A RECORDI NG CI RCUI T AND A METHOD OF CONTROLLI NG THE SAME
Cross-Reference To Rel ated Application 5[0001] This application
clains the benefit of priority of Singapore patent application No.
201106497-9, filed 9 Septenber 2011, the content of it being hereby
incorporated by reference in its entirety for all purposes. Technical
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[0003] Simultaneous recording of neuropotentials over a large number of electrodes from
the brain provides an effective way for neuroscientists and clinicians to study the brain
state dynamics and understand the nature of various neurophysiological behaviors. It has
a wide range of applications, including the development of brain controlled neural
20  prostheses, which are controlled directly by thoughts. Recent clinical trials with
paralyzed human volunteers have shown that it is possible to restore limb movement by
such kind of neuroprosthetic devices. This calls for the development of low-power low-
voltage implantable multi-channel neural recording interface integrated circuit (IC).
[0004] Effective and reliable neural research and diagnosis rely on multi-channel
25  recordings. High density recording channels from 100 to as high as 256 are possible. On
the other hand, a recording microsystem implanted in the brain requires extremely rigid
requirement on power consumption of the high density recording electronics, as slightly
higher heat dissipation will induce damage to the surrounding tissue, thus making the
device not suitable for long term monitoring. In addition, the power of implantable
30 devices is usually provided either by battery or through wireless power link. In order to

avoid frequent replacement of battery or excessive electromagnetic wave exposure to live



subj ects, |ow power consunption is especially critical. Meanwhile,
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bits af 58, R3a1983b, 103c, through the n-bit control signal of the multiplexer 104. Before

digitization by the ADC 108 takes place, the S/H circuit 106 needs to track or sample the

analog input voltage level and stores it in a sampling capacitor of the S/H circuit 106.

The tracking (or sampling) process occupies a time partially of the Typc. For a

conventional SAR ADC, the tracking/sampling period, Tsappre, 18 1/(N+1) of Tapc, and the

30 conversion (or holding) period Tepny is [N/(V+1)] of Typc for a N-bit ADC, where N is the

number of bits of the ADC 108.
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102c),

In addition, the bandw dth of the buffer (e.g. 102a, 102b,

Lupo needs to fulfill the follow ng equations in order to

mai ntain the tracking error within half |least significant bit (LSB)
of the ADC 108: AV x [ e~(-7' sanmple x 27-if bigger )] -1 xV pp 2 2"
(Equation 2), where "' represents a power operation, e.g. e"5 = e5.
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sysNtel:;ll)OO%? F?G.lrfz,(iﬁll}l;{rlatiﬁg }he time sharing scheme of the recording system 100.
The time interval indicated by ‘S’ represents the sampling period and the respective time
intervals indicated by ‘H1°, ‘H2’,..., ‘Hn’ represent the conversion periods of the S/H
circuit 106 and the ADC 108. Using channel 1, Chl, corresponding to an analog input, as
a non-limiting example, the block ‘S’ 122a and the block ‘H1* 122b respectively
represent the sampling period, with a time interval of Ty pc/(N+1), and the conversion
period, with a time interval of [T4pcN/(V+1)], related to Chl. The cycle time or period
between successive same channels is 1/(2f5uq:). It should be appreciated that the various
time intervals/durations are for illustration purposes and not drawn to scale.

{0012] During the sampling period of one analog input channel, e.g. Chl, Ch2, Ch3, or
one analog input 103a, 103b, 103c, the multiplexer 104 connects the buffer output of this
channel with the S/H capacitor of the S/H circuit 106 or the ADC 108, such that the
buffer (e.g. 102a, 102b, 102c) will charge or discharge the S/H capacitor, and the current
output voltage level of the buffer (e.g. 102a, 102b, 102¢) will be stored in the S/H
capacitor. The required output current of the buffer (e.g. 102a, 102b, 102¢), Iy, can be
expressed by the following equation:

G x4V 2nf (N +1)C,AV (Equation 1),

saniple

buffer

where C; is the sampling capacitance of the S/H capacitor of the ADC 108 and AV is the
voltage difference between the buffer output of the current channel and the previous
channel at the time when sampling/tracking of the current channel starts, Ty is the
sampling period, » is the number of analog inputs (e.g. 103a, 103b, 103c) or input
channels, figna is the bandwidth of an input analog signal (e.g. 103a, 103b, 103c) and N is
the number of bits of the ADC 108.

{0013] In addition, the bandwidth of the buffer (e.g. 102a, 102b, 102c), fpuger needs to
fulfill the following equations in order to maintain the tracking error within half least
significant bit (LSB) of the ADC 108:

V
AV R[N~ X 2 g )] S X (Equation 2),

by re-arrangi ng Equation 2, Equations 3 and 4 bel ow may be



V pp/ 2N*1 AW fbuffer V PP./ S5where Vpp is the fiall-scale input
range of the ADC 108. [0014] As can be seen from Equations 1 and 4,
both the required output current of the buffer (e.g. 102a, 102b,
102c), /bow, and the bandwi dth of the buffer (e.g. 102a, 102b,
102c), Leen are proportional to n(N+1). In other words, the current
drawn by each buffer (e.g. 102a, 102b, 102c) is proportional to the
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estimation as the current required to achleve the bandwidth of nfgnar is lalger than ni,
where 7 is the current needed to achieve the bandwidth of figu.s, due to the fact that the
parasitic capacitances play more and more important roles in high frequency range and
therefore more current is needed to compensate for the parasitic capacitances. With the
15  increase of n, the power consumption of the buffer (e.g. 102a, 102b, 102¢) will increase |
significantly, even for a moderate resolution of the ADC 108. For example, using a
conventional multiplexed system structure, the buffer may draw a current of 20.3 pA
while the preamplifier draws a current of only 2 pA. Therefore, the buffer (e.g. 102a,
102b, 102¢) is the dominant power consumer in the recording system 100 and more effort
20 1s needed to minimize the buffer current, as well as the total power of the recording
system 100. Therefore, the recording system 100 is power inefficient.
[0015] One conventional approach used to lower the power consumption of the buffer is
employing a dedicated sample and hold (S/H) circuit for each analog input channel, as
shown in FIG. 2A. FIG. 2A shows a schematic diagram of a conventional multiplexed
25  multi-channel recording system 200. The recording system 200 includes a plurality of
buffers 202a, 202b, 202c, each providing an analog input 203a, 203b, 203c, to a sample
and hold (S/H) circuit 20Ga, 206b, 206¢c. The analog signals 203a, 203b, 203c are
sampled by the respective sample and hold (S/H) circuits 206a, 206b, 206¢ before being
provided to the multiplexer (MUX) 204 and then passed to the analog to digital



25 nmul ti-channel recording system 200. The recordi ng system 200
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25  dominant in the system. However, a longer sampling time, of more than 27,p¢, has very
little further effect on the total system power, and therefore, having one S/H circuit per
input channel may not substantially further reduce the total system power.

[0019] In addition, such a multi-channel S/H recording system 200 requires » number of
S/H capacitors for the » number of S/H circuits (e.g. 206a, 206b, 206¢), which is usually
30 in the range of 3 pF to 5 pF for each capacitor to minimize the effect of parasitic

capacitance and maintain the digitization error within an acceptable range. For an SAR



ADC, the area of the sanpling capacitor takes up about half of the
total area of the overall ADC. When the nunber of channels increases
(i.e. nincreases), the physical area of the systemwIl| increase
dramatically due to the increased nunber of sanpling capacitors.
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el ectr.ical l ou in paraldel to gach oth . each in i it
bei ng "contiifisnairel §LaRPASELSs riedl SRt Aln RN SxBAT b e ablepit
15 cor r eddeneticu) dédcaror bpylithtiGisoried lifted diep pletit@istrhit.of i nput signal s
and the sanpling circuits configured to alternately produce an out put
signal corresponding to the sanpled portion. [0021] According to

anot her enbodi ment, a nethod of corffhhiy?g @ recording circuit is
provi ded. The nethod may include miTtrplexing a plurality of input
signals to produce a nultiplexed output signal, sanpling a portion of
t he | ti d u i anal .20 corre nding.to an_input.si gnal,. of
the pltur AP FeSidiBtlo 3 EhBbafiinl “LEGRRENE GE R PBAgRR R B
pl ural it yiohit sadyplnchgecd holiiglexigeg ettuit cahfigire@bupkediven pandity adf put

each other, and prodycing alternately an outpyt signal .corresponding
to the séiﬁ?ﬁgénﬁg? POBRCA Y tpleacanps S@aﬁm&ﬁiﬂg&e xﬂslsmyeqff i Signals,
Descri pti 8 Oblutaig, BF sileg diRAZLLickmciNe AR RGSarallel k& Ak §h&NERN
characters generally refer to the same parts throughout the different
vi ews. Trempghrg\bitept baieg ponfigyedetosampleya portiop gif dhe swbindesied quips signal

general |y, _hej ; . i i . i bl f s
overi onoRFirRRBE SERE ROl bEEE bRIMIRG ok HpuPlibhY Blaife AathE cipuis, .
i nvent i orcoafigurebwciltehmdlywpiobudeahangue sighd cbhespbodihgwi the sain@ged pgson.i n
which: [ ], Fl | A shows a, schenmatic di am of. a _conventi onal .
mul 1 p1 xS r S R P LR TIg e SHee (00T iR & oo B ST i
Isé f ge W?Z' Grélidgl. aRethetBod Ay REhtieaBilBplekial alphGalit® GO ihul Ggss iepfo@ice a
" multiplexed output signal, sampling a portion of the multiplexed output signal
20  corresponding to an input signal of the plurality of input signals via each sampling circuit
of a plurality of sampling circuits electrically coupled in parallel to each other, and

producing alternately an output signal corresponding to the sampled portion from the

sampling circuits.

25 Brief Description of the Drawings

[0022] In the drawings, like reference characters generally refer to the same parts
throughout the different views. The drawings are not necessarily to scale, emphasis
instead generally being placed upon illustrating the principles of the invention. In the
30 following description, various embodiments of the invention are described with reference

to the following drawings, in which:



5[ 0025] FIG 2A shows a schematic diagram of a conventi onal
mul ti pl exed nulti-channel recording system [0026] FIG 2B shows a
schematic diagramof a timng diagramfor the recordi ng system of

FIG 2A 100271 FIG 3A shows a schematic bl ock diagram of a
recording circuit, according to 10various enbodi nents. [0028] FIG 3B
shows a flow chart illustrating a nethod of controlling a recording

circuit, [B6X)HIGNYAtsBowas seHematioddraneot $corlveftZihhl mufEplekAd sRMWShanel
schematic di agram of a recording circuit, according to various

enbodi nerdELrdRESIY] FIG 4B shows a schematic di agram of a timng
di agr am fgpa4 I eg Qf, he!

schenmat i c[g?zh AEP? gm 09 %HQ?%%@‘E%‘Q glagrfaah (%%rmf}ﬁg a%cor& ng%:icélglu t o m
vari ous exfifddi hent s. [0032] FIG 5 shows a plot of system povver

Facor di ngob At 2 ohVhy Podeut R ocTotb! bl el €

of figur ae@brdii@kystert.FOM) as a finction of the number of S/H circuits,
based on 10 |ri:put channel s per ADC, for the recording circuits of

various dMPAilitEn?R showreschematic Sagiam ofta {gRing gtrgzm fHehe Bregieystem
det ai | ed &‘mrz}ptl on refers to the acconpanyi ng draw ngs that show,
by way of illustration, specific details and enbodi nents in which the

i nvent i orl093A! BE. @ﬁa&ipwg@dschvmmbbnbdéﬁgmmpé aaneeordmg caiichigdadcarding to
suffigient .detail tao enable those
[0028] FIG. 3B shows a flow chart illustrating a method of controlling a recording
circuit, according to various embodiments.
[0029] FIG. 4A shows a schematic diagram of a recording circuit, according to various
embodiments.
15 [0030] FIG. 4B shows a schematic diagram of a timing diagram for the recording circuit
of FIG. 4A.
[0031] FIG. 4C shows a schematic diagram of a timing diagram for the recording circuit
of various embodiments.
[0032] FIG. 5 shows a plot of system power and chip area as a function of the number of
20  S/H circuits for the recording circuits of various embodiments,
[0033] FIG. 6 shows a plot of figure of merit (FOM) as a function of the number of S/H

circuits, based on 10 input channels per ADC, for the recording circuits of various

embodiments.

