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FOR EYE ALI GNMENT BACKGROUND OF THE | NVENTI ON 1.
wo@uaseio t he I nvention The invention is generkCT/EP2004/001555
directed to the field of refractive surgery and is
nore particularly directed to a system apparatus,
and nethod for eye alignnment and eyetracker
engagenent . 2. Description of Related Art Extrene
accuracy is typically required whenever surgery is
per f or redMETHOD ANDUAPRARATTUSFORIEYE ediIGNMENA t he
surgery is perforned on a part of the body that is
subject to involuntary novenent. In the preferred

field of the inghaRIGRAVRAS DRPPHETRUEAGHDKE SUrgery is

performed on a patient”s eye i'n a common procedure
n s. LASIK, for exanple, or simlar procedures
_1-%@@%@3@@@%9%%% In all of these cases, a |aser
beam typically having a wavel ength of 193nmis used to
photldgbhetngionvoganaesdly idireped to thediedd ofwsfrestpeswisgesn ppbigimore
surface to provide a new shape to the corneal surface
paiftRulE91diRetcd 08 a §fstath Sapphratef &6d Sethod f@esierafignmeit and e@etracker
problemto align the patient's eye. The eye is subject
cades which are quick, involuntary novenents of
enéa%ae@ﬁ{r:'mgnitude. A person may voluntary shift their

aze, duri urgery; and furthernore, eye position
2. &%}Htﬁopf?%?atﬁg&ct ed by the patient's heartbeat and
ot her physiological factors. Mreover, there is still
debdixgreoecaccwiaey isitypicHly paeipst whesfereamiegernig perfopped. This
alignnent of the eye for laser refractive surgery.
red@iFhehtisdedeS cortd ivhex deuegerpisgicefortned bal@phitfof thiedy that is
center of the pupil, however, pupil center |ocation
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refractive surgery is performed on a patient’s eye in a common procedure known as
LASIK, for example, or similar procedures such as PRK or LASEK. In all of these .
cases, a laser beam typically having a Waveléngth of 193nm is used to photoablate
volumetric portions of an exposed corneal surface to provide a new shape to the corneal
surface for correction of visual defects.

In general, it is a problem to align the patient’s eye. The eye is subject to
saccades which are qﬁick, involuntary moveménts of small magnitude. A person may
voluntary shift their gaze during surgery; and furthermore, eye position stability is
affected by the patient’s heartbeat and other physiological factors. Moreover, there is N
still debate over what is the proper reference axis for alignment of the eye for laser
refractive surgery. Some surgeons, for example, prefer to identify the center of the pupil,

however, pupil center location is pupil-size dependent. Some surgeons use the Purkinje



WO 2004/ 084719 PCT/ EP2004/ 001555 axis of the eye to
align the eye at the therapeutic system This can be
w@e@blogtTed i ¢ because the Purkinje axis is PCT/EP2004/001555
characteri zed by having an overlap of several reflexes
of an illum nation | aser beamfromthe cornea. For a
nore detailed description of alignnment axes, the
axip of diecye dolakigraidie eye &f the therapetic systgoral bis aar bepspblamatic
Ameri can Journal of Ophthal nol ogy, 103: 264-275,

beddsethe PaBdnjevdlkisci chagadiedia by Hae igpardieddp bisevefabrelRges of an
in its entirety to the fullest all-owed extent. In
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ractive defects, an eyetracker conponent
systemis utiljzed.to track the ion of the eye
xRy StsGEAT SEICED S HOBHP aph CaRiy apyriaen dignal of
. therapeutic |aser beam when tracki ng cannot be
Ophidiafineloaad 03y204-31s Mareh 1 P&k kedricht isdisredly degosporated by reference in
commercially avail able and are not, per se, gernmane
its btireeoithy fillektaioded extehied herein below. It is however
necessary to engage the eye tracker when it is | ocked
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decentered abl ati ons and other inpedinents to

surgeiyi arfdHietinieyrupt daliverycd thetbeiapeuticlesabdamgihen tragking cannot be
i nventors have recognized a need for nore reliability

ma@figined: CURAGYs dyd tayleer adch@blaRith arddanirherdladlly layaibebld dnd are not, per
applies to successful |aser ophthal mc surgery.
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i ncorporates a cooperating conponent that emits a
surge@rbwilbengagn theiavg tragkes prangally whsa ¥ “laekehtoj be nropeily ajigaed.

and concentric with the therapeutic beam axis and
Thishubjecitvd teshriique is prone to error which may lead to decentered ablations and
other impediments to satisfactory vision correction. Accordingly, the inventors have

recognized a need for more reliability and accuracy in eye alignment, particularly as it

applies to successful laser ophthalmic surgery.

