LED FORWARDVOLTAGEESTI MATI ON | N PULSE OXI METER
BACKGROUND OF THE | NVENTI ON [ 0001] The present

WO posngi4sh relates to oximeters, and in parti CBEBUS2005/006205
controlling the LED voltage. [0002] Pulse oxinetry is
typically used to nmeasure various bl ood chem stry
characteristics including, but not limted to, the
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supplylng the tissue, and the rate of blood pul sations
correspondi ng to each heartbeat of a patient.
Measurenent of BheseGROUNIS OF THEIINYENEBIG2¢EN
acconpl i shed by use of a non-invasive sensor which
[0004¢ atEherpsedenginyentiomoglptesdo pwimsitess, aofl if partigalar tagongolling the LED
Volttlssue where bl ood perfuses the tissue, and
%ﬁbtoelectrically senses the absorption of light in

such tissue. The amount of I|ight absoqud is then used
[0002p dalseaximetry Heypigallynusegfto meé%e vEHasinQRd thepastpgeharacteristics

mcllgﬁlqg,lﬂ)'ﬁ?gotlnqqgﬁla tgllg%lédbdg%]gé ?attﬁl%ﬁ@ﬁjof‘ Héﬂé‘%@?lﬁhﬁ alﬁerlal blood, the

'S Selecte one or nore wavel engt
voluinfeedf indieidabbisiobé puleatidnk sulgiag thertisane, and thetrate of blood pulsations’

representative of the ampunt of th d tit t
corrpPRBURE 1 FAShISRPbAr 2 THETAAMERTTReR OL AL CRBEEPRGHE hes been

acco%&flﬁh@tL {1 VU & td AN vY}'héﬂ soUBEY light BEGBHAARBon of the

angi ng anount o constituent 1n the
patidrit's siscanttere bleod perfued the tigsue, abd ph@ipclcctmﬂby semé@ssthﬁ abﬁ@rptlon of

oo A Tyt G0 RSB AR B S  BSRoumo

lﬂodw%@ggﬁhgﬁ%%glqnggu@h | east two different wavel engt hs,
and wi th photodetectors sensitive to both of those

hs
(ooo‘fﬁ as erl%glt B?agggd%ﬁr&érgﬁ Cteslsjﬁr(%a F%IE&Q%%%??P%%%O& Wavelengths
that B absEbaS by eheﬂ?.a&ﬂh)ﬁsm Asduid eeple@ehtadse dfat amoenseithe blbod
constiheens DR 1 ﬁ%aﬂéq& Thediprminbnesraiiel FSstutsr Prugh te dosue
will nggy n%%&rhgr{b% cilgrgﬁ]% %\‘P&Iﬁlt kg gd%ﬁﬁ’stftﬁ‘&t b ﬁx%lt'ﬁ%sue and the

face 1s rea y ac e sensor.
relafEtdight gisbrpsionr & elsmeagqmngblldoﬁ dXIygd:It leweh suthsgnMs)hke@ typically been

LE . heed
provigighith A ghRatieg bl e apteao senGele el ot dSSL ik Herapy
wav@ﬁﬁ h8and RAEH ﬁ%t&cﬁ%otér@ Serfsive 80 bothHTenEB wahelehERs,GARccordance

asur e ypically, this is done with a f eedback
w1t}rlemwn tochmq:ue@§sr mhisuring hvod okygeypesahatitasur ed to
determine if any current is flowing. If no

[0004] Known non-invasive sensors include devices that are secured to a portion of the

body, such as a finger, an ear 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] The light sources, typically light emitting diodes (LEDs), need to be driven with
current to activate them. In order to determine sensor failure, such as an open or shorted
LED, the current through the LED can be measured. Typically, this is done with a feedback
resistor across which the voltage is measured to determine if any current is flowing. Ifno

current is flowing, there is assumed to be an open connection.