25 Detailed Description

[0034] The following detailed description refers to the accompanying drawings that
show, by way of illustration, specific details and embodiments in which the invention
may be practiced. These embodiments are described in sufficient detail to enable those
30  skilled in the art to practice the invention. Other embodiments may be utilized and

structural, logical, and electrical changes may be made without departing from the scope



30skilled in the art to practice the invention. Oher enbodi nents may
be utilized and structural, logical, and electrical changes nmay be
made w t hout departing fromthe scope of the invention. The various
enbodi ments are not necessarily nutually exclusive, as sone

enbodi ments can be conbined with one or nore other enbodinents to

f orm new enbodi nent s. [ 0035] Enbodi nents described in the context
of a devidfahafseanidd. 0Tl vhiyousadnisbdiriént arendlBletRshril R Rchnval yeexCRES; as

[ 0036] Features that are described in the context of an enbodj nent
may cor r eSPEridraogiyentecai s qoatpned Yih pReosHRE Qfhersshadgpente iy fppadien
t he ot hero grapdifents. Features that are described in the context of
an enbodi nent may correspondi ngly be applicable to the other

enmbodi men083S5]direbpdithemodessxibéd o tHeycahtssit of bedtvias arbesdogaiskr valid for a
enbodlnentah 1n Eﬁrthernnre addi ti ons and/ or conbi nations and/ or

al t er nat i Ves° aé % S&'TB&d for a feature in the context of an

enbodi mer003GFeanrdsahnandddaglibedds tap@nteobf &1 dtbddiers afdy REre§joftlingly
feature in the ther enbodi ments. [0037] .In the context of various
enbodi merRePPHFRRIHIRrhE Emeer siraHayi f e%tﬁlff‘ré fraﬂlﬁ%her gmbpginentgc Fgfures that are

“exact | y"q.a0hed iMahd @&ﬁgxtoéf af emBJAiIbE ElQ%’ c&%es@@nﬁﬁgmeealﬁ)ﬁgaméﬂto the
limtations, "A 15 1s at |east substantially sane as y enconpass
embodi mertkernhebedimeits, exenc tf yiot respkctie dapsmﬁedom \N;hm eotlﬁcrnngabcbxbments
R e R e R
"about" dn thampmexu ﬁﬁbelemboameaDMaye@bde@pcaldmgnmbe cappladaue mﬂmn@&&s@s
t he exact v e and e of +/- 5%of the 20 value. [0039] As
used here‘*:“?"i‘lal RRAIWEEAR e“%WHF odinggisydes any and al | conbi nations of

one or nqb%')gflnttﬂ@ RS AlSidud ESb6dnhe ”ﬁle PHPR4 Oy Mﬂgtt éu'thQﬁ’t'fhr@{’ may
recording and sinultaneous digitization of recorded data may

necessar ym¢leqie raastlybiande apdance appt Plathrisat Asuneremplowed n@tdn@mtrlpm,
and Cﬂ' P iahe rsﬁbst ia Mnec £§ %’I’ 81% 39 e[kL@?El%ﬁO({llglE? U%E§ rf%exactly the

nultl-channe |one |ca recordi ng’system arc res eit

consune wemy akiBgbr phwerA may besdthrya baiapee ofitp 5%, dar, exafnpletofiasvalue, of B,
undesirabl e.for portable or inplantable bionedical devices. In view
of these, *'V&©i6t8: enbodi nents may provi de power efficient and chip

area eff i[OO&SAUnHE&@érdéﬂQJf%ﬁ@&hi dribodihIgits thb ermarBbe 3 tahiRbanRtdy oS
are processed in parallel, using nultlple sanpl e-and- 30hol d S/H)

circuits dPRliehi & BEBYHI YRiuCEIcEmPRsSeS the exesk AAlF @nd avaraneq |0tf it B4 & the
anal og-t oz, gdigital converter (ADC), e.g. for nulti-channel bionedical
recordi ng systens or devices.

[0039] As used herein, the term “and/or” includes any and all combinations of one or

more of the associated listed items.
[0040] Multi-channel recording and simultaneous digitization of recorded data may be
necessary for many biomedical applications, where power consumption and chip area are
25  very critical benchmarks. The existing multi-channel biomedical recording system
architectures either consume very high power, or occupy large chip area, which is
undesirable for portable or implantable biomedical devices. In view of these, various
embodiments may provide power efﬁciept and chip area efficient recording circuits,
where the sample and hold actions are processed in parallel, using multiple sample-and-
30 hold (S/H) circuits in the recording circuits, for example for a multiplexed analog-to-

digital converter (ADC), e.g. for multi-channel biomedical recording systems or devices.



In various enbodi nents, the nultiple sanple-and-hold (S/H) circuits
may be provided in the analog-to-digital converter (ADC). The
recording circuits of various enbodi nents nay achi eve nore than 600%
power reduction with mnimal chip area increnent, and nore than 300%
area reduction, conpared to conventional nulti-channel systens. 5
Optimal or balance in the power and area trade-off may be realized by
usi ng t henGiafious dmisydaherdtg chameaRipad sauipld-aidshod{ByH) sRALS nﬁa@rbequf)v‘/leécﬁﬁit

applicati Ther fore the recording circuits of vario

enbodi msrfg‘% aﬂﬁ%‘% igipleronyerer (ADN). Jﬁa/rewr@ﬁs FUSRERO ’f’%rioélﬁ é’ﬁtbOdWEISll
Vari ous %W%H?&%tlﬁoﬂ@t}{arpﬁ@o‘%%w%r PBiorP fth 3hififng  dhif 188 increment, and
mul ti-channel recording circuit and recordi ng system Vari ous

enmbodi nenn@renﬂnyn proVe decaa rqsuvieon, agednpiedatoe gomfehiieiad nulgioheupel systems.
2;;2::1;[ ?rglt’l %t m'c];l%q bn}énée Ceyin tgg ng}?véluallr}do aal-le;a? {al_ n&ecl),rf% ﬁ%?fgbgl 13%%: J %t gutrsrl‘%llg tl\llea Ellrc%lt

i ncor por admhigctarqslotﬂ ﬁ/alh(bds)kmhfodﬁﬁdmﬂ fer aifﬁ:rekmo hpbl(c&idﬂ)s mhélféﬂjré ,She tdpridad

in parallel to each other, for nu tlchan recording systens. The
recor di ngFIEPHEeH AEOWT SRAdIHERLs By B PARF %I}}aé PEFP aY7a e%ﬁecé% ng (or
sanpl i ng)jobd 178y Rfout Renvatthdhd Gyt SrobMe 4 PowEX 3P lafea difficiehi™fuld Qﬁarﬁel
9-bit 15 successive- apt{)rom mati on anal og-to-digital converter (SA

ADC) , | eddiaiging girawit and feaerding wybtaws Yrvious emhodlmgnﬂsmaumgwdsg@gwamw
buf f ey.s ingre I

i it e i R B R R talnd o GRURAER DR, Hcps
may of f erviricgh efdbedinizintsi hyy provideen cﬂrduﬁmntangemdﬁt bemthut@naadwﬁﬁynatmg a

provi de a roach ptimal trade-off tvvee the ower
and the wapﬁ rimle ?ﬁe&@é@r}ﬁ PRGUES ?‘B‘Q?‘%smitﬂ a0iel i P08 oy, for multi
appl i cat i @Bgne] 3Q0ARs TRk CPEOIBEdRIg! Gl o OFaribRs 'eﬁl%dlﬁﬁhﬁ%é’gﬁéﬂtéld
may provide high efficiency in both circuit power consunption, and

t he over dht tragisnetarsaneking)daee ehde S piranitseby, Toreexempls dpﬁ@w@f@w Ptbit
of vaydo S%]&t i

for ef;anp € mc?kﬁ%ﬁ%ﬁlﬁu aPaq?éﬁﬁ% 1(?"ﬁs:iyc‘is) Ty cﬁd‘]?gc’]w re %v@%gv\q%n
and a snald timds gov&d sanenfor e a:ssm:merbbldfam nAt thdwahe Bkl iyriguemsntinayhebe

enployed whi ch erforn1th anp). hoI actions Ln a par al IIeI
e T oot P it oY Pt % 1ot R e el

10 ti rres 184l bEat h@a\ﬂdignﬁ@roﬁ R axeRGEreHiQenRy fferhPHroudd e %pplﬁécht {a]e
sane tinme, the recording circuits of various enbodi nients preserve a

smal | chidshisveapispymdemiebsivesn Be spyasand thp chiprayea fog e speding sirgeits

In ad%f t i QP iRt LR of various enbodi ments 30provides
flexibility to custom ze different recording circuit designs or

ar chi t ect[0843] Theyrecatimgsiirgita of wartials| @ntodivbents ofay $révide highi ¢fSicicosy &
mul ti-channel. recordin stemto fit different power nsunpt.i o

ond or ot sralmet PeE R, fobaol i SIERamBh heibe ST oWicde
a mul ti - chedraag cheqey dhivagosd éﬁbﬁdﬁm&ft@ﬁia&%@hﬁﬁl&:dl tBthjdﬂhﬂIﬂ-channel systems,
mul ti-channel (e.g. n-channel, n2, e. , or any gher

nunber) 5o grainlg, lncm%muahcmm%ﬁxstﬁm t}vlhfﬂherwlre(lwmowqﬁﬂp@ Pﬁn@llg}lm
circuid S, t

to di igsl tlazl%t t é)%glé{gllbg%ﬁ{eﬁt tgﬁg Sgg oFl‘%%&s?éa} %044 VAr i ou el@ﬁﬂméﬁ}g
may proviad halhstinodinfaparaid ewde, d@(hmoquatendgi ifgckingkinng)f the AP Génd
the ADC, b dual . S/ H uits | ed i ara |, to..
Sanpl o - ENEINE (O S hisay Ce ol G oiSga8RRoEhnt BuPE “4\ G g ime,

hi gher nuﬁbearcbl,dmgncxﬁﬂlmhfmouwemaodlﬂle@@@r@&ﬂvela,sn@neh@drbac&ornqjahbleixﬁtﬁ n
a sanpli n(geiphase while the other S/Hcircuit is in a_hol ding phase,
so as to RtEEndithners HaEl) arerybydese Byaddition, sherappraneh o8 HwEeUsi bl MRt f

the pfOeViﬁHﬁdgﬂ'ﬁQﬂﬁ}llht)”ﬁ)' A8tdnflSe BibRrent Hec%l'cﬁﬁ:é’bflant designs or architectures, by
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[ 0045] Various enbodi nents may provide a nmethod for reducing the
circuit/system power consunption, including providing one or nore
buffers to drive a plurality of S/H 15 circuits, reducing the power
consunption of the buffer(s) by extending the sanpling time of the
S/Hcircuits, and extending the ADC conversion tine to reduce the

cl ock frequency of the ADC | ogic so as to reduce the power

consunpt ichoogihig b ReitAARCHabércol $/00&4fchityasr © tfulte bime elnRodr8ing ey stpmorsi fite
a method for optimsing system power and chip area, including

provi di ngJI&%ntd%o“ﬁbF%‘S‘S}P 100} $A(RTCRID FATBABEF IR Spar al | el , where the 20
nurber of o0& 3] oGy bhBodR¥nE ‘?&?’}q'oﬁﬂe b hgu 1 ARRAA e R B AR ardHitec ture
circuit power requirenents and/or the circuit chip area requirenents,
i n whi ch ip¢ledinp meulG/ckhrgicl (ug.trschdnatl, are 2peevizdéd4, the ayrloghdr mpower)

is reduced whi.le the chip si.ze is . pcreased Vi Ce versa, .a
opt | nver AIPRE AR it aRuGPTerS (MU s s SRRl o e
nunber  ofou§futlof the Gilfiyslexe2 QA4 AD ELdigidte BRONELANS 6RABRINGIsP OCk

di agram of a recording circuit 300, according to various enbodi nments.
The r ecorlfP4fg \cariogsj qm $Iite | o Previdh) | a imdtesd g cikieading B2 sampling
confi gur of=J| | Ak &, | - {10 nr

il 1 pl gD §F (e PGy SheRhirg i SLARR. ARl 8 REMES B
and a pl uambplet ychdnnslanplagnmpaisr{eigl s> 304.geledf 4, & ak layy dighel @dmber), in

parallel tao each other, each s ling circuit 304 being configure
30t 0 Wanpt el Rt PopeEfiophne(H F‘ﬁ‘l“g‘x‘é_dn &Lﬁaw_fmg ipgm Wl ﬁ’@sogla%ﬁqﬁg
to an I Ny iﬁﬁ%‘hoﬁﬁn%ﬂtﬁsé),'sblraﬁkd dx¥er@fthé %&%in@'ti&%y%tﬁﬁ%gttﬂéco?ﬁle}aldnng

circuits 304 configured to al jternatelgl produce an ‘out put signa
cor r esporftngef thopreHious elimpheldisipgrihe e, S/Hiverchithe represented as 306 is

S BRSPS R Y AN

el ect ri cgloweoumishmgtiom dhduding phvidicpbncaupbiertg et 0BT al pluralityest S/H

words, the multiplexing circuit 302 recei a plyrality of. input
o onalss. Sttt R Whetue SPmumpRoy Chbe bREGHS Rarenare hesegrpiint M
nunber ofofigdSyH diRai, AAd extbiing @6 AT BehvarstHANRAY toQbduct R cl&dkabausdcyof
the nmul tipl exi gg: circuit 302, and produce or generate a multiplexe
out put sifia ARkdesgiapo af torrpduce thenawer gonspmptigiuef the 4T 9gicand whi ch

may be s | . t ' ' It vy .
term nal .L{B?‘Ld]\e/\garl {Ogggh %gﬁg{%{gcﬁn %Lvﬁ%gg,f&aachn%ﬁﬁdpﬁoggé%%ggl P tsgm gﬁ‘g‘?‘ anr%tiy
be a sequéncarcafintlhding lpprading ywo for immpe S/ icgnatss coudaiomdranagley,, whene the
mul tiplexing circuit 302 may be an, n-tQ-1 Itiplexin ircuit or

il 31 exXBRERISh S GBS e TRaRhIT: (heorPsRisentr oty £ A oROWeEy
sanpl e a rp@iitenRtsOindidr@hdTbirduidE X Qfba Qg RtHmehtsg RRWhEATthE BiRé GIH Girk@tsan
i nput signal of the plurality of .input si g_nal s. As a non- 15 limting
exanpl e, tHatfare providsdpihe gHcwt peuisrts socedhyhide ths|chivasigfoistipgesed, and gice
mul tiple 0 Gl gL I j I |

whi | "o Seband BiinRidgRe ieRlch SRERTENAE 38 oF bl Nl fRbIC ThABR or s/
mul ti pl exaduidit put signal corresponding to a second input signal.

