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PHOTOPLETHYSMOGRAPHY W TH ASPATI ALLY HOMOGENQOUS
MULTI - COLORSOURCE BACKGROUND OF THE | NVENTI ON The

w@e@soerdses nvention relates in general to PCT/US2005/011419

phot opl et hysnography. In particular, the present
invention relates to directing el ectromagnetic energy
fromsources having different spectral ranges, in a
nmedi cal di agnostic apparatus such a pul se oxinmeter, to
a tissue location for the purpose of neasuring a

physi ¢ PHOTTHPRANTIEY SMOGRAPHY WITIE 2SPRIFALLY

measures two physiol ogical paraneters, percent oxygen

sat ur ati on EBOMOGENOUSMUTFINGOIOR SOORCEat )

and pul se rate. Oxygen saturation can be estinmated

usi ng various t BAOKGRESUNDIOP RIS NVENTIORNNI que, the
phot ocurrent generated by the photo-detector is

condi Thepegerinavention eelgied in gengdeal éo phateplethysmograph pf In

t ;0N { .at | f.ratipns) .of the red to
R R st B Rl s o i oo refE ey from
sobes hadinpQlifferchtipat@alWehdes! i@ aahédEd] diagd¥¥@ipparatus such a
saturation. The pul se oxineters and sensors are

RussioxIIRkary tocissHe acatdomioy thapurpeseny massuningiaphisi olegical
i ver a range of in vivo nmeasured arterial oxygen
saturatiions (Sa®2) on a set of patients, healthy

vol um egpisal mriscaoninetes me'ﬁhﬁe@ﬁﬁephyeﬁ)l@gidéelﬂ @hgﬁﬂe@eﬂs | percent
used in a n inverse nper tqQ estjnate ood oxygen
XFETH %&%ﬂﬁwc@g eﬁyﬂﬂa@g&fp %%?Qai%blﬁé%ﬁw&av ang guise rate. Oxygen
SHREUH AL ERNbd EkilRFePlisity RRiduS Mchniqled %an@lcpgﬂﬁn\s/t%chnique, the

oxi netry takes advantage of the fact that |
photesnirent generated hy tHegilioto-tlstectos tsrcondjtiababartugroodss éd ght

JRFRAGE ol 1500 B Pof R ring oo G aior) 2B redo fpfraradysignals.

THESSBIaR RN rbg ALk Bdell Bbs@PePoRiokhRRitdWell B R APbRy béh
this wavel ength range. A graph of the arteri al

spiyraioni obheptiled oximetsss and sansers ore evpitically ¢alibrasédlpy apasuring

. i.cal pleth ograph. Th | 1tud f t
A PRy cBR G B arihBhey P RE ol N fRie] pifeRp o ifons
(8809 loang bt obfpatidiets, Heghly Vislatteéro, srRRaGHAlS. The oBerved correlation

.determ ned by the absorption properties of the blood
ippgediip @iV E)ymanp¥ tq estipate dloadyoxysaemsatiation (SpO2) based on the

diff t
nﬁ’éa@&%& f%ﬁ?lﬂér (?ff:e}ggd a@rgg Bf(’) 2)13( Bgﬁenkwo I TTeren

wavel e I oNns, and deoxyhenogl obi n

hav e Inlideheradniulelsdmptry Gikes adfahtage enile, faéthBatdi Yige€ human
ood e estimated, Typi cal

t'\sﬁg,{;gfl%férﬁb%gﬁ%r %%'g%!bﬁc?r %@fggl? g¢tw5gq1 the wavelen % of 500 and
1100 nm. The pulsation of arterial blood through tissue is readily measurable, using
light absorption by hemoglobin in this wavelength range. A graph of the arterial
pulsation waveform as a function of time is referred to as an optical plethysmograph.
The amplitude of the plethysmographic waveform varies as a function of the
wavelength of the light used to measure it, as determined by the absorption properties
of the blood pulsing through the arteries. By combining plethysmographic
measurements at two different wavelength regions, where oxy- and deoxy-
hemoglobin have different absorption coefficients, the oxygen saturation of arterial

blood can be estimated. Typical wavelengths employed in commercial pulse

oximeters are 660 and 890 nm.
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oxi meters are 660 and 890 nm Pul se oxinetry invol ves
t he use of plethysnography, which involves the

wore@s094568) and recordi ng of changes in the vol pOEUSI00R0N1419

organ or other part of the body by a plethysnograph. A
phot opl et hysnograph is a device for neasuring and
recordi ng changes in the volune of a part, organ, or
whol e body. Phot opl et hysnographi ¢ pul se oxinetry
r eqUIMES cithbSinvaRME BR RE oBAIGSRosMBhy Sith ifoBks the
| east two different spectral” regions. st sensors
negaplinyg andoetarding of shangss in e aolumet dfanrasgan exgither part of the
typically 660 run), and one in the near infrared .
te By e b htala ot N i AT PRuripgand
r&dREiE Bhanget WPthe VB EsH d part) Brgdh Ostashdlé B&%y). . The fact
that the Iight sources are spatially separated can .
Bhethpéashysmogeanbin pidse ofimetp reguireys 8 yrogend sovicesihey emit in
. t he .
o GRS b B8 il Mof LABH oy 57 I BghtNBlueidiCone in
thogdlregion (@pidally 66@hm) hidoghintthens@ ifraped fegion (Efgcally 890-
ti ssue. The extent to_which the _two portigns

dight spsyces arg fremently e lightsnating dipdes &f'@ﬁ@)’ . The fact
o _ i
tﬁeﬁ%@ﬂ%h&%uﬁ:&ear% 'sga%}éﬁgts?ﬁatéﬁgﬁﬁ%%%ﬁth?\%\géﬁﬁ%%gof‘?ﬁe the

conput oxygen sat ur . Even are
mensateagnsmddeevidatie senwer. Oone teoryndfgmibgendmnetrg sssumes that the

