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second. 2. Between 66 and 108 cycles p&r second. 3. Between 132 and 216 -
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S[s]: the light intensity nmeasured at systole; S: the fractlonal ~oxygen

T Y - e




35 required for the neasurenent of each separate bl ood constituent
conpohent .~ These equati ons whi cCEPOR@AtB4ABE extinc- tion of |ight by
clinical oxineters as a function of absorbence and scattering. Since
scattering is a function of vdel%rigE®Zfdogl obi n concentration dAd
saturation, including scattering terns decreases the anmount of errqors which
have caused previous oxi net er¥s =hiZi®E3ed on absorbence factord® to be
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Tel ene osep I's relevant to the discussion of

cal cul ati ng oxygen sang(u;.g(sjQ@ogf[e,@pﬂpgb,@ptmaﬂctti)ﬁ her eby i ncor porgt ed by
ref- erence into this specification. The general function for the total
observed light at an obsggvss)i=0n,cRepE.z)sexpitagh by the follow ng d@uation:
45 [err] (1) where S(p) = source function or anount
ofs det Eartamdin bilatrehsdugsd application, thetemis oL j.rand ehpi¥21wilieta constaat formy palticular chiniéalt | on
des csitisdtiommghich sve iwilldesitingte a$ 15{ot nownTher the payhtion besames: nt ensi ty which is assuned to
equal 1 for this discussion. The nore useful saturation determnatjion is
arterial henogl obi n sat urati G)-SEKHAREA systol e there is a rapil@ inflow
of arterial blood, ne change in light extinction fromlate

[ th
d?”as’t‘%"é’e?%‘eéﬁefcﬁ?a’ﬂ?;d?%r%h\%%'ms Aei | itate this measure- ment. These types
of oxinmeters are desi gQ@{_%"agl_E'&&i(gxblget(g_gﬁ_zﬁ}f]%;zppuI se oxinmetry, )p]

assunes val ues bet ween : nenstty’ a e diastole, and 9s],

intensity at early sy s (£-S(s§k)‘§JexﬁE-?J rm‘?ﬂgﬁéﬁ)#h‘E intensity nmeaggyed
dyring systole and is the transmtted i ntensity for pulse oximetry. S[d]
COr I' BB b ASeqlidlion, By tvé\aRdbiek, [S\And &6 preseat and thé dittefteréhis ad banstants Baindbsing Welerigtht ual

i NCi dbpHderit ThEm step itoakdlogasBmeXi Netry. The optical path, or increnental
change because of pulsation or the inflow of arterial blood, also changes
yielding a value of z' It-(SH)I&ENK=e(ocaSeoz1-SMEHY82 0l €. Then two eqUBtions
can be witten for diastole and systole. 7 EP 0 271 340 Bl s(d) = [err]
(2) S(S) = [err] -n[1-(8(d)-S(s))/KI=(0 5o S+0 o (1 P} +Eze/mIMz The differefl®e in
extinction between diastole and s stolg [ gue Psimarily to inflog of -
arterial bl ood. S(d)-S('QW'(g(d)[W)(%E("w +ou(I-SHEaM) (1) But, z" equ Ps 22 + z

wh is the i | |satile flow Then th ti
G be rewr(ten as 10 Seyeg BB AR, © T1OM Jieg reggeten

[err two variables, two equi ionso( el sarenFé?lEd.any in vivo transducer
appligec?%l{sletgﬁr?a'iehem‘tagrms'"feerqu and [err] wll be a constant for a particular