current is flowng, there is assuned to be an open

connecti on. BRI EF SUMVARY OF THE | NVENTI ON [ 0006] The
w@e@s®sd4sF nventi on provi des an apparatus and nmetChos2008006205

determining if a forward voltage of an LED in a pul se

oxi meter is w r isis

acconpl i shed b?%a?%ﬁg@%ﬁﬁgﬁ%em H)Cl};gh t he LED,
[008¢1d 3 sprebant kneniiogprolvilesla yppayathearl methed fod deeerisithf if a

nmo tor (P drive signal to the LED, 00 In one
forfii St ar D ot Bilss ARl iop i PR Traieiemyn ?fLTalné@eT fis s
acc&ﬁbl’i‘ﬂle%& %é&s@hﬂgr tad %ﬁﬁérﬁ‘ﬂ[’r@ﬁ’gH @09ED, $nd %E@ by lénﬁ'wﬁn?the duty cycle

rocessor, which provides an error signal
of thepules widitomodylatar PWINsilrites igmel teethg&EDrThe error si gnal
could indicate, for exanple, a short or open
[00€TNNRne@mbodinh i, thEReSaRinMon ¢QAO&Irwhitl ®Rge being within a
enbodi nent, the processor includes a proportiona
predetgraes ralegﬂ ip dp%wltm seproggsy whish proddeim ertarsignat ifdim forward
c n
v B SUEShO eCE E5000 DG 08 GRS  shrt or e

connketion & the IIRD tdigot.ED. [ 0009] For a further
under st andi ng of the nature and advantages of the

[OO(W] esﬁane eHRBI M, the Efo%éfepﬁcﬁﬁgyi Fr ?Srtf&gﬁn}egﬁgl Qﬁlg loop which

| owi ng descriptio en In conjunction w
gena‘at@s thediVyiMh gigdalefmimm gs errBRli gifal BESERORELON (B dlffrence between the

sotug AL SiebrporEttAgt kel BAE EEPY] rvent i on. [ 0011)

Fig. 2 is a circuit diagramof a LED drive circuit

[000¥ c drad |arfgrth@ @de@tmdmgmé ithe rofure land pdweatages phihe présont invention,
refe¥e919élgt1 ggee \r}gxg gol ovxg gs {315’%% St at {“{)‘9’898? g/lth the

accdtﬁfszﬁlymgpmwmgsrespect i vel y, for an LED in an
enbodi ment of the present invention. DETAILED

DESCRI PTI ON OF THE | NVENTI ON Oxi meter Front-End [ 0013]
Fig. 1 illustrates an enbodi nent of an oxinetry system
i ncor por at i ngBREEF PESCRIPTION ©H THE. DRASENGS 10

infrared LEDs and a phot odet ect or.
lOOiPEe a8 aflé ﬂ?ﬂﬂﬁ%@ﬁ@@%@r aQ oXipFter ingorpgraging the present myepsion.

drive current is provided by an LED drive interface
[001116. Flfg & wagicuis diggnan of a LEENriverarenit hecagdimgdo an smbodiment of the

Q (tadto an |-V interface 18.
present 1nven 10n

[0012] Figs. 3 and 4 are graphs illustrating the forward voltage versus current and PWM

duty cycle versus power, respectively, for an LED in an embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

. Oximeter Front-End

[0013] Fig. 1 illustrates an embodiment of an oximetry system incorporating the present
invention. A sensor 10 includes red and infrared LEDs and a photodetector. 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 from the sensor is provided to an I-V interface 18.
The IR and red voltages are then provided to a sigma-delta interface 20 incorporating the

present invention. The output of sigma-delta interface 20 is provided to a microcontroller 22
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The IR and red voltages are then provided to a
sigma-delta interface 20 incorporating the present
w0 pws834651. The out put of sigma-delta interfaceCR0S2085/006205
provided to a microcontroller 22which includes a
whlélgirﬁ'lddeé\fi @OQQP% E&fvertd, GIREQR {rgiléref 1%glu'dQsC#( emory for a
menory f a program an M menory
progi‘hm, @1%1 SRAM rrmlmmy forlated é%hea)xnncnsnipiscmmhsbs aMcroprocessor 24

cte L nal aclo

confiGUAF G afash Todhey R & 0 Ll < e d s o 8 digia
calibfafio® e serdlr I § idroVide@dA sép IR RO 2 RS eI he E)?&@és\é@ S

the processed information, as well as receiving a
infosmatieny a8 WgHas repsiving imanag sigral pr @\hinQ|3|4(fOHPIYOHNh\ﬂlg)@ analog
disp yspl ay. LED Drive Circuit [0014] Fig. 2 is a circuit