ti d diff in optical Ling efficiency,
tp e s e S B 1 st odtgh locelion. K4 oy throvigh the

shﬁ@%‘éﬂﬁri,ﬁtﬂfe DAY CThS BEikktad LR BMS ?&%BE@ e. VB RPIS-ERNgths)
honbgeni zing a |1 ght source for photopl et hyshography

afidighttravst theeughadiffptentiupgibay of ths tissiee cirereductethe pidieat Y pf the
thers. F le, .US., Patent.No. 5, 790, .729 .
cBIrpulenelén SO cE v BIEDY fre B hiag stmpe.die:
1b¢H) efoaiogenditids ihIRGR MAldifatn®eiPbsicatextiptiag _efﬁtﬁen\%%% A

|1 C

patent's coupllqgnapparatus has a substrate into
pagticulatlyess agepilinfanotign, 6fn lopd tacinpccarain ABYEen satieions

which is.joined at one end into a single output
n%%ats}lrgg}e%%sjhannel . This integrated optical coupler is

f or madetbydiol homiopehising v dighi souscedbr plidiepledgsinvgbpint using
ions into the glass substrate_ in these defined areas
opgcalserplingdaviges haye bregrlesssibed Ry others: diarieyampleqgbS. jfatent No.
0 DO B b PR BHREL A Erap e AR A Al B Il P
mhlitinekde byptied colpderafetvicealThe Wa28peateat'aca@ipliog npphratogbishar

in a volunetri.c_region. of the sybstyate wherein the, . .
suhieiags BRI Richdn s Arelyality gPUt Cfﬁﬂnﬁlsesﬁé m& is joined
23 bhHIEAHIR a JilBle QUbRM bpRRil LiRheC BBk GRES 0@l 8SLP Ry is

this conbiner to carry the conbined Iight output to
foheedoopt gififusing sitverdbms or other equivalent ions into the glass substrate in
these defined areas to form channels of high optical refractive index in the body of the
substrate. At one end of each of the optical channels that are formed in the substrate,
the plurality of the optical channels are joined together in a volumetric region of the
substrate wherein the individual channels merge into one unified common structure.
The output optical channels are joined to this combiner to carry the combined light
output to the output terminals.

U.S. Patent No. 5,891,022 discloses a photoplethysmographic meastarement

device that utilizes wavelength division multiplexing. Signals from multiples light
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U S. Patent No. 5,891,022 discloses a

phot opl et hysnogr aphi ¢ neasurenent device that utilizes
wowoosloggset h di vi sion nmul tipl exi ng. Signal s froP€T/US2005/011419

multiple lightemtters are Xonbined into a single

mul ti pl exed light signal in a test unit before being

delivered to a physically separated probe head

attached to a test subject. The probe then causes the

Shitgts@rdbdrhbipkbE 16 a§i gléqhuﬁlgletzsd ligR$eHal h{sadte*smg%@o@ being

ti ssue under test he test subject, after which it

dedivpred é@wbﬂswallydep@aw meohs Hshdaigachadlya test submet ofhe prebe

est ect. . The. di sadvant s.of the Qpt. ¢

BET babhf gl BV BRIO R bR B f e nder st

siethefidst subpddt Cetter dhidnitBProcessd tadetetiiRABIVG] an-El'}Qé Rvelof the

therefore a need for honngen|2|ng a sources of I|ight

tegsubleel otectisadusiages ghihese ppiipahderacas eee thahthey eregathst

Sl R R L R,

pr ovi Tiese Artharefiae ahual foohompaérizhg y shmesg@mght g

el ec magneti c eperg tted fro er ent )
AN gngrms%mgﬁgg%{%[}%t%%@?wf nﬁ@@rfgﬁ apovepgntioned
ﬁ@g@&ﬁﬁl§ includes a first inlet for receiving

ectromagnetic energy transmtted froma first
source; a second inlet for receiving el ectromagnetic

epat 11|y nomobBREE HEMARE PR e WyIRTITRE e oy
transpid §86knt [RBAGAEprbYVIdeS a@%a?a%ué"fo& BpdtR€8y homogenizing

el ectr onmagnetic energy transmtt ed fromthe second
dwm@gnduf armgatrypatitel frghohibierent sootenfirmeasuinge

net nd. an ut l.et .f.or.delivering
ol Aftebicfesr a5k MuadRl iR hieth 6 g sof Fods e o7
Qe@foiaghetiderer Sstighshitat from of fakt JHRARYA k&t@nt Rdlet for receiving
physi ol ogi cal paraneter. In one enbodlnent t he nmeans

dletrospnanetig enpraoiBtenited figmiaferandesources means 1[6)9 peftially f

BP0 BRI TBuRS O1 BB
glectioneaghetid @tergyatrananine Homndheseobndpduresdo fbith arsﬁatlally-

havi ng, a_,second proxi mal end ori gi nati ng second
lilqﬂlfaem&ﬁ@ ?%@elaﬁae FlEQIReNSHE CRIEYs %ﬁl&@m@l %11 H%hvermg the
f
B ol il e Ulep RbopBic cpbipy f pfse 160of for
mpashrlag the phyxmtbg\mai paremeter.second di st al end of each
fiber_of th | bers. of the,se undl e,. so.a
F or m 18 Q05 SRS HE GRS od SRy PopgegZng ifTuded a it
iR SrpReA gt Hess IBRAIY fifsEHRKURS chil @BLiMAang bf &b @RhIENRd a
second inlets. In one aspect, the présent invention
msbdistdbenddteyningidng dtdhe onglotia sengnchbundle of optical fibers having a

second proximal end originating at the second inlet and a second distal end

terminating at the outlet; wherein at the outlet each first distal end of each fiber of the
fibers of the first bundle is spatially mixed with each second distal end of each fiber of
the fibers of the second bundle, so as to form a spatially-homogenized multi-source
electromagnetic energy received from the first and the second inlets.