clinical situati oRygydinsh 1R &I-s 118RAL, -85 )81 gh+dlQW. Then thepigquati on
bgcones: S(d)-S(s)= [egtr] [W'M RIRIBRRI 8255, ‘9(7) 20 Now it becones
necessary to devealagdlenyt@: -inR {(EHd)S, (sDARLIMz+ B fIostfSSE Lfbrol@r 1 ] (15)
(8/[1 -(S(d)-S(s)/K)]=exp(- [err] (9) 25 In the above
equati orwheenly two variables, S and z, are present and the other terns are
const antag, is saualdo ahsorption wiassceaionyef an igelated Tekaell contrining prmpletelyoygenated hemagloRia:
| #garit mn.gs_ ecug Eqabsqrgemgrosséggqufqndf@q{qd]red cell containing complet_g@)ieog@enqtﬂ[hfmoglobm;
- (S( d) - e I5)epyakip scattering prossisption; . ( S(d) - S(s) )/ K] [err] (12) 35
[err]  Wisequaltoanasymmetry para °l°\'.5.l_?1 ecayse there are two variables, two
equat O'E-‘ﬁ"“"“gﬁ. f{f@*r! °ggg@§"n qé:oleéb‘gb‘tgg?oﬂ WRARPEgth 1 [err]
(:5|‘o4) 40 ‘lss?ﬁta ified sc %r{g efficient of whole blood; (15) where
I, is equal fo scattering coefficient of whole blood;
£q is equal to absorption coefficient of whole blood; .
£, is equal to sum of modified scattering and absorption coefficients of whole blood;
z is equal to distance or curvette length;
85 Zq is equal 1o N[0S + o5{1-S);
I, is equal to 1 og(1-H);
gt is equal to Zg(1-1);
L is equal to Z, + Iy



[err] is equal to absorption cross section of an isolated red cell

cont at ni ng- conpl etely oxygenated ER0QZI 840 B1 45 [err] is equal to
absorption cross section of an isolated red cell containing conpletely
deoxy genatZeid edvetionfbadi a1 S8y and eq uaI to scatteri ng cross section; [err]
i's equal tKjs eaval esepneiast fortha o ﬁﬁ'ct@r”“ iony, igeideqt ight flpxoand @), of red cells
per uni t Thesé arartwosimuligneous egyationg in VN'SP'S @(Tlr Tb%”%@??&ﬁ”mei“ﬁ sl[‘i']eﬁi[f]r Whlol e
bl 0od; aré&®ade. The herpagjopip 09"59"661'8%1]5 U§°6 tofsigyiate

a-&ogt@aeq nigationyorm fﬁ' ole
bl obd; [s8bopd sle e volyrae of whilg bl HF%% kst t'é:;:% e jre
qual e ignsed P Bier b dpe goevespiaioe HFRie 'ts i a"‘g; T B

wﬂg‘g ($’ raF‘f‘f ;gg§%§'ﬁyp§€e:§ Teﬁ nd ; |s equal
to drs eE??P en sequa' to[err] [err] is
equg| to[err] [err] |s equal to[err] [err] |s equal to [err]; 8 EP O
271 340 Bl [err] is equal to [qrriTgwmA Fé"" ual to constant for the
product of the source function,|din¢iden Lght] flux, and exp [err] These
are two si nul taneous equations |iom yai$48b| €937 dnd 1/z. The four
measurenents: [err] are made. Tlg heosogl phssazconcentration is used to
cal@ulate [err] Correcting theccor\(l:\%r%t,‘r atdh@l If ormul ae for the nunber 5 of
red bl ood cells per unit vol ung df ol e| bl'ood i s a novel approach to
probl ens associ ated with aneni d%hijcB™hafl #8€en| i gnored by the prior art.
The above equations utilize thi|g i rrp.9924a1t99‘43c or to calculate the oxygen
content thereby provrdrng a nore—accuratemeans to neasure bl ood

con?;"rrtuents of t ents ne f lI " %Rka%rmm %ﬁﬂ:e ﬁt&[g{ﬁﬁl ays

t he ot HE

660nm Tk ag) 4,%
ud srol easure , such Thus S
[ er r] e sr ust be co ﬁl’isr Te the units hAHelog exp rsrg The
l; thg ,, eftfel Qfus norlayiheﬂy @ndé?ﬁ éaué to Rk, Brs;(B)Hnd G.](Sltcﬂid
gar n ;,or be different for each vvave engt h channel and w ||

requi r e dﬁése eduaibaé ¢era rbe 66NRE BEthélitbds T Tieahdigebiads daternihes®) Usingechhiquesiofreatid raanipu-

