OXI METER CROSS- TALKREDUCTI ON BACKGROUND OF THE

| NVENTI ON [ 0001] The present invention relates to
wozxisesess, and in particular to nethods for redDosINgs/006316

cross-tal k between red and IR signals in pul se

oxi meters. [0002] Pulse oxinetry is typically used to

nmeasure various bl ood chem stry characteristics

i ncl udi ng, XIMETER CROSS-TARKREDUCHHON

saturation of henoglobin in arterial blood, the vol une

of individual blood pul sations supplying the tissue,

hear beat of a gkt BLRONRRAOF dtenRIGERERIE, "0 O e

[000FP A%k ‘f‘)fé:séﬂtiiﬁ%nhaﬁ rd R8N ARGABRE SRER Jarticese t@ethods for reducing
non-i nvasi ve sensor which scatters Ii1ght through a

cropoialk betwedn ted eang 2R isignals ¢n pulssoamstess.e bl ood perfuses
the tissue, and photoelectrically senses the

[0081F O PR1sk @RinYtry ik Gfpfically ued foGHGasuRMAHEROBIBE tifensis@A characteristics
ti ssue. The anount of |ight absorbed is then used to

inchging, beitnot {imated e dg blopd-oxygsa setwraiiontof dpmoplephyin arterial blood, the

vol{$n%%lfl En‘%ﬁlvidl[laq %?o:gd é)&ﬁ%%%h%%ﬁé*@%%&hg Figs%et Jﬁrdotﬂggitée ﬁglflﬂ%d pulsations

Ssue i s select not e wav
cortdipéndiigtoadasioh&etbedtyo flalpatibito Measuremeniofahiese characteristics has been

representative of the anount of, the bl ood constituent
accppplighed byrhse pba pPwyyasiys éerg%w{\wh afat&ersalrémﬂww 3 pgjtipn of the
. ‘ . L . ‘
R BRI b B Bl KB COEAR osorption o
lightias sartoua wchvelengthe inatuehl tiksugh The bswnptt ofdight #sorbed as then need to

bl. ood oxygen lLevel, such sensors have typically been
calﬂ’rl%w Hl‘léloP?l GPRstiflisnt betng Wﬁ?sufifadapt ed to

generate light of at |east two different wavel engths,
[0083)0 Whe lighitscattated throughdhe bssup i setected th be f ome erpere wavelengths

Pt BB B rBe o B3 o i B S 8100

comfifichtPrasentia th€BBOd S The amuake of erahsristed light sehersd i\ the tissue
to a_portion of  the body, such as_a finger, an ear

will yary b aqeprdanee with tha chapging pmeuniof blond qopgiyentdn toiisgie and the
R EIAND, LR By Rt gty e

provided edth light eowrre that Bradapted toagenerateslighit pf at leastritwa tifferdne

patient wth red and infrared |ight obtain t .
wayglenedise #d vl eg?teaetg?taﬁér:%smme b g Oﬁes‘weﬁen#ﬁn accordance
with RhGwi 't&lﬁﬁﬂqueé‘ for n{eﬁﬁlrlfn%‘i)l&ir?doﬂyﬁéﬂ Sh@dtiéd. R) : 'S

cross-talk.” For exanple, the red signal, after
iJtering, wi.ll still be tailing off when the IR LED
oot , Emangiimvpsyesersetob e e b Bohdd « bR of the
bod3, §uchiak 9 findet, dfl@ar or the scalp. In animals and humans, the tissue of these body

portions is perfused with blood and the tissue surface is readily accessible to the sensor.

[0005] A typical pulse oximeter will alternately illuminate the patient with red and infrared
light to obtain two different detector signals. One of the issues with each signal, for the red
and infrared (IR), is cross-talk. For example, the red signal, after filtering, will still be tailing
off when the IR LED is turned on, and vice-versa. Typically pulse oximeter circuits include
such filters to filter out noise before demodulating, such as the 50 or 60Hz ambient light from
fluorescent or other lights, or electrical interference. Such filtering can result in crosstalk

when the filtering spreads out the red and IR pulses so they overlap.
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such filters to filter out noise before denodul ati ng,

such as the 50 or 60Hz anbient I[ight from fl uorescent
w@eooshseul | i ghts, or electrical interference. BUDIS2005/006316

filtering can result in crosstalk when the filtering

[060®) e20fic gprodchdor RalingoithRrassltslRsn &R fbﬂﬁ)bf phase distortion, as opposed
overl ap. [ 0Q06] . One approach for dealing

to theparplitudadistartiondhe prepang invigplaareadgressess ts| S@ﬁwna% Usiipéang &o.
e
5 953 58S TRt il 51 Bl R, AR SRELIgh i ERES P red and IR o
opp@dlterphamspgwmgm phpse affsehprohlene Thie pstamedealsgviﬂi a plrdsv emor in the
the red IR a osi t e phase i.vin
resgPRIeA U GO TSRO S aPiErrrCCIORhal CATRE SOpMEDLOR o TR and vice
vetsh. W@rd@xet%gﬂfﬂﬁﬁlzgfor E&ﬁ QRN f&atﬁfs ghiadd ﬁ{oroﬁle %xfrﬁ‘ét@tf i§ Bpérated with

signal causing cross- talk of red’into Vi ce
onlyghe IR LIED antiver antdcthem qmlyrm& the raddrﬁié nstatee Rr@m thilsj acorrection

hase error. e .0XI r is ated with onl

cofbei e G /BN R BT e bR i opa™ ity gty pealih.
Fromthis, a correctlon constant is determned that is
used in the equation for determ ning oxygen

saturation. BRI W I&%I}ﬁyg NNYORPOO7]  The
present inventign provi des aY El;w and apparatus for
[00073 uCTHeGpresenSivémiok provides Oniethod and appaeatosdioredducing cross -talk in an

includes a,. band pass filter. The anount of cross tal k
OXHRiefy &hethenﬁswacw%%a bandnass filiere dihe gmount ofgsassdalihrough the

bax#&";a%s Hitet g%g a&@.eg%d%rm{s e SEASRCIE Softler h@@e&@f@? 8?(15% $and pass

ter are uste to mnimze the cross-t 008
ﬁlﬂenareradjuete‘dcbcdnnmntizethberdsmtnlkpass filter is a har dvvare
filter, and the corner frequencies are adjusted in the