I"agram of the LED drive circuit according to an

enbodi ment of the invention, which forns a portion of
LED Pryvg/GUesiti nt erface 16 of Fig. 1. A vol tage regul at or

36 provides a voltage separate fromthe voltage supply
[00F49r Fige2 oveeciadult dmg’rmatoeflthecmﬂo diive ylrcﬁhaacootttipglto arsembodiment of

ded 4.5 It jth th
the fn %ﬁong @fhh% wps 593319@ of ivgﬁo%ke lp@gﬁg? i?g ofiF\g derd Yltage regulator
36 P&l ﬁﬁta@@%eﬁ%ﬁ‘&e BRth thiRE1YR stuﬁgl © BPtHe 'o@@raﬁ%ﬂuﬁete% circuitry. The

provided to a FET transistor to an i1 nductor
outphh & wavided s & KiSowndfrsigmati o tine 3&,@v1ttsthpr1@m1 teidglsgt by the feedback

.SWi t. 40.t [ 65 d 6, whi
rosi Pt JiEi e Bt R RRT R IR ST REC L HEF ouagg el Hae B s mitietlyo 2 RET
tran§iS@f QR1 66 Bh Itluc®r WBAITHE Buirém ehrdaglS Bldaslos LbepoMded By a switch 40
posi tion under control of the oxinmeter processor.

to opoef ¢appoitirg Qb an@@wvdnghsf@rwharger}@r e redand BR $ BDserespectively.
A re%iWRt o'ﬁtrgpﬁgnal '4§t gfecé \%et ﬁ%tcg&ﬁglt{og%%ﬁér %ﬁ?r%l S}I}ﬁ% 8x1meter

capaC| ors are C

procgdsor UANSnabf s1§ﬂu1thD BwM gamquwerzlelrttonhslsaheywﬁadné 6 OfAnsistor
ei t her capacitor C65 or C66, through switch 40 and

switthQldt or L6 to either the red anode line 46 or the IR
anode line 48 by way of transistors b and @5,
[0015¢: s pendel the bgpaci@msiagfmiargedexﬂ thatcehitrolrigiml on line 4Asuras off switch

while its.inverse, "/red "ot s_off .
QU3 e bispid o Ram o caBaci DR A Ry BURghomiIch 49 and
indiRRRYS thieftBertfic F :irﬁﬁe Bﬁ@% Bﬂh@@ﬁl&nbgepﬁnes% bwa) of Bénsistors Q5
current returnlng th TOUg the IR anode to tTranSi stor
and QB, easplectivelyu gh sigesli "sedogatd?l tOms ondrapsistdr Qb el sts drveE®, "/red gate”

IS r ned .t he sjgnal | Rgat " i he i.nverse
turmp Byl S Y, P Pvied Bttt neB} o s ipicRie i 48 ek o
baclSLBDake, Witk tﬁe%t@feﬁﬁtétmﬁﬁg tﬁﬂaﬁgﬁ fBcaRamBdt o &&si@ﬁ)r Q8 and through

driven, with the 8ate and "red gate" signals

resigtordR 1O forgrawngs STra@sﬁg;ﬁ@ Rds wimeden byghe signal "/IR gate" wfule the inverse
of this signal, "IR gate" turns off transistor Q6. The signals are reversed when the IR anode

is to be driven, with the "IR gate" and "red gate" signals, and their inverses, changing state, so
that current is provided through transistor Q6 to IR anode 48 and returns through red anode
46 and through transistor Q7 to resistor R10 and ground. The "LED current sense" signal is

read for calibration purposes not relevant to the present invention.

