADC. In an exanpl e enbodi nent, at |east one
of the capacitors of the first and second pluralit of capaC|tors is a

met al - oxi daringoat of bb@l\@oss;blpeconmwon Eyclemrelakiagnto éleegmbbht rtbﬂwoltmmescatpam tor
of the first d.seco rality of..ca net al
(MM capé’& qlgﬁm[cﬁﬁg%]()fpeﬁgh ﬁapeaxé?rp?fetﬁ %gg &%ﬂ?’ 1%\}1%%- tlrcl:h%ler? Wher asy is a
tri-level tBavivbRadengresdnt @y, the Sirvhesrtich dfhech toapaditoy of 'thaspeal lﬂetaatyefs to

t hree volta e lLevels which may be applied to the se on£ cont act of

capaci t or $/ ef*h\énﬂlffstFughmecﬁﬁde@matgpfa%fiu%qoﬁe tsatvesERIVErsiog| | y |
the thee #r@l‘é%lﬁtu??% e ) B ﬁ&h’vo}‘(%?ﬁ@s@ny&?fhelﬂ%st Lhee oftétehw;sa%ﬁoﬂﬁvel s
may be Vi and Vref 2 Vari ous experinments were performed on
differ ent tMQmppbr@mbmoﬁ/%mﬁstmff[ %&2}15 B eokagepteneorbthei firstriontaayofi ncl ude
a 10-bit 10Q kS/ s, redundant .S AR was devel oped using a

0. 18, uWO@é‘ﬁPS‘”&gg&ﬁ Eﬁ??gpﬁ‘r%l%ls 1/%-{71 %‘Pp@ "spectrum of the SAR ADC
with a 24 kHz input signal. Fi gures 8a and 8b show differenti al

non-| i nearj DNL nt egral .non-1i I N | of,S., respectively,
00 e enm g ek SRe pBSRRRYe iR SR st L sl ddnkrefi e YRR 0 5
LSB. 15 FiagdifafteSeRiy0ddndesion dydlel theSWuiivey fizddn gSthtbe dﬁﬁ%;ﬁ@@pﬁeg‘@nﬁgnﬁe The

si mul ated perfornmance of the SAR ADC i s_shown i the ta |l e of Figure 10
conparéd t“EP%r?BWl‘PogAJF?OgﬁD@ ltagey %OB’@%&’] reqal; iReV %{ﬁdsa%‘hf‘%e\%@ an

ef fecti ve sgupher, ﬁer@ﬂetasthxfcﬁme afveB F't’_inlbérﬁléré"’tﬁel e%alﬁ?ﬁ%%oagné?l@t)YFlgul% uW of

power . Therefore the exanpl e énmbodi ment SAR A chi eves ultra-| ow power
consunpt i @mchw[vjesetb\sé)[y pré-chagging ghpggpgsltors of the ﬁrst and second plurality with a third

 voltage before decision making. Accordingly, the third voltage is not separately

generated, but instead is achieved by balancing the charge between the two capacitor
15 arrays 204 and 206. This operation reduces the power demand of the ADC by eliminating
the need for a high-power low-impedance buffer for holding the third voltage. A typical

buffer can consume up to 10 uW of power.

[0077} In an example embodiment, the capacitors of the first and second plurality of
capacitors are charged in one step during the sampling period. Accordingly, the time
20  taken to convert an analogue input signal into a digital output signal is not prolonged by

charging the capacitors in multiple steps.

[0078] In an example embodiment, the additional power consumed by the reset switch
during operation is less than 1% of the total power, i.e. it is negligible. Furthermore, in
an example embodiment, the ADC 202 has a fully differential structure and
25  complementary switches which reduces charge injection caused by input sampling at the

first contacts of the first and second plurality of capacitors.

[0079] In an example embodiment, the ADC is a successive approximation (SAR) ADC.

