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BACKGROUND OF THE | NVENTI ON [ 0001] The present
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with known techniques for measuring blood oxygen saturation.

[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. Because of the significant amount of current required, this can
interfere with reducing power consumed by an oximeter. One solution is shown in U.S.
Patent No. 6,226,539. There, an inductor and capacitor circuit is used to first store charge in

a first switch position, and then subsequently, in a second switch position, deliver that stored



Patent No. 6,226,539. There, an inductor and capacitor

circuit is used to first store charge in a first
wGeosoke2posi tion, and then subsequently, in a BeDUsm05/006207

switch position, deliver that storedcharge to the LED
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0006] The present invention provides a light emtter
drive circuit for an oxinmeter which utilizes a single
i nductor for driving multiple light emtters. The
i nductor is comEEreUNMMARYORTENE INVENTIGNr cuit to
nultiﬁle energy storage circuits, such as capacitars.
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BRI'EF DESCRI PTI ON OF THE DRAW NGS [0009] Fig. 1 is a
field] ock di agram of an oxi neter incorporating the present
invention. [0010] Fig. 2 is a circuit diagramof a LED
[0008] VEora fugthiet uadeesardiingoftthe aatun‘enind dﬂmageefof thegresent invention,
present invention a bl ock di.agra f
cefbipre b DRadeds tirfelpdgecetsiigh bac fi ol MR B
3@&, gnals for the circuit of Fig.2. [0012]
mmgﬁga&ﬁﬁg 1 Sagramof a toroidal inductor used in one
enbodi nent of the present invention.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0009] Fig. 1 is a block diagram of an oximeter incorporating the present invention.

[0010] Fig. 2 is a circuit diagram of a LED drive circuit according to an embodiment of the

present invention.

[0011] Fig. 3 is a block diagram of one embodiment of the logic for generating the timing

and control signals for the circuit of Fig.2.

[0012] Fig. 4 is a diagram of a toroidal inductor used in one embodiment of the present

invention.

[0013] Figs. 5 and 6 are diagrams of a dual core inductor according to an embodiment of

the present invention.



[0013] Figs. 5 and 6 are diagrans of a dual core
i nductor according to an enbodi nent of the present
WO noenga2em. DETAI LED DESCRI PTI ON OF THE | NVENTI BNr/US2005/006207
Oxi neter system [0014] Fig. 1 illustrates an
enbodi nent of an oxinetry systemincorporating the

nirared LEDDRIRILEDHEroRBaorbOf THERSVERI B nect oo

OxMeRr SRk 12 to a board 14. LED drive current is
provided by an LED drive interface 16. The received
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interface 20 is provided to a mcrocontroller 22.

intgafase ddo rlihe apdedred photoguirend dwonf thgshnsee ifdirgvided togan I-V interface 18.
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interface 30 to a digital calibration in the sensor
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driVﬁ circuit accordlng t.0o.an enbodi ngnt of
senafaie oSt 34 resgives e RIPERsSed IMIrmAReD. 6F WekEs a?ﬁe%ngananalog signal on
hlne@@rf&a;s}swaﬁlgloin g dlspldy, Vol t age regul ator 36
prow des a voltage separate fromthe voltage supply
LE%P@ raII oximeter circuitry. The output is
WY a 4.5 volt signal online 38, wth the
| evel belng set by the feedback resistor divider of
[0018ki dtigrZsis RETCcuihdiagmm offthe LED) @ra‘geem@wnar—%d@s tp gn embodiment of
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curt provi
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store ch e for the red nd IR L ect i
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control signa VW gate on [inhe 44 controls
trassastorc@i htp of intluctosiL.g t Bhe aamientthra@ighlinduc@disis p@méedtb}ea switch 40
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processor. A control signal LED PWM gate on line 44 controls the switching of transistor

switch Q11.