[ 0050], | iQUS odi nents, .the .sane sampling,circui. 04 ma
st ¥ paPPPA0 R TR AR e P e AR refuEe S 1o el oo
di f f er entvariopuembbdinRhS, Bge FR6rdiC O i YOE idctidict a301tpk&ingScitdattoagh

the plurality of input signals. . . .
configured to receive a plurality of input signals and to produce a multiplexed output

signal including the plurality of input signals, and a plurality of sampling circuits 304
electrically coupled in parallel to each other, each sampling circuit 304 being configured
30  to sample a portion of the multiplexed output signal corresponding to an input signal of

the plurality of input signals and the sampling circuits 304 configured to altemately
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[ 0051] For exanple, in enbodinents with two sanpling circuits 304,
sanpling by the same sanpling circuit 304 may be repeated after every
two input signals, i.e. the first sanpling circuit 304 may sanple the
first input signal, the third input signal and so on, 25 while the
second sanmpling circuit 304 may sanple the second input signal, the
fourth input signal and so on. [0052] For exanple, in enbodi nments

Wi th thrggodireRhi AgMEisigll tera3Pdndigarittengniled hRtiG@NEhs dﬁﬁ'l‘eﬁk@sented
circuit 304 nay be repeated after every three |nﬁut signals, 1.

first sarﬁaﬁp%s @P?taﬁdtto show thereletippahiy bohwean; the mu; m&mn&wﬁéﬁm taﬂ‘é e
fourth i Iah 9P &by gﬁﬁ’g Sé?xc& 3%Qt 2*5‘?3??%3" iRAR lef%&n%éir Eb’d lngofllhdmy

sanple t se ond I nput S|gn i nput si gnal
whi | e then@hmm¢ﬂ$amﬂMEng circuit 304 may sanple the thlrd |nput

S|gnal i, xt nal S0.0 The p u f
st iong 10488 s S ol AR o iy o ool e ptopu
mode but sgnhBl fiteRhnipleras u pourality i ik tGindidd (fd. anuinter saiﬁpht t"tgmmals
circuits 304 5 corresponding to the sanpled partion. For ex

this may BercagiNingvermiprs b e signals) of th%PWIH%@?%@ﬁCWW@Zsa%PHOH@W or

start ting,faf a%ﬁlﬁp&ﬁ@ﬂ%ﬁtﬁﬁ Sdrafhde gﬁpéft\ﬁg'phﬁaﬁtg?%f SRPLERS, tah&r%rhlch

i nterval or the overal ahpling tinme interval for each sanpli
circuit 30ay bs Slalpllbéeim ﬂwtmtl]alnteﬁml gzrcuhéogafm an |ofrtpart Mmmmd)r ds vatntw

mul tipl exi circuit rovi.de,t he exed ut I gn to
cach Damsitagiadie s pgRe ofbRL b, foe hfishet Py Enfbor
sanpl i ng sﬁ:grﬁISUIAcc8ﬂl‘ﬂng1ﬁ tha o hiplex$@NEitcu 302 infiagibct anJPéb- 1 udtipé:an@circuit

there may be @Q frl%ﬁ in the sanpling tine intervals of the
pl ural i tyPrépl trcuits 304 at a particular tine. [0054] As

the pl urghidoy I@xfe p‘{@%ﬂ?ﬂy &%a&bhﬁé‘bﬁéné%ﬂ?ﬁé(y Pﬁﬁﬂl@%'ﬁoﬁﬂ% §fatﬂp|nhlﬂﬂpl@£%

hol di ng actlons in a parall conver'si on each channel
t he ADC ot ﬁltgnﬁw@uswondina%@m@pumg@é of thn@healits Oﬁmprlbsgnatls s # ewn-

the 'Alrb)c flﬂr[utlﬂg ﬁﬁﬁﬁ% ng ﬁ?s?@%g}gl%{ aﬁzuﬁf?ﬁo&ﬂgaf) L;a"fﬁp% ! t}%)rtlon of the multiplexed

output signal corresponding to a first input signal, while a second sampling circuit 304

may sample a portion of the mﬁltiplexed output signal corresponding to a second input

signal,

[0050] In various embodiments, the same sampling circuit 304 may sample portions of
20 the multiplexed output signal corresponding to different input signals, as the recording

circuit 300 cycles through the plurality of input signals.

[0051] For example, in embodiments with two sampling circuits 304, sampling by the

same sampling circuit 304 may be repeated after every two input signals, i.e. the first

sampling circuit 304 may sample the first input signal, the third input signal and so on,
25  while the second sampling circuit 304 may sample the second input signal, the fourth

input signal and so on.

[0052] For example, in embodiments with three sampling circuits 304, sampling by the

same sampling circuit 304 may be repeated after every three input signals, i.e. the first

sampling circuit 304 may sample the first input signal, the fourth input signal and so on,

30  the second sampling circuit 304 may sample the second input signal, the fifth input signal

12



of analog inputs. [0055] In various enbodi ments, the recording
circuit 300 may further include an anal ogue-to-digital converter
(ADC) configured to receive the output signal. The ADC receives the
out put signal and converts the output signal into a digital signal,
i.e. the ADC 20digitizes the output signal. In various enbodi nents,
one or nore or all of the plurality of sanpling circuits 304 may be

separ at e dnfl G do) &vhAIPGhe thifiBganginD ircui® 304 heayAlapld $@5Rikd lifhuy 3ighMY $he
enbodi ments, _as the plurality of sanpling circuits 304 alternatefy
pr oduce éﬁ“@ﬂﬂﬁhﬂg§ﬂéﬁ%ﬁ3@brresponding to the sanpl ed portion of the

mul tiple i; ARG, [ |
cach Samgysg TR Bualig santife SRLRO LGS JicOoh b UmBi Blopt a0 o
| n vari oyswadiebowdendnt slterhételyrmmoducdi angowsputcsignal 306 theysafpling eirciitscildde

a plurality of buffers, where each buffer . be configured,to supply
2" ngut lamapaie if 8 saRaRdmoRRo o ke € Hindi e ineR kR
circuit 3I0klaybnehednuhé simplimyg sbet amEITRAdh QRGLIABYIr&lio3® Whik theBahpling
signal prior,to being supplied . to_ the nmultiplexing circuit 302.

30[ 0058] i infRevad SR &0 ot sypling dme rdeplfenash sarpling aiiselt 304 isggh deast
pluralit ySu9§tar§tﬁH?|théT9arﬁé.r GiokrRr IMdTRY e %lthﬁ‘é&né PRt 56 Hfé?ﬁﬁévi@é tehe
plurality of 1 nput signals. This nmeans that the sanme sanpling
circuit 3odtipkyedeutpuiplignaédo erhpranplsg coruis Ahhiea delhjat eme iperval Hnm

f th | tipl d . i I : di di £.f i
O 5. ™ B P45 P L 90y SERP PSRBT ELSUSR. a0y b

of sanpl idwgrig) hi thel Sandhgniinyic bttctvalz sfamplplinglisi 6fC thniHing0drculth36€ at a
sanpling circuits 304, four sanpling circuits 304 or 5any higher
nunber oﬂmgéﬂngﬁﬁ-circuits 304, depending on the applications and/or

I e T e b A e el
cont r ol | iasgors inecparalial gnader eenversicicks eathnehaneel \bar the UD€ b eelitinepnss . In
15  other words, there is no rest time for the ADC for performing conversions of the plurality
of analog inputs.
[0055] In various embodiments, the recording circuit 300 may further include an
analogue-to-digital converter (ADC) configured to receive the output signal. The ADC
receives the output signal and converts the output signal into a digital signal, i.e. the ADC
20  digitizes the output signal. In various embodiments, one or more or all of the plurality of
sampling circuits 304 may be separate from the ADC or may be part of the ADC.
[0056] In various embodiments, as the plurality of sampling circuits 304 alternately
produce an output signal corresponding to the sampled portion of the multiplexed output
signal, the ADC converts the output signal from each sampling circuit 304 alternately to a
25  digital signal.
[0057] In various embodiments, the recording circuit 300 may further include a plurality
of buffers, where each buffer may be configured to supply an input signal of the plurality
of input signals to the multiplexing circuit 302. Each buffer may be a memory and may
store the input signal prior to being supplied to the multiplexing circuit 302.

30  [0058] In the context of various embodiments, the number of the plurality of sampling

circuits 304 may be less than the number of the plurality of input signals. This means
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[0061] At 322, a plurality of input signals is nmultiplexed to produce
a nmultiplexed output 10signal. [0062] At 324, a portion of the

mul ti pl exed out put signal con-esponding to an input signal of the
plurality of input signals is sanpled via each sanpling circuit of a
plurality of sanpling circuits electrically coupled in parallel to
each other. - [ 0063] At 326, an output signal corresponding to

the sanpliagt ersamersaiplipg @fuciedod Jadyt Bs Ralplyd fib Pivdebe o aiple NGfferent
circuits. [0064] In various enbodi nents, the method may further

i ncl ude CRANAISEL His RHEPISHERIPY isigAal coprgspending ditiarerd inph signath s

conver si L fined
by o ORI IR GRLoPOLREIORY Bhp QiR nt Rl L ekl Hreuts )
of input bsi tg-waﬂaslphngi Cfrgu@"mﬂ, thedeerampting airgais Bl donr sdmlﬂmgfvmcw{b&uﬁm or

S|gnal of t Iura 0065], I n var.i
erodiorty, mger 5ot e SomhPR irGHS s BEUeRinanl €T of BBHo Patar ey
be sanpl adrcmt96waf1equ1reanetntsrmdjonﬂercvlah1;t arks apiremer@d.i ned by Tsani pk =
(m1)/( 2nf|tapat refers to the nunber of the plurality of

sanpl i ng [@P%d Iﬁs%an ‘éf%ériow ghath@0nilrpEting R metaod pfieentiollinggt recerding

signal s Qﬁgugqggmﬂ %qg@mygmgmmgmgﬁhgth of each input signal of the
25plurality of inpu nals. [0066] In various enbodi nents, the

nunber oflﬂﬂtﬁld Al i?ﬁaﬁh phl}%ﬁ@y oGiapyt signglsds nmltmlgiedelt@éuctee%muhimmed pletput
nunbeﬁ}of F plurality of input signals. [0067] In the context of
various enpodi ments, the method includes sanmpling the multipl exed
out put si [gmzl] Atiz24f a/\porsaﬁrpf iha gltﬂ:ﬂlp’lé}wtltoﬁtput fipe comepbndige fi andhiputSignal

four 30 s Clr%UItS or q&g of sanpl.in C|r its
dependi ng’'d iR Sb?rﬁ’é‘ a}ﬁc‘fF’BP h"éa ERTCITP lﬁg\ﬁé‘FmF é?g@ e &
and/ or ”L%m%hﬁ§éikéuﬂ§%ﬁ:@td&§l%ﬂéd ?nsaraﬁ §ara114199§a%11 ottitrt he context of
various enbodi ments, each input signhal may be an anal og input signal.

[0069] | 0063 Alopitxan @ﬂtpvhrsig@@is carasbeidingh ts the sanpledmertian émaroduesgd
corre oqgmkgm 'ﬁ&ﬂqﬁés%ﬂﬁﬂg%rmn {;n other words, a particular input
r

S|gna roma pa I"ar |nput 5channel .
[0064] In various embodiments, the method may further include converting the output

signal to a digital signal. This conversion may be performed over or in a time interval,
Teonv, defined by Teony = 1/(2nf5ignar), Where n refers to the number of the plurality of input

signals and fgum refers to a bandwidth of each input signal of the plurality of input
20 signals.

[0065] In various embodiments, at 324, the portion of the multiplexed output signal may

be sampled over or in a time interval, Tyaumpre, defined by Tiampre = (m-1)/{ 2nfsignas), Where

m refers to the number of the plurality of sampling circuits, # refers to the number of the

plurality of input signals and fig.. refers to a bandwidth of each input signal of the
25  plurality of input signals.

[0066] In various embodiments, the number of the plurality of sampling circuits may be

less than the number of the plurality of input signals.