In an example embodiment, at least one of the capacitors of the first and second plurality
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20 figure of nmerit (FOV of 1907conversion step. Additionally, in a
separate sinulation, the 10-bit 100 kS/s redundant SAR ADC with a 24 kHz
i nput si gv@l20prdeHz8ed a signal -t o-noi se and di storti on- PETISG2¢1INDRP4 of
52.48 dB, a spurious-free dynam c range (SFDR) of 60 dB, an effective
nunber of bits (ENOB) of 8.4 bits and consuned 0.44uW of power. [0083]
Anot her exanpl e enbodi nent may include a 10-bit 80 kS/s redundant SAR ADC.
25 The SAR ADC was devel oped using a 0.18, uW CMOS process. Figure 11 is a
chip ni cr efcansiiters is heeghRxispmets; QIOM) tapasierndn e examnlpambediment erabat 80

kS/s. Figures..l 3 e of the
SAR ADC SLRRIRER ‘%g%jﬁh’g‘ BQA%QW%% %Rﬁ’ Ly F%\Et“?%atog‘zdr%eﬁ%{ay@wpﬁd n 0.7
LSB and 1.chpdcBBr. respectively, at 10-bit resolution. Figure 14 shows the
SNDR and the SFDR of the SAR ADC for input frequencies fromDC to Nyqui st
frequency. Figure 15 shows the ENOB of the SAR ADC for input frequency from
DC t o Nyqyo0680] i @fusatple dheoddéntadiei sviehirfy Grdi is aSnEN@samclhmg\/ahﬁgquency
and it drops to it at hi h frequenc ur.e pr ov :
summar P zi ergl ﬂ%@%ﬁé FERh Felaire thisgapl t?&fdgmlwﬁ raaysl'éfpé}%pélteé e

si mul ati O@ecotna%o%a ﬁ%zﬁeﬁhfs%@l@e ﬁi@t ENCRc6id ﬁu@lﬂﬁop&p‘h&togg 5}%’&1110’3 it while

consum ng only 0. 4pW power. The SAR ADC occupied active area.
The SAR AU @mﬂeweémamW@m%lp Yomswd Aoai de- sﬁl%ﬁni@t@rﬁe lq\m&s BARPANGfcbnsunmed
0.4pWat 1V 10 ?}é@ , Which corresponds to an FOM of 19. 50/ conver si on
step, whi ch |s the inventor's know edge, the best FOM achi eved by SAR
ADC desi gned using 0.181Lan process. [0084] In a further exanple

enbodi nmen Qﬁ; g‘\(?s process.
The suppl 30({/ Rﬁgggs\?\%@%@eré ore sc"ﬂgaég%gﬁmﬁ% Pé&; 8\) er\g\ﬁ he 15 nunber
of capacitors was scaled by a factor often. A reduction in the dynamc

POVer ,yas | é(ﬁ&;i: dn]@ RGBT ARy *Pnaéﬂﬁcﬁx L EQW-mgl(ﬁ?é%@?éduﬁHmF T SAKYAC.

increase int eakage power was seen ue to a lower voltage thres o
(Vth). CorfharSAR tAD@ wWasldp\WopddoBsipg ac@a‘,&ywml\d@&pmestsorﬂg@me? shmmﬂﬁptl on

reduced from 0. 211uWto O, | . consunpt pon reduced from0.21pW
to 0. 11pmpu@ﬁaspeem£rfé%§ggo&ﬁp‘?gleeﬁ P‘Hr?‘ u @arens@arﬁ"g&b AWt o

0. 15pW  ThifgerlRRH nbR1iAk RL) 28 GRedtl RVBFeaFi QY desRRiGIEWRW to

0. 32pW Furtﬁer rm?e a IFfr?%gbl n I%O\/I f?%m 19f 1/estgn§ﬁ>'m?€§J 8f'J/ sI%g% V\gs al so

obser ved. tRhSABfAPE, Thd BiNla iscEsmthav3s. pE8Bewd thesHNLtledessrthal poMelkSB.

redUCt 5 on F?gfurggr Srotw ad a5t(e)1€>/fe rI'r‘rPn(’%‘arrlez(ilng\Mthe SXﬁI RBA perfol anceC'\%epmmuﬁ?e%'
performance of the SAR ADC is shown in the table of Figure 10 compared to known
SAR ADCs. It can be seen that the SAR ADC achieves an gffective number of bits