f act or |afpnsd delaninafds MatRAndthenars daledativmefiSabl es i n K cont ai n physi ol ogy and
mMeasur enThé cofpputa pljram eeivksibioutpst sighaly fromTeapaldgtatioital nenvepier262 ardqalouiatas the exygeini t s
t heyo heapueetion [Shin the biovsisccdniingde enpations(d4)tand (315l BIGOPQ@E pasionming the selving ¢f dheselpgted |
t he | oepuations arspuitete mulliplying dividings adding and\gybleacting utiliziag ELﬁc?"]ed ¥frigblp é'?dt‘]‘Peﬁt"ﬁﬁ.?

nor dostateey render err] to be equal , or uatrons
can be sdhamsepram “sﬁ%% PW“??&'&'P"téﬁ @fﬂ' B U]EBQ&SE'I% %?hﬁ h ques |
of nat?qsﬂaﬁ‘hﬁra gn of

ecrfr
R

accor d darhhthig5Heterked Bhbodiffaft %@é@&a&ﬂaae&mbmwmes ﬁi&h&!ﬂ ng
of the,gg g 1&%&%&3&%@%@@ A 118} b, THIbMfeP b4 1€ rocoidieliog a aiSclor
SUbLy agkmingh éﬁdh@rg W soitharetanidions 1 taBlgh 1@nd the stored con- stants. The

progr am 4a&sodesting hdxbenbonphdibd cakduifingRédatiiition vhltie $'dsing the squitiond i) aitd 1 SpAeprddously

[ SWmi §ischsebd. WA Brade saiuidibio tmay bé calculatbd s bppragtieteiatthis.bdint iltebrdcessingli s

speci f i cakiseun from aBovs, arfetdrieingesignal isddrid ey thecanmplitugiendf BER oumiut withinteecheaingk eafe Isaetdnar e
at di géléchihg dignal3’s. it daesariotfunction to.aliernatively attivatp twrepm@e D 'sHn the presentdeuc segwa?rs"a'
al t @5 nprodesecy tivecninokingiesans/ie supexdnmposed 6 the driving sigpal for ﬁgbmm tbrmum!r?" "&'@%%?s i

t o anafresigensienef@rierart clpgking signaigywayld| nosaceamplish dhafesultsgliscloped fetels bﬁ?@g{;ﬁ‘f dB

State WoHS requisgihe ysg olsuremely wide band ampliiars p thp fgeeiven fnddhus wauyldat improvecand wey depigese,
pr ogr athe pignatta pasesptioplipgdecenhodi nent produces a dock state duration, T, of
12nms. 8. A buffer 10 of a thousand data points are taken for the red and
the® nfrared channels. The buffer 44 is recorded onto a disc for 40

exam nation by the higher |evel of software calculations 11 through 16.



The processi ng next enconpasses cal cul ating the saturation value S using

t he eguations (14) and (15) as FPO@b8B1 di scussed. An average saturati on
16 may be calculated as a riate at this point in the processing.

seen f Thafelewiegpeogramyeitiipg ip TET REAYR Eumpi Seftwarg Teshnolpay, e 1SRRI ‘F@H’é‘“%?’efﬂl‘f&

out pRALOSNenkof thisdavemtion,| oc k state is not a clocking signal, i.e. it does not
function to alternatively activate two or nore LED s. In the present device
a second S|§%$Cm5 produced by the clocking nmeans is superinposed as the
dfivi ng sigrrbcs=0 performng this function. Increases in the frequencies
of__prior arkE&LocI@;A%g shonap® Ul gonoéwacmq.gl i gBytpe results disclosed
herei n because such _increases woll fequire thé use of extremely w de band
anplifiers REAYhe VAU&E &1, and thus woul d not i nprove, and may decrease,
the signal RBALMGARRAY 42P0OODf tRED,d&Rice. 50 55 9 EP 0 271 340 Bl

Thef ol | owi nggRfogrmywritting in BETTER BASIC [ Sunmit Sof t ware Technol ogy,