[0608$1 R oBBEmBSdiRfeht, @Eb ©idipass MRRGOPhardivard Bifdr Sirdrthe 8dtfler
capacitors. In anot her enbodi nent, the band pass

frefiidncens aresadjustevhindbhmdesignoand selestion effhe Apprepriase resistors and
et 5 afilher bRt B palusis Rk fironpidita b8 frequencies

can B&hdjd@sd durtriy dpetaion®h calidgtioni ch is performed when a
sensor is attached to the oxineter. In the calibration

, %Hl?d I
[O@g Ohrlltaﬂ@tgéx' oA d?mm?ﬁetggﬁ?&%t%égtﬁ)@gsb i cﬂa@ aycafxgﬁfl&‘? ﬂlode
whichais pedformed winn aosfehscnhsimhed t® the smmuﬂert dn tite aahbmaauﬂl tmode, the
. of cross-talk fr oth anne The effect |
Slgrlﬁlﬁéaerme%ge&w% &rpggﬂ’%é? fhep gt h%‘%ﬁﬁf&}%‘) on. Any
sighMEnERAF A @h% &fcﬁahﬁelqg Qéﬁmké kdbéd £ rédBlt BF BloBLlRFoR the other

percent age, d subsequently the percentage is
chamnkt.  The ﬁ&:cb:,s lmhe, eabling it$o ha abmaem;a@d HorinsoBwarer die magnitude

of (G510t i+ Gtp BN ERLTS ARACA Cear L PFLEAY R PR gntapes mliplicd

by AV SigRalAnd lstitrdchedeidrh &b oth& ISEB BigAal as cross-talk compensation.

[0010] For a further understanding of the nature and advantages of the invention, reference
should be made to the following description taken in conjunction with the accompanying

drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] Fig. 1 is a block diagram of an oximeter incorporating the present invention.
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shoul d be made to the foll owi ng description taken in
conjunction wth the acconpanyi ng drawi ngs. BRI EF

wORBERSRT1 ON OF THE DRAW NGS [ 0011] Fig. 1 is BCDhUSIKS/006316
di agram of an oxinmeter incorporating the present

[0012Y eHig. QM5 b BibER]didgrem ofa Pﬁrti%n@f‘ﬂ@‘cnﬂ:‘uﬁgifﬁg Qfillastrating the
portion of the circuit o lillustrating the

plaperaend of A tilier acgording torthe presery ilfﬁ@nt@l t he present
invention. [0013] Fig. 3is a circuit diagramof a

[00231d R Ssis hiclrt it diageat off aigand pasyfilesriaocirdingtto af etbediment of the
invention. [0014] Fig. 4 is a timng diagram

Inveptiqist r at | ng the low and high pass filtering effects
on the red and IR signals according to an enbodi nent

[004#] t Hég. idny e timingdiapdd BlustFatong tEe losv andcliigle pass fdiesigg affects on the

il [ at an. enbodi nent. of ED drj.ve circuit

red; ‘ﬁ‘?ﬁl%ﬁﬂgﬁ’ﬁistaﬁ%or jnedoap eglgﬂéf ef'B’Fn{‘% cal i bration
node according to an enbodi msnt of the invention.

[00DBIT AFiED iDE STRIiPdip@RmGHUTtting wmbpdmfm ef allEDSjriseamicuit

mc&@g{gst}he Flﬁ%&' %o&:;lg?tijorsﬁlta rfart Sﬁqag)gaeg?lonq ({/TE r%gngatn agéﬁ{sﬂg)?ﬁl){ent of the

invégidmcl udes red and infrared LEDs and a phot odet ect or.
These are connected by a cable 12 to a board 14. LED
drive current is provided by an LED drive interface
16. The received photocurrent fromthe sensor is
provi ded t o RBTAIMNEDMESCRIPAIQR. OF TEIH INAENTIEN

voltages are then provided to a sigma-delta interface
Q’-@@Q&%—'@E’poratl ng the present invention. The output of
[003 6P "Fig8if1Rstiaftls Gh AR dARert S A %%ﬁ?zgﬁeﬁ mcorporatmg the present

m crocontroller 22. M crocontrol i ncl udes flash
mvamlmr yA fa@nsorl mm@damedandl irgReed hEDPs ayd & photddetectorThEhese are

cofsELEY 86705 12 9 PROHT ) 98 RRiel) 1proided pEh bED dive

intétfRE 18N Thaeckives bﬁ@t@@ur%?nt Fonfthe ls@isbxais peViddd @tandrV iifterface 18.
the sensor 10 is Q%ﬁow ded. A separate host 32 receives

The Hiaam wdeokiagesiarg hennrdvided ta g sigma-delta iptseface, 2higeegporating the

pre(sje %nt%rg %@gtﬂéf :s{é%'nr fe&%%ﬂ‘é&vidjié BI Vide dgtp%' rﬁgrocontroller 22.