[0067] In the context of various embodiments, the method includes sampling the

multiplexed output signal via two sampling circuits, three sampling circuits, four
30 sampling circuits or any higher number of sampling circuits, depending on the

applications and/or the circuit power requirements and/or the circuit area requirements.
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[0070] In the context of various enbodinents, the term"nultiplexing
circuit" may nmean or may include a nmultiplexer (MJX). The nultipl exer
may be an analog nmultiplexer. [0071] In the context of various

enbodi ments, the ternms "nultiplex" and "nultiplexing" may nean
conbining a plurality of signals into one signal for transm ssion
over a 10 conmmon line, nediumor channel. [0072] In the context of
vari ous epbes]iInBRd Sontdxhef VATt cHdOWImMents, 6dchGhibut sighEYmAE B a® hndlEY input

i nclude a _sanple and hold (S/H) circuit. The S/Hcircuit may be an
anal og ci¥®@-t that sanples (e.g. captures) an anplitude of a

conti nuo ryd S : : i

at 5 Cone o g Py B Sy podMthR Tabh ey Send K boiphontPlo 4R
vari ous enbgdihamred.sin athe Bhis,cd patictlamepui signalideaysbecbpacd paticwili mhyt
for eﬂgnple gay be charged during the "sanple" node, thereby
resultlndmﬁwx“ vol t age across the capacitor, and which may hold the
charge dupdTy Ihhie: cdnedxdof varid@as embedihBei iy tai naashle St shant’inddyl tiean
mai nt ai ni ng the vol tage. across._the capacitor, within the particul ar
hol d ti mePtipaydpe/ude a opftpberay (MEXY nheaatipherer spavbgran goalog mydinlasat s
the ter myohPRTRIE cdhibkt of AR REbodRen{iEAR amR LRI eP! HASSRH lexing”
perform ng neasurenents at intervals (e.g. regular ‘Intervals) "of t%e
anpl i t udemayf nzagonibminzis plutlity of argrrlsgingi gnalsignaly &fr oransmissioot drer a
wordsIO tq% cqg}ﬁQyQ% h%{ Q%I %?y be approximtely represented by a
series of “GiSerete"valtes, Fﬁé'eby reduci ng the continuous signal to
a di SCL et [oomglgﬁalhe co-gﬂf@{t bﬁmﬁod's %mmﬂia{enanml?%ﬁrs zd?(ﬁipliﬂg'i('(:irditﬁl}” Iﬂ?{ mean] or

i nt erchangea use ith t teros. "track” and "trackjng". [0075] .In
the cont aR8Y BEINS A BERIcAI T ETFS Cirpyie Tas ST SiesgiaR be agnalog circuit
"convertigng' q | r [ Il [ I y
be inter ctﬁgnsgg%ﬁd;@ %s'gﬂjt%mﬂat%hﬁ?ﬁlgﬁi%gﬂ?f Qh%ﬁgﬁddgglgavag%lg%%ﬁg@ S%&gl %I{Harre
i nterval lodgs (egoleoks) its vatue at as¢apaiant level dordi prirticullar simgriatervay: an ADC may
be equi v he ti i r r.."hol di ng" signal.that.hs.
sanpl léyd %Eﬁlaﬁg"/%@? rcé{&?%h}ﬁ% %FSOE%]SFI?nCIIiC Igngé n é:>l<"t ot AT ?t%rugvthwlh’ for
enbodi mendxamplehmay &e nBargadiping thatrdmpO uwpddedtheneby rdsalcihg itea eblegt herosd

coupling which may allqw.a current to flow. and/ or chanical

coupl i ng.tﬂ?ﬁﬁi’i‘ﬂw‘{ g l%we%@%o%efg?ﬁgsdgne&@%m@ﬁ‘% PO
to the t s sutcRUBAIS mAintahing HéRlofblge Wrdsh tHEGPhG of, Qv iR 118 pafRSuir hold
conmponents may include a reference to "directly coupl ed" or

"i ndi r ecttipe wgwytled”, e.g. including one or nore other conponents
(e.qg.,yesj r j . Cj ) ; e S

{her et ARl a2 Bk AEUEA S, ARl RACISB] R 3R Sfhing:” ey
schemat i cneklinagytgnuigirocess eCgnfbrmmgoheasoiemendtd @t insreads (b ) gegudar Hidewals) elus

enbodi nent s, incorparating a dual, sanple and hold, (S/ schene for. a
i 11 chaneissSRER £ 5o0fuleS ABvat ARV BRSMAREa P nns G0 Mo e
power CongutiRidue ki@l ntdiabe apPioRindt€d fefreRin@d BE as@RWeST @bdrbtei Riles,
and an area efficient recording circuit. The recording circuit 400
may be erfpfrehvaedugingebe cantinugps, sighalt tp Hlissictmeemals e wrps Usample’yansy
anal of ARl 1A beSHRARM AL G RRANGIA thfeiths FallBYan®rhing T

anal og recort
[0075] In the context of various embodiments, the terms “convert” and “converting” as

used in the context of producing a digital signal may be interchangeably used with the
terms “hold” and “holding”. The time interval for “converting” a signal to a digital signal
by an ADC may be equivalent to the time interval for “holding” a signal that is sampled

30 bya S/H circuit.
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15channel s may be nmultiplexed to the two S/Hcircuits. [0079] The
recording circuit 400 includes a plurality of buffers 402a, 402b,
402c, each buffer 402a, 402b, 402c receiving and providing a
respective anal og i nput 403a, 403b, 403c, to a multiplexer (MJX) (or
a nmultiplexing circuit) 404. The recording circuit 400 further

i ncludes two sanple and hold (S/H) circuits (or sanpling circuits)
406a, 404b076]0sanpledeittroipariahd elbsdimeashthetbeds, “colisle’c abPHashpied” may
series with the nultjplexer 404, [0080] The recordlng circuit 400
further iRelPdriElectisalsarRiget whigh gnew allewnd ewrsat tnBoy, (adgpr pgechanical
successi vgy ﬁﬂﬂ%OXlﬂHthﬂ ADC, SAR ADC) 408 coupled in series with the
two S/H circuits 406a, 406b and with the nultiplexer 404. In various
enbodi merlf877]tIhehe¢ wont8ktHo L ivamayist embt@Bagnts} 06 beferycehtd  theuteled “beipladeor

t he | ti.ple he ADC 408. 25 081] .l eration, the

i t1 1 ex SPRigh P aREL oSl Y By e B fesait® g gfeety
403c, e. gouplod’ough “ingirpRist cy@ledTpUud.g.t @ictiditel Snof ort MeorsUbthélceXponehis,
and t hen mul tipl exes the plurality of input signals 403a, 403b, 403c
to produdégatesisior pi/ek @due}ef WOfs?a@ﬁ‘éFOlM‘i‘@n?%efg@eEﬁlﬁW@ & oa0taRore
out put t elofiBalnt®f the nultiplexer 404 to the two S/Hcircuits 406a,
406b. Each of the two S/Hcircuits 406a, 406b sanples a portion of
the mul tilB0BIdUG3B6uslpws sischeatatia idiagaard afhe r¢omh& kireiir 400,t @cadtg, to
406b al t er nat el e. ut nal 412 u to t
aoc as, GBS FRBHRE RO RHEY b BaERRps Mo bR gRy BRebE ey £l
As the tvuhaISieﬂ-lsszsmﬁuint@dé:Otbaachfb%moaf eqeiedidnedof Imppméﬂ &nsurhfiéont aud

S/ H circui 406a 406b proce (e.qg, perfor g |l e and hol d
acti ons) é’si‘)‘éﬁﬂ B’é"’%ratl?% © fc“tqﬁén@rﬁlll fi7eR (EHGIRIT dRO gCB'Eg ST gial The10
parall el |1¥ccﬁ’tﬂmg lorrualit @(ﬁlﬁﬂh‘ﬁby embf%Q&i?ﬂo el ﬁﬁa'lﬁhlﬁy%m‘gﬂﬂgﬁ%ﬁa plhﬂ\ﬁt)l (yyo
S/IHcircuits 4 06b work in an alterna manner .

one S/H cﬁnpl@amha(l@lag forgaple ¢ Phanpgle (e Eoricm%g be pll%seT,th lecmdmg
digit at i . og recordi ng channel
1 gityz ?ﬁhe shm%‘?%l%ﬂﬂ%gfe%ea RPHL In?é ﬁﬁa%ﬂ% g recording IS

carrled ou circu 6b) is in the "sanpling"
phase, wWHeH'B)]sErpkeargingfeiitiie 480 gmhldeé aqmmlhtg ofxitfenil2agl02ec 4024, Bech

channel is .car 0083 g the dual S/H.cir t

ar chi t ectier 4%%%4%@%6&&%&??@ Ing" g fespegiive aga Ogonnvaﬂﬂé% 403b,
ext ended 4p8c Té\lacﬁmltlpgmlmmm Mﬂa)m@mbreﬁﬁl@@n@lmmoho The@edofEifE Sirdift 400
system 100 (FIG 1 A and 1B), as the sanple and hold actions are

conduct edufther gaﬁblaﬁffSeHWOa%mw&mlaﬂr beldt(§/H)ncixaits é Jappling eirpwitsy 8H ¢t06b,
syst e ng
3 agr o 438P PAR IR B estR TR0 EunfORHRtS Il Rie BRI E 10
t he sanpl [0068)] ahet rlamrdﬁingg:imumréoo ibrérey ahcdudeS afiianelog-co-digiak ¢eysttaniATICH
allocation) for the dual 9 s ed anal og i.nput
o anars. (P £ OHERTCORRTPRESE AR S AU RGR ST il g o
ext ensi Org/HrtifciRs 406AC 4¥0G0aridewitlo theQhultipRRerl 404E 1Y thmoﬁg 'emddBnerits) ﬁhém
recordlnqu|rCU|t 400 may be clearlﬁ observed. OOSSbﬁAs shown i n

t

FI G 4B, YHeigpits 496ac4lob, m@hﬂfomlzfé t@egp the oBAtiplRresA04 ayd thaPC 408.
25  [0081] In operation, the multiplexer 404 receives a plurality of input signals 403a, 403b,

403c, e.g. through respective input terminals of the multiplexer 404, and then multiplexes
the plurality of input signals 403a, 403b, 403c to produce a multiplexed output signal 410
to be outputted via an output terminal of the multiplexer 404 to the two S/H circuits 406a,
400b. Each of the two S/H circuits 406a, 406b samples a portion of the multiplexed
30 output signal 410 and the two S/H circuits 406a, 406b alternately produce an output
signal 412 to be supplied to the ADC 408, which then converts the signal 412 to a digital
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20 process the input signal corresponding to channel 1, Chi 434a,
while S/H2 432b (e.g. 406b, FIG 4A) may process the input signal
correspondi ng to channel 2, Ch2 436. Subsequent input signals from
successi ve channels are then repeatedly processed by S/ HL 432a and
S/H2 432b. For exanple, S/ HL 432a subsequently processes the input
signals corresponding to channel 3, Ch3 438, channel 5, Ch5, channel

(n-1), Chidmll}ti4.and &8 tvbesTHDPEARKItS @064) V6B larel colgdd th3gdRallaMihk @ws/ A

432b subsequent lﬁé rocesses the input signals corresponding to i
channel #ircwyd0 h@?ﬁbéﬁabﬁpm@% (e-g tpgrfAENInG Sargplp and boldgatonshErs rBWER o
channel . . BRR L1V L I d Lngi cat ed by
TSP, Szaio?t.g.?l,g Ofg%%@é%frgg@e({]t tﬁ%ﬁ%éﬁg ?ﬁgﬂ’?‘?‘%@ﬁ?ﬁ%‘@% riod and the
respect i @082} e viantwer erabsliments,cthe eeto B/H1dkuits 3064, #06b epresent dtamate

conversi on (hol.din riod res din .the res tiye, channel s,

ot a5 TRt st ¥, B Sk, S GEPRE koot it PelmaroltoE) Shfendin

to Chi 43f@tiadion of M6 ahalB} inpl oL %R BR16 rdcbRlidY Efakinel ¥ carridd 3at, @dothbie

block "111' 442b respectively represents the sanpling period (tine

i nt er val )S/Hrfdrculs -8 d100R) i§iin Hiep spppling ohass. whetssompling of the signaldramy the

434a. Th ] ; L - bet ween successive conversion s
SPUERRA TR B ey,

actions eac uit a, , Is 1/(2f, wadl, where ffig",/
i s the bdAtRd] dyhadebtingdhesluab®i siragitadrchitettussh thel sinpbng/ppelang medtpat

b ol bkt Rt Pog gt e R SrrSenie sk pRiB SRR CRg,
of a timgFiGities val 1BY, apiesambitandyholl agiond 4, cobéiorkiein pahdlebisaddmpated

points of the sanpling tipne intervals (i.e. between the start of the
respect i V@ Isimss fasdhsieeridwgsestesil 0%/ 11 432a and S/ H2 432b. 10[ 0088]

I'n addi ti;9p84]35GI hBUnbhehednddhilc! g dB ofS fﬂ%in;éﬁl?lg%lﬁﬁdﬁlﬁ foe tl\lieﬁl%gord'i[nr;];e

process the respective input signals in a par manner, where
r espect i warcey eft@ | ofs dilgl etAndllirsiating cthe osamplingS/apd  h@ldmga ticheS/ikRrvAB2b

are perforped i.n a. parallel nne r se _overal |l actions

over| B w-trehRaRsrRe HoclBONthr OGS, SRCSFMR R sl

t he hol d iagitistumaBt Ittomdgzigon & tHe t43idh disrpe o (Richd B)hehe sardabion &t theon
at 15 S2446,. and while S/H2 432h is perform ng the hold action at H2
448, S/ HI™45Pg Regio é}rftap?nlﬁa*'fﬂhgﬂasmﬁ% thecterggringt °1§§1t4‘g0@. mﬁiﬁeﬂﬁ%ﬁrg

t he i ndi pdyalq sanpl e actions and the individual hold actions are

al ternatel ggﬁp})erforrred' by S/H1 432a and S/ H2 432b, which alternately
produce dAV&ItAushosingivaF1G- THar&¢ 07H, circhd, SAHI d2utd-g sWiepl BlGactAomeny