Inc., 1984], 1s use ef nventi on. SOURCE
5 Roc§§’o qéﬁpw% PAR" ﬁg% i%éd %ﬂkd%”i‘ . HBYTE REAL:
VALUE, J 10 20 REEETERWT(QG‘GB) IBM‘RED IR REAL: |, X 10 ' SAMPLE. BAS:
23— AUG 1986: NARo YbicOMBUERR HONTERNTIRRISING CaABORo+BMOT 15 30

" COMPUTER OENR;%\Q U B 40-2 A/D CO\I\/ERTER 12 BITS 40 50 20 60
"Definition O 40§%’N§f addr esses 70 ' PAC=736: PA1- 737 80 ' PB=740:

PC=744: CO=748 & '========-=s YO~TTTW=T9Z TTCONTROC VIORD FOR PORT A BI -
DI RECTI ONAL AND m?'l'*I*W’**EL*OG***@ES*!&@**WF*@E@**&N*DEFI*NE LAB 40 PORT

DPRECTI ONS 30 g0 tpefinitkif of M 48Gord) a38FekBaBOARD SELECT 2 TO
ENABLE 12 BI T MODULE 30 THE LA 40 BUS IS NOW READY TO TALK TO THE 12 BIT

MODULE 140 NQN7'I°AKE RTAZQSPIAR7) = 0 TO 999 160 OUT (PAL, 1) ' CHANGE
OUTPUT STATE BY &0 'PB=740 STERRTUMG PPEV4870 ' DO MATH FOR PREVI OUS

CENVERSI ON 180 W UEcq HBYIE* 2omrkBY TworOWdHT BoR? BldT-VALUE 45 190 200
RED( J) :VALUE&RE&!&%%ISAE%%LEBE# 210 FOR 1 =1 TO 2: X=I: NEXT "TH S IS A

DELAY LOOP (PAO, 1) ' START A/ D CONVERSI ON W TH AN
OQUPUT | NSTRUCTI %233 C88T (PB, O SET BYTE SELECT TO READ LOW BYTE
110 'OUT (CO, CW) DEFINE LAB 40 PORT DIRECTIONS

120 'OUT (PC, 2) SET UP BOARD SELECT 2 TO ENABLE
12 BIT MODULE

130 'THE LAB 40 BUS IS NOW READY TO TALK TO THE
a5 12 BIT MODULE
140 'NOW TAKE DATA
150 FOR J = 0 TO 999
160 OUT (PAl,1) 'CHANGE OUTPUT STATE BY

30

40 STARTING A/D
\J 170 'DO MATH FOR PREVIOUS CONVERSION
180 VALUE = HBYTE*256+LBYTE COMPUTE 12 BIT
VALUE '
45
190

200 RED(J)=VALUE 'RESULTS FOR STATE "O"
210 FOR I=1 TO 2:X=I:NEXT ‘'THIS IS A DELAY LOOP
50 220 OUT (PAO,l) 'START A/D CONVERSION WITH AN

QUPUT INSTRUCTION
230 oOUT (PB,0) 'SET BYTE SELECT TO READ LOW

BYTE

10



55 10 EP 0 271 340 Bl 240 LBYTE=I NP(PAO) : LBYTE=I NP(PAO) 'READ IN LOW
BYTE FROM PORT A 250 OUT (PB, 1) EP®RV1BAONB1 SELECT TO READ HI GH BYTE 260
HBYTE=I NP( PAO) : HBYTE=I NP(PAO 'READ IN HI GH 10 BYTE 270 280 OUJT
(PAL, O ' CHANGE QUTPUT STATE BY STARTING A/D 15 290 ' DO MATH FROM

PREVI QUS CONVERSI ON 300 VALUE - HBYTE*256+LBYTE ' COVPUTE 12 BI T VALUE 20
310 320 | R(J)=VALYEO 'IEYSB=TEP PR ISTAYEE=INP CBAP) FOREARIINGAN X=| : NEXT
"THIES | S A DEIpAYEL£REM ke @UT (PAC, O ' START A/ D CONVERSI ON W TH AN 25