Mléiioagftﬁﬂmer b2 iistudas flagh mérotydfoph progrash, dnd SRAMieemory for data. The
pro%gs%grr a(ljllsonglcltu(c)lesa Q microprocessor chip 24 connected to a flash memory 26. Finally, a
clock 28 is used and an interface 30 to a digital calibration in the sensor 10 is provided. A

separate host 32 receives the processed information, as well as receiving an analog signal on

a line 34 for providing an analog display.
Bandpass Filter

[0017] Fig. 2 is a block diagram illustrating the location of the filter according to an
embodiment of the invention. Shown is a sensor 10 that is driven by an LED drive circuit 16.
The LED drive circuit 16 alternately drives an IR LED 40 and ared LED 42. A
photodetector 44 provides a signal to a current-to-voltage (I-V converter 46). The voltage
signal is provided to high pass and anti-aliasing filter 48. This block includes the band pass

filter according to an embodiment of the invention. The output signal is then provided to a
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enbodi nent of the invention. Shown is a sensor 10 that
is driven by an LED drive circuit 16. The LED drive
w@e0s08124116 alternately drives an | R LED 40 anPCEHUS®O5/006316
LED 42. A photodetector 44 provides a signal to a
si gﬁlldrdeﬁﬁ imdd@tatsy 302 gkhe(cutpdt Gﬂﬁmﬁtdelta Afo)dulaldresOMe biodiied to a
nal is provided to hi ass and anti-ali asi
dem1> lgpr 33 whitl is ‘b‘Ff’d&RWldﬁ%F ngaaddlseimating dlacks g‘éﬁnd 56.
according to an enbodi ment of the invention. The
[00a8} pEFig. Siifustitatéss hand pagsr fdter 46 dcd:cmdiag itg am entbbdiment of the invention.

ul.ator 50. The.o delta nodul at or. 50
Thggﬂﬁr‘l}?/l?‘ﬁ"eqoa"tad“ i 120004 &I ARa GhpAcHoT G priprising capacitors
CZFC PN @qd 1 taﬁldfdkid eﬁfd' | Bdst8RR 7 ?@'l ‘FBIU YRY I1 0CAR 1514)93")% iBBut to this

0018] F 3 illustrates & band pass filter
CirQutae pmvm@dtfmmh\émertnm& alorig a hee 641tpe¢1ﬁr5©51W1tqfh@6 for an offset

and a resistor..a

corgsslia hplPleitas A TRt inpipne dyRarert s TR gy iadglo g gecond
switch 68 RthidE4Q usetdfor @ Shisiraticn Méde Mcording fd thd Breséit idvdntiaMdA cross-

R109. An input to this circuit is provided froml-V
talkcenmitel slgnaljg carpieg the swiiigh tean LEDrumeptsenseline T &6 cglihration
modl of fset correction not relevant to the present

rAvention. The signal is then provided to a second

swtch 68, which is used for a calibration node
De%&%%f%i“?@afsomﬁe present invention. A cross talk

control signal 70 couples the switch to an LED current
[0038 s &n thierlesizR ahd maoefacturedfi tbebarskimss Hisi qfrF igf3, Benabpas s

Eilt Ln the d d f f
frequtehaE SRl apding (e FpactbanbiEsrr v PGy BrptfEon minimize

the ¥FUsEBAIR 1B, IBE Xbitidr HoGuenaiea ale!tRE h@ﬁ%seasidsbwrpay@édde f the band
to offset and mnimze the cross-tal k effect.

pasg filtar whichag ieplacety faltes ouhambicntHinisaistengetd | ow pass ends
of the band pass filter, which is in place to filter

[0020F Thbred$h majdrarade oefiaesived MAROPesigresfthe barki pus§ filter. It is
trade off involved in the desjgn of the_ band pass
desfrpble & havyerthe §lieragreppeclos RAlCMORWatY freducaey ubassiple. Raising

theﬁ?gﬁﬁ g%fh{ee}ug@p %Ie)hﬁp ak EAHE HKr BiicP 9618 't(pl'e?ﬁ:t B?)mbggmon of

quency~o pass corner
ambient leght.aBimcalty metheUS ﬂugredb@nphnghts bavecstroag(‘ﬂn(bcrmnpdngmmt 120Hz

and R hemames.at 1280, in desibIoRS Filgrfpistbus pf STl L the cut

off ‘ﬁ%ﬁﬁé& g ﬁ&o@'ﬂaﬁ@ﬁltérhhﬁltsotﬁé h%tﬁ@u%@}@1se MR IOV converter,

he cu frequency of the l'ow pass“filter limts
andtprevudes;wnier adudinsingrio keep mbiemtirioéselou/otbavestersr | and
provi des sone anti-aliasing to keep anbi ent noi se out
[0021] t HRweYE] iy ﬁft&ﬂ?%épré'd@%tiﬁhe sighiyl ih ithd trhé GEmSial ﬁ)adﬁample some
n

of tgg ER })Elie 3&)11? ?e%i( 1r|1to the dar1t< Iptrlrlpée (fj’(?llrcr)%\lmrllg 1tf (')l’rhls(;)li(a%l nthL drawbacks The first
is cross-talk where the IR signal "leaks" into the red signal, and vice versa. The second is an
offset resulting from a transient that occurs due to capacitances in the patient cable between
the LED wires and the detector wires. When this transient is filtered, part of it leaks into the
sampled part of the signal causing an offset. Both of these effects get worse as the corners of

the filters are pulled closer to the modulation frequency.
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of the IR pulse will leak into the dark pulse
followng it. This has two drawbacks. The first is
waeemsssnal Kk where the IR signal "l eaks" into tPer/Usmos/006316
signal, and vice versa. The second is an offset
[00223 ul ’]hinlirgg the bandpase filtsi terviptitrizet foo cross-talidisalone when it is designed by

capacij t es ip.the patienpt cable betwee
ot FiEiines Blsrary <0 Pedsw RS FoTHrSo fran G sk to be zero
ThE 'sizE Sr k. Ré@ﬁfutlsqu nieﬁsdr&ﬂ!ffcdrﬁﬁéi’l ?hﬁ‘e SRR 09 (RABHig. ) to the samples

the signal causing an offset. h of these effects
takgeuntkmd@é(ﬁ&esﬁéambl’ﬁers of the filters are pulled

closer to the nodul ation frequency.[0022] Tuning the

band pass filter to optim ze fopqepgss-talk is done

when it is designed by BefiuBbr hi gh pass filter
corner and the | ow pass corner to force t he cross taI k
to be zero. The size of the Red i.,S measure