(ENOB) of 8.5 bits while consuming only 0.7uW of power. Therefore, the example
embodiment SAR ADC achieves ultra-low power consumption. Moreover, it achieves a

20  figure of merit (FOM) of 19f]/conversion step. Additionally, in a separate simulation, the
10-bit 100 kS/s redundant SAR ADC with a 24 kHz input signal produced a signal-to-
noise and distortion-ratio (SNDR) of 52.48 dB, a spurious-free dynamic range (SFDR) of
60 dB, an effective number of bits (ENOB) of 8.4 bits and consumed 0.4 uW of power.

[0083] Another example embodiment may include a 10-bit 80 kS/s redundant SAR ADC.
25 The SAR ADC was developed using a 0.18uW CMOS process. Figure 11 is a chip
micrograph of the SAR ADC. Figure 12 shows the output spectrum at 80 kS/s. Figures
13a and 13b show the DNL and INL plots, respectively, of the SAR ADC at 80 kS/s. The
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[ 0085] In an exanpl e enbodi nent, the ADC forns part of a nedical device. In
an 25 exanpl e enbodi nent, the ADC forns part of an integrated circuit. The
i nt egr at SNOEDT1ICI4P428may be an applicati on specific i nt egP@TS6G2¢11/000194

(ASIC), and may form part of a medical device. For exanple, the ADC may
formpart of a data converter elenent within a sensor interface and signal
processi ng subsystem of a nedical device. According to the present exanple
enbodi nent, 'a nedical device' is taken to nean an el ectronic device, a

part of &fReAdi hani DNIewidc@Lothaargressthanf 0.2 [LeB andni-& LBy respectivalyt atbl e f or
use W th Ao iRo IRk 0fys R oSSR RN e SSR TBYLCRARIILSE MBY, Do

i npl ant abl , partialry imp e 1n a body or position
adj acent tfeqaededyfrorh D@ Mo QAR GequitntRdiRiglre i15phawt thaENOR bfidie: SAR
i npl ant abl e_bl ood fl Qqw sensor faor_ sensing glood flow t hrough an 5 inpl ant ed

prost het | ARfadeuimgnt geayency ARmelintt ByBWHoHPHEREY- of N HEDABCHIRUE $E-bit
par ti cyl amENOs Ut [RP gty WRPitldford B Gitky KEY ifCGulies a¥sR1rON 6 BAKIAM 2 | OW

power requirenent, and 1 n particular, an uﬁtra-IOM/pomer requi renent.
Accor di ngltable symmziazipg ¢heeSHBAARE meroayanse. s\dditainlaly,.fiora seperate- powtation,

applicati gnS¢ab- applicati i n i.ch po onsu L.on is at a | eve
bet ween 1%[‘f\/\§"€‘i(§ ‘%BFU%ES?(?‘%%%%% lfseu t&\’%‘d; l({)ﬁz fﬁ’“ggvfkélf Cﬁ%%’in&'% Mrpl ants,
it is desioaW e ftgdaer aThABDRRC ADEL BBSipedSE 1 ihah of bW breROVIBHe, SARNEBCE hi s
will increase the lifetine of the device. For battery-less nedical devices,

it is desiatkibted athBEOManf ABSIIconsersen-sicps sThenSAR 1ARG evnswoedk P48V ntéVt hi s
w | | abl e acquisition of .ener fHom har vesting t.echni gues. An
exanplie. eRBRRH-mUAteh; SRS 'E #h O e 10 2B oo RO ok R oo T

medi cal i mpleadi’s owdxiasPihe bksePOMIadBedi 5y SURt AIDCE dEHgnedS@iig 038 ,m
battery-1ess nmedi cal device. 100861 Wile the invention has been

parti cul aPr8eeshown and described with reference to specific exanple
enbodi ments, it should be understood by those skilled in the art that

vari ous cha&sgis in formand detail may be made wi thout departing fromthe

spirit and0&Ebbea dirtherexample smbedimgst adedudantiAR A GappeAesdpred #5Rg 2 The
scope of ishnIEMeRIrals! STIRubIS ohBell GBI Blelihe LSRRG ¢ hifie pgnd al |