In one aspect, the present invention provides a sensor for measuring a
physiological parameter in a blood-perfused tissue location. The sensor includes a

first source of electromagnetic energy configured to direct radiation at the tissue
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physi ol ogi cal paraneter in a bl ood-perfused tissue

| ocati on. The sensor includes a first source of
web@shywsemgneti ¢ energy configured to direct redi/asi00$011419

at the tissuel ocation; a second source of

el ectromagneti c energy configured to direct radiation

at the tissue location; and an apparatus for spatially

honogeni zi ng el ectronagneti c energy transmtted from

1%)9&01‘115 5§<%coﬁ&‘ b8E BPdeSRIN ABStc dMpe PR A ddSo IdREL UGSt at

Irst inlet for receiving el ectrofagneti c energy
the Hisswilodatidn;f andrantapparfitus $or spetaltehomogentmngleleetiamaghetic

S LB B hb e T o
i8le EdrreBRaNE blebtr&N I RYic h&BP FahdSitted TOM thB Sirdtisbeice; a second

source W th the el ectromagnetic e.ner%iy transmtted
ihfe fartreeei wbg elsatremagnstic epergp frangnisted fogl thy seevmd gewicedaean s

Lt [ el. 0 net i e X
I N s A
Slufetwithg RRctromaetie\enbgy tth@sthitfed ffonh GRaktdid sotlt to form a
sensor al so includes |ight detection optics configured

etiplbthompesantred sptiisapicy clrsHogasnsiegnagyt Mk our ce
556! RIRORRLLE GOSKAN A0BLE I ASHELACA Ml e
erReipyr totiantiisng lachtiom eTheadensar atsodnelddeniighy detectiont dpics

e Odlgents o f the.gﬁegent inv%ntiqn, reference .
g orsraRe the HEY PG RYIL OBEFS FISEPTRERGiF enerey

‘ i b ' ' : ' aw ngs.
R S R A e R S A

di agram of ..an enpl.ar imeter. .Fi.g. 2 is di agr.am

of - B bSO Bie N B cog rofingfies Pt Berraftgyiieats of
th8 phsent!ih@tibn freRMITB SBo1N 86 108 td {13 GHIME €8tal1Bd descriptiom
accordance with one enbodi nent of the present
takereintconjynctBETA|th BB OEQTRUYMOINa@MZFHE | NVENTI ON The

enbodi nents of the present invention provide an

apparatus for coupling light or el ectromagnetic energy
from mul ti pl eBRIEF DESCRIPOIGNOH THAIDRAWRNGPr ovi di ng
spatial | y-honogeni zed nulti-source or nulti-spectra

el ect¥ignhisrdelpek diagiagy ok as exempkyy exinggdelt i on f or

meas ﬁlgng ish aggra]noéfoa%&?ée ﬁ?@@@?@%@@n&]@dﬁﬂﬂé@%ﬁé E&?gy (e.z.,

of t appar a I's 1n the

Ipdin} Hemahdry sitagoredipht s@uachinascirdamcepuitis@enccembuoeliraent of the
instrunment. The enbodi nents of the present invention
PSSP onmgnet i ¢ energy fropa nultiple sources
and/ or wavel engths to be provided for, for exanple,
opti cal |l yanal yzing a tissue constituent, where the

el ect r omagnPETAIRREY QESGRIMITON OF B ANVENTION

The embodiments of the present invention provide an apparatus for coupling

light or electromagnetic energy from multiple sources into one location for providing
spatially-homogenized multi-source or multi-spectral electromagnetic energy to a
tissue location for measuring a physiological parameter. One application of this
apparatus is in the field of photoplethysmography, such as in a pulse oximeter
instrument.

The embodiments of the present invention allow electromagnetic energy frorm

multiple sources and/or wavelengths to be provided for, for example, optically
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outlet or an emtting |location is honbgeneously or
evenly or uniformy distributed. In a device such as a

wQismIwsks net er, the enbodi ments of the presenPCT/US2005/011419

invention work in conjuncti®n with an oxineter sensor

that includes |light em ssion and detection optics. In

such an inplenentation, electromagnetic energy from

tvvo or nore LEDs that emt individually distinct
n?'wﬁs@ﬁe %nsﬁ{u%ﬁ{ KWABRARE blebtr&ASSRYic feﬁérgér REtHRYE B&Sfon

of optical |y anal zing a tissue constituen

cmdnbmrm)obmlﬁmgﬂecactmu is bompgeneeelyanesnlyi Ql‘rumfwrﬂy distributed. In

nts of the pres entl 0 such that
CHSEc e P B o< TR SR PHEREHTspE ePent Ao work in
c%ﬁﬁﬁ‘i@ﬁor?ﬁﬂiﬂltaﬁroxﬁﬂétbﬁienwr tRRendltdes light &Al4kbalagA Hbction optics.
distributed. The equival ent distribution includes

Igseh an 1r9p1hmﬁmg@<m @l@&tr@ﬁnggrrqtllg@ner@ﬁ fmn &9 eximpes bePethat emit
1a<§’1vncﬁ1%£m | glﬁgt ie%?J[hg %?Xlegtg J:r y?&ﬂ?g 8@1}]}6?6 of

OpticEily SallyApes t1ssue censtitveat Bsrwmblriélden elﬁﬁadnimdeaﬁtasmﬂaﬁch &vith
tgr esent. i nventjon, by proyiding a honpgeni zed source

¢ crabadinesiperfihe Pieseah EIVGYIaR, S phing glsmféaom#agnet i c
e?&‘ﬁrogfy gflét?g%rf Y@rg\gﬁlsn O?@c ecBﬁ @ﬁuﬁé?%hﬂ%f ?%] cfdf%lently

wave tromagnetic en rgy
dia;’tﬂbutedj ha e@mkfaientakstrrbmuqn iaplpléescsphiialy hdmadgenimed drstnbutlon
eI engt hs

ht. travel th h the same .., ..
PRERA e heein facitar Btld e IanGa Angules MomAtEnae] Diiipption,
Rfatkell Adthe RIYasHBHREIH RS nBinbli &l 8PGYr I B HiORNeRly. L he sensor

relative to the tissue bed treats the two or nmor e
wavel Bmgﬁmlsocbn}amtv af thetprgsentigveigiooy bppovisihg whomhg@uml