[0023hp aYingeghe pignal frasn thedB pudssds Fiilbde%ymgén fh?é)%rh%ﬁn@@enod the P4
s PSR B .08 B e BBe R 007 AL Bl B

ecayl ng
respeuide? Thie effegtarfitiodlR pilse dP4 evitphffeotittel s1ilaeoﬂthgmeasuduhretl signal.

the | ow pass response the | ower due t.he hi
ﬁa§§cwé*§;92ﬁg°ést et B R HEIEE o0 B RLERY a0 P versa
affect the size of the neasured red signal. This is a

[0024) s §hod effiacd issminithizeddfshefiltérds h Rand pasal witlehotd higlt pess ed low pass

efthsy ThERfect P Y pasE it Bind fithsal B r Ble/ePRb diihe jowpass

fittage and | ow pass effects. The effect of the high pass
filtering conpensates for the effect of the | ow pass

. O Mo AT A 3R o
Fid Sair€adjditedsethastbe effadt of ke lﬁgﬁ paxs ﬁbﬁ‘enhgl eorhpcgi?.atpaﬁﬁ' the effect of

filtering conpensates for the effect o{__l the low p
ther lopinass ﬁgﬂm tRimnimize crosytadk. ¢ Bhadowmss filigy Gauses oSy cross-talk,

and AL, g‘aﬁsgg ?f éa cs%me&ﬁk%e A ctdis-tdikgh pass filter

cause setting negatrve cross-talk. [0026] In

(04265, %"583 Eﬁﬁ?‘ﬁm}g% 3 gk sprtins DHSRE iRt Rulfed by o
Saﬁﬁ- %@ dghredUs laSed¥ndtdrd driBut@fworliSltérMIRd 34 @d&ﬁe of the

hi"gh pass sectl on wll have an effect on t
RCt hxahsmrsectmcwﬂldravgfanpffectsaltm]ﬁmﬁréﬁm%wmof thvo%é%Key circuit,

nog g s PRt it foel BBt ectbeficatos R RGIAIERer b E1 Tl 1. The

highffasd fiReHEANSH fiequéntylig32 Handnd the lbWWaw:‘(SlSerfcul of€ frequwincy is 12.7
kHof f frequency is 12.7 kHz.

Calibration

[0027] In addition to designing the hardware of the band pass filter to reduce cross-talk, a
calibration mode allows a further correction for cross-talk using a cross-talk calibration test.
A subtle cross-talk effect arises from the filtering in the circuit causing light and dark pulses
to spread out into each other in the time domain. Fortunately the effects from the band pass
filter are linear and measurable, and so can be compensated for in software. Since this is the
result of the filtering, the magnitude of the effect is known ahead of time. A constant is used
to subtract the effects of the IR signal from the Red signal and vice versa:
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Calibration [0027] In addition to designing the

hardware of the band pass filter to reduce cross-talk,
wa@2malsnat i on node all ows a further correcti oPCT/082005/006316

cross-talk using a cross-talk calibration test. A

subt IRedcy Red - TRk Keddsect arises fromthe filtering in

the circuit causing |ight and dark pul ses to spread

out iIRtDRa&edJtl&Pss n"the time dommin. Fortunately

the effects fromthe band pass filter are linear and
[0028hs gl is a cironlit dagean oHan antquiimsmtcf B drivacisaiit Mg fEig. 2.

ince this is the result of the filtering, the )

InchugsAiin theeimgiit apre eannggtion; tg thavsdd-Ethema ligf 80; g 2 gennection to the

R ERIELFR}int B2 TR gafh BUUIEA oA IAMESHES Sarlytdrh B4 g6 o 1 ohm
resisRr88Kdn descaliRbtioh Riode Rhd LEDKnurens sgndO gighalféindine 2 is taken from the
cirquit .dia m of .an enbadi pent _of _LED dri.ve,.ci LCULL.
curfes Sropgty il Sih Spsisfaravith iom 2 6] Figus eomeeted e BinaLof big 3 as an
inpuPthk rs%dtch%@t@ﬂxe%a'nh%ﬁssgfﬁter.and a connection to the
IR LED on a |line 82. These are provided through MOSFET

ngj : 4.and. 86 10 | St ln,the
003575555 b e T BRIELRL e B s e e
confidctich éfalerRI72fih g, tShdringlar libratibh e16db allows a Furteincorrection for cross-

resistor wwth line 72 of Fig. 5 connected to line 72

tallopsing g crogs-galk galibrafiamtestnr ough switch 68 to the band
pass filter. [0029] In addition to designing the
[00Ba} dWehiée dding the coassdalRaess, hodt béthetanalogdircwitsoorths bbaldlare used and
he. connection_of line 72 in Fig. 5 durin .
so Bregps! &t M@C‘é}hed%g‘a‘%{&l .ﬂiﬁr@}alocg&}ariw?o This st EPRsgts the 10
curk@ Kerld® rAhtét SRt09% itnﬁhtkto‘iﬁ’é Bzﬁ’iﬁ%& tdr€ This WP BkedVED&urrent

1
doing the cross-talk test, nost of the analog circuits
caroinjechesigual nintodhesigeal dequisitismcirduiits. iThiscallpwsdhe eprration of the LED

.ch t.he ,i nt it f, £ h I h . Jhis. t ..
drifi i, o g s are B A B S B MO RE SO o O i addicion,
mehdurinB ehdBED cRAsht fsidg thE 10 TRiistoraliows the LED'd- Eltehtisdnedéircuit to be
can Inject a signal 1nto the signal acquisition

calibratedmote aceifately thapwhe 1076 telpranes ¢apacitars iihihe cirenifiwioyld ordinarily
allgt9: the band pass filter 60 and the signma-delta
nodul ator 50 to be verified. In addition, neasuring

the LED current using the 1Wesistor allows the LED s |
(0038k ke, duFing the: alibratiop age, %‘&IePbFéL%‘&eW%ﬂ‘&MFH‘tS@PiF input

1094 r j L | ¢t i
ol WO LEPR S O S A i) R e R B
andthel &V canvedert Ins pséfanred embodimenty whenevee aserseniseonngstad, this is

detected and the software automatically does the cross-talk calibration test.