[0016] When the current from the capacitor C65 or C66 is provided through inductor L6 to
the LEDs, and that current is switched off at the desired time, transistor Q11 is turned on so

that the remaining current during the transition can be dumped into capacitor C64. This



that current is provided through transistor @ to IR
anode 48 and returns through red anode 46 and through
WO e@sss=itdr Q7 to resistor RO and ground. ThePC1/EE2005/006205
current sense" signal is read for calibration purposes
{
add%g%ers eﬂﬁ% ?{(gl%rﬁ t{hg ePIEg'gtrag(%ls ?g&&@g}{g% rkg?stzln%}gegg}s \é&gﬂe&&gtly, Co64
willt duhguighcurresh &tr@lighL@ I snd ih@udtdaIs6 irad duetdaﬁ:immw WReH the$ are
switched off at the desired tine, transistor Q 1 is
rechai@sded on so that the remaining current during the
transition can be dunped into capacitor C64.
[00THi sRekistosReS ammeapﬁa'tnr GQdatre tdrmeéted it paalélsd arductor L6 to protect

swtching is n tanta eous Subse
oAt ST SO FRRPOHICGA GO CHIRR 1 CRIEE B 1) BTHobLb e
sa ﬁﬂ@@ir&ﬁf witheWitch8Y cafitfollc@DYnITD sdBPid hbld 8 shal bNine 54 to
capacitor C67 are connected in parallel to
sampirmthc sxgnals_@nd prqyidst them trgagnan amplyfien S6spiak 8ED eurgent” signal on

h transition.. Connected.to duct
e 5 WG e RTBY bR A el RE RAESIDECh BIFAGH s oack for
ampitick BB aasvilch doakshontignal "ciiar LEMEsabhld i SR perite the switch to
signal s and provide themthrough an anplifier 56 to a
short ogtshe grpasiior bejvgerasanzties. i ne 58 which is read by the
processor. An integrating capacitor C68 provides
[Ooi&'jed@p@ﬁnéﬁl aﬂlliiﬁﬁbxf 5636p65&es Wetweer 4.5 v6ls mebgonad Thusaa voltage
‘cl ear LED sanp nal to. oper, the switch to
refesgnge slightty %bﬁéfe 8%&6& -2 b@fwaﬁo‘é@?ﬁgﬁse%vo fags T@fprence on pin 3.
Qperational anplifier 56 operates between 4.5 volts
[00t9]d Theosantple Tilibold @irval mag&arersdhevelm a$h<i)<gah"fliy baty@en capacitor
roun 2 volts, ovi ded as
CoPaRHPIRS Th (SO s refeRn CRariTCER 1R of thectae of
capﬁﬁt%%ud?&? atd1€6d. OTB@% & p?&poﬂi%ﬁﬁl Jdrredit ishRbVREN tHEARRCTER fvhich is
and i nduct or , deternmine the current.
inj e@a@ duotgh swisEh 523t011m_t;900n@f:apané01\/@681@ whvida pa/@ltagﬁr@h@ gan be

N IS ENEN T e

linel I8ti8 g§calt dsfe €ERABE, Wit theLodessop m\yir@etha widgthtof ge M$60del1vered to
can be neasured at the out put of anplifier 56 on I|i

lin
transigtor f}d tQ seleeitielneary theempypnt phenssgbbiabsdlivered)tp the ®Bacﬂors 65
t eSS
ond 5 Ry et SRRL B i o B} A0 PSR PYA YT, fraD oo
insidethegiroocssoy them gontrbls thePWIM sighakthatrapntrolsad1ls Thes aNewsptecise
he .
conéglséfﬁgq: gg&aiglgtnglg;pz a lgﬁ)glrégbg%g rg?)g{nge g rd?@l%\gl:pv&tﬂmlltl egcceedlng the
des‘l’l5 @l ) loop inside the processor then controls the
signal that controls QI. This allows precise
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the microprocessor to turn off the voltage regulator 36 in certain instances. For example,

diagnostics looking for shorts in a new sensor plugged in may turn off the voltage regulator if

there is a problem with the LED line.