SR BB AR -ty
o di Vo dloes aé‘ﬁ’%ﬁ%&%gr" {c%r i y"}%ﬁ’lt‘ﬂ %39?5’%@’8 ﬁgtg%% it
not over l(ag. 40db\WEl@r4A)tihey pweealthe sipnpdignahnardspbictiag ta dhasngder Ch? a6
by S/ H1 4§%a and S/ H2 432b over | ap...
ubsequent 1nput signals from successive channels are then repeatedly processed by
S/H1 432a and S/H2 432b. For example, S/H1 432a subsequently processes the input
signals corresponding to channel 3, Ch3 438, channel 5, ChS5, channel (n-1), Ch(n-1), and
25  then back to channel 1, Chl 434b, while S/H2 432b subsequently processes the input
signals corresponding to channel 4, Ch4, channel 6, Ch6, channel n, Chn 440, and then
back to channel 2, Ch2.
[0086] The respective time intervals indicated by ‘S1°, *S2°,..., ‘Sw’ represent the
sampling (tracking) period and the respective time intervals indicated by ‘H1’, ‘H2’,...,

30  ‘Hwn’ represent the conversion (holding) period corresponding to the respective channels,

Chl 434, Ch2 436,..., Chn 440. Using the input signal corresponding to Chl 434a as a

17



100891 For the recording circuit 400 with dual S/H circuits 406a,
406b, the preceding buffers 402a, 402b, 402b have a longer tine to
charge or discharge the sanpling capacitors of the S/Hcircuits 406a,
406b. As a result, the required output current of the 25 buffer,
"buffer, dua/Sl1l1l, decreases significantly as conpared to the
conventional recording system 100 architecture (FIG 1A). The

requi r ed utliting Uixaiple, cthe thieckous fenq2al bntf ftﬁe Hibok/ Sl 9424 Respectively
recording circuit 400 may be expressed as

2nf s, g" al I@Awréqfé}atsﬁlawnys) Pel1°9L(f1fn§r1n@ﬁ'€i‘ﬂ)8ﬂdst§?rﬁ91@’mSlon piddtins ipteryahe
sa I|n t f _

S0 A v JERRACH ANCE R, THE CRICRRDACRERN, T el SReteis? B S
current chkaomsedf @dd StHh eircyit 432,043 be halni@é}gmal whére fizi.nie thhbandwidth of the
sa Ilng/tr ckln f t he current. c start

sampl g Bt % opfiSe e & ORR T, 3t T SO SatsTidnt s Lo

I nput chamilation p\mgf)segaﬁd notSirdvietoanidw dt h of the anal og i nput 403a,
403D, 4030 E% 90] _The required bandwi dth of the buffer, E
dual 571, [RE871Hes sbewnanFie 45y thesrois srdslay She tigheapigaial; é%t%ﬁfv@fiéyé?ioc Afif:2

N1l AV) flﬁ{v@é:ch 1 &aldg pol&Y oPhel Gtk Whdintervals (i.e. between the start of the
respective sampling processes) of S/H1 432a and S/H2 432b.

10 [0088] In addition, as illustrated in FIG. 4B, S/H1 432a and S/H2 432b process the
respective input signals in a parallel manner, where the respective overall sample and
hold actions by S/H1 432a and S/H2 432b are performed in a parallel manner, where
these overall actions overlap with each other. For example, while S/H1 432a is
performing the hold action at H1 442b, S/H2 432b is performing the sample action at

15 S2 446, and while S/H2 432b is performing the hold action at H2 448, S/H1 432a is
performing the sample action at S3 450. Therefore, the individual sample actions and the
individual hold actions are alternately performed by S/H1 432a and S/H2 432b, which
alternately produce an output signal. Therefore, the individual sample actions performed
by S/H1 432a and S/H2 432b do not overlap, and the individual hold actions performed

20 by S/HI 432a and S/H2 432b do not overlap. However, the overall sample and hold
actions performed by S/H1 432a and S/H2 432b overlap.

[0089] For the recording circuit 400 with dual S/H circuits 406a, 406b, the preceding
buffers 402a, 402b, 402b have a longer time to charge or discharge the sampling
capacitors of the S/H circuits 406a, 406b. As a result, the required output current of the

25 buffer, fpuper. dauasy, decreases significantly as compared to the conventional recording
system 100 architecture (FIG. 1A). The required output current of the buffer, Iy, duasss,
of the recording circuit 400 may be expressed as

1y or-ducisst = M = 2nﬁ,.gm,CsAV (Equation 3),

saniple

where C; is the sampling capacitance of the S/H capacitor of S/H1 432a or S/H2 432b,

30 AV is the voltage difference between the buffer output of the current channel and the
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where Vpp is the full-scale input range of the ADC 408, and N is the
nunber of bits of the ADC 408. [0091] By conparing Equation 1 to
Equation 5, and Equation 4 to Equation 6, it nay be 10 seen that the
required output current, 'buffer, dua/SH, and the bandw dth of the
buffer, fbuifer, d"atsw, of the recording circuit 400 with a dual
parallel S/Hcircuit architecture, are (N+1) tinmes snaller than the

r ecor di Nnghrevisiiseihadet) anghe Pinkdgheh ﬁﬁﬁb‘l&ﬁ?ﬁmﬂﬂﬁé o SRR ciéat S} &ineMtarts, Toampre
COnsequentIK, t he. power consunption of the dr|V|ng buffers 402a,

402b, 4028 Mo pampling peidginnt Be member 2bendles daedohy 490p.tQ36a0t oRIL)

tines. Aschtaﬂi%lsp%‘ﬂﬂ?ﬁ, ,,1755 ﬁl%ﬁwmhfh%@wgﬁgemth@ié 69[2@03402b 102¢c

(FIG 1A) are dom™n he nmulti - recor |ng system 100, the
power redﬂ@?ﬂ]dﬁheokqtuhei buwivallth ofeter biffey, Gigk.cuike, 408y bs gstimaiedert thes
conpar edaﬁqg t he re or ding system 100. [0092] In addition, as shown in
FIG \‘fllnéeqlﬁ "t he conversion time interval, Tc017, is extended

the whole 20 tine interval ;,ﬁy,a(ggczf—sf—gg‘ib and t(Beuatioh $),n0
need for the conversion activities toZshate ¥he arre time interval of

11(2nfs, g" W th t npling actjons. This reduce the
conver si o‘?‘rheé? Bends f%@ﬁéﬁ@? inpat (Rees okihe ARC ﬂ@%éﬁ%ﬂé&lﬁ’éﬁ&b%‘?ﬂ{lﬁé’fﬁm

| ogi c. Cogpewagnt!y, the power consunption of the clock-related
modul es (e.g. clock generator) may be decreased. In addition, the
power codﬁﬁ?ﬁitﬁ)owmﬁarmﬁ@%ﬂ@m bty E:qmyn beardFqydiiered to EQOigh 6, it may be
Furt hgr no a circui 0 !
ar chi ectsll;fgnet t tne R g%ﬁe & ‘llu(ﬁlen npee < 95H %iell}} eg?)nrd4 1‘%3 o the, pyfter,
400, the ﬁ@@g@,@@rﬁf thmlet:hnﬂlmltmuamea with artied] ipatallelofbBeieaiittacHiteeture, are

recordin t.em 200 vari ous enbodj nt in
order t og((}?*ﬁ? Hines sppl %%éﬁ%@ﬁg e%%e%bp %Pmlreoa ewvemqnél g&& @PC
My OCCUrgy¥aRN @&eeqieﬁﬁey,aﬂeb@@elmaﬁeﬂtmsofsmhﬁﬂg lBMffEl’s fubes by, S(djc

circuits, the recording circuit 400 may enpl oyéd to receive and
pr oc ess i9ple rsreydiescifuintdh ﬁﬂ@leeﬂqamyelr@r%ﬁh@ Ainpetimes M theppewerof

4055, Paodgr plion e YL, 26" BL TG YT gk A BN EE

in FIG 4é¢01dmg8§ry®t§1ird 16@ ﬂxapp@m:atedulcttohabf ltliaeneemlmyed;mdmg rnm:bﬂzr4(m)f is
buffers 5 E)r ovidin H er of cfmal 0g | E&g where n 2. [0096]

Wil e t h PRBCEY 45 fnipﬁli? £ hggecordmp st L hown separately, the two
S/ H ci r cyobsz]4RGaditidRek shewn BEFId. fiBam8 HIGPMB he 0dnmRrsSd @né ikl 7.,
Therefore, the two S/H circuits 406a, 406b may form part of an

overal | o sgleaded; fog dietlecwﬁgleéawuwmﬁe%r@e CORY 59T AGTVELISS joceupyt the whole
10[ 0097] t / cui

from the MRET IS MO REehs TG it (ER%5 nd W00, BE e UABRARBIANE 0
of the ADRBaw(Be same time interval of 1/(2nf5gna;) with the sampling actions. This may reduce

for the recording CI rcuit 400, as th con{gwslﬁﬁ act|V|t| es occupy

the conversion clock frequency as well as the clock frequency of the ADC logic.
Consequently, the power consumption of the clock-related modules (e.g. clock generator)
may be decreased. In addition, the power consumption of the ADC logic may be
25  reduced.

[0093] Furthermore, with a dual parallel S/H circuits 406a, 406b architecture for n-
channel analog inputs in the recording circuit 400, the increment in the chip area is
minimal compared to the recording system 200 (FIG. 2A).

[0094] In various embodiments, in order to minimise mismatch between the four S/H

30  circuits, which may occur when the same analog channel is sampled by different S/H
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[0098] It should be appreciated that the recording circuits of
various enbodi ments may enploy in nunber of S/H circuits, where in 2,
dependi ng on the applications and/or the recording circuit power
requi renents and/or the recording circuit chip area requirenents. 15
It should be appreciated that, as |Iong as the conversion activities
inthe in S/Hcircuits do not overlap with each other, the sane

di gi ti zatdiroitsreliiiieordhgGirchit dDO ciaybeAlKpldfdd)to FEtivieend padeRsk Mpud dighals
S/Hcircujts, [0099] FIG 4C shows_a ,schematic diagram.of a_tinm ng

di agr am fgput ehesnels ebs aymber of pultinlesgit 2(s: %Lﬂs%ﬂw& ippytchannels).

i ncl udi ngohe3{rwaATBrid L Ed G602 905, 400E] RlNEE LSaleP ir@h&%dﬁﬁ@dﬁb}%%c
coupl ed to each other, in parallel. The tim ng di agram 450

i |1 ust r atase shoven guhish.iddy inshbulbbelapryediatnd thay thery alag bein sumber of buffers
circuit/s st.gmti nebal_‘lﬂfcafi o&% for, the>50ur S/Hcircuits with

mul ti pl exXBRVgRE G MoRh bk A8 [ogAN > M6 TobE 2as shown in FIG 4C, the S/H

circuit, B0 Whidd YW QEEESciifd€406aPUb6IS g dhowOIsERERORAIRY th8 S/H
channel 1, Chl 454, S/H2 452b may process the input signal 25
cor r esporfdicHis $@ac ey be dfforcabpartssplig sago cirgy;  Jrheveéye thRaweny bk

[ I . ' 3 » ik
ot ocess. ChStith A6, J06h T RACerdor o ki sl gt b b Fhibe oy
Subsequerseparategiragisgnal s from successi ve channels are then repeatedly
rocesse 52a H2 4 452c and S/ 452d., _For
Banpite. T8 Shiks Ha58n 2L HireiiB s A0kB asabSyRathars fodifhapk Hos, te
cor r es pongliorfyHtcacailkavae 408b nfaybe 8 LormGitaiiTahe ADC3H08. Ch(n-3), and then

back to channel 1, Chi. S/ H2 452b subsequently processes the input
si gnal s cl8PY8dhshridibe erprediaieth that ghe repding eipity of Yiripys ewnhpdimpyts mayy
t hen bac 2 G, : S

i nput si lg;er?rl %)cgg{rﬁggjlglbéfnsl nérctu gé’c gﬁeﬁél_%‘%w(ﬁéﬁﬁgﬁ 19 fcﬁﬁiﬁan%? the
Ch(n-1), raaddinpeircliaphwdraeqii@nmeels aBd/oCHhs. re&@iriidg 4bddt i sequepidements.

(F:)Lgﬁﬁglse }J[s}g%}f:! Qg%{flq%ﬂ.pg?pa ‘{1}3% Eso [oglg(sgﬁ g%dﬁ::émfnlgggig@%&%?t?eeslin %ﬂe n? S%f %ircuits do
not overlap with each other, the same digitization module (e.g. including ADC 408) may
be shared by the m S/H circuits.