[0016] Once the capacitors are charged up, the control signal on line 44 turns off switch
Q11 and current is provided from either capaéitor C65 or C66, through switch 40 and
inductor L6 to either the red anode line 46 or the IR anode line 48 by way of transistors Q5
and Q6, respectively. A signal "red gate" turns on transistor Q5, while its inverse, "/red gate"
turns off transistor Q7. This provides current through the red anode line 46 to the back to
back LEDs 50, with the current returning through the IR anode to transistor Q8 and through
resistor R10 to ground. Transistor Q8 is turned on by the signal "/IR gate" while the inverse



i nductor L6 to either the red anode line 46 or the IR
anode line 48 by way of transistors b and @5,

wo e®pogn8yvel y. A signal "red gate" turns on treqEUS1005/006207
@, while its inverse, "/red gate" turns off

of thisdignat"OR gale" turhs 6ffpfaﬁMistdEQ6C Dhe eiphals Arotegersédi@heethe IR anode
anode |i ne 46 to t ebackto back LEDs 50, with the

is to e dgiyen,vathths;" H’ggf-tﬁ Bhrgiied sue’] senato dad thein ipxgisess elpnging state, so
r
o PR ST AL Rl Q) B R s, I PRARS B red anode
46 iamd/ M&@hﬂtr@hls&rﬂ@abslstbﬂ HRl(gatcbgronmﬂ Ahe SLED cuareqt sine¢" signal is
aé&' Ttlls Si gnal s are relversed when the IR anode is to
reag dotra ofl RUERQSESt relpyaghioghe pregent IRvgnfgi-e” si gnal s,
and their inverses, changing state, so that current is
[00d7bviWken thi pmmgﬁ fromatiwicgpasitoe6$ or 66 iomydeidadthapeih inductor L6 to
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tha$ tr@ﬁazham&lgr@@@nt Qlringahé Ramitidtap be PAEPSd M chRlcRY¥PO64. This
to the present invention. [0017] Wen the current from

addrprsexthp daat thpt theddE Toiramsior svishingiisiae mmraar@q@us ndukseanently, C64
wilé‘ﬁléxtng itk !aﬁrr%}‘ﬁ%ougﬁérltl I}ﬁ‘(ﬁ r{%%tro%ﬂg iﬁtg e &) S %En ey are

esired tine ansi s ¢ on SO
rechirged.emai ni ng current during the tran3|t|on can be

dunped into capacitor C64. This addresses the fact
[OOitl ?E: ﬁeglgtoEﬁEStaﬁ@@%da%tth Cm&* %Bﬁrﬁzgte'dsm BQItallel to inductor L6 tto protect

ant aneous sequently, C64 w !l "dunp its curr
agdimmst eiggél splkek, amdproideig sropothGransition.t ﬁenmrmicto urcdlstmvﬂiéns a

t are. rechar [0018 esi s C. ci t.or
sanpg) Ao SRR 37 parale sy tLER sl g SERA G 18 54 to
sanhf1O R grAdAIndYro a8 Rn thRIUEE Sn amipU fiBF ¥/ todeﬁ"lﬁiﬁ ARREM" signal on
transition. Connected to inductor L6 is a sanpling

ling 53 which igwea by thewroetssaz Qusmationk] auplifier 2 opEptesdepresn 4.5 volts

Orlgg}il L ﬁ%‘%e ?lhagr%e rg%? élﬁé gl n%ll?ls;?ahgvet %guﬁ%%gﬁlh{g%ﬁgls provided as a

vol€dge réfBiencS by Pidl 3. 0An Irit€@athil caphditor CH8riepdviriedtilmparallel to amplifier
processor. Operational anplifier 56 operates between

56.4ASWGH 00 r%ﬁvan@% Qun@learhl® sampleostangkroaperyie g gwitch to short out
ﬂw§£ Qﬂ%}yaﬁ? lgynd of 0.2 volts, is provided as a

tage re eren e on pin 3. An integrating capacitor
068 is provided |n parallel to anplifier 56. A switch
60 responds to a "clear LED sanple" signal to operate
the swtch to short out the capacitor between sanples.
[0019D 1 The Farapls ant heldaninguit oredswes ihaiveltagsaat npde Tl Hdetween capacitor

e _at d ,{f‘)et wee d

cof o B8 BL A5 P Behimie RERITRE CRREN ColTRy tgppluc of
capa8itoké C@@ Qn@Tebhehua layropdrticid a6irém iSprobled o GEOC69, which is