LED Voltage Determination

[0021] Figs. 3 and 4 illustrate the properties discovered by the present inventors which
allowed development of the present invention. Fig. 3 is a graph of LED forward voltage

versus LED current. The three different graphs produce three different lines with three



desired limts. [0020] The |lower left of the diagram
shows a "4.5 v LED di sable" signal which is used by
WO b@sosasdpr ocessor to turn off the vol t age repol/asmmns/006205
36 in certain instances. For exanple, diagnostics
W :
AR s £ (At SpHTb ol RTRTHD R WATSD b FRclhd ester
(SRE€Ehehidhak iarkodel 40 aVfedistagm sBeeer A3 cat beoreep,00Ehirikg de.culrent alone

o R 00 B BRI USSRl e,

andHﬁseﬁ%H al AWYENUCR s tHat fhowd ih T%BQraph of LED forward
vol tage versus LED current. e three different graphs

B A T AT Bl TS S
modul il i fni €6 Vg the SEE. TIHR{e) plvtidcCoh haseaicdl @d€versus the

and a resistor in series. As can be seen, neasurln%
powehen a herizontalgxis (& EBoenitage timep SEE e wTepbatA ¢Aa hempeen, Tor four

dlff%l‘glgtg% (ihlgﬁgre%‘.ké dg{}lcgszﬁlPR&f“ tl?el C}ﬁl&asl;a??ﬁ@aatrws‘lﬁ%%cgﬁqﬁfl nearly

as store ve 'Su

1denEb@ slcii)es [ B2 thitegogrition, kh@l&lﬁ/ﬁit&s (Btepxlnﬁ‘tedaﬁatli@vcﬂwgb could be
cle, which_ is the pulse wdth m)dugated driv
detegmlglﬁép qsrkngpshag W el he QurFnt £ ag RNt fravailable from

line FE EE)F % Ft RETEY @ﬁrzéf'i E%Hﬁ JRQ\WS&; Rﬂh@ pRRELBPNTRE %lz'i%és%or itself

age tinme r ent can be see
produoex the iPW et 2grial t ayxpieh;usdhe piicessor mﬁh«dtam pesequonfoadatlon needed to

calctg{;%ﬁglg ﬁ?’br gcgﬁealgg T l cd.ﬁ Ilrfgtﬁl w%lg |kﬁ§ ar e 0l i%ID By using
the 1ﬁ%rﬁfaﬁbﬁ‘ afrihat shb%g"tﬁbtttﬁg Quﬁj}/(bﬁ'l:l‘é 1@&0@6&%@ W&‘ chdst@0® the

knows the PVWiM duty cycle and e current. The current
powesdiasipated bl e flidmal fpn@rs 8oltageRriag bederivete LED current
signal provided to the processor. The processor itself

[002!3?1 0dH GRS ehibO iRy, ShOPRIM sibnd] s fpeserhiee upihgaaagpropbanal integral)
e two pieces of information needed to calculate the

t
loopt. Hilyis/ksrop dgfees ftles fosmplapapptian sef farthvelelt hout knowi ng t he
type of LED. By using the information in Fig. 4,

show, ngsdch a‘IBI‘[Q@ yduty cycle is proportional by a
constant t'o tke power dissipated in the LED, a forward
vol tage can be derived. [0023] In one enbodi nent, the

PWMwheagetal is generated using a Pl (proportional

i ntegra p. Th| oop takes the formal equation
set fort‘% ngg Saﬂiﬁ(t) +B J (O where:

e = error 51gnal, difference between desired and actual current

y = PWM signal

[0024] In one embodiment, a PWM duty cycle generated by the processor is provided to a
lookup table which stores the data in the graph of Fig. 4. The lookup table will produce the
power dissipated as an output. This value can then be divided by the LED current as

provided on line 58. The result of the division will be the forward voltage of the LED.

[0025] Alternately, in another embodiment, a lookup table can be eliminated and a
comparison can be done of the duty cycle and the current. Since the duty cycle is equal to the
current times the voltage times a constant, upper and lower ranges for the ratio of duty
cycle/LED current can be established to indicate conditions such as a short circuit or open