OUTPUT | NSTRUCTI P OW BYTE 30
360 ; LBYTE- | NP P%éi ﬁ'@ﬁ‘ﬁé( EAO) SE@E}BEY%F’E%% 5@@8&% A 370 OUT
(PB,1) 'SET E SELECT TO READ HI GH BYTE 35 380

HBYTE=I NP( PAO) : HBYZ &&| NE{yDASINP'(RkGYD HEYTE-CP BAS 39READEXN Ml OPEN
"TEQRT. DAT" FORyETPUT AS #2 40 410 FOR J=O TO 999 420 PRI NT #2 USI NG
"R # R # RE%éf) | R(J) 45 430 NEXT 440 CLOSE 450
FOR J=O TO 99 460 2PRINT USI NG "####. # ####. #"; RED(J), | R(J) 50

470 NEXT ENDFI LE 880A QUTst(PafL, ChNpUCHANGE QLTRUT ISTWIELB¥N utilized in a
wor ki ng embodighiRrrRé 4/p s i nvention is set forth hereinafter. It is to be

Comonent s as 11t 0 T rﬁ*i«&h%oﬁﬁéﬁ PheyioS' oRsthY. " ' ' 070 3o mn

Transi st ors: 300 1 SVALPEP=3HBYTER SEHRBEPE | | GMEULRE 22 BHT D odes: 160
and 162 takenvipge a NELLCOR D- 25 oxi sensor. Linear Photodetector: taken
frozng a NELLCOR D- 2§18xi sensor. QOperation Amplifiers: [err] BiFets

320 IR(J)=VALUE 'RESULTS FOR STATE "1"
\—/ 330 FOR I=1 TO 2:X=I:NEXT 'THIS IS A DELAY LOOP

340 OUT (PAO,0) ‘'START A/D CONVERSION WITH AN

® OUTPUT INSTRUCTION | '
350 OUT (PB,0) 'SET BYTE SELECT TO READ LOW
BYTE '

360 LBYTE~INP(PAO):LBYTE=INP(PAO) 'READ IN LOW
BYTE FROM PORT A

370 OUT (PB,l1) 'SET BYTE SELECT TO READ HIGH
BYTE '
35 380 HBYTE=INP(PAO) :HBYTE=INP(PAO) 'READ IN HIGH
BYTE '

390 'NEXT.

400 OPEN "TEST.DAT" FOR OUTPUT AS #2

30

© 410 FOR J=O TO 999
/ 420 PRINT #2 USING "####.4 ##4#4.4"; RED(J),
IR(J) '
o 430 NEXT
440 CLOSE
450 FOR J=0 TO 99 -
460 PRINT USING "###4#.# ###4.4"; RED(J),IR(J)
% 470 NEXT '
ENDFILE
55

A list of components which have been utilized in a working embodiment of this invention is set forth hereinafter.
It is to be realized, however, that the invention is not meant to be limited to the components as listed. The component
list is as follows:

1"



5 Resistors: 112-variable; 114-135; 120-10K; 122-10K; 126-10K; 128-46K;
130- 220K; 132-100K; 134-10K; 13EPORJKB340BP- 100K; 150- 100; 154- 100; 156- 200;
166- 470K; 170-15K;  172- 100K;_ 178-33K; 184- 100K; 186-68K; 192-vari- abl e;
196- BYEROS,00. 1. 5KISZIFBHBGRIP o2 070K 226- 270K; 234- 10. 1K; 236-10. 1 K:
237- '59("5’2'9'89 @99352423(’?!?}! ‘524%9 LR D25 0Kisenspr- 10 Capacitors:
104- &5:5 1'0"5'- R R-25 oxiseseroopf ;  180- 1 OOpf; 194- | OOpf ;

!?’sr B 3, 000pf : 224-57pf: 248-433pf; 256-577pf;