[0099] FIG. 4C shows a schematic diagram of a timing diagram 450 for the recording
circuit of various embodiments, including four sampling circuits or S/H circuits
20  electrically coupled to each other, in parallel. The timing diagram 450 illustrates the
sampling and holding time intervals (i.e. circuit/system time allocation) for the four S/H
circuits with multiplexed analog input signals.
[0100] As shown in FIG. 4C, the S/H circuit, S/H1 452a may process the input signal
corresponding to channel 1, Chl 454, S/H2 452b may process the input signal
25 comresponding to channel 2, Ch2 456, S/H3 452c¢ may process the input signal
corresponding to channel 3, Ch3 458, while S/H4 452d may process the input signal
corresponding to channel 4, Ch4 460.
[0101] Subsequent input signals from successive channels are then repeatedly processed
by S/HI1 452a, S/H2 452b, S/H3 452c¢ and S/H4 452d. For example, S/H1 452a
30 subsequently processes the input signals corresponding to channel 5, Ch5 462,

channel (#-3), Ch(n-3), and then back to channel 1, Chl. S/H2 452b subsequently
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[0102] The respective tinme intervals indicated by "SP, '52

53’ ., represent the sanpllng (tracklng) period and the respectlve
tlne |ntervals i ndi cated by 112 H3' ,..., represent the conversion
(hol di ng) period correspondi ng to the respective channels, Chi 454,
Ch2 456, Ch3 458,.... Using the input signal corresponding to 10 Chl
454 as a non-limting exanple, the three blocks 'Si' collectively

r epr esentg@ocedses 46dinpickigrags ddnesfondirg'to 4bneles GG, byl (R€Y)] EB@MY), ddde
ime i terval) and t he conversion perlod (tinme

sanmpl i ng er| o] t
i nterval )t %|ba&ego tegamysl 2454h2. THED cJRAcesubserverity parcessgs thepjunug signals

bet ween Sdéﬁ%ﬁa%%ﬂi\ﬁg tGQ!BXﬁ{c? '70@:h@0$ﬂaﬁﬂe°1 @fl)e@ﬁ{h 1S4 'ith'tHe‘ﬁLHaEk 4§%Hannéi5§b
452c, 452d is 1/ (2fsignat), where fsig'/ 1s the bandw dth of

i nput si g@ia. S/H# %a@@u@eb@ndumre@sm dle irpat sigals kenespending te |Cha-nnel 8,
inter vaI (li%rg 9ns Are, ndC{E?I | | Ezotg cm P}l poses and not drawn to
S

scal e.” own’ 1 n Hlérelsadelayofatlrre
i nt erval [01@@&%@&1@/ thh@@kerﬂ@@ iniesra@ &y tdie, ssza; t§319. paepitsenOihe

t he sarrpl ing,.ti i nt erval e. between, the st t respective
sanpl i ng PPEERE SEcking) Psripfi a&éélae 553Becty g imgs pierv ﬁé’f‘ cat%cr gysH 2 “Bay

of a timeysnter Ye%keseﬁteﬁfeeéﬁﬂkﬁﬂmb}{’ho@dl k péidd cOigls hd he it at iie@tgve
points of the sanpling tine 20 i ntervals of S/ H2 452b and 5/113 452c,

and a delchynusis, tGile45ht € 56, Chepts8s entlisinghthebinpetk signat Ocorsgonding to
bet wegn t n i nterval f
4500 Bha ‘S8 RN k2ot B FREPOAR, S Rl DO EY Bplhed b oe

repr esentaad tba/blbd:lodkl 464 reslpe&.tmﬁﬁ‘mpﬂ&&ns t}al shinplingppéritidytiok ihtesralanPklieng

time intervals, ofn.5/113 452c 2 elay of tinme
i nt er val sconv%f}%é)sﬂ?iétuﬁﬁ %tﬁla’eﬁslel&tfﬂ mzéiel 9%’@?%&%{ ehiEme Of Pefipgy Lo
poi nt's OfpeRRednRcSANPE icBEvdidE abilinSlor ash OFH Skl 4520 418, &2#4%%
and a del aéfOf tinme interval s, regresent ed by bl ocks 474, 476,

bet ween t H&figtdr Whetg fpoi HttBe bindpridth oA thel inpy sasmb Ii shosldks @p@efmagldlmat
452a and

St oAt B ie ARt R dRob bl S hondlal Bkl
i nput si d6a0y Asshawpan &1G.€lC, tennsr,deldyert @ tmﬂeemea&peqireseetea(by(bmkabs
sanple a d hol d actl ons H2, 452 452 and H4
3520 ar o DebuspdPRel I ne s i Tt riE e TS (e DENGo0M AL ARG
and hol d Rglct@nsSsafipBing @ﬁbcmseg Faph| abheind :ﬁ/@{m@hb FaheRXaARb Q, detdyi Ifex
S/H1 452a_is perform ng the sanple action at Si_ 464, S/ H2 452b may be

per f or mi rigne Wéﬂrgaelniﬁp@S%%d '@hbla‘ek 470, bgtyvesh dhcsytarting agipts ofdle wenming time
per f ofgm g LNk SAERL 4 hﬂplsﬁh 293844 a%l!nfoiséllﬁje Iﬂéﬁ\%lg %%F gqu?:ﬁ rHyng

the hold action at H 466, 5/112 452b is performn act1’on
at S2 48MQloks HSOAé‘E?‘Zcb@twegreﬁlf:cstanmmpmﬂrte of ﬂmshmphng tlmn iatrvad of SA]1 aith

3 4201 8rm NPT e RBITOGRT PhA e i e, apiaicds ootk o °

per f or mi ngtvha tbasmiiag p6intOsr taé sa'iaplﬁﬁzlme&'nwvaqéa{a S/H3 @agnd g{m/m 45he,
sanpl e action at . S4 484, and S/HL 452a is ,}Jerform ng the sanp

action at2 dxavigigtime dnreryplsyyepregentyd oy bigoks %4, Aée.thshacadhe AT |pamts of

acti oy aliybi3, 49the BhéHhidvad of%ﬁ??&ﬁ%r szd“th%zéaa[Ha' £485} bPAmBinedals,
484, S/ H1 452a 1S perfonnin e sa action at S5 488, and S D>

452b i s pepfesmtddnigy bhek$a?ﬂgl4€6a-é18 dvnt\mensﬁe 4@Ring points of the sampling time
intervals of S/H1 452a and S/H4 452d.
[0104] In addition, as illustrated in FIG. 4C, S/H1 452a, S/H2 452b, S/H3 452¢, and
S/H4 452d process the respective input signals in a parallel manner, where the respective

30  overall sample and hold actions by S/H1 452a, S/H2 452b, S/H3 452¢, and S/H4 452d are
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15[ 0108] Therefore, the individual sanple actions performed by S/ HL
452a, S/ H2 452b, 51H3 452c, S/ HA 452d may overlap while the

I ndi vidual hold actions are alternately perfornmed by S/HL 452a, S/ H2
452b, S/ H3 452c, S/ H4 452d, which alternately produce an out put
signal. Therefore, the individual hold actions performed by S/ HL
452a, 51H2 452b, S/ H3 452c, and S/H4 452d do not overlap. 20[0109]
For a reqerfding! iaiadpdlle] Slanived wigds thesheaidBatiple amidloldiiotigné Owbilap with
parallel S/Hcircuits coupled electrically, the sanpling frequency of
the assocsash t3"”’ADC is (2nfsignai) according to the Nyquist rate,
correspongisyg fop e%aﬁlbfé'e Vﬂﬂfe' 9fi1 489 is S&f&éﬁ% The]-%ﬁrgﬁtesdcﬁﬂﬁ”a)t SIV"QGﬁe

f, (pal is the bandw d of the input analog signal and n is

nunber ofS/HR éﬁlig rma)'pbn @erfmm;ng ithec kdmpge (agtiors airBR i 48§) anslr Sﬁ@séSZ}‘c OIQE)IIES
ati | I (

aher e i n HegoyiRae BT s flor A HRE Buils et 4] BHErah o Rfatior
i nterval ,at TH! 4661 $/H2 "452F ffﬁﬁ@ﬂnn{n(glﬂn@] sagle acti@rc ar 2ngsa;i $/€181 4520 ish
f our paraIIeI Ci rc its, soci.ated precedi pg buffers have, a

| onger t.H?B”O%m& ?afdiogéﬁgﬁ 3321%1 %ﬁﬁﬁ‘ﬁ?ﬁi& Reg 58}%[%8%@% Agtiog/ H
ci rcuits,atga4g@rrpared to the recording circuit 400 (FIG 4A). As a

result, the required 30output current of the buffer, Ibige, fourSth
decr eased030f] 1S8d2 t452b his mﬁmnmgn@e Bold canition 480H2 T4S, rSéHﬁl &g is

out curr bpiff 10
c :J " (F:)ﬂlltot ‘tﬁ I4‘;ftung thé aﬁ? eFt%é}/ zi_t| Sé’al Jrr§;2u :%{Igﬁ Q‘S% e1fo¥1n§1§ i 9 i %&onxat AV
2nf 51gual SHANB4( Eqﬁﬁﬂil(mza )s.petfbtrhing thefsampﬁl-ﬂctlon at[SBltﬂE{B] The r equi red

banaut dt ool Q0B WS 455 YT LSO B’ TS S5 TSR 1455 o

5f ol | owi

performing the sample action at S4 484, S/H1 452a is performing the sample action at
S5 488, and S/H2 452b is performing the sample action at S6 492.

15 [0108] Therefore, the individual sample actions performed by S/H1 452a, S/H2 452b,
S/H3 452¢, S/H4 452d may overlap while the individual hold actions are alternately
performed by S/H1 452a, S/H2 452b, S/H3 452¢, S/H4 452d, which alternately produce
an output signal. Therefore, the individual hold actions performed by S/H1 4524,
S/H2 452b, S/H3 452¢, and S/H4 452d do not overlap.

20 |0109] For a recording circuit of various embodiments, including four parallel S/H
circuits coupled electrically, the sampling frequency of the associated ADC is (2nf5ignar)
according to the Nyquist rate, corresponding to a time period, Tupc, of Tanc = 1/(2nfsignal),
where fiena is the bandwidth of the input analog signal and » is the number of analog
inputs. The tracking (or sampling) process occupies a time interval, Tipupr, of

25 Tampte = (m-1)Tapc (= 3/2nfsgnar)), where m is the number of S/H circuits. The
conversion (or holding) time interval, Teon, 1S Teony = Tanc (= 1/(2nfsignal))-

[0110] For a recording circuit with four parallel S/H circuits, the associated preceding
buffers have a longer time to charge or discharge the sampling capacitors of the S/H
circuits, as compared to the recording circuit 400 (FIG. 4A). As a result, the required

30 output current of the buffer, Il funsH, decreases as compared to the recording
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[0112] Therefore, the required output current, /buffe. fours/f, and
t he bandwi dth of the buffer, fie finrsy, of the recording circuit
with four parallel S/Hcircuits architecture, are 1/3 of that of the
recording circuit 400. Consequently, the power consunption of the
10associ ated driving buffers of the recording circuit with four
parallel S/Hcircuit decreases by 1/3. [0113] Accordingly, by

i ncr easi ngrctit@0MuThereqaredbuthwticuaenttof thetbuffer, THRERD @/, 5w, Whtk@edonding 2iraihe
required out put current, /hitob, and the bandw dth of the buffer,
fb"ffer, Bt %%P%ré%%%&{ﬁ{jc%}srwl{e PrEsddSparal lel S/Hcircuits, are

(nz-1) tinmes smaller than the recordi cigﬁ_itc . 15
Consequent |y, the power coRSyNDL en(’iﬁr/p f iﬁ)Oed dri (Eqentiotuf7j.er s

of the recording circuit with'in pafakkel S/HZircuits decreases by

recor ai ngOLiT et ek PR ohihecPRER fo FovabPE AL (Mo e

chip areappswin@¥RadiRd to the recording circuit 400, to accommpdate

the additional (m2) S/Hcircuits. 20[0114] FIG 5 shows a plot 500

of circuit/system power and chip are#, gs ﬁﬂqgi}on of the_nunber of
1]

S/H circuits to illustrate the-hisgk ncy and &Fguation 8).
efficiency of the recording circuits of varioms enbodi ments. In order

0,0° 2L A B MR LR k' 01 Loy (SR e
power of B_:ulﬁ@r, MMJ}J, RksH, nf the reoodinl cigeudt withufaur phlhhechAHIcilp@itsadrblﬁtect‘.ﬁtd,-l_are
CLrou s o ol g AT Sk on2y Sl oteroh he A0C 0,8 recondifo
10  associated driving buffers of the recording circuit with four parallel S/H circuit decreases
by 1/3.
[0113] Accordingly, by increasing the number of S/H circuits to m number, where m > 2,
the required output current, Jp,z,, and the bandwidth of the buffer, fiup. of the recording
circuit with m parallel S/H circuits, are (m-1) times smaller than the recording circuit 400.
15  Consequently, the power consumption of the assoctated driving buffers of the recording
circuit with m parallel S/H circuits decreases by more than (m-1) times. However, it
should be appreciated that the recording circuit with m parallel S/H circuits occupies an
increased chip area as compared to the recording circuit 400, to accommodate the
additional {(m-2) S/H circuits.
20 [0114] FIG. 5 shows a plot 500 of circuit/system power and chip area as a function of the
number of S/H circuits to illustrate the high power efficiency and area efficiency of the
recording circuits of various embodiments. In order to obtain the results shown in FIG. 5,
the following assumptions are made based on the recording circuits of various
embodiments.
25 1. The power of the buffer in a recording circuit with dual parallel S/H circuits
is 1 unit (1.5 pW).
2. The power of the ADC in a recording circuit with dual parallel S/H circuits is
8.3 units (12.5 uW).
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3. The circuit/system power is the sumof the power of the buffer and
t he power of the ADC. 4. The ADC clock frequency is 2.7 MHz, and the
anal og sanpling frequency is 24.5 kS/s (S = sanple, s = second) per
channel . 55. The S/Hcircuit area is half of the total ADC area for |
S/H ADC, and the area of ADCwith 1 S/His 1 unit. 6. The resol ution
of the ADC is 10-bit, and one ADC supports 10 anal og recordi ng
channel s. [0115] THeGirchit/situms pbhatis teum riRiBdveriofl tHdWifehhf e pawi02
is linear with the nunmber of 10 S/H circuits, while the power
consunpti on 504 id BoADC near with the number of S/H circuits. Wen