Thus Eroportl onal current is 8r ovi ded, t hrough C69
mjmdcthrqug switch 52 to integrating capacitor C68 to provide a voltage which can be
measured at the output of amplifier 56 on line 58. The voltage measured by the processor on
line 58 is used as a feedback, with the processor varying the width of the pulse delivered to
transistor Q11 to selectively vary the amount of energy that's delivered to the capacitors 65
and 66, and then is eventually discharged to the LEDs 50. A PI (Proportional Integral) loop
inside the processor then controls the PWM signal at Q11. This allows precise control of the
LED intensity, allowing it to be maximized, if desired, without exceeding the desired limits

(to avoid burning the patient, etc.).



injected through switch 52 to integrating capacitor

C68 to provide a voltage which can be neasured at the
woniopns22ed anplifier 56 on line 58. The vol t ageCT/US2005/006207

nmeasured by the processor on line 58 is used as a

[0020§d bBleklower tefft dfhke giagaasshows war i ngEDhdsabi¢ftsignaf whith is used by
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I schar o the LEDs 50. A PI (Proportional
thetrnuse@px@b Jeni with thensElddinehe processor then controls the
PWM signal at Q@ 1. This allows precise control of the

[00HDP | Figendivsitatedploo¥dsxR 2, trohCFiBE1, BBt RQ, prbérammed logic 62,
desired, w thout exceedlng the“desired limts (to

whigtbisdn Bier IR glnvh entgéaqeéﬁtm Fig ¢. )PrquamoﬂedmC bamcrvxcﬂe@ftlue different
co&\}%olt ﬂgqlapsl ng& (?%(Yﬁlt of F %m re|§ onsg tsgg)stlc tr”ﬁ" (g? 1 aﬁs from the

I'S USG pr ocessor

procebdodg€a cogki) saiymb paBej aadaqml@m&hmiMc es. For
exanpl e, diagnostics | ooking for shorts in a new
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Patent Nt 6,22@53 Spbjornesmgrth@ﬁvitcﬂwpmnitiléh@ct\ﬂ:enahmmﬂuttedaﬁcbthe capacitors
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. 2 1in response to basic timng signals fromt
Cumlﬁé sigcobotbfuseithglsemk inducwy.nc pul se, and a pul se w dt h
signal. [0022] Thus, the present invention provides an

[0023pr Qv @ABMhEr Apedt of e i6vén€igh,tthe DBBNdrive diRURW suddeptibility to magnetic
6, 226,539 by noving the swi t ch position between the
intprferapgedp redvged: nEhis Mearsticanisriersnes ¢an distos thodetersediplpdrwaveform.
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requiri instead o
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reduced. Thi's magnetic interference can distort
effaestog et emltepiaénhgwameﬁedﬂ nTheshimmghetionflux ¢anzelthghndudéonsgan be used

Jmagnetic flux_cagceling.,n the |nduct.or. In gne. i
et s OF S 21 cobfiieistbi A GHE. Bicss afilment of the prior
art FFgE. 54howBehetduaPédtaindubidkGitha HoBBin 0ARABindér 72Y MR IWives are

in1ts magnetic flux. Another enbodi nent uses a dual

woynd Breygiseaps fiasishowhieFige Arfirscvimdingsiicl closkwirgwnhilga second
wiggdrilggc‘ 80 B dc%ﬂgtepclocmﬁset hA]e gog][quect%ﬁ o%%%& KW es[de:plyc' ‘t?hre %?nbmed

used to cance an ex érna
indutctah¢t inohe embod@net iso80lulk cancel i ng i nductors can be
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[0024] The invention as illustrated in the embodiment of Fig. 2 enables the multiplexing of
current, through an H-bridge topology, to back-to-back LEDs. Alternately, a different
number of loads could be provided. The present invention is scalable to N-loads. The
present invention provides significant efficiencies through reduction of support components,
choice of components, and the properties of "loss-less" capacitor and inductor storage

devices. The circuit of Fig. 2 can handle a range of forward voltage drops across the LEDs.