[0032] A 50% drive signal is applied to the LEDs during the calibration circuit to give a
sufficiently large signal without going to full range and risking too high of a signal being

provided. Alternately, other percentages of the drive current could be used.

[0033] The following steps are performed:
1) Set IR LED to 50%, Red LED to 0; then measure the O red signal,



10

fromthe LED drive current. The only analog circuitry
not being used is the photodetector and the |-V
wa@ongesner. In a preferred enbodi nent, whenevePCHUS2005/006316
sensor is connected, this is detected and the software
aut ozt | sal ke IEBSo 5D%, B¢ DES tod); &eﬁ%éa@&@&h@)ﬂrﬁ §ighal.
0032] A 50%drive S|gnal is applied to the LEDs
[0034} i mybsaquently, dpring aciwal @ppr@um, t q)regm@saalk effeétds deteinyined by

I ' ' -0 [a riskin
mugt?ﬁlﬁﬁg ?tkegﬂa?éen\(\c‘iéz ggogﬁ ﬁ tlH’% E) # aygBal %ﬁf télFIrl] i‘{tl%islf})l%ract%d from the
IR siighalr mercma:tpagemgaéuéms dené e tigdiel 8ighalcoul d be used.

[0033] The follow ng steps are perforned: 1) Set IR

LED to 50% Red LED to O; then neasure the 0 red
signal ;2) Set Red LED to 50% IR LED to O; then

[ooggfs 'S .bgﬁeﬂdbpgﬁ?m%@ %gaixcésa [og ﬁ bs 5 [g%slte}/lf glt\j/gr{tlongcould be
emB&di&d iH SR SB&{mfﬂe‘ Hrhﬁlvbitﬂ@)gt &Jﬂﬁrtﬁl%r frsih Uﬁ&%sé}ﬁl‘a{s 3 g}%ltéﬁstlc thereof.

times the red signal, and then it is subtrac
Fortéxempk, ieghiie culiet omld@sqmmdmg aatifferent manrboaed h different design

cof Be it 15} e Bpact S A e Fr T A e B S5ed e,

withéth ek @dtwate Odlibedtion@ded. i AcdopdiiBlyVhe ff&‘ékmﬂg @84ckiphBn is intended to
fron1the essential characteristic thereof. For

be Wustrasive, butmet bmiting, ew thessepecefihelinyentis whigk i Seh fogth in the
manner and a di fferent design could be used

ﬁﬂﬁgékﬁﬂgﬂtand pass filter. Alternately, the band pass
filter could be used al one, without the software
cali bration added. Accordingly, the foregoing
description is intended to be illustrative, but not
limting, on the scope of the invention which is set
forth in the following clains. WHAT IS CLAIMED IS: 1. A
nmet hod for reducing cross-talk in an oxineter,
conprising: providing a signal corresponding to an
oxi meter sensor signal; applying said signal to a band
pass filter; estimating an anount of cross-talk of a
signal through said band pass filter; and adjusting

“the corner frequencies of said band pass filter to
mnimze said cross-talk. 2. The nethod of claim1l
wherein said band pass filter is a hardware filter.
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3. The method of claim2 wherein said hardware band
pass filter is coupled to the output of a current to
woelosagmsconverter in said oxinmeter. 4. The nep¢DUSmD3/006316
claim2 further conprising: nmeasuring an anount of
WHADE CLAIMEDPES-tal k through said hardware band pass
filter after said adjusting; and mnim zing said
remai ni ng cross-tal k by conpensation in software of a
di gitizel si gharethodofer seduging grasadalk ibahex1Iesd, ¢qmpresing:
5. The - - [ ' j: | .
corpri sat e Bl aphEh e\ Lr Bt B BB A
current gppbypinglexd signélno b Bahdpyss di@r;measuri ng a current
fromsaid IR LED with ng current provided to said red
LED. 6. CPHEaHEE AbAMBINt! sTass-4alk of § ﬂé?alégwagh §3ifl §and pass filter;
cali bration node, neasuring an IR cross-tal k signal
obtai ned during an IR LED period, said signal
cor r espaadglistigg the cormes frefaéricidsod said bandypass filteotn remiintize said
rf}dllkLED; conparing said IR cross-talk signal to said
CIoO¥UP™ent fromsaid IR LED to deternine an IR cross-talk
percentage; nmeasuring a red cross-tal k signal obtained
during an redriekhetA6d bPElains dinthefdigsiad bal pR6 BaBtis Atat dvare
cross-talk froma signal fromsaid | R LED; conpari ng
filtsai d red cross-talk signal to said current from said
red LED to determ ne a red cross-tal k percentage;

during nor mly@gﬁgﬂ%a 8Pci%in %Jh@rema;f%gp\emge'yﬁagah@aw fifler is

said | RCross ercentage 1n so
coupliet éxthecutit of gonatertt to goltage aonveRecmosasd dxaietesi gnal ,
and subtracting said IR cross-talk signal froma
detected, red  signal;,apd duri.ng normal. .operation of
sai d_ oxihet erineibed Py S Sither GOMBRYEE.  al k
per cent agasining R ANBIR oPYerRaifiRh @Fdsedalk Bt oS0 hirf@ware band pass
give a red cross-talk signal, and subtracting said red
filter pBerssatdeddfustingrand from sai d detected ER signal. 7. A
et g Rl BRI il broSH 85y Blipdrlath RSO RFERora
digitized signal from said hardware band pass filter.