E horm eni zi ng.t.he at al

SRS G Sp R Ry By S REERE eBP B BsBi ey figyn o or

16100 8rcBs SRNTHRY Rkt dt @lvo OF m%% WhedlerBey dfWl&troftagneti dnSrgy,
a bl ock diagram of an exenplary pulse oxinmeter that

hehglerw@ra:mmgm@@nﬁ@y amhcemrnthat teo @rnﬁ@m wiastelangts of fight

PP SR LR 8 B0y, g
a3 cdouplinéfficiehey ﬁﬁﬁ@ﬂ bﬂﬁ’l@tsSns@f rdleitﬁfeﬂb eh?eeﬂiﬁsud: badédtOthe two or

can be coupl ed between |ight_source 110 and the
rpfaﬁwlep s egyivalendy. Hedessaiberhbelpygihis isageamplighed by

ezttt angﬁ%f‘éfec%%l%?%ﬁ%t%% 461l eleoOgbibiic cnerey
aﬁbﬂﬁisfa@bhﬁimﬁ aglet beerhitightpesimue, ce and photo detector may
al so ¢con taln a ncoder . 116 mh rovi des s nals

indi & IO oL LA AT oty pliE OxRRezan T by
gﬁ‘f&i'@@ il veﬂfch@vhe %&b@&hfe%s GRS QREdR iifvefifibh DTRE | On
coefficients for calculating oxygen saturation.
dBntxaidments 06 thegyesehtinvénivnaas b cowpled withitle bghtSewS@rl 10. In
Rlagtgq%%eﬁm%g?%%%hfger}tg of thB l;J>lresseentcfr)l(‘lle 1%1? rcalriL € coup eed lg)e)éwggnt l?grht
source 110 and the patient 112, as described below. Light from light source 110
passes into patient tissue 112, and is scattered and detected by photo detector 114. A
sensor 100 containing the light source and photo detector may also contain an encoder
116 which provides signals indicative of the wavelength of light source 110 to allow
the oximeter to select appropriate calibration coefficients for calculating oxygen

saturation. Encoder 116 may, for instance, be a resistor.
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m croprocessor 122 connected to an internal bus 124.
Al so connected to the bus are a RAM nenory 126 and a

walea@plogysed28. A time processing unit (TPU) 130P@r/usiode611419

timng control signals to l¢ght drive circuitry 132
whi ch controls when light source 110 is illum nated,
and if nultiple |ight sources are used, the timng for
the different |ight sources. TPU 130 al so controls the

gat i ngei grl fe{fro %g&géﬁgdga ) @}ﬂ%@ Skl BBt Phe ;!,Mnetté}rlﬂag&s a

an anpl | ching circuit 134. These
mlcgmmbeessmelZQamphmbbdab at figeipablper 1241 neso depentil hg thebus are a

BAM eRlory Yo RS honde 128 R i proSistnacttn (B0 3 magides
tirﬁm%fb%ﬁﬁgl i P i h ddva it duitef 13BRhich coBMoIR @ﬁfenflighi ®furce

and an anal og-to-digital converter 140,

1d40gis ulaun@a‘teé ansl if mafipde bglédome&arq weeh dheséming fomlﬂlﬁerent
1?5(1%?’\/@ Fﬁt@éﬁé a% ﬁ?r(ljtlé ag%{rjing-tlrhgf SEQ naasl 146 gmapsho%&ét%c%gr 114

@ﬁf@h'aﬁ'aﬁﬁﬂﬁi&ﬁ 134 aﬁﬁ@@h&hﬁugﬁéﬂu&tﬂlﬁr S} heéd dip@ilSard @dmﬁ]/eﬂ)at
converters for nultiple |light wavel engths or spectra

the prappe Himepdepsadias upere Which od nyiltiplsdighbiareasds diugnagted, if

SRR, S

3%, tilaw ipass fileirngs Vzmﬁlaﬂlaﬁalag-g@{ilgﬂalmon%ﬁesm(hl Terdigiaeata is
requi re coefficjent Y r cal [
ther gerrdiad, wvessd &lﬁﬁwaffy‘% %@%{\Tﬁ f16? ﬁiﬂ wijlggiding to RAM 126
§Il 1}6{1@ ﬁﬁ@g h
n aflﬂtiss V\'Jgjf egg% asti/o-sﬁf gr%]ﬁa ‘?ﬁg bg?ﬂ?@ﬁ grraﬁgle S of
sepafafel ampeificss, cfﬂmwnde/D amyenes forafiulipledight gitamelspetbs ma

IS determ&ed by the val ue indicated by encoder 116
PEFF ®5HENBIng to a particular light source in a

par t i Bie@lon$ROSAe s8¢ rdRived §1gﬁ91§fcbﬁ€§;ﬂ>hﬂﬁi§,to AR ﬁgﬂ@ kReived
resistor values nay be assigned to select f er ent

laeplwt@ﬂe’rcctef 114 ingiqtoprocesson hdd will caenlfiedhe exygsn saturpdion using

sane r or s~are used to sel ect

RloFs RERLRRE. SRS pltp ot ted i e G FRED plal B gppisipatly
Wtdrthigdd, BEfrepoRGIAL t6, Tk S@bhples tlﬁ:fwi*\fb‘le T hightesed TMBese are
sel ection between whet her t he near or far red set

siptetl ipa ROMsR. dan tW@wypléegthéYWmhthﬁ reginujasiset o ggefficients
(;}{ogéﬂ fR %&1 gLur 0?9@(]51%@% %%egﬁ'ﬁ Eeg cgét?ﬁrﬁf?éjcf By %@%af@%n&i@ated by