either in the circuit of Fig. 2, or could be used in
t he dual inductor enbodinent of the prior art. Fig. 5
w6 bmdesbe dual core inductor with a bobbin 70PETIUs2005/006207
cylinder 72. The wires are wound through gaps 76, as
Thé héltdgeipfoVid @l vabies Autbinatitaliindbdt@datBe wathth® TIEW $Sltage drop, and
while a second winding 80 is countercl ockw se. A top
dogsinehp@OUt §105¢ eRerehBan It negdseel y, t he conbi ned
i nductance in one enbodinment is 680 uH [0024] The
[0028) efThe oitcwsisidyhaaica Ry eshtiolled fteoagboH] eptin ee gro¢essat, with
enabl es the multiplexing of current, through an _
curpgng fqedbrekibsig rigyided By H&a&p%uwemébgzdei\?@amb glogage capacitor
(C65 gfdféé%r),e»oﬁicﬂymes Qécolz{tf?)ﬁd The YHdtla aﬂgﬁ\@aﬂﬁﬁted-r\bf?h a traditional
present ‘i nvention 1s scalable to N-l1oads. The present
in-limpveensd esistor, Rliddds addigon fthisaedhnefuf ialoenedjestntent ofithh peak current

reducti.on of support conponents,.choice of conponents,
for 9RAFTE S b oF Bt e PHEBL &Il apaci L or _and

i nductor storage devices. The circuit of Fig. 2 can
[00R6lhdTée additiogel e upesreaar insavtagulptordospbanaes pewer wpply rejection

LEDs. The, vl e provided.vari.es automatically . :
copgRh e SR CSe BB BB B PELBPR st o i P+
sur@lletdmpre energy than it needs to. [0025] The circuit

I's dynamcally controlled through a PI loop in the

[00221 C%%%ﬂﬁ'be‘ﬁh J%cﬁtérdr S{}Ih%sfe Gl i ffml'%rzl& H{eg)‘{és‘éﬁpin@é(m{o %an be

acitive curren er rom each stor ge capacitor
embdédbéd mrudhdeBpgcifiovformi withoui dbpartingdtaan tieressehitial fleeatdaiskics thereof.

T R R .
leg SHINUSE TR MsiRbr SNRNBEDANEUED & the frifucOP! kﬁﬁitionflé}a 2tlé1]s cgl_uhlg be

si gnal -to-noi se during the sanpling period.
scakatibhi tb inoore dfantthiee lges icomenctediin panallelesjulilat tr the degof@fm,E28; and the

p rsupply rejectipon capability, .while the Pl |00

ee BT 885 025 Patheirabhabe BaseRiirsptton i HieRienf b nuefve, but no

limétiigl 6 thEsEdpe DFEIGSnvEHton whi¢HE 2l foAR invitel fob@\vinﬁ claims.
appreci ated by those with skill in the art, the
present invention can be enbodied in other specific
forms without departing fromthe essentia
characteristics thereof. For exanple, instead of two
drive lines, three drive lines could be provided by
addi ng another leg with FET transistor sw tches
connected to the inductor. Additionally, this could be
scal able to nore than three | egs connected in
parallel, simlar to the leg of @B, @B, and the | eg of
Q, Q7. Accordingly, the foregoing description is
intended to be illustrative, but not limting, of the
scope of the invention which is set forth in the
follow ng clains. WHAT IS CLAIMED | S:



1. Alight emtter drive circuit for an oxineter
conprising: a voltage generating circuit; an inductor
w@ouphgxi3s o sai d vol tage generating circuit; apET/181005/006207
switching circuit coupled to a first node of said
WHRAURE o AIMEDSIS: and second energy storage circuits
connected to said first switching circuit, such that
current from said i nductor can be steered by said
first swiltchi Aylightregijfter driyesiyeuipforsdiaxinasler eyMRiHRgige
circuits; w.tehi-ng circuit coupled to a
second ng&g’l%?ecg‘%l Efﬁl:ﬁﬁéﬁg%lgr; and first and second
l'i ght emahtisductbricoepled residosinge getkbratimgsarcditsecond
switching circuit, such that energy fromsajd first
and secoﬁcﬁrwﬁiﬁ@t%ﬁcg@éwl%@ﬂ rseagded saidipducitrel v
coupl ed ' | & ' 3 b M€t ohi
s, 2. Sfg oot Sherd) Cer UGl Eine QB 14 g i itching
ciramd ssetthadcureet ffymshok iadectar qao bietsteerxdriprsagkfifst switchargkircuit to
second capacitors. 3. The circuit of claim1l wherein
onggfﬁu FheleY PIPHEE CUFYSconfi gured to drive Iight
em tters gtsh@ndaietchmgleir Ot Baged th-a sEBehdCAdde W bai@finductor; and
claim3 wherein said second switching circuit is an o
Hori dge dirstyad s¢qondilight ensittgridnig lings connegtedite saidsecopd switching
. The ciyreuit of claim ereil n_sald voltage.generat,in
cirgif ofift S ng yeffo R sirerugl P ool el Rl ARG it emately
coislbd RORId Brist #hd REBIIEIET efitt Aride OibsTBt €r. 6. The
circuit of claim1 further conprising a resistor and a
capacitor. in parallel wth said induc 7. The

circuit 8f cl dhfcHcyhetdrim kaﬁhar%&%%lgﬁi and segoRsh gRRERY storage

cir i&)%olﬁﬂy?lﬁghhs@_gnél ATty Qﬁpacﬁors.-rhe circuit of claim?7

ere sal I nductor 1I's a toroidal inductor. 9. The
circuit of claim7 wherein said inductor is a dual '
core cl o8ed bdbbicitcahodlaied] mhdigot said didve Hites ac¢ eanfigured to drive

. of clai further ,conprising a sanple and hol d
hggﬁ ?‘&‘&F'ﬁsqh%ﬁﬁ%@icggo'tbgagai d second node of said
- inductor.
4. The circuit of claim 3 wherein said second switching circuit is an H-

bridge drive circuit including four transistors.

5. The circuit of claim 1 wherein said voltage generating circuit is a

voltage regulator separate from a supply voltage for a remainder of said oximeter.

6. The circuit of claim 1 further comprising a resistor and a capacitor in

parallel with said inductor.

7. The circuit of claim 1 wherein said inductor is a magnetic flux

canceling inductor.
8. The circuit of claim 7 wherein said inductor is a toroidal inductor.

9. The circuit of claim 7 wherein said inductor is a dual core closed

bobbin shielded inductor.



11. The circuit of claim1 further conprising at | east

a third energy storage circuit. 12. An LED circuit for
W@Ro0osxs2red er conpri sing: a vol tage generati ng BCT/O8005/006207

an inductor coupled to said voltage generating

circuit; a first swwtching circuit coupled to a first

node of d48id iTdwotoit pf flainst faricr sempnsing apampteand hold circuit

connected to said fipst switching circuit, such that
copRfeiap SHAGAIGANISE ALY BIVUESR be st eer ed by said

first switching circuit to one of said capacitors; an

H-bridge 1qri vergWrkibNeaf 1 GtkHer boGpHElhBat fe@di'a third energy storage
‘transistors coupled to a second node of said inductor;
ciramiti first and second light emtter drive lines, for

LEDs in a back-to-back configuration, in the mddle of

said Hbrpdge. sueh OB SN BmbECmAA LI rst and
second capacitors can be alternately coupl®d to said

first andehagngeneragng caonit;ter drive lines. 13. A

light emtter drive circuit for an ox|neter,

conpri si #§inducipsicourjed tpesaish valtagg sener g circpity st and

second engf gy \&fi{cﬁfn%Q:?rcﬁi:t E&wlécﬁo il tJfSaild! ilductor;
cancel i ng 1 nductor “coupl ed 'to said voltage generating
circuit dms aad stceadcapregosiconmictbdansaig firsttswittymg circuit, such that

circuits; .and swtching circui.try configured to first .
cugpisdors i SmoiRh bar Referehy 4 S SHgen B pitcu & ond seid
capdefBrspr ovi de energy fromsaid first and second energy

storage circuits to drive lines for light emtters.