5. The method of claim 2 wherein said measuring comprises:

measuring a current from a red LED with no current provided to an IR LED;
and

measuring a current from said IR LED with no current provided to said red

LED.

6. The method of claim 5 further comprising:

in a calibration mode, measuring an IR cross-talk signal obtained during an IR
LED period, said signal corresponding to cross-talk from a signal from said red LED;

comparing said IR cross-talk signal to said current from said IR LED to
determine an IR cross-talk percentage;

measuring a red cross-talk signal obtained during an red LED period, said

signal corresponding to cross-talk from a signal from said IR LED;
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providing a signal corresponding to an oxi neter sensor
signal ; applying said signal to a hardware band pass

wo pdos@8224Wher ei n sai d hardware band pass filt ePCT/8S2005/006316
coupled to the output of a current to voltage

convert eeompari SAidped TRdsetalk eighalrisaid guaentdror Biid@éd LED to
cross-tal k of a signal through said band pass filter;
detgamigs giredycropetablopsientageequenci es of sai d band pass

filter t I Nj L6 C - - i '
rode, e Q2it b P of @hbrE AR i ier, il iyl sl Bss-al
perdentageginanftivhrelisa gtedtabllR signal tegigaah IR orasesgibsignalg atdsubtracting
. ss-talk froma signal fromsaid red LED, conparing
said IR groprik a@g?l{?m AgPigris RSBIALr rent from Said ER
LED to dgf&dhdtmalBpdriid &%§i‘dtc§(|irlhet91‘? MARRPIFAS said red cross-talk

measuring a Ted cross-tal k signal obtained during an
percedagediD spwarsdy asddtetted gd algnalao igespored icragstalk signal, and subtracting

.cross-talk from.a si | fr sai d ER LED; conparing
Sa‘iéﬁ I ?g[aﬁ(rsb@fﬁgwagq@%%tedto@ Y current from said
red LED to determne a red cross-tal k percentage;
during nornal AGpehad fatomipessatiflg QoficPib@dlk inhd bxibleydr@mprising:

said ER cross-talk percentage in software by a

det ect edPRRIdngH signal cogrsponding taRa pYEeIar SPIEOE pighal; |

and subt A -S4 - j - A

ot cot e aagnEuS Hehalil o Hfibert Bkt Slep AR, MBS snid hardware
barslgpads fikenieteaupleditol the phtputg asar@nt tevoltagesonvextde in said oximeter;

percentage, in. software by a de

. t ed i gnal _t
give a rEWRAIGESnARORnL] .%S:talgﬁgag{%%ftgygﬂgﬁg%ggagd pasg filter;
cross-t ahdiugingad cdrh eﬁ%b&i&ﬁf%ﬁfd%gﬁas%'tﬂ&?lto mhim¥2 said

oximeter wth reduceg cross-tal k conprising: an
crossdfaligt er sensor input; a current to voltage converted

coupl ed to sald. oxinefer sensor input; and pass .

Frier  cBULTEntagn s, merrene o B BHist TR SEbnEingd during an R
LEp)gqsﬁob,adafh 53 chrirkspBhdiRAYd AEssCAk®Em falsBHdEREMaSid red LED;

adj usted to mnimze cross-tal k; an_anal og-to-digital

conver t eforRRATRSEIG IR wassdallsighabtesgidiquriest fromysaid IR LED to

soGRER EgR. i EaRgfpl oncl 1o o g1t zed detectr
anal 0g- t @esbuging alred crovstallegigiad bbtaiied duting am gedl BRiperiod, said

signal corresponding to cross-talk from a signal from said IR LED;

comparing said red cross-talk signal to said current from said red LED to
determine a red cross-talk percentage;

during normal operation of said oximeter, multiplying said IR cross-talk
percentage in software by a detected IR signal to give an IR cross-talk signal, and subtracting
said IR cross-talk signal from a detected red signal; and

during normal operation of said oximeter, multiplying said red cross-talk

percentage in software by a detected red signal to give a red cross-talk signal, and subtracting

said red cross-talk signal from said detected IR signal.

8. An oximeter with reduced cross-talk comprising:
an oximeter sensor input;

a current to voltage converted coupled to said oximeter sensor input;
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digitized detector signal and cal cul ati ng oxygen
saturation. 9. The oxinmeter of claim8 further
wW@eupnsRieng: a test circuit for providing a teBtT/BESNRI06316
to said band pass filter; a nmenory storing a program
f or oper atbaf@psedifitet @&Ipl&l 1o Ghidtcutrentas voltBdeecoaRer@dD$HM band pass
remai ni ngf cross tal K and determ ning red and
ﬁltEFbWt&%om%r fequennirsrasiitistediio minieirs cross-Békused i n

T T

detectap sigRgldntoa digized détector sipnal;cdnidng circuit for
alternately coupli@gﬁ said resjstor_to red and IR LEDs

and a swRPEIFeF9F couplss torsgidsnlogrtadigital ponvsrignfoy rllbaaall*mﬂatmgasaud
RBR m 9 wherein said

di progrdfg{r%klltoﬁcg: %’éaé‘dgg%% 2@*’?&" 3 ugAti?gde for: in a
calibration node, neasuring an IR cross-tal k signal
obt ai ned9dur i Aye axinteRerloERlape Bi fodhersaimprisingnal

| k. f i gnal f id
od Leb; SLohpmRE BVl el S P ST BREL o
current fnfm lsta&nhgialpﬁ%rm fsﬁéﬁmrfg%amrteét%u@m@ﬁﬁeshﬁ{ake an

per cent age; neasurlng red cross-tal k signal obtained
amgiitiof geramnmg@rlsgﬂﬁlb and determining rsdl gndIR exoss-talloeerapengatian factors