SR Gz g

can @zzb&%ﬁ@éés@%r@é&% %sél MTQ#%K R:\bh4:

for ésbagcbsa.m 15 "'stituent measurenent e advant ages over the prror art
aie: | CRiaBroRe10di88; 108:018.11070TR 1¢¢fdd|5faﬁ86-1dﬂadﬁd411ﬂdbr Biy>- 16651 208- 36031 52031006pf;I N -
addl@uem&m-mﬁmsbamﬁzaaﬁmters and hi gher accuracy in the clinical

envi r obrentiogBssaccounti ng for red blood cell count and by filtering out
anbi ent Digitgl tt AnalBg Oongerierst-EOMRUTERGCONTIMMUMLARL40 With @ LAR40-242tHitdititNiodal@par at us

have bedreni the foregaingiiteeh betréalized thatshis ioventioh proyides poimproved dehigs @nd rhetimg for blodd compt

| 18 etifupny measyempnt. Tig advaiages/puet the Rrionastere:ireivecduty, cyghmote aggutale adelivarby esnpar ent
to oﬁ‘iﬁ‘*"’%’!@l"l qddition; t,ahsprpangg parameiers, Wmhqﬁachecysrttbwm@ﬁi enviinment by acaeuniing fadeedcr i bed

EGLE jtey "Prg"*a%? ggfr ?‘r:te"e1"tegé:'mdaﬂsvé's'n§?'$}g§ﬂ§;%egwrgbefe\/. ce .
f I ny m I I §P?°["G t b
Orasu o °ﬂes"'?ﬁ'é 3 dvabds) bl V‘&Fﬁ”“f Eﬁé%’%m%s‘i"h%gﬁa‘w@d BEES tissue g? a d

patlém at two different vvavel engths, the 25 devi ce having; a |ight
source (160, 162) for producing Ilght of two different wavel engths, a

dviAfer A bid@orkshiient fédasthhg devizeor rbaivasiie nbdibrefEiRBrthecdrcBnirkith ot  Hitod %&thaww a

first mesduring SR GheityF RfitiraRdnikied tkdubH thd body Bésue’df aPpREbnt =0 twoGiirdht Wevelening, the ht
Ssur ceddvice viagluce | i ght of one of the wavel engths during the first clock

st at e ( Phialight seunch (160, 152)i férlodiicing fighbet twdi ditigrehtiwg¥elengtis, t he ot her wavel engt h
during t headsies (106l 188 t44, BIBNSE 158Phaving Inears K1 6,{124) for definiay &3Pst and a speodekitk sthte C k
st at es(PhiPhiPhi ) andai cagsing Aetlight sraitce tegpradegeilightiofond ¢f the wtelengdimeaiudng dietiiest clark state gi ven

swi t chiPhig) and procucifigabicaf the other @vefength dusingibe $aqendclack state(Rhi 2); fhe éirst and
t¥ans nﬁeggnr' 6'ﬂ°kt h1 Phi@) %rasﬂns P%'SQ!@“Y with prasapthes at qa@msw-tqm fre«wocy 600)
connect ed & lin ‘ﬁ@"‘?}'ﬂh‘% °°'

Irghtltrarg ét"?’ " ‘ﬁ(;%ztg‘ 15: E‘Eﬂ"" "%\?@@ Beb{"ﬁf’“ﬂii"ﬁduce
?;582? w%ﬂ ﬁm,@ of %%’@ ol a@.f?rgma%msgroa@w&r T

T B charsaa ﬁatma'aﬁ\sn rd .raen, tJéaser.%aggnﬁe td Qérﬁerr%is ! | zed

in thaﬂubﬁi&?ﬁallﬂﬁrbﬁéﬁtﬁn driiticibight, 13 arri&FRahench Being'SEHek |rh6mQ§>%% Mﬁl o

carri ednd ihe ARG unstb the &mdaaéna}tbyocwmsamuwfmeaasd:& r76)|aa&tolsa.&u Hfrorn*a&d

carri edourté &g igpaeinter®Ponbetus todtticid gt ed the Iight within each cl ock state,

asad the receiver is tuned to the carrr er frequency to accept the output of

t he 2deA et oonstitued) mahseing devis@actordingtitlaifn 11 Cahara@erideddothatesid procsdoefiudiet comprises

i\t er fapparatesdorgdeducing atledst dnjogtpiat whith ig proportital 2. thegienadtentofitbé patientsiloodeasur i ng

device according to claim1, characterized in that said processor further
conpr i Ateed awﬁﬁtreampgsmmdemm-nsgo clgim 1. ghatactetized Hithathe caples frepueney ofthexiiving i onal

t"6 th é‘%%?@?ﬁ‘eﬁ'ﬂﬁﬁtﬂ?l‘f paugnoy pithe f%‘ﬁ'ﬂ Hagrpgnic gt “Eﬁf'iﬂﬂﬂﬂ’""YSf oreategfiamplitude in theastificiablight.