changes which come 'wit ning and range of equival ency of the
appendéd obhmbesolaapaditesy whoselddrityen thstbriod tiye Arrbdwction .in el dynikBic fowekn

el 00U e SO 5 0 O B L Pt IR R 1 70
T'nlroﬁt i np‘}@akwi\,\%@ sEQNdeaB AWt PVAIREE i EshBId (V! RRigardl ol ®@150@! 09
CMOS process ADC, capacitor power consumption reduced from 0.214W to 0.06uW;
logic power consumption reduced from 0.21uW to 0.114W; and, comparator power
20  consumption reduced from 0.27uW to 0.154W. This lead to an overall drop in power
consumption from 0.694W to 0.324W. Furthermore, a drop in FOM from 19fJ/step to

8.8fJ/step was also observed. Therefore, using a 65nm CMOS process resulted in a

power reduction of more than 50% compared with using a 0.18 uW CMOS process.

[0085] In an example embodiment, the ADC forms part of a medical device. In an
25  example embodiment, the ADC forms part of an integrated circuit. The integrated circuit
may be an application specific integrated circuit (ASIC), and may form part of a medical
device. For example, the ADC may form part of a data converter element within a sensor
interface and signal processing subsystem of a medical device. According to the present

example embodiment, ‘a medical device’ is taken to mean an electronic device, a part of -
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5signal; a second input connection configured to receive a second part of
t he anal ogue input signal; a first plurality of capacitors and a second

pl ural it ywofooapaest ors, each capacitor of the first ane#csscand/opémsal ity
of capacitors having a first contact and a second 10contact, each capacitor
of the first plurality of capacitors having a correspondi ng capacitor in
the second plurality of capacitors to forma plurality of capacitor pairs;
a switching array coupled to the second contact of each capacitor in the
first and aﬁ&d:@ndnipldtlvﬂ:biotr)a grotip oﬁphcﬁrcbrn‘cr deviesstsuititle fsmiidecwithg HumginCorf or

anal ogue. BB JPA%I FELHANAE R Rt Jaieishibe RoNARANE i ReSECHFIST ed | o

coupl e th‘?mf)laﬁét)leﬁﬁratbo% ok &@&@h%&%d ;h@bﬁt t51a0foRY. 10 ab BRarhp16.S4 me@RhiACt of
each capacitor of the first plurality of capacitors, the second | nput

connect | ormnpl@nt:mny inglnde @n iwpleviable dladdcloye sanser fpamsmﬁ bided flavathoened annput
S anal +¢ 0 hfinie Gublle GRANAC kLA 36 LSRR lia Al 5yE okorTyRl el |1y

of capam oglc s~ con ured to cause t W& st chi ng
array to @mphlarlyfwmsmeoﬂ’od usernhastmaﬁcaeadmldeabmuieobf Gfavinpea flbWSt)O\ﬂé’id
second plurality of capacitors tui a comon node voltage to determ ne a
first bit "SRIERE MR wanmwf;ﬁ FagloN PO%zeunﬁgleahaw@ gLy o pple

converter ¢ghofihithiNmby BO&HGHR. foguﬁlbfagpcﬁv&%méa‘%foﬁy 1Féerabﬂl¢ca95n§ Be which
anal ogue-to-digital Converter, the switch logic 1s configured to cause

t he switchbowg eomsapption csoajpﬂ bv@m@@cw toolrﬂtzéMt Fof battery-paskredneicompaci t or
air to a-di ffer nt. .on

p .a firs d a ond reference tage, and to
oup! 461 naouer PR Ea TRRnGy T Aeabieahiian AF retvmPsire ha LS ReBtact s ¢ o
det er m ne sBULARAWANtncRIatStheflifetime of the device. For battery-less medical devices, it is
desirable that an ADC consumes less than 1uW of power, since this will enable
acquisition of energy from energy harvesting techniques. An example embodiment is

suitable for use in a battery-power micro-power medical implant. An example

15 embodiment is suitable for use in a battery-less medical device.