ro from D; conparing

to §e g& %@%gsgl%% é&%{ﬁo Grool & gioé(l?rnr%tent fromsaid
red LED to determne a red cross-tal k percent age;
duri ng ndd.mal Thpexiaictarof ofaira & whevein BBidaest cirtalit cqrhprisest
said IR cross-tal k percentage in software by a
det ect ed? 8188 gnal to give an IR cross-tal k signal,
and subt j agfitiifg é@é&i’t foﬁaﬁérﬁaé %/tc%h{ﬂl GiPtesisid? 1 fed and IR LEDs;
detected red si gna and during nor oper ati on oa{l

andai d oxi neter, mJItl plying said red cross tal k
percentael oftware by, a .detecte d sign
Give a r EavEeepitioestinot i Elhiizedt ffal 4 1 ec
cross-tal k signal fromsaid detected IR signal.12. An
oxi met er 1w t hTheekigReterof 8Rfin Daver€if §Hdipsddran includes computer

readable code for:

in a calibration mode, measuring an IR cross-talk signal obtained during an IR
LED period, said signal corresponding to cross-talk from a signal from said red LED;

comparing said IR cross-talk signal to said current from said IR LED to
determine an IR cross-talk percentage;

measuring a red cross-talk signal obtained during an red LED period, said
signal corresponding to cross-talk from a signal from said IR LED;

comparing said red cross-talk signal to said current from said red LED to
determine a red cross-talk percentage;

during normal operation of said oximeter, multiplying said IR cross-talk
percentage in software by a detected IR signal to give an IR cross-talk signal, and subtracting
said IR cross-talk signal from a detected red signal; and

during normal operation of said oximeter, multiplying said red cross-talk
percentage in software by a detected red signal to give a red cross-talk signal, and subtracting
said red cross-talk signal from said detected IR signal.

10
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an oxinmeter sensor input; a current to voltage

converted coupled to said oxineter sensor input; a
whamd/ogress filter coupled to said current to vPCT/HE®05/006316

converter, said band pass filter having corner

frequencies adjusted to mnimze cross-tal k; an

anal og-t d2di giAnadximeter with esducedigoedtallocameprisingind pass

filter for conyerting.a ?!etected signal into a

digiti zeana’é]l’%%‘?rﬁmg?&}?é"; a processor coupled to said

anal 0g- t @cair@ititéholkpR\e8hvdled cBiplBRM P &liRer 8eridt thput;
digitized detector signal and cal cul ati ng oxygen )
sat ur at | 8mandspasg §iftegqupledito said cpmmentitel valiass coryertes sgitkband pass
' il X oLi,1g a program
ieh e Bl ol e HBEER o oghet Rl 2 0 S

of renui an agaleg-asdigitall donedtter delipednonsalitband passfiltdrfor converting a
cross-tal k conmpensation factors to be used in software
deteried signal dntaa digiggsddstestorsienshi d oxi et er; wherein said
program j . bl a: ¢ - . . .
D%, RS AIBHG S AQe B s o rpiaing a i
digtiredidetectodsignal gnd ealc®atifig oxpeen saturatiand si gnal

[ t ~talk f red, LE [ [ :
conpar | b SEHE oL TE A tes TEMbIO ! B P ety
from an j Rekfeby brifigh %gdg’rrgg fébpeRating @ﬁﬁtés"t‘l’;ﬁlcuit to estimate an

percentage; neasuring | cross-tal k signal obtaine
amejuntiofi geragining ¢rasktalk end deternyning red bR eross-@dpeomapengation factors
cross-talk froman |R LED signal;..co ring said red
to tE 88 i Gyideaf SR hosmakmprRio B el PRERREF r 20 LD 1o
det er m n@h&efnesi_idé;s@gl;&ni At lderdoR@itit@geidablérdodd faror mal
operation of said oxinmeter, mnul tlggl yi n%] said IR )
cr oss- t alnié gdibeatinn apde; measyringan ER pipsgrtalle sigaelaptaiged during an IR
i ' s-t al ' I S
LER AR SR B E oA eep OB e R B AR rea EBB sigal o o
red si gnedmpazing sdidIRrugossaslkaignabtersaid cafrenf fremiagl IR LED to

oxi.nmet e mul tiplying said red cross-tal k percentage
det?fﬁﬂ%eoﬁtb’a?feswhgp%e? ed red signal to give a red

o537 bl 06 B A i 6910 55k s
signal corresponding to cross-talk from an IR LED signal;

comparing said red cross-talk signal to said current from a red LED to
determine a red cross-talk percentage;

during normal operation of said oximeter, multiplying said IR cross-talk
percentage in software by a detected IR signal to give an IR cross-talk signal, and subtracting
said IR cross-talk signal from a detected red signal; and

during normal operation of said oximeter, multiplying said red cross-talk

percentage in software by a detected red signal to give a red cross-talk signal, and subtracting

said red cross-talk signal from said detected IR signal.

13. A method for compensating for cross-talk in an oximeter using a
calibration mode, comprising:
providing detector signals corresponding to first and second light emitter

wavelengths;

11
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13. A nethod for conpensating for cross-talk in an
oxi meter using a calibration node, conprising:

w@emgioghzmyg det ect or signal s correspondi ng to fPEBUSHNE006316
second light emtter wavel engths; nmeasuring a first

cross-tal k si.gnal. obt ai durj an, first rjod.
cor r espolrTiGHE8 otk bl At B pinie wflfil Sfigen,
corfespshding Btsaldr fsshdht klnittdr 9nakleath! 5P AR bidgs-talk signal corresponding
cross-talk froma signal fromsaid second |jght
to capssttalkrran o sigaalfrem saidspeanddight emiter waxelergthss- t al k
signal t rr.ent b cl '
to'a s gioafpefiesER syt PR LHEL Y A D BRARI G

corfesparidingy tossigral kf ged fisnivageengtk asdetertgnaa siest oruds-talk percentage;
cross-tal k signal obtained during . a second period .
cor r espoREIHENE 8 secand cxassdHK signginbtained dwnadsrerrdpgriod