f ur dev‘lﬁ%et accord n %go ng char er| zed in that?y'é’?fﬁ%cl%él er
orttehef%J AeT mgrnlu(‘:a f’h'%k’?ariequg%é%'a&a" 8r51°5%ﬁ°f ?rﬁrpfi' “ﬁ%@t in the
aht igf 'IQBI&E chrisittnt mé&sunﬁb @vﬂ c&&ﬁ%hﬁy‘bﬁ‘e@&mﬁ?ﬁﬁ#&ﬂa&&eﬂ@’r tHat 18 St He kol Bmt ©

cl ai M pliges Ghdakate id? honefakh g arbmtr whigH i breportiohd? id\Ad HaktioR lobi¥ b dn® ! g nal

CONPI ivERihe & whbIe Bl HAY fol ko q 1ét6cPdxfiidtion dPRAEE R saau&%&vmeﬁ RpdHiAAIGPa Of the
arti f irgduddd blobgidell coutD 5. A b ood constituent neasuring devr ce according to

any preceding claim characterized in that the processor com prises

appér A nep-irfvasive gethed af tmeasyriny thaconaotratiomof a ibigoddonstifuientt by msaspring treriftersiyadf ligho t he

f r act itensmitfingithuelighythe badly tisshe of a padient atiwe diffepdnt wavel erfothe comipdsinyl testbpsiofd f or

cor r ect i ngefiaing atiretandaiseeond pledsslate (PhoT, Philsind trahemittinglightofane ot tha wavelngibéurieg
proportional to a reduced blood cell count. 55 6. A non-invasive nethod of
measur®fite P8" concentration of .a bl ood constituent by neasuring the
intensity of light transmtting through the body tissue of a patient at two
di fferent wavel engths conprising the steps of defining a first and a second
clock state (Phi 1, Phi 2) and transmitting |Iight of one of the wavel engths
during *Variable for gain 12 EP ® 271 340 Bl Transistors:

152-TIP 31; 158-TIP 32. Light-Emtting D odes: 160 and 162 taken from a
NELLCOR D- 25 oxi sensor.



Li near Photodetector: taken f La. N D 25 aX|sensor——~afreratTO‘””"
Arrpl ifi ers: [err] Bi Fet s Res&é?ﬁ%m%b

vari abl e; 114-135

126 10K 220K 132-100K; 134- 10K; 136{!@3&“‘!&” ““HH“‘

[ g :z 3%515@| 172-100K; 178 84-100K;

BR™"04- 200K; 222-270K; 226- 270K;

p,‘e‘}, 16,@@3, °§' F42-1M 246-1M 252-1 M 254-1 M

CapaC|tors 104- 88uf ; 108 C] uf 110-. 01l uf; 174-100pf; 180-1 OOpf :

194- | Clglstors?2 972-aabief 1143686 1bdXaxf 122381369610 Pig-46R2rbo BTIRE 1322166k 43310k 136-

25 o1k Tabpfook; 468 10b 315a100; D56-2001 166-410K; £70915K) 192-160K; 170-33K11l8HJ00K; 186-68K; 192-vari-

Co aiie: 1196886K; -20UNGKT2E4200K E22-DIHOK! 26 RA0K; 493- 1071 K 236- 16 NEG23V05K 23B 5K R4b- 14 2d6-kadul e.