[0086] While the invention has been particularly shown and described with reference to
specific example embodiments, it should be understood by those skilled in the art that
various changes in form and detail may be made without departing from the spirit and
scope of the invention as defined by the appended claims. The scope of the invention is
20  thus indicated by the appended claims and all changes which come within the meaning

and range of equivalency of the appended claims are therefore intended to be embraced.
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30the digital output signal. 3. The anal ogue-to-digital converter of claim
2, wherein, during the conversion period of the anal ogue-to-digital

convert erwot2be/mwi2g8chi ng logic is configured to cause tlreTsE201QN00NG4 ar r ay
to coupl e each second contact of a first capacitor pair to a different 5
one of the first and the second reference voltage depending on the

determ nation of the first bit of the digital output signal, and to couple
in pairs any succeeding capacitor pairs to determne a second bit of the
digital output signal. 4. The anal o§llAMSdi gi tal converter of claim 3,
wherein, during the conversion period 10 of the anal ogue-to-digital
converter, the swwtching logic is configured to cause the switching array
t o coupl e leath asdeprdo-cd@itahainverferdor ¢onherting ac analogysanput tsignal idiof  dgitalt one

of the first and th econd reference voltage depending on a determ nation
of an ith bi‘E“t]?.H‘t_S‘[gHgl’ eﬁpgﬁgueétﬁf%{]a?g?lﬁ'ﬁg?r,C%_g%ls{%g' couple in pairs any
succeedi ng capgacirkOhpRetémetiondedHgiiedtodfcdile la) iRt ?hf‘t Aftht RRaldh Ahfal .
out put signal. 15 5. The anal ogue-to-digital converter of any one of clains

2 to 45 whereifignduring the conversion period of the anal ogue-to-digital

converter, the first .input connection is configured coupl e the first
part of the anglsgfgol?él 1|n]f)1pu Omsl?célﬁalco?ﬁ Sy (f el gta %eg%éégg?q;g? &llgea%%atl%%lﬁaci tor
of the first pldpaadighay; of capacitors, the second input connection is 20
configured to decoupl e the second part of the anal ogue .input signal from

the first contadistgluabigipfcaprsdipisand grseeend Rleabhoitanreiors wad capagisi t or s.
6. The anal 09U8f&Q'ﬁ%t%}pih%leco%g%Yﬁ%ﬁtgrof%?a%ﬂ%!rsFl{a%l%ldéeﬁ‘xtgh%ﬁécmand"g%Ec%'nﬁ the

switching array Is configured to sélectively cou e second contact of
each c¢@apaci t or comadtheach camstitor2d the Grsabluralitpbf camaitdrs brwing @ cormespwhdinge fir st

reference voltage,. the second,reference volta the c n de vol tage
fnd 1 ts cor respR g R eTPa PRI oL PRI o (PRI POy grD DGRy BF s, —and
to sel ectivel ypgieypl e the second contact of each capacitor in the second

plurality of capacitors to one of the first reference voltage, the second
ref erence vot t a§witching agwherspledda dhe sscondyeontachgf pach capacites powaifiig a@dpaci t or

in the 30first Sé%hl([ B1|u¥aﬁi¥y (focaﬁéao?@fsi; EIQ{’S.

15 — switching logic for controlling the sWitching array;
wherein, during a sampling period of the analogue-to-digital converter, the first input
connection is configured to couple the first part of the analogue input signal to the
first contact of each capacitor of the first plurality of capacitors, the second input
connection is configured to couple the second part of the analogue input signal to the

20 first contact of each capacitor of the second plurality of capacitors, and the switching
logic is configured to cause the switching array to couple the second contact of each
capacitor of the first and second plurality of capacitors to a common mode voltage to

determine a first bit of the digital output signal.