I’ nsta Se OXI

dirybaard, cosrespondingtto prpamticdlan fightsdirasdh Iaqmﬁtlduiai:mfemsor 100. In
renote host conp ier Furtherrmre any ? 8
RS IBHEUIGHLOB 1§Blrt1ip TRESIARYAINRS MRk PSTE8H 0 9Rl6rs different sets of

b G 8ts. S 1P4Ho Og?lgig%mﬁﬁiﬁgﬁﬁ sSfk %s"ﬁtbl‘%%@ﬁﬁeﬁqy sﬂE&?fom

esired physio par aneter. For exa
asongthe |coeffmfents>qp@mprla‘atfur at 1ndilaradsioug;erpadad atitheither a near red
sro%}éeoosl' tjarS regesg&rrcie b%ﬂe sele %or? beties?eteg r\]htfhehlloei‘ the near red or far red set
will be chosen can be selected with a control input from control inputs 154. Control
inputs 154 may be, for instance, a switch on the pulse oximeter, a keyboard, or a port
providing instructions from a remote host computer. Furthermore, any number of
methods or algorithms may be used to determine a patient’s pulse rate, oxygen
saturation or any other desired physiological parameter. For example, the estimation
of oxygen saturation using modulation ratios is described in U.S. Patent No.

5,853,364, entitled “METHOD AND APPARATUS FOR ESTIMATING



10

15

20

25

30

5,853,364, entitled "METHOD AND APPARATUS FOR
ESTI MATI NGPHYSI OLOG CAL PARAMETERS USI NG MODEL - BASED
WODARDYISES FI LTERI NG " | ssued Decenber 29, 1998pPCHNN2005/011419

U S. Patent No. 4,91 1,167,7entitled "NMETHOD AND
APPARATUS FOR DETECTI NG OPTI CAL PULSES, " issued March
27, 1990. Furthernore, the relationship between oxygen
saturation and nodul ation ratio is further described
PITYS’I@LOE}%QWPA@ANE@@S @@?NGQ\VIUIE]? @AS‘LEPA@%PﬁWSOR

TH MODULATED ENCODI NG S i ssued July 8, 1997.
H—B&(HEBQN@E% tssmdsﬂelblecambev(%ﬁ%iﬁ wnﬁlU SePaimitéa. 914 7 eentidled

FRBTHE AP o A L0 m B G DRI AL TSR e

MRahi2 hyodroppaRRhaRIME raGlsRERIRSN b SRREDYatin@tién and
ti ssue location for heasuri ng t he phyg({ﬁ %I cal

medulatiereratiojinfugbeodesanbas inil.b. Ratentd¥mh PSermﬂedhe

BNy S Sy S 0RO R e

ga9pfe the light frommultiple Ilght sources into the
one locatiagn, via for exanple, a_ fiber or a small

nunberawng gpicribed an pxsanlaryinise orsBRiEh VS, ArappaEiisfpr
AR R ARSI GUELS LM b
Iirbeidiﬂgogjaaalily}hmnagdmumdIe&ctrﬁinggneZici enezydd adgisaun loéatmn for

devi ce 0 for ho eni zing light energqgy.fro
RAHDAOS WhRIoLaEER Beaisichda SP e i g fEbodients of the
@g&(ﬁgiﬂ@ﬂﬁorpfls c‘ié@@rﬂfé’deo%w invention. Fig. 2 shows that

he device 200 includes a first inlet 202 for
r ecei Instegd of wsing coraglivatddand wapepsivieraptisali devieds forample the light

I rst .sour.c inlet 204 f

ooty BRiEiedt rErERang s Paefonttihe ibpE SRl dgiher or a small
R &f oﬁﬂgﬂ FiBeUihk %hbggﬁlén@é' offfRédetiivBition separately couple
spati al | honogeni zed mul ti-source el ectromagnetic

renkiplg ontsabiibérs tarach ight Jogrref and th@as@mbmg apd spatially mix the

@?%Si ol ogi C@ST ar Zﬁggﬁ@raﬁgﬁgggvﬁlge.e%dgdq fo nggggenizing light

dlefS! frOMBaneitha GRalHy sdtﬁmfﬂcédrﬂ%d‘eﬁmﬂi biteerhbodéthent of the
source via the first inlet 202 with t

rrwat ysaideret e 2phovgythetthedenies 20 mP]élﬁPft hirss gl 742 for
égéi(fﬁxgl eF’éc‘ﬁroHé netfeCd! %y‘ P ?ﬁmlt?egdfr&rﬁ ff}gtrgoﬁrce a second inlet 204

spat - ho geni 7 I -source el ectronagne
m eem@yvmg eiectmin@nﬂstwl emegy trafshetted fromt wseeoﬁcbsousmaméhﬂ yutlet

honpg zing the el ectrona C energy i ncludes a
TS e sa%tlaélpfthoaaqgengiw 53R S HEP TG rereY o 8
tgsrs?%( 1d%io dI?St I abit er}%loﬁéﬁgﬁlﬁogﬁn{é‘c&ﬁmb AEGEe 2RRRE

I rst end nati ng " at
structures for spatially homogenizing the electromagnetic energy transmitted from the

first source via the first inlet 202 with the electromagnetic energy transmitted from the
second source via the second inlet 204 to form a spatially-homogenized multi-source
electromagnetic energy.