Fr ese-vhes4id.egoing it can bé realized that this invention provides an

i npr apatitale 104e8uty 28-St 0 Tub 1 745100pf188-000pf: $34- 100pL202-1A9pfs2068-¢ AAph 220T3:090pf;

adQR4rfTefoR48-4330E RSG-FTAPRSPURdPhr t are: inproved duty cycle, nore accurate

nndequ'v&’l 119 58 nq%ﬁvscatter%? n ad |t lon to absorbance ar anet ers, and

hi Ig]herD'S.' 'Slgy \'ﬁ;ﬂmﬁ 'B?d“Ped bl ood
ce
sv%iﬁ‘é%"ﬁ”,::’@ R e T s o ;;:E‘Z'Rz??ngme

26 Gt
ta}i s WASor mﬁ% amﬁonmaa ﬁ’\mnvaE@onO@ Fos tﬂoﬁ:ﬂcﬁ %ﬂ%ﬁm o
al

hr@nttt e SKIRAM tW arl &Fb &:tHnﬂH@&BbéH?ﬂﬂ%@ﬁﬂcherd ih the aﬁcﬁmlam clali ms CI ai ms
1 A bl ood constituent neasuring device for non-invasive nmeasurenent of the

coommit rati on of a bl ood constituent by neasuring the intensity of I|i ght
transmitted through the body tissue of a patient at two different

watke [Adiegd trpstitientanedayingdevibefor nogrinvasive mgdsurement pitae qondealratidnaP i blpadrconstitaehtioy ng

| i ghtmeasuringibe Gleﬁmpfé'nmfwwﬂfsthe body tissyeof a PRt at tviodifferpnt wayelgngthg, ¥ 158)
havi devieebaMng: (.116, 124) for defining a fi rst and a second cl ock state (Phi

1, Phi 27"%%?”\“’ F169:- G@@ig’ ysing fig f‘”°sd6‘(9 She ht of one of the
vl IR E\%esee hg”mg fog i ;ngé’ L Aot g
f: ?SEPhn Q'E %Sa Edur §n35l ? %&ng flrs ,?dy \Met ]
one anot ,I&ég@h? We, or det ecting

the li ghEr &e‘?(sog l480) 860, 5@)} %(g a)fdfo'trﬁ%%rtoﬁlsfnﬁﬁﬁiﬁéﬁfeer(lﬁﬂto 400,
500, trﬁﬁﬁhe&@ﬁﬁ@ﬁéﬁéah@séc&ﬂ dé@iﬁés@ﬁd{o %u&@fén&l&eﬁr&@ntﬂﬁé Méreotfafd di st i ngui sh
‘bet ween  h prédissor forrasaing tro utplivfroriBie febvet (3005 4007500, GO ARITEY prHAGdngah AlRBwiaghd t O
" pr od éamiicativg bithescohcepiatioredt tha blobdbcohdtiiestpf , and a processor for receiving the
out put f craracietired inglatihe driver(fd06; had BBansIOUP&DPPsean theflight a pivenctardertgouancyaott put
whi c kubisentialydiresent inagificidl lighh the camier &eduerscly beiny soperimbaseddndinedigis within éachiciork state,

char aed tee rpceiver is unediteihe gafyier fréayeneyto fcgent the putpiy of thewlatagior (19) @-lsmald hmw s9id t he

I | ghﬁou&egnd/@wctmﬂﬁweeqedw@qn@%whhot substantially present in artificial

R e T B e R e el
c : ! ' ccept
the arRe 6?’“?‘1‘?89 ?aé‘c?f‘&“ ‘7’5‘?“ 8&’8"‘%"&9" YRR Fofantating /e '8“"§§§° e and g
reé e%tolobcmo tltugntmgs%n |$e%c Hir{ f‘l& cq:dn'f’?1 cLAr E‘lZed%ﬂhéA\hp r?eqfrigﬁ)g $f§hg WI
mash&&ﬁaﬂggr ok thdfr&fdé &Gne rifrhahdRic b é?1 o? Srbefi&s Ocessor
further conprises apparatus or pro u0| n | east an out put

Pr £ P AlblobdddAdtitubit nekri c&FHHngHIauﬁ)ﬁ cﬁé?&td@?é‘d lirfhdt the cé?rhe@%uen%y ofﬁve Gh\ﬁ)@d
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