core@pShdRiB %Qifd(‘s(e&’&ﬁl'lg@g %ﬁte? %krel%ﬂ#té?%?f%?h cro§k-talk signal

cross-talk froma rom sa I ght emtter
corrgspaaidergtb lvross ¢atk dronm g sigaaldrae sod dirstrlight erhatek wav ¢jeadthyt o

said current from.sai d detector.coyresponding.to a

signal  oFOTAREFRASEoqd FErssekisieng! to SRl aHiRRr SO saitector
corfestillidgatbla sli?fa_? §MafPRrst FVAIBELIN QY dRErnBRES ScoRM cfss-BAik d

oximeter, multiplying said first cross-tal k percentage
per¢antagef t ware by a detected first wavel ength signal to

give a first cross-talk si.gnal ..and subtractin i d

Pirst criimBrommaioshuon of s oxiridier, el dng spid st cross talk
perdéawRE eNgftvart Bpaldetcated W VGleRSIhEEna REFIAE b Gifst @fosE-BAIR signal,

oximeter, nmultiplying said second cross-talk )
mdﬁeb%@ﬁmag@diﬁxstscmsmgél@yl fomey detected ssenshvavelenatierignal and

signal to give a second cross-tal k signal, and

subt r act d#ﬁg%hgal Phdn OF Qﬁg ﬁgﬁﬁ&%ﬁhﬁf}ﬁgwﬁé t@ﬂg 3ec(§){1d cross-talk

det ect ed st wavel ength si
pereentaigmin S fivaae biy a detectbdfsecost] wavekehgthgignal © gieela sevdnd arods-talk

. second wavel ength is. IR 15 An oxinmeter w.th reduced. .
signg. G0 SYITACORS R PetoRg Srsh Tk SIEBPT Tt B dElsFiSe fRh v iength signal.
provi ding a detected signal; an anal og-to-digital

convert er4, f orTiOANA6Y bNElaiml 3l whefcBtéad fitst 9ARklehgth & Rd and said
digitized detector signal; a processor coupled to said

secepfavaiglangthdisdRt al converter for manipulating a said

15.  An oximeter with reduced cross-talk comprising:

an oximeter sensor input for providihg a detected signal;

an analog-to-digital converter for converting said detected signal into a
digitized detector signal,

a processor coupled to said analog-to-digital converter for manipulating a said
digitized detector signal and calculating oxygen saturation.

a test circuit for providing a test signal;

a memory storing a program for operating said test circuit to estimate an
amount of remaining cross-talk and determining first and second cross-talk compensation

factors to be used in software during normal operation of said oximeter;

wherein said program includes computer readable code for:

12
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30

digitized detector signal and cal cul ati ng oxygen
saturation. a test circuit for providing a test
W@ e@sas224n nmenory storing a program for operat PEUSADE006316
test circuit to estimate an anount of remaining
cross-t aplovidiflg detaoidigialdedricssondaiptoTREMd seé@Iighdékitter
conpensation factors to be used in software during
wanelengihs;oper ati on of said oxineter; wherein said
program . : ng
D90 3 LSS GYBHLSLI AN, 8P 5 f0l FEOK

corkesgobltdlﬁgnot staed ﬁmah@it&ﬁgﬁtd?rs’vavﬁhﬁgtﬂir sdid) figst tiosstalk signal corresponding
cross-tal k signal obtained during. an fi rst%gerl od
to qressrtalkfEom iasignablram;sgidisesand llgh@ﬁmlt@mwelﬁn vel engt h,
said firg, ﬁgﬁﬁ QR
cross-tal c{(m? gid?%iljétn%f)&fq ?ﬂ(l)(rig;P af S)Sés)ecorﬁ1 g thl a1d sensor
coreasponiding tea/apmea of baid Gorpavelangts m detérimine a fmsjssossa;ilk percentage;
signal to a current from sajd. se correspondi n
o O onal MeruEtia SProndl N Bk Siag RO LR e piriad
corfdsPSRtiA @0 saREee S BER emTRANAVERHgH, @?d? §end E:‘é§§taﬂl@§1§nal
signal obtained during a second period correspondi ng

correspending toesosscialki fim agignal feom weid dirstriphhemiter wayelength;

cross-talk s caorres on gss-ta

ol onal 1 FORTRRdei BT R i B RElarEl e W tensor
corfeSpRANhGD Séifrthl 5L 5Hd erst msaeﬁgah ko gdterdhe & ecoad dross-talk

current fromsaid sensor corresponding to a signal of
pereantages i rst wavel ength to determne a second cross-talk

percent aggip, gdrlbrn'gﬁﬁl ! g{tﬂiﬂ'ofg&lﬁ fr{}&gré%ulﬁ@gﬂé%'d'}ﬁgt%rross -talk

mul ti pl yi ng sal cross-ta
pereenftdgacin goftare byet detdcesd firstrxsztvaimg&i segtgaﬂ ko give adirsttoposgitalk signal,

irs ro talk s and ald first
andcsalggrgctt%s r@h%?SSr@&ﬁl@ﬁb@?@@t%ae “é’adﬁﬁﬂl gwlength vignal; and
signal; and during normal operation of said oxineter,

mul ti p| Y iiieh gSidirfh a P&fePAdn OF 958 bkﬁﬁ&elpﬁﬁﬂtﬁﬂ%ﬁggaﬁl@econd cross-talk
software by a detected second mavelength si gnal

pergfinjagedn sefpwarg byragletected| secandgyavelengthcsignabtar gge B ,qgcogd icgpss-talk
Slgé\,\,i\,%p%ﬁgﬁcﬁggﬁl ksecsd %aéfﬁ éﬁlg g%el?é(grg %tcﬁgel rﬁsrgtswavelength signal.

wherei n said flrst wavel ength is red and sald second
wavel engté i sSThdbximeter of claim 15 wherein said first wavelength is red and said

second wavelength is IR.
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