connection in the LED. Alternately, a series of ranges could be used, with an outer range
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A and B are constants e = error signal, difference
bet ween desired and actual current y = PWM signa
WO 002432455 one enbodi ment, a PWM duty cycl e gePeT/asmds/006205
by the processor is provided to a | ookup table which
mdléitﬁfgecﬁe EltiB:rt gl%p'én cHn&B@n QhaRh i rg{er ér%e iy on@%ﬁaﬁlﬁﬁkhﬁﬁlcatmg the
|1 produce the power dissipated as an out put
desmhi czpevaingeran@nfOt H@dJHJé Homxdeqbld;yhd drémeEDneymeedto drve the LED
rovided on. |line 58 n wiil
hardB R BRRPU SBT T kgBY S Ah B ioe, 0 598k Dt SRRifrel y.
i n another enbodi nent, a |ookup table can be .
[0024]i nd\maikbbe an@ﬁr%toafbbqoﬁmrsgwh@bﬁl lbéh@m@@presﬁé Igjgniion may be

embtoﬁletdﬁga d % c%f‘f utrone%wtltﬁgutn(%P%rglgng f?ou seggra] Stfha?at%%ﬁstlcs thereof.
For ¥Rg8ple; aﬂh@ deeyinati@neeriat vohegd @iuﬂ@b@ﬂorﬂalﬁnyllrély ¢l RdritbYe, rather
current can be established to |nd|cate condi tions such
thangig sgiteresin arPeassar. Syocongtily dhmEregospg descripiéon isptended to be
111u§?ila%195 Rk ﬁ&tyhmgl ge&* tfre sc% e of‘EQQﬁveql‘ﬁHh%}}?&l H%@tdfortw'lﬁ ﬁxeafgllowmg
rangei n rt or open condition,
clai@p. i nner range, in one exanpl e, indicating the desi r ed
operating range for the LED. For exanple, the oxineter
may need to drive the LED harder, near its maximm
current, for certain patients wth weak pul se signals.
[0026] As will be understood by those with skill in
the art, the present invention may be enbodied in
ot her specific forns without departing fromthe
essential characteristics thereof. For exanple, the
determination of forward voltage coul d be done
entirely in hardware, rather than in software in a
processor. Accordingly, the foregoing description is
intended to be illustrative, but not limting, of the
scope of the invention which is set forth in the
following claims. WHAT IS CLAIMED IS: 1. A pul se
oxi meter conprising: at least one light emtting diode
(LED) drive circuit; a current neasuring circuit for
nmeasuring a current through said LED, a controller for
generating a pul se wi dth nodul ator (PW) drive signa
to said LED, and a processor, coupled to said
controller and to said current neasuring circuit,
configured to determne if a forward voltage of said
LED is within a predeterm ned range



usi ng a nmeasurenment of said current and said PW
signal. 2. The pul se oxineter of claim1l wherein said
w@e@smesxes i s configured to provide an error sPQIEB200$/006205
said forward voltage is outside said range. 3. The
“qﬂyf C?%h Iff&of claim1l wherein said processor is
——tcm?ére—gure@o—conpare said PWM drive signal to said
nmeasurenent of said current to determne if the ratio
Is withih an ApoBpbabh@evanm@mg: ange. 4. The pul se
oxi nmet er ﬂ%ﬁclain1l wher ei n saidRﬁchessor i ncl udes a
propor t | BrEaet st liet smittipg diqdg 4B AHKe GEGRS at es sai d
PW si grbaéurfe‘h@megsu?ﬁﬁg_rcgeﬁit ?Jrrrﬂéasﬁlgé@#;uﬁ‘t%{t E}ﬁgﬁ H&%ifLED;
di fference between sdi d neasurenent” of said current
and a deséongmllenfor gererating opyisd weltlomiodelator (BB disvenggnal to said
LE@I | east one light emtting diode (LED) drive circuit;
> ®rrent neasuri ng circuit for measuring a current

t hr ough aé;ﬁbgesb&l?éo 1601tsaR doBifrofl & and @6 Sdid thREntandhS S circuit,
wi dt h nodul ator (P drive signal to said LED, a

configwied &3 deterntine Hl adlgrwa dsaltageofsaidblER s within apredé¢tgrmined range
.current _neasuring circui ) figured to determne if
usirg 4 HERr RO BF Sldo G dnd, s B MNERR 1

predet erm ned vol tage range using a neasurenent of
sai d curZ.ent Ehethuds ckimiet 6f gniah 1 whyreho Bpdpratgssdaistonfigured to
PWM dri ve si ?nal .10 said nmeasurenent of said current

proyigde a emprgignal ifsaid forwand;voltpge igjousds saifl @BERpt abl e
vol tage range; wherein said processor is configured to
provide an erfiin glddidhelef oﬁg?]%qv\}]%h‘é?eﬁx@sé{@glé&g%ok% configured to

out si de said voltage range; erein sald processor -
comipard saittBWaM drigp sighaldn ahidingasgreadent ¢ spid @orenivoi debermine if the ratio