In one embodiment, the structure for spatially homogenizing the
electromagnetic energy includes a first bundle of optical fibers 210 having a first
proximal end originating from the first inlet 202 and a first distal end terminating at
the outlet 206, a second bundle of optical fibers 220 having a second proximal end

originating at the second inlet 204 and a second distal end terminating at the outlet
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the outlet 206, a second bundle of optical fibers 220
havi ng a second proximal end originating at the second
WO 2080968t and a second di stal end term nati ngPEr/Us1v65/011419
out | et 206, wherein at the dutlet 206, each distal end
of each fiber of the fibers of the first bundle 210 is
spatially mxed with each distal end of each fiber of

the fibers of the second bundle 220, so as to forma

298yh &l atHROERPDEE Qaswhfuat m&@c@hs&t SARBEBE o the first
energy received fromthe first and the second inlets.

buihdledd Oiis spagiolly alixesl Witk aahedistal anidod gagiyfixg@f the fibers of the

surry the first bun econd bundl e
s3s 0fo 14 bt A Ry Ao RE A P PSS o)
efdcRdeiaBHetRy el diRlec@ el Rbmithefifst it the BE@ind2hléts. a second
cl addi ng proxi mal end at the second inlet 204 and a

cl ad dThegdemeﬁ@D alpo ingludesi dleddinm30 gurrogpding dersiirst bypy210
a]plﬁ%% thi bl%?d(?e 550 8 1c§ls r§ Hd clgédlﬁ%raf\ﬁtégﬁ ﬁ,rfglﬁ rclaﬁdmg

gl cal paraneter, e 'sour ces

;ﬁ@bﬁl’hal Bid atfthe fifst fxflet 200U4 s@ohdi ahdding §>rced11ﬁal ¢l glliE&delcond inlet
energ in a first spectral region, and the second
a

204 gnd @ daddingqutiet @ the PRitESRet i ¢ energy in a second
SPeCthalne hGMcP RyheAMk AQEoSRRA s BbddVR ARG A&Hsor for a

mul ti-source &l I'ect ronagnetic energy is a
Iﬂ;palblc@ldaj{ phranm@e,rﬂaz soliroesl haysbedtosed suehdlodt tlosiicph sduires

Further details of. an exepplary s t.hat
FRRSHS CleGRPMAGHSUA DB i A CRBTPeRb S8 H0 BRI e B P
tﬂﬁi@ﬁﬁ@ EldcRYBAEARR chérgh) RIS @p@tﬁpkgﬁﬁiagl&?ﬂief‘spaually-
energles fromdifferent sources, are describ

Homdgediz8d atudig-sPace ﬂhecmprpagngap pmrgm a potiabshomagenized multi-

aSSIEq(i thrhlglptgril 10%?}% pgfﬁgtg Is oi?ui F’g?{é@al%ﬁ seh or?{hat may be

RftibhRH Yo 1Rpleleht 1Y Eﬂfbﬁ&&ienﬁkﬁ” t §eii$ iBention to homogenize
el ectromagnetic energy may be light emtting diodes

€(1¢_QE19§)agDh1aQ engrgics o differsat yoyrceeps qre dessrbedindldnisad S}ates Patent
6&3{0%{181’? ! 6§/§§§ b @la %il tg[g%t J§§1gﬁée 1 51ﬁr %tdlscﬁéﬁnz of which

s are C
ip ﬁél%i‘lﬁn@brp@fatétblbbcmfﬁend%qﬁ 1t@>éﬁﬁﬂét3€forﬂlh@urpam toring

t t LEDs tt | th
LRy o RS B
RS54 ot SRR ok sedechcingy o

1b’&t&seeﬁu&0®a\taben]g,ﬂ&&m ohoset deenimgrgl thdphysialo gacsltpam:lgeter of
absorb

ht o] d. Fur
DRI Hgr PHRHE RO SRGTE CHBEbSYBE O, LRy g At
\9@\7&% hs ifl rthelx%@Qe jor f‘t?ﬁicﬁ'l'[fy} 661 mﬁgéﬁ BRBE hddr Gadr¥d region

250 in er 1I's an sorber may al so be
ﬂ;m:&@hllyFSﬂOt-Wé)rm) a;re u|s¢dg Hvlorergeseially, ISHs @mgtlmyl thagangge

aiggépﬁlgé e& Qﬁme?rb% éﬁ%g%ﬁf 2@%8 llge)r}r(f arl]&)elrsl e gtronggabtsorber of
light may be used. Furthermore, LEDs emitting in the wavelength ranges 900 - 1850
nm, in general, or 1100 - 1400 nm, or more specifically 1150-1250 in which water is
an absorber may also be used. Furthermore, light emission sources may include
sources other than LEDs such as incandescent light sources or white light or laser(s)
sources which are tuned or filtered to emit radiation at appropriate wavelengths.

The use of the device 200 produces a nearly homogeneous light source. The

greater the number of fibers in the bundle, the greater will be the achievable
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sources which are tuned or filtered to emt radiation

at appropriate wavel engths. The use of the device 200
wEe@doewsss a nearly honmogeneous |ight source. TPET/US2005/011419

greater the nunber of fiber%s in the bundle, the

greater will be the achi evabl ehonpbgeneity of the

source. One advantage of using many snall dianeter

fibers instead of one or a small nunber of | arger

i ReBhetty bf @Ersém'c@ %@ Al Pintaplelof %Elﬂ? Many| sEllIRIihrhEtér fibers

Structural flexibility is inmportant fof oxinetry

instasboBorcor asumall mlmlmaé lﬂnser dlaqnettgldﬁbﬁgs 1Sr$da1@te&ﬂructural

AERAHB, e St B PR g O RGPl ealy ™ i eesons,
BcHIdRgS - rediwédtpbgmht}e@mmg@sn@éasw BatedH 06 land ddduced

the present invention are ease of alignment and |ow
feeaptibaiy te mwtionuedicad artifms sighplst have wi de di ver gence

angl e

car of A AEPEA A ke U Sk B OF o BRER: B0hion arq e of
diphievieshd la)tszccsmeSmtrca fiety as BDs; thaoh®ieoride |dbxe:|r§enc8m1gles

P T GG fupling etfiency
R4 BQB&Hlé\%%q }’%‘9 e dr a%\klesnﬁ[ -difmé&ks ﬂﬁ@}ﬁ.nﬁ QbnPRdt! &ablin
1 such a% f ot

conponent s. resulting device, a sensor
@leqirdnsegnec Bmetrgy inkd b largd bullooBsriwdl- dianmtafzﬁbetsyls affebiently

| nex pfg\%{dg t% B?tﬁgogrn% glr&q%glﬁé)rl]’ 359%:% gér%pgg JFheg@nqtmg device,
é’HEH @5 §t59&.‘3r IRy o ?ﬂ&%ﬁﬂﬁbkk Gl 1RrdfBR Rhore @SS and inexpensively

equi val ent or ternative nethods and devi cés for
inemifgetniczi then tloez emplosipgenire cemplicated optidabecayplingalevices.