25 2. The analogue-to-digital converter of claim 1, wherein, during a conversion period of
the analogue-to-digital converter, the switching logic is configured to cause the
switching array to couple each second contact of at least one capacitor pair to a
different one of a first and a second reference voltage, and to couple the other
capacitors in capacitor pairs via their second contacts to determine subsequent bits of

30 the digital output signal.
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7. The anal ogue-to-digital converter of any preceding claim further
conprising a conparator having a first input termnal coupled to the first
cont act ovogathi4g®paci tor of the first plurality of capZ€IriS6eGrel1/0a0184 a
second input termnal coupled to the first contact of each capacitor of the
second plurality of capacitors. 5 8. The anal ogue-to-digital converter of
claim?7, wherein the conparator further conprises an output, wherein the
switching logic is configured to control the switching array in dependence
on the conparator output. 109. The anal ogue-to-digital converter of claim

8, wherein,t anal oque-.t o- di gi t al verter,is c | QM .det erm ne
b o of t e dfte AP SRS el LdkRer GURILE SindiEind AHIIHE Sl hOELEIR 8,
10. The anal efthe- inalodu@id-dikitslapwmesrtes) thefswarkingriegiofis ebafigmed td Oaule thher ei n
the conparator, 15 is a tine-domain conparatqr fg:orrpris,i ng volta %
control | ed d& #EAY torspuRls Frety Breard EoRtecd i ér FStaC%PB‘F‘EOéQ’é“It%\?ég gt he

ti me- dgmei n GONpERAtR 4@ (R SRbAY rd¥reft dbaing ANHe RBRARINARIESE | On

Cldfia
circuitry configured to determ ne vvhl_cﬁ3 of Fehe signals input on the first
i nput term ntie fnsd bithef thecdigdali oypput sigraki aed teltavlesinepailsi @y, s@odetingThe

anal ogue-to-digital converter of an r di.ng .cl aim. wherein the first
plurality of “% g‘bl Oéipfn(g?{sa ceéerrnﬁl%niesaessecoélﬁp?gtcoﬁﬁlgen%éga\'}glu élgglign\rqga non- bi nary
wei ghted rel ati onshi p. 12. The anal ogue-to-digital converter of any
preceding claim wherein the second plurality of capacitors conprises
capaci t ande Vhe gralogug-tordigdial prnysrsy Q/&p.ﬂlﬂm edVisgia) diringnbpicpnversion efod

anal ogyge- t 0- g Glet AhloGRWMLAILREI Qhvalty, ME’%EEhing 165ia1icoNIRF&I b BRLE the
capacitors of a capacitor pair have the same capacitance. 14. The
anal ogue- t o- sWigahing areayripecouple egéh sdcandreontacitoéaniith eapacir giatrdp agliffgrent si gnal
conprises N bitsc.an ach.of the first pluralj f itors.and. the
second pl ur a1t ?/f tg? %(r:sgﬁgé; |r'hteos’re éon?orﬁ% s %Q?r%% ({ehéz;nﬁi %‘i‘ggg%ﬁ%{?‘?gtﬁ? ‘?foanpr ovi de
redundancy. ith bit of the digital output signal, and to couple in pairs any succeeding capacitor
pairs to determine an (i+1)th bit of the digital output signal.
15
5. The analogue-to-digital converter of any one of claims 2 to 4, wherein, during the
conversion period of the analogue-to-digital converter, the first input connection is
configured to decouple the first part of the analogue input signal from the first contact
of each capacitor of the first plurality of capacitors, the second input connection is
20 configured to decouple the second part of the analogue input signal from the first

contact of each capacitor of the second plurality of capacitors.

6. The analogue-to-digital converter of any preceding claim, wherein the switching array

is configured to selectively couple the second contact of each capacitor in the first

25 plurality of capacitors to one of the first reference voltage, the second reference
voltage, the common mode voltage and its corresponding capacitor in the second
plurality of capacitors, and to selectively couple the second contact of each capacitor

in the second plurality of capacitors to one of the first reference voltage, the second
reference voltage, the common mode voltage, and its corresponding capacitor in the