: ner at es id PWM signal froma current error signal
lsw%g‘fqaé’c?‘ﬁc%tg@eaf’ﬁ?@rréﬂ%e bet ween sai d nmeasur enent of
said current and a desired current. 6. A nethod for

operating a pPrHefulXdxiRbRE ofEIMR | WWhegkin Bi@piddesdr thcludes a
current using at least one light emitting di ode (LED) .
propffioral éntegral ¢'1) lepn tnehgpngragassaidit Wik pighg g p guiren, error signal

reNGERE gﬁdaff%gbfe lgelr%é&l Wi PR Ry 218 Eai4 B ntdhd Y QeSit MRl rent.

5. A pulse oximeter comprising:

at least one light emitting diode (LED) drive circuit;

a current measuring circuit for measuring a current through said LED;

a controller for generating a pulse width modulator (PWM) drive signal to said
LED;

a processor, coupled to said controller and to said current measuring circuit,
configured to determine if a forward voltage of said LED is within a predetermined voltage
range using a measurement of said current and said PWM signal, by comparing said PWM
drive sfgnal to said measurement of said current to determine if the ratio is within an
acceptable voltage range;

wherein said processor is configured to provide an error signal if said forward

voltage is outside said voltage range; and



determning if a forward voltage of said LED is within

a predeterm ned range using a neasurenent of said
wa@oosesd4sand sai dPWM signal . 7. The net hod of eE¢BUA2085/006205

further conprising providing an error signal if said

forward - q i [ .

of o1 ai r BrpEis o 0t i bl e P TR pich
genstagms ahidt OV dAsignaidasn b eoreit eabr signa reflectiepta difference between said
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using a proportional integral (Pl) |loop to generate

sai d PW si gnAlmdth QToR ofthfiY p@iké SXinRh@RBMpkgect i ng
a difference between sald neasurenent of said current
and a dewpvidihgraeurent usidgat Igastrentloghtfeorittiogatieds (AgFDY drive circuit;
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at | eastmgaﬁgnpg5&@3%%%950%%?%&&@@,( LED) drive circuit;
measur i Ngnara6itlp b ®tse WABUBH USRI PVEL) deiepeigakl t8Gad LED; and

pul se wi dt h nodul at or (P\/\NE_} drive signal to said LED;
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PWM drive signal to said neasurenent of said current
t o det eriii ne THe théthod af ¢laim 6 fmthdnicomparisiag paptidihp @n error signal if

.vpltage range; providing an error signal if said
sat %FW d’oi}%etléﬁégicg’sﬁlﬁlt@g% sai d vol tage range; and
using a proportional integral (Pl) |oop to generate

sai d PW{ si gnpde theBd 8f Sluink 6 RirtiRE EShpSsiaRbmb&hihE&id PWM drive
P of d

a difference between sai d neasur emen sai current

signaht$ saidgasisesinent pf said current to determine if the ratio is within an acceptable

voltage range.

9. The method of claim 6 further comprising using a proportional integral
(PI) loop to generate said PWM signal from a current error signal reflecting a difference

between said measurement of said current and a desired current.

10. A method for operating a pulse oximeter comprising:

providing a current using at least one light emitting diode (LED) drive circuit;

measuring a current through said LED;

generating a pulse width modulator (PWM) drive signal to said LED,;

determining if a forward voltage of said LED is within a predetermined
voltage range using a measurement of said current and said PWM signal, by comparing said
PWM drive signal to said measurement of said current to determine if the ratio is within an
acceptable voltage range;

providing an error signal if said forward voltage is outside said voltage range;

and

using a proportional integral (PI) loop to generate said PWM signal from a
current error signal reflecting a difference between said measurement of said current and a

desired current.