For - vl PRy RraRhY pklfoskaRUEY i Rl SREFRE e BE O

Ateidive MAhGRHnG JEPREH0R NBMbEeIEiHS eRbtroMbbhddic@nergy in the
wavel engt hs, according to the enbodi nents of the

ontisebrange iesmerad and the use OEﬁlmh@mg@aZQd enesg fogapaing ng
A PSP g0 SRR S il R et e

lJnuI;iﬂile ﬁfﬁi/élsmgihls apddrdiag o ﬂlerenIH@dhnérEﬂ)iSthe pedsenstiifigention can be
[ ncandescent ght, and narrowband |i ght sources
epprionad ity d@pm’aag {from; the cypential @barm@%ﬁ dhageofy Fgr example,

@&gﬁ%@fic lah&?§/ A6 £ SRR !11 it e‘i‘iﬁé’suﬁ?o;@f&%ﬂx%f‘ih%ﬁ BED’s
rected at” a tis3sue ocat| n or
ilmolmdglgnnczaadeaemmghemdtrmrmwbmd |l scdscbaswppnepnatelytttmmd to the

i SS catjon via optic fibers.  Additianal
et P e e e PEIRE! dorBRT PBCS el rhomogehized fnd
%lp&'te%m% tieshel18caRiBR §Pmaf bé BRASHERNES af ARE1JOMINAnd Helﬁ/ered to the
ack-scattering or a reflection node to nmake optical
tissas locatienvis opfical 6bdre cAdditiesallyathe waabbdiawentstad ¢he present invention
arr nts such as those
For R FATERE e i s etk A pagksoptping or 2

RSP NRESUO SR optical ARESI@AMItY ¥ refidctandd] asthveR hiathkv €S
al ong wi th obvi ous
arrangements, such as those working in a forward-scattering or a transmission mode to

make these measurements. These equivalents and alternatives along with obvious
changes and modifications are intended to be included within the scope of the present
invention. Accordingly, the foregoing disclosure is intended to be illustrative, but not

limiting, of the scope of the invention which is set forth in the following claims.
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changes and nodifications are intended to be included
within the scope of the present invention.

waoe@sngisegyl y, the foregoing disclosure is intepdPUS1005/011419
be illustrative, but not liitmting, of the scope of the
i nvention which is set forth in the foll ow ng
clainms. WHAT IS CLAIMED | S: 1. An apparatus for
spatial ly honogeni zi ng el ectromagneti c energy
Wi £t adMpem.di fferent sources for measuring a
physirologl cal paraneter, conprising: a first inlet for
receiving el ectromagnetic energy transmtted froma
firstl.souréeapparsies g)mpzittiﬂllgthonmgemi@i;)giewctrgmagnetlc energy

el ect netd.c_ener ransmtted froma
G A ARG oR G R Rb SR A BaRier
Rhfeisingragnetic energy transmtted fromthe first
source With the el ectromagnetic, energy transm tted
f r om & fiest ndetdprresgvimeslactomagnstis caprey| teansyitied fnye aifred

c.tei -source el ectromagneti c energy; and an outlet for
elTvering the spatially-honogenized nulti-source
el ectd swragdhiilétforeredigng telec@omiagsatie dnexpyttransmitted from a second
measuri ng the physiol ogical paraneter. 2. The
SqpfF&r at us of claim 1 wherein said neans for spatially
horm 1 I : . .. . 1 -
{1 bor oK PRy hafSuind e ROk G ansmited from
the fisdt sburce twithribie eleétrarsagndiis tadrgye transnaitted frami thg segond sperce to

tlet: d_bundl e.of optjcal fibers havi
BR Griua il Prar Eearad it Rwe flsCapmagnete Sae i il o
and aalﬁﬁﬁléﬂ?orﬁeﬁ{’&inlg%g sﬂa@i&ﬂ??l‘l@iﬂo@&ﬁi’éd @altidsodd et ;

wherein at said outlet each Tirst distal end of each

dlédemaghetsaentrey toer tissug losatien for measwsingdhe physidlpgicalgargmeter.
m xed wth each second distal end of each fiber of

said fibers, of [ €, : a

spat i%l I y-i%%%pd%%ugseo c?r%i{}’[dll gg%%lrncsglcgﬁgéfsr%ps ga ﬁé c

IS MiAgC&inygithe$ rom said first and said second

inlets, 3. e apparatus of .claim?2 furt{]er conprjsin

Th .
a cl adlfrshguadle pheptifrhgbaaheving pdestiperamal eprigingjing at aid
[ oo i : jhd. cl addi ng havi ng
tgﬁf?l?éitaﬁég Egiégﬁ Cﬁ%a%?gﬁ}%?gdé%? g%ld ?g?%’ first inlet, a
seconglsezbad tinmdie pf opticabfibeantavdhg 8 atabnd oaninial erdedrigimating at

. cl addi | et at i.d tlet..4. Th t f
SR TES SR T

wherein at said outlet each first distal end of each fiber of said fibers of said

S

first bundle is spatially mixed with each second distal end of each fiber of said fibers
of said second bundle, so as to form a spatially-homogenized multi-source

electromagnetic energy received from said first and said second inlets.

3. The apparatus of claim 2 further comprising a cladding surrounding
said first bundle and said second bundle of optical fibers, said cladding having a first
cladding proximal end at said first inlet, a second cladding proximal end at said

second inlet and a cladding outlet at said outlet.