30 first plurality of capacitors.
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515. The anal ogue-to-digital converter of any preceding claim wherein the
second reference voltage is ground. 16. The anal ogue-to-digital converter
of any preogdinigo4Bai m further conprising a reset sw t ®0T/S6ReE1ODI194 he
switching logic is configured to cause the reset switch to regul ate 10t he
common node vol tage. 17. The anal ogue-to-digital converter of any preceding
claim wherein the first bit is a nost significant bit of the digital
out put signal. 1518. The anal ogue-to-digital converter of any precedi ng
claim whdrelhe tahalogia-ordigital t coniertaieofanry egrsedingpeleinsi yrhér somiptisieg second
art of the anal ogue input.siana npris he ,anal o | nput. signal in
8i fferenti al c%ngq,a%gor haVIIPglia.ﬁl%il'%gugtﬁa ‘gglu"é’-“ ? 15’&(5? gt;l}e'?tgrft (’g%ﬁa\?{e? eealgh(g?l%éﬁ%ri m 18,
“’“Sr ei nI the f ?stﬁﬁgteﬁlefalﬁt}cef Yeplatitgs dnd a i%oﬁ&g@?]t egmirmnl Ialﬁau;fﬂwai thfe(ﬁrﬁt Cﬁmmn
node vol tage of t apal ogue input signal in differential form such that
capaci tors tmaca?geaebﬁ@aéﬁonOrfﬂtfa%e?%ndr%véh%( Of SRRASIUO®: hal f of the first
referegce voltage at their second contact during the conversion period
20. The anal ogue-to-digital converter of any preceding claim wherein the
anal ogue- t8o- TS dingloged-toedigvadr taveiter af sulwnedsi whereippthex comparaior further

anal ogue-to-digital converter,. 21..An i.niegrated.circuit nmprising the
anal ogue-t o- TP BoRVBH: e“r'he(g?m at%lf/ 3 rl{é}élélgi ﬁélcc Ilsal‘:?r?ﬁj%“ég% ,&Oﬂé‘&]i I

devi ce conpr évitchghgt di@yamatpegdect on dieFoinphratdvgut.er of any one of clains 1

10 9. The analogue-to-digital converter of claim 8, wherein the analogue-to-digital
converter is configured to determine bits of the digital output signal in dependence on

the comparator output.

10. The analogue-to-digital converter of any one of claims 7 to 9, wherein the comparator

15 is a time-domain comparator comprising voltage controlled delay circuitry configured
to convert a voltage level of the time-domain comparator to a delay of a clock signal,

and phase detection circuitry configured to determine which of the signals input on

the first input terminal and the second input terminal changes earlier.

20  11. The analogue-to-digital converter of any preceding claim, wherein the first plurality

of capacitors comprises capacitance values in a non-binary weighted relationship.
12. The analogue-to-digital converter of any preceding claim, wherein the second
plurality of capacitors comprises capacitance values in a non-binary weighted

25 relationship.

13. The analogue-to-digital converter of any preceding claim, wherein both capacitors of

a capacitor pair have the same capacitance.
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or the integrated circuit of claim21.
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14.

15.

16.

17.

18.

19.

20.

21.

22,

The analogue-to-digital converter of claim 2, wherein the digital output signal
comprises N bits and each of the first plurality of capacitors and the second plurality

of capacitors comprise more than N+ capacitors to provide redundancy.

The analogue-to-digital converter of any preceding claim, wherein the second

reference voltage is ground.

The analogue-to-digital converter of any preceding claim, further comprising a reset
switch, wherein the switching logic is configured to cause the reset switch to regulate

the common mode voltage.

The analogue-to-digital converter of any preceding claim, wherein the first bit is a

most significant bit of the digital output signal.

The analogue-to-digital converter of any preceding claim, wherein the first part of the
analogue input signal and the second part of the analogue input signal comprise the

analogue input signal in differential form.

The analogue-to-digital converter of claim 18, wherein the first reference voltage is
selected to be equal to a common mode voltage of the analogue input signal in
differential form, such that capacitors that are coupled in pairs have a value of half of

the first reference voltage at their second contact during the conversion period

The analogue-to-digital converter of any preceding claim, wherein the analogue-to-

digital converter is a successive approximation analogue-to-digital converter.

An integrated circuit comprising the analogue-to-digital converter of any preceding

claim.

A medical device comprising the analogue-to-digital converter of any one of claims 1

to 20, or the integrated circuit of claim 21.
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