t he nunber of g/ i i i r :
decreases sig n?f :'E%n{‘l?g c‘icﬁ:kefﬂéggﬁg?‘?%%gsﬁ%hn&ighﬁ%ﬁaﬁ%agﬁg@%géeu‘%ncy ®
associ ated with tHe k%&b?ﬂﬁmgplsmmll@@e(ﬁla@ellA) is shown by the

dashed el | i pse.5 S t and. chi

assoc%at ed with ?ﬁi %ccm ftnaéeagl V}?Jfrﬁcf%?)%?% @ 82%& foéq ﬁgﬁﬁﬁgy apq, ghe
dashed 15 el |l i psgeadIADTREthpIoSYEYisQ@miUNpPt i on and ch| p area
associated with t e recording circuit 400 (FIG i s shown

dashed el | i pse0510c ERpHE f?ﬁ b AL dv8ritta ged Weﬁ%éuwaﬁ%éﬁtmwg
recordi ng systenﬁecdr@;légﬂlarﬁg@ 6 shows a plot 600 of figure of nerit
(FOM, in terns of circuit/system power and chip area, as a function
of the nuftbes] FB6. Sshovey themh@snmmerntulhéwwbmoar@hﬁg? isilingari with ¢ ngfber of

vari of}s eglrpl GRS tvsll’u% bﬁl% f%}l\%glp%%% I5‘03 19 niﬁear wftfq e Ssu?ne'} e?‘dofosgl-la

neural’ retording’sys portt ng channe
in FIG Girctife Wheloﬂldmnglbeu ¢fHtcid0its iacieisey ésmal mﬂ;lﬂldqﬁnteesofﬂd;eaaa
shown by the daahed circle 602, as conpared to the F quggeed ci rcl e
604) for Y98 Yr df Py PEY/EL EATSHBBTPE PR ChRy 2mAPsEordatpOMify Hienisgording
circle 60Q)teforoot(RR:.I @gqg dhdieh w&feedabl?efaféuﬁﬂe Gos, aeﬁﬂe 1%5 b@&éﬁdonﬂlﬁpu&l

r

indicates'that a recording circuit with reegﬁara S/H circuits

has a sl i#gHtchip dsen aseecigtevith die mmdmeémt@n AB0 ilkicand lszsbgwn bip Hevdaghed
t her e, Jnmay, | hal-hen KRN

thr oy (1 Re ot e 1EaPud el IRR TR B8 BB oAb
anal og cfmanth@r@IGaelﬁSasrphm by thk flished allipS§# Bl @i enquhia¢ising Ithe aﬂdnttagem,
desi gn cor;rp %g is also | reased as additional S/Hcircuits are
enpl oyed.®*80 eBHona, pecgrdd %’Fﬁg’tsati ons, the recording circuit 400

with two 5118 FIGC 6l dhoweleplot bRk Yigarupt il (FORAY,8in @ImdTBY cREDYdyd@man
optimal circuit, at |east for sone applications and t aki ng into

consi der atosh anchehip atker 2solBelinmaf dhe numher pbREheiscuindp theperoTding piraviea
requi e MEfHS oo oQiIEmfr:rﬁl}% Eﬁqes OP?%S)%RPBFﬁ@t hgnnlgﬁ%d oh Qe ﬁféﬁfé@&%mg

V\/nere there are ut ¢ as t
anal og cheystaml with lsaf'cm:e&dlppgﬂmglelOsahmnSé)H st showtn, imiF§GER6C thenm;zoﬂdmg

(r:nI P ICLnI tS gdcﬂfﬁg)i[t gé& ﬁ%ﬂl%"ef ﬂ%ﬁl%g%gﬁ% raescs g\tvg %yttl?eafsasﬁede cuc&lenaﬁ as compa1 ed
to the FOM (dashed circle 604) for the recording system 100 (FIG. 1A) and the FOM
(dashed circle 606) for the recording system 200 (FIG. 2A).

25  [0117] FIG. 6 indicates that a recording circuit with three parallel S/H circuits has a
slightly better FOM than the recording circuit 400. However, there may be a challenge in
that there may be a mismatch among the three S/H circuits that may affect the ADC
performance as the same analog channel may be sampled by different S/H circuits. In
addition, design complexity is also increased as additional S/H circuits are employed.

30 Based on these considerations, the recording circuit 400 with two S/H circuits electrically

coupled in parallel may provide an optimal circuit, at least for some applications and
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different applications may lead to different shapes for the results
of circuit/systempower and chip area as a function of the nunber of
S/Hcircuits, as per FIG 5, and/or the results of FOM as per FIG
6. Therefore, the optimal nunber of S/H circuits nay be sel ected,
depending on the application and taking into consideration the power
consunption 10 requirenments and/or the chip area requirenents. For

exanpl e, tkigg dn@ c@pRieditiog the Mowet cohdumpkionre@liknfnisCiidl/& the chip area
electrically couPIed in parallel of varlou ‘gbodlnents may provide
E

an i npr oVERIIFEEeNtSs drovEsyah Bould bespprsriatedithaty Ioe cxamads avhisee Gptecss P (or
400, fourygitiflcgiof 8Yidpat %Q? £ Wana@c&%&@?ﬁéﬁ&gegy ttﬂr}cegagle S/H

timng diagrams are as illustrated I n
conver3|onmaﬁﬂnwnmmhQﬁwdﬁﬂwgwmﬁuing to the four S/Hcircuits do 15

not overl itizatio
Sk el ok SRl AP Ol TREYE Lol S BuRORET Pe Hort ifin' it

circuits, dlﬁhteﬁt #@pplietiohsiag 1eidre differém ghdjes Gomhopsalts f dile@ﬁls})useenapdwer o
process in nals fron1|nput channe s .of .a number _of nultl
4 (e.qg. ﬁgilplaz 038 aqmetimaf ts RaleE pf S{Fpaieyts, A6 #6F Bich gt 91 il reSils”

overal | rcﬁ%}@i' &IFIGUb! TREGHKE, Qﬁé yﬁtﬁnmnm%r GeSAOBRLiWlah bkelsgiact%ﬁ’
flexibility to achi eve an opti nal area trade-off "wt

cust omi zel$pengitee onothe S;pplh@anpcqusta gt h@ rcemdematwg tbr:rmeu/ @ysunemom n
ot her phor g@dafem(ﬁts alﬁm% the '.Ifhlpi/ rea Oef‘c*ucfr% eiits mi%f E)?amcpqr CUIetle a recrogcﬁxé%%ig%uki]te

achi eVe 4 ance 1n et ween powe
circuit ohitp feure&/H mrtnlna eleaﬁcailyngo@ilardcm pSraDél YR KOs aﬂhﬂdhﬂﬁnhmy

[0120] The r. cordln t 400 be i ted in a | ow powe
neur al  GEBYA A DBOVER BN ek CERRRY ot comERred e erest nE i ghe B0bdeed
on the O.g/8-dxanMSy B@@:ﬁq_l@&&g){nd thdkkapik aRd QMI'dQEﬁng Hﬁagﬂﬁ{s aPd ANk Srated
summary of the circuit he recordlng circuit 400 have m ni nal

settli ng 8 F1Gr4C.eAg longag theroneigion petivitiay comeamondige é?r four Sfid jgireuits do
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power
order to minimise mismatch among the four S/H circuits, such a recording circuit may be

employed to receive and process input signals from input channels of a number of

multiples of 4 (e.g. 4, 8, 12 or 16 input signals).

[0119] Accordingly, the overall recording circuit architecture may be designed with high
20  flexibility to achieve an optimal power and area trade-off with customized number of S/H

circuits in the recording circuit/system. In other words, the number of S/H circuits may

be varied in order to achieve a balance in the trade-off between the circuit power and the

circuit chip area in the recording circuits of various embodiments.

[0120] The recording circuit 400 may be implemented in a low power neural recording
25  integrated circuit (IC), which is designed based on the 0.18-pm CMOS technology.

Table 1 provides the performance summary of the circuit. The recording circuit 400 may

have minimal settling error, e.g. few to tens of uV settling error.
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ADC resolution (bit) 9 ADC sanpling frequency (kHz) 245 ADC cl ock
frequency (MHz) 2.7 Power / channel (RW 3.9 Area / channel (mmR)
0.08-0.15 [0121] A non-limting exanple of a conparison of the
recordi ng system 100 (FIGS. | A and 1B), the recordi ng system 200
(FIGS. 2A and 2B) and the recording circuit 400 5 (FIGS. 4A and 4B)
I's now descri bed based onf-ignar - 10 kHz, an N-bit ADC with N=10, n
anal og i nput channels wth n = 10, Qabled pF and AvV= 0.8 V. [0122] For
the recordi ng Syst aem 100 tha caml | nn fl e |e thllf 045 Rs
(=1/[(2nfsigna) (N1)] = 1/[ Coamei®ix 10k) (10+1)]), VARE therlefore the
out put current of [The bu S aboui 5.3 (=(CsxjAni Tsanpt e
= (3x10-12x0.8)/(0Q. 45x10hg§%.)gm%h{%)p 10ar ga forw;sS/H Circuit and 1
ADC i s approxinmately 0. OBuffePpofdtd®) For the recorsliing system 200,
the sanpling tine,Zang* .- _.is.about. 45 gs (=(n- 1\/(?nf<|nna|t) =

h

(10-1)/(2x10x10K) ), and tmﬁﬁ@pwe(u\ﬁb out puf curre?f% of the buffer,
4"ffe,., 1 s about 665 Fsanp
(3x10- 12xo.8)/(45><105).r@h’?‘%ﬁ\ﬂf@"é‘r@@for 10 S/H cPreuits jand 1 ADC

i s approximately 0.2aDp0%mpling frequency (kHz) 245
ADC clock frequency (MHz) 2.7
Power / channel (uW) 3.9

Area / channel (mm~) 0.08-0.15

[0121] A non-limiting example of a comparison of the recording system 100 (FIGS. 1A

and 1B), the recording system 200 (FIGS. 2A and 2B) and the recording circuit 400
5  (FIGS. 4A and 4B) is now described based on fiignar = 10 kHz, an N-bit ADC with N=

n analog input channels with » = 10, C; =3 pFand AV =0.8 V.

[0122] For the recording system 100, the sampling time, Tiumpr, is about 0.45 ps

(=1[2nfuena)(N+1)] = 1/[(2x10x10k)(10+1)]), and therefore the output current of the

buffer, g, is about 5.3 pA (=(Cx AV Trampte = (3x107°x0.8)/(0.45%10®)). The chip

10 area for 1 S/H circuit and 1 ADC is approximately 0.05 mm>.

[0123] For the recording system 200, the sampling time, Toumpe, is about 45 ps
(=(n-1)Y(2nfsgnat) = (10-1)/(2x10x10k}), and therefore the output current of the buffer,
Tpuger, 18 about 0.05 pA (=(CoxAV) Tsgmpte = (3x10"2x0.8)/(45x10'6)). The chip area for
10 S/H circuits and 1 ADC is approximately 0.23 mm?.

15 [0124] For the recording circuit 400, the sampling time, Tigmpe, is about 5 ps
(=1/2nfsgnar) = 1/(2x10x10k)), and therefore the output current of the buffer, I, p., is
about 0.48 pA (=(CxAVY Trampe = (3x1077%0.8)/(5x10°®)). The chip area for 2 S/H
circuits and 1 ADC is approximately 0.07 mm’.