14. The enitbbiidgeodrivslsaitehing ciieeit gickndirg ur transistors couplad to a

t Or, Qi fclial i ncgu%t ar ;. 1@. The circuit of claim 12 wherein
seoRd godg,of syddpon agl o) “core closed bobbin shi el ded

i nduct or fi}&.and B&ogd light dmi@kr €div 1iAed, ot LEDSIn @ bagk-tSbag

a_sanple and hold circuit connected to said secaond

confégraatis, inathe nifdla of exid Hroridgen suchithatgpereyriras agifhfifst and second
capdthii@an 6O UREh &R LoRp1ek §884id Birst Bhd SbcSRETiBN: ShiREAHE e lines.

13. A light emitter drive circuit for an oximeter comprising:

a voltage generating circuit;

first and second energy storage circuits;

a magnetic flux canceling inductor coupled to said voltage generating circuit
and at least one of said energy storage circuits; and

switching circuitry configured to first steer current into said energy storage
circuits, and then provide energy from said first and second energy storage circuits to drive

lines for light emitters.
14. The circuit of claim 12 wherein said inductor is a toroidal inductor.

15. The circuit of claim 12 wherein said inductor is a dual core closed

bobbin shielded inductor.



circuit. 12. An LED circuit for an oxineter

conprising: a voltage generating circuit; an inductor
w@ouphgxi3s o sai d vol tage generating circuit; apET/181005/006207

switching circuit coupled to a first node of said

i nductor; first and second capacitors connected to

sai d fir#sd swihedirauit afictaimilt furtbercdontgratngeausangri¢ add oot circuit

sai d.inductor can be steered by said first swtching
conapeted,jq sasegapd ppdelisyddadiciqry ors: an H-bri dge dri ve

switching circuit including four transistors coupl ed

to a secpnd npgeciffuitoicthithNOMEh& confMirdg dt $dasPdthird energy storage
second light emtter drive lines, for LEDs in a

cirdyick-t 0- back configuration, in the mddl e of said
H bridge, such that energy fromsaid first and second

capaci tof cag, hersli ekl &l % haHRLEApkigngal 0 1 rst

and second lig emititer drive lInes. A light

em tter givolvage@emeratirig diuitan oxi meter conprising: a
vol tage generating circuit; {i rst and second energy
st or age @ mdustercoupledde sad veltage genetaHe@ FIrelti nduct or

coupl ed g ?wivfi'chgﬁ’é LitQ: &spﬁa% h Bekt baS ot §ai@n1guabr;

| east one of said energy storage circuits; an
swWi t chi nfirstandcsgcendycapaciforgenmaectedtd saidfirss swechiogicirant, such that

intp sai d .ener storage circuits, and.then provide. .
curtet o SRR AR o SRR G ISR SRERiE GroaRyf ghe St said
capidifopsli ts to drive lines for light emtters. 14. The

circuit of claim12 wherein said inductor is a

t or oi dal an Hdwgge drive svitctrg eirquetineluding dpuy transistofhequpied to a

Secgr%idgogeg)?lgghci)rqdulc%r;aan%uaI core cl osed bobbin shi el ded
first and second light emitter drive lines, for LEDs in a back-to-back
configuration, in the middle of said H-bridge, such that energy from said first and second

capacitors can be alternately coupled to said first and second light emitter drive lines.

13. A light emitter drive circuit for an oximeter comprising:

a voltage generating circuit;

first and second energy storage circuits;

a magnetic flux canceling inductor coupled to said voltage generating circuit
and at least one of said energy storage circuits; and

switching circuitry configured to first steer current into said energy storage
circuits, and then provide energy from said first and second energy storage circuits to drive

lines for light emitters.
14. The circuit of claim 12 wherein said inductor is a toroidal inductor.

15. The circuit of claim 12 wherein said inductor is a dual core closed

bobbin shielded inductor.