4. The apparatus of claim 1 wherein the first source transmits

electromagnetic energy in a first spectral region,
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el ectromagnetic energy in a first spectral region,the
second source transmts el ectromagnetic energy in a

W@ ewsngsspectral region, and the spatial | y- honpgEns2e8011419
mul ti-source el ectronagnetilt energy is a
spati al | y-honogeni zed nmulti-spectral el ectromagnetic
energy. 5. A sensor for neasuring a physiol ogi cal
paranmeter in a bl ood-perfused tissue |ocation,
conprisi.hg: ' r g@gﬁ td RISk
conf iﬂgglrse n? go%\‘:oé g%?ﬁ?ggdé} gﬁuﬁgl}la%g?%g{e t 2.1 Sgl,? go el
fegioal i on; a second source of el ectromagnetic energy

configured to, direct radiation at s iq%tissue .

" ocat fihe srrdaffid et el PR ey is
G8lly-RERESENA nBNALPYcttdl aRebhhgtit bReRegai d first and
ecorid sources, said apparatus conprising a first

inlet for receiving electromagnetic energy transmtted

from%ai d Aisertor fyunessuring & physinlogintlaardnegter in@diloedperfused

el ectromagnetic .epnergy transmtted fromsaid second

ESs %)g?u%ggﬂ%lpﬁ%lﬁg'spati al |y honogeni zing said

el ect4 Arpenetd 6f deRfomaghétdnaitrdyt efibudts dirdetfradistion at said

source with said electromagnetic energy transmtted

tissuerdosatien;second source to forma

ti ) : Lt _—
T e i S
sipptissak locatiempgeni zed nul ti -source el ectromagnetic

ener to said tissu ocati gn; d light detection .
opt i g%n m;qt@qﬁoé@att@ﬁy ge@pggnglgg gl%ctrom gnetic energy transmitted

HOAhA ke HATREGHH phttedthid PR Bhisikigmagnet i c

energy fromsaid tissue location for nmeasuring the
physi ofioygindet fopmeeivigalccti®Omagheliosmmargyr traysmatied #om said first
wherein said nmeans for spatially honogeni zi ng

WY i ses a first bundle of optical fibers having a

firstypacenl Wkt BPcORing dﬂ&iﬂoﬁﬂtgﬂétios@!e%yf tedrSinittdd fém agid
a first distal end termnating at said outlet; a
sseewhsbusemdl e of optical fibers having a second

pr oxi mal d or.iginating. I,.nl .
Cecortietaparainy PaphPhifthe S eEF ARG R shbrgh dtattpined
fRbmSaiddietiduede wille fnidl elestrordhgietit efdigdy atngnidted fioaesaidsecond
said fibers of said . . .
source to form a spatially-homogenized multi-source electromagnetic energy; and

an outlet for delivering said spatially-homogenized multi-source
electromagnetic energy to said tissue location; and

light detection optics configured to receive said spatially-homogenized multi-

source electromagnetic energy from said tissue location for measuring the

physiological parameter.

6. The sensor of claim 5 wherein said means for spatially homogenizing
comprises

a first bundle of optical fibers having a first proximal end originating at said
first inlet and a first distal end terminating at said outlet;

a second bundle of optical fibers having a second proximal end originating at

said second inlet and a second distal end terminating at said outlet;



first bundle is spatially m xed with each second

di stal end of each fiber of said fibers of said second
whowdloggseso as to forma spatial l y-honogeni zedPCT/US2005/011419

mul ti-source el ectronagnetilz energy received fromsaid

first and said second inlets. 7. The sensor of claim®6é

further conprising a cladding surrounding said first

bundl e and said second bundl e of optical fibers said

cl ad%ﬁé%lﬁ%’é&ﬁ@ ofldy! egé‘hg ]]'1 %QQI & & e%él'l (g'ﬁgld%be?%fjsald

firs secon rOX|na at sa
fasdamdle isbettialp thigedwith daoigseooud distab¢ndsc] eaclm {ibéraif saig. fibers
he sensar, of. claim5 wherein, said fir,st soHrce

of saif srrqnd tundley sh3dg AR B Seatiafgiromeesnired DPIIIGS 4

&R &R he BSOSV RIONGA QaldraBsdtsaidakesid iamrgnet i
energy i n a second spectral region, and said

spati al | y- honogeni zed multi-source el ectromagnetic
5  ener g’& i s Bhesysasaraf Flair Grivgher coBwprigime d%d&@ag fugrounding said

n S
REPARRE o RPGRY  oplR 80 s SgbBiMA g
i gproriindl end heagdtidst i@ cd scebrdcleddiag proxigyl dnd at baad
range approximtely between 500 and 1850 nm 10. The
sseqisloplep pnda ﬁhaﬁﬁh&}g\%@‘ﬁé‘f‘ prid gPdett i r st source is
configured to transmt el ectromagnetic energy in

esserd i al ly,d Qﬁsd' & cfaﬁﬂ'S Vﬁém‘%&iﬁrﬁ%ﬁ STt anGRfls NM

11. e sensor o claim 8 erein said second source
10 eila:tmmafghqmmrg}mntarﬁmsspettraéIr@on,omagnet| C energy in
essent | %ncghe i nfrared {? |on of. a i

r oxi mat el
bt weH oMbt thetaBAte GRTEY 17 hes ot epss
r%@iioﬂ, sensor is an oxineter sensor.
and said spatially-homogenized multi-source electromagnetic energy is a

spatially-homogenized multi-spectral electromagnetic energy.

15 9. The sensor of claim 8 wherein said first source and said second source
are configured to transmit electromagnetic energy in the range approximately betweera
500 and 1850 nm.

10.  The sensor of claim 8 wherein said first source is configured to
transmit electromagnetic energy in essentially the red region of approximately 660

20 nm.

11.  The sensor of claim 8 wherein said second source is configured to
transmit electromagnetic energy in essentially the infrared region of approximately

between §90-940 nm.

12. The sensor of claim 5 wherein said sensor is an oximeter sensor.