[0125] The recording circuits of various embodiments may provide at least one or more

20  of the following advantages.
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15[ 0124] For the recording circuit 400, the sanpling tine, Ts,,,,,pk,
is about 5 ps (=1/(2nfsig",i) = 1/(2x10x10k)), and therefore the

out put current of the buffer, 49., is about 0.48 RA (=(CsxAV)/ Tsanpre
= (3x10-12x0.8)/(5x10-6)). The chip area for 2 S/IHcircuits and 1 ADC
is approximtely 0.07 m?2. [0125] The recording circuits of

vari ous enbodi ments may provide at |east one or nore 200f the

f ol I owi ngoszh]afith g@\Ser effifldny bytdxghding we treekingeingnefitho ) DExt endi ng the
tracking tinme of . 10127] . The recording system 100 (
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when t he the 2d¥¢ ng) poeroves sonvekse, ;ﬂmwlog hwutsoge ddlanahd wbenr i sacking
array . of the n,C r t he recording

ol ouitts R e Bs i heait et 80 4TS v et Tons ar o

per f or med0i128]dn p:amaislt effor nimd gecorlliigScipquits @dcariexd anblsdimbgs, pihe Gesiplet dnde
of thetra(r eratlon by m@fth%’] N tines, erelethenurrber
of bits dFP |Pﬁ1 foynedip a pagl & cRhis eppraach cxrepdsh ° prRSe iR of
consunpt i Ray chluﬁghﬁ:e?a%%ﬁ By R th*aHfJ\f 1%@5 %elteb‘ﬁs]tgé REAMBL oD BitSher tﬁé’M)i: ins
r el axed bK more than N tines, providing an effective approach

| ow powert erieicoidingheirenids. Fleseforth H@p@wet:mrtsumfnmn eldherptsecifiod bbffeﬁeﬂﬂe:al
devi ces skatL 0

oot elgse nﬂgg &8{% is Ee'fa%(eﬁ%g lg& \(gl\?,\%]fr{rglglﬁg, dmﬁ%ﬁf%‘?f“ﬁ}’veca;g@g&l for a
rel ated rm'dulbcﬁﬁel amd]/ncnhamlme ré&bﬁ:‘dlhggnmurtmﬁml @r.amb[blﬂﬁ] bibingdlicar ésvices. In

efficiency for n-c nel anal o uts 15

o 1ot t1 M oAbty aaon Sk BB oAy alrebie 1 Hecp  tiEectlor
every angoQ@r béithpehromat clodinichat&PREQAE hndior 85 APKI1§¥Eotaeki ng time
and requires m ni mim current for t he buffer However, the sanpling
capaci t or[089] igh preg efficign ol analeg inguss. si gni fi cant portion of

t he SI [ t I T, ,

anal of | Ao mﬁﬂo‘ﬁe"h‘%?h %ﬁ%& oRLEh |brs£?fﬁ9é°°éf subfiils O SR G
i n the tdbalevaysimingaimpat ckmmnl. cAikis ap@aadhopiyss |rmumnmnn1$ac(ﬁmganmamnd
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circuit usually takes up a significant portion of the silicon area of the overall system.
Therefore, coupling each analog input with one S/H circuit results in a significant
20  increase in the total system area. When chip area comes into consideration, this approach
is less attractive even though a low system power is achieved.
[0131] The power consumption of the buffer may no longer be the dominant parameter
when the number of the S/H circuits is 2 or more, for n-channel analog inputs (n 2 2). As
a result, a further increase in the number of the S/H circuits has a minimal effect on the
25  overall circuit/system power. The recording circuit 400 of various embodiments, with
two parallel S/H circuits, may achieve a power reduction of about 10 times for the
buffers 402a, 402b, 402¢, with minimal area increment to the overall circuit. Therefore,
the approach of various embodiments may achieve an optimal or balance of the

circuit/system power and chip area trade-off.
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[0131] The power consunption of the buffer may no | onger be the
dom nant paraneter when the nunber of the S/Hcircuits is 2 or nore,
for n-channel analog inputs (n 2). As aresult, a further increase in
t he nunber of the S/H circuits has a mnimal effect on the 25
overall circuit/system power. The recording circuit 400 of various
enbodi nrents, with two parallel S/Hcircuits, may achi eve a power
reduct i on0ov32] dibgh lediBility reghicos olbthﬁalbjuf)vfeﬁdilﬁaﬁfﬁlﬂa@off402b 402c with

mnimal ar increnent to the overaII cifrcuit refaore,

appr oac 1073 hegeeorene sarsitmt SVaRAYS B PR s 16155 t%rtwwﬁléHeleS/Hr
the circulifhsy pheihPoYeiied & Mok @heavd 5208k (e. % Qﬂi%g]foﬂ' ﬂbe or more
flexibility to achieve optimal power area trade-of 33] The
recor di ng®/ |¢1t‘;€ul‘f§)st00ﬁt diffetenu eprdigioansneWhen the brsiget fomppefél censtpption is
paral lel t

Pt curts TRl Wby s eniptloa THY pARH) ROERH o RuRlfts, 05 hufpRy pt Hle e
differ entcnappd mgithean&eas‘éhem farieer mmgétthé ohckhoy\dine Gad o mpduconhd Sircult

limted while the chi rea vely.rel axed requirenents, .the
nunber ofPOM§E CgSPMRtio uﬁ}éh ﬁwﬁéﬁ% tb%léé aﬁwsﬂgﬁlgm@w fividous
tracking et:ﬁ%ﬁnﬁ'éh@'s }n%vrd%giuﬁ%fﬁa&t%a%ffeatlmwo&ﬁrtg %ﬁhﬁmotﬁ hge Bi-Qfk

flexibility of the design of the recording circuits of various
enbodi mermesvepeny ﬂlfe@lllalﬂl‘eéf alicmléaﬁheawgoréfnrgemcw%OEpgma@mbpéu@ptsl i bee

B g o

devi ces var¢ah |imted budget for power consunption and/or Chl p area.

[0134] of t above, various enbodi ments y provide.a power
b1l entlOLi e e GhE 2B, it ST R ey B HorarvgbRL Bt RO
and/ or srpttip itk RIAGGR) e Bl Cpﬁh@%ﬁéun’(p@i@ﬁraﬂd/ﬂgmﬁéll §M{ata1efagi mulehahel
recordi ng sensor interface |IC for nulti-channel neura recor di ng.

The recor@Wgingi sityitt foraneural cleeridingusansqy exeriican’l 6 mubirckanapld newsel
ar al Jel r

ot or P oay S s, b Eoordlfd Sl Rl B Ml S lBE o ol B0 el
ADC is diSthquzumrg Witk tipy wwol SiHscuchamwetkmﬁyl agontageayed ntode, ssaupphg nfjone
time of the A be ext e 0 times co

Convent | AT RBEBIeA it SPUE s SpEas tidizdne beRGyBRRERLEEh, o dninero. e
bits of tdhgpARCHmENfShé &d¥S Mdy Qé)e;nafdedttds\@nw()l\%hﬁés &ddipar@meéonsamoﬂg
for the associ ated @g%@hﬂ% driving buffer(s) of the ADC,
b

be the botPfetner WeteHE Ixcthe aumbenRffits of SheshRpt |T)‘HS iqads o
bi Omaﬁi)' C%mgldlgn' (qui?'ﬁﬂl% rgé)%? 95\@11@1@)1 %Heszgs@(g@ate:ﬁglekéﬁ%%{@n%bgﬁelgsg 48 the

circuit area Increnent be nai ntained to be mni here
the recor4lPfig whichcmiay sbeoiﬂlevfalttila)usckefdm@dmg zcherreiycunitephm ttohl&uxmtmnairﬂ

circult RRdREdiss Su"I'trlT-'@ltulm%re]hechlng 5 stergé bzkt thla NS me t}%e Cireuft anga iACremtent

may be maintained to be minimal. Therefore, the recording circuits of various

embodiments may reduce the overall circuit power consumption with negligible increase
25  inchip area.
[0135] Various embodiments also provide an approach for optimizing the circuit power
and chip area, which may lead to a high power efficient and area efficient circuit
architecture for various applications of power-efficient multi-channel biomedical signal
recording.
30  [0136] Various embodiments also provide a low design complexity and/or cost effective

approach for recording circuits for multi-channel recording.
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[ 0135] Various enbodi nents al so provide an approach for optim zing
the circuit power and chip area, which nmay lead to a high power
efficient and area efficient circuit architecture for various
applications of power-efficient nulti-channel bionedical signal
recordi ng. 30[0136] Various enbodi ments al so provide a | ow design
conpl exity and/or cost effective approach for recording circuits for
mul ti - chgan®l] Waitothdiingentioh GiSFden\Matticalailyeshowr end deseribed witkeeference to
particul arly_.shown and described with reference to specific i
erbodi merPEeifiv FROAGHIH sy Tl & Bwifr%?/odt o Sse RKIPS I (b F&he ripiay
various cihang8sn iftknf @hdiaal St B mad@iheREn WBMBu NPLRING Ydrh MRUSpirit and
departing fromthe spirit and scope of the invention as defined by
t he apperfderp ef the inventipreassédived 8y thehepepdedrddion. The goppoEthernayeation

by the a ' S ' Lthinat i
andl 1 angany Dafiaf By e S5t L ARC B P ol B TR
enbr aced. and Gindk Mbequiival dncyed drechlaigs atertherefore mmudeds fortg: endbramelit i pl exi ng
circuit configured to receive a plurality of input signals and to
5produce a multipl exed out put signal conprising the plurality of

i nput signals; and a plurality of sanpling circuits
electrically coupled in parallel to each other, each sanpling circuit
bei ng configured to sanple a portion of the multiplexed output signal
corresponding to an input signal of the plurality of input signals
and the sanpling circuits configured to alternately produce an out put
signal corresponding to the sanpled portion. 10 2. The recording
circuit as claimed in claiml, fin-ther comm sing an

anal ogue-todi gital converter configured to receive the output signal.
3. The recording circuit as clained in claim1 or 2, further
conprising a plurality of 15buffers, each buffer being configured to
supply an input signal of the plurality of input signals to the

mul tiplexing circuit.
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4. The recording circuit as clainmed in any one of clains 1 to 3,
wherein the nunber of the plurality of sanmpling circuits is |less than
the nunber of the plurality of input 20signals. 5. The recording
circuit as clainmed in any one of clainms 1 to 4, wherein the recording
circuit conprises tw sanpling circuits. 256. The recording circuit as
claimed in any one of clains 1 to 4, wherein the recording circuit
conpri sesCLARI®S sanpling circuits. 7. A nethod of controlling a
recording circuit, the nmethod conprising: nultiplexing a plurality of
i nput signals to produce a nultiplexed output signal;

sampling & por‘kl‘%ﬁl'd@?gﬂilﬁéltﬁﬁmpﬂim&'xed out put signal corresponding to
an input signa| : ! | i i .S SVl g . N
circuit of ap Ill}?gpjﬁl% ggklp%uztn%#ﬁg; egitgggﬁtet“? g{fbglé?l;t c@llﬁ@ﬁ t(}(1) prgg%ﬁdl%
par al I1sel prodweaemutiplexgd camyht signal comprisipg Gobydumityalf trgunsipedls; aad out put

si gnal correspondi t,0 the sampl.ed, portion fram 5th anmpl.in
oircuits. 8. THEIAINCY Sawing FmS eiroRioay forpled ip Preaiel 5 fart Qiipy, cach
convert i ngmphfg eltiatibeifs ghdigui@l @ @Aild ?Eoﬁioﬂ@the H@iplbed e digas!

claimed in claim8, wherein converting the output signal to a digital
si gnal cowpiesReading ép g inprhyigesy ef thy plyratey jof frppt genalsrand the spappling ¢irpyits(

2nf s, : palcohfio e tEalRiaPel %dﬂw%‘i{gﬁft 8 Bl BhdihY tPhe SARMEd 5&BBR! S
and Lg./ QI S Igyi%and%m&maﬁe %P each | nput S%lngna|T 3’? tlh% p@iﬁrgﬂﬂt yEOI?B
i nput10si gnal s.

2. The recording circuit as claimed in claim 1, further comprising an analogue-to-

digital converter configured to receive the output signal.

3. The recording circuit as claimed in claim 1 or 2, further comprising a plurality of
15  buffers, each buffer being configured to supply an input signal of the plurality of input

signals to the multiplexing circuit.
4. The recording circuit as claimed in any one of claims 1 to 3, wherein the number
of the plurality of sampling circuits is less than the number of the plurality of input

20  signals.

5. The recording circuit as claimed in any one of claims 1 to 4, wherein the

recording circuit comprises two sampling circuits.

25 6. The recording circuit as claimed in any one of claims 1 to 4, wherein the

recording circuit comprises three sampling circuits.

7. A method of controlling a recording circuit, the method comprising:

multiplexing a plurality of input signals to produce a multiplexed output signal;
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15 10. The nethod as clained in any one of clains 7 to 9, wherein
the nunber of the plurality of sanpling circuits is |less than the
nunber of the plurality of input signals. 11. The nethod as cl ai ned
in any one of clains 7 to 10, wherein the nethod 20conprises sanpling
the nultipl exed output signal via two sanpling circuits. 12. The

met hod as clainmed in any one of clainms 7 to 10, wherein the nethod
conpri ses Samhmﬁﬂné A ot bpﬂﬁxlﬁdlt@l&&@(ﬂbu@hg sughalvdo@egﬂuheﬁg&amﬂ inpak
circuits. 2513, The nethod as clainmed in any _one of clains 2,

wher ei n <8Rl pge alusdity phinpetsignads Yig pachpmpbiee Graugpt asﬂihgﬁlaqy Oé éwhnges
sanpl i ng ned by (m- 1)

Tsan?l eZn%)égﬁsa?e%%@g ceﬁﬁléds/m%éﬁlﬁaw%gﬂp[@efﬁ%d plurality of sanpling
circuits, n ipsodusmgralteiverclyoén owipuidignahtdrtegpaidinigip ihe sampied sqrtiamfom

fS|gn%I tﬁesmnﬁﬁngcnghs of each input signal of the plurality of input
si gnal’s.
8. The method as claimed in claim 7, further comprising converting the output signal
to a digital signal.
10 9. The method as claimed in claim 8, wherein converting the output signal to a
digital signal comprises converting over a time interval, 7., defined by
T:':anv = ; E
(2nfsigﬂm’ )
where # is the number of the plurality of input signals, and
Jsienat is @ bandwidth of each input signal of the plurality of input signals.
15

10.  The method as claimed in any one of claims 7 to 9, wherein the number of the

plurality of sampling circuits is less than the number of the plurality of input signals.

11, The method as claimed in any one of claims 7 to 10, wherein the method

20 comprises sampling the multiplexed output signal via two sampling circuits.

12.  The method as claimed in any one of claims 7 to 10, wherein the method

comprises sampling the multiplexed output signal via three sampling circuits.

25 13.  The method as claimed in any one of claims 7 to 12, wherein sampling a portion
of the multiplexed output signal comprises sampling over a time interval, Tizmpre, defined
by

{m—1)
T;'ampfe =, s
(Zn-f:fi_gr:af )

where m is the number of the plurality of sampling circuits,
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n is the number of the plurality of input signals, and

Jsignat 18 @ bandwidth of each input signal of the plurality of input signals.
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