SUMMARY OF THE INVENTION
In accordance with an embodiment of the invention, an ophthalmic laser surgery.
system including a therapeutic laser that outputs a beam along a beam axis and an eye
tracker, incorporates a cooperating component that emits a probe beam having an optical

axis which is co-aligned and concentric with the therapeutic beam axis and which emits a



2 WD 2004/ 084719 PCT/ EP2004/ 001555 signal upon
detection of a First Purkinje reflex of the probe beam
wapa4asBecond Purkinje reflex of the probe berOT/HPIN4/001555
the First and Second Purkinje reflections are
co-aligned and concentric. The signal is then used to
trigger operation of the eye tracker. |In another
sigielrapel deedtionaT adist Plikitierefley of € grbobé bewmn s Sedond Purkinje
nmovenent of a patient's eye during an ophthal mc
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probe beam fromthe cornea, when the conponent

detlscmnsthar ewhediment, en exe whdkgnsisiem Bt mopjtprstthpmorsmpn of a

reflex and a Second Purkinje reflex of the.probe beam
patichOeehBirpgtanephtisigi eroddnkhan be atodiateslly afgapdtypon

invention is directed to a nethod for aligning an
rec g e LR, APb Ry STl dlpR b RO aRGHY e

di. agnosti ¢ .axi s of opht h i ¢, diagnostic apparatu
fngirtn st g deria Rl e GrPlst frgeloR I Ra i from he

havi ng a propagation axis that is co-aligned_ and . .
cornesn e teccomnonentiistactser copeentiie cerrlignmert/od e fashBwbiye eeflex

axis onto the eye, detecting a First Purkinje reflex
andf Sécand Pufkigc bR ofdké probe bepm fibachvpatfertkd ayee refl ex

of the probe beam and upon detecting a concentric
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t
reflectrons ($r0n1the eye, establishing the alignnen

of the patient,'s optic axis wih.the therapeutic ..
optza) &St B s no R e seiufe s b 8 Geb PR Rrafeutic
enbodi ment, a further step includes generating a_ |
appeiagerand{ns ariliegnoside os oban ephebalwircdingrqstc apraiptugnd srcludes
of the First and Second Purkinje reflections. In a
thefstept bedirasipng atprobelscaretidvirt 4 probaghtion asisrbattih eo-aligmed|and
to engage. an eye tracker device that is in
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Purkinje reflex of the probe beam, detecting a Second Purkinje reflex of the probe beam,
and upon detecting a concentric co-alignment of the First and Second Purkinje reflections
from the eye, establishing the alignment of the patient’s optical axis with the therapeutic
axis and/or diagnostic axis. In an aspect of this embodiment, a further step includes
generating a signal upon detection of the concentric co-alignment of the First and Second
Purkinje reflections. In a further aspect, the method includes using the signal to engage .
an eye tracker device that is in cooperative engagement with the ophthalmic therapeutic

apparatus and/or the ophthalmic diagnostic apparatus.
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apparatus and/or the ophthal m c di agnostic appar at us.
WO 2004/ 084719 PCT/ EP2004/ 001555 Anot her enbodi nent
w0 go00dios4Fes ed to an ophthal m ¢ system for mnmeasuPCTgP2004/001555
and/or correcting a vision defect of a patient's eve,
i ncluding a diagnostic conponent for neasuring the
vi sion defect or, preferably, a therapeutic conponent
f or Anrthacmbngimen is diresitadto dafopbthalmisgysipmdemeasacing agd/or
conponent in cooperative engagenent with the
cottic@Os VisTonCR g0 bENbatRALS Bye, ilttudines dPerbitic coatpoase for
for nonitoring the novenent of the eye in regard to
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efect, wherern engaging the eye trackrng conponent
.whe he optical axjs of the patient's eye is aligped
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. the therapeutic conponent is acconplished by
diggroviid¢ampenedeaidie thothompentic ¢ompamepieioa triongorng thgemeisment of
with the systemthat emts a probe beaminto the eye
thday iNGe@itd EPihe Gdas@éinent Amdlor icGrredtiodl dfghe disdadiefect, wherein
concentric with the beam axis of the diagnostic
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concentric, and generating a signal upon the .
acdemnplishied by paeidding iarlg vich eorspeyreal it epopeiagye engagpeitwignthe
of the eye tracking conponent. In all of the foregoing
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device is the preferabl e conponent and neans for
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ecti ons, enerati-ng the signal for triggering

t he eye. tracker.. ese .and, ot her objects of . the . .
COBHRRBEH, I T ST BBl i BOPEGEAT §od A dfenpg Rurkine
fromthe detailed description to follow. However, it
reB¢ro0f e probgrigamswizmdhe Kiast and Pecerst Rurkinge wéleetionsarasp-aligned
and specific exanples, while indicating the preferred
and concentric, and generating a signal upon the detection, and using the signal to trigger

operation of the eye tracking component.

In all of the foregoing embodiments, an optical coherence tomography (OCT)
device is the preferable component and means for generating the probe beam, detecting
the Purkinje reflections, and generating the sigl;xal for triggering the eye tracker.

These and other objects of the present invention will become more readily
apparent from the detailed description to follow. However, it should be understood that
the detailed description and specific exarﬁples, while indicating the preferred
embodiments of the invention, are given by way of illustration only, since various

changes and modifications within the spirit and scope of the invention will become



enbodi nents of the invention, are given by way of

illustration only, since various changes and
wor@kos4a i ons within the spirit and scope of PEEEP2004/001555

invention will beconme 4 WO 2004/ 084719

PCT/ EP2004/ 001555 apparent to those skilled in the

art based upon the description and draw ngs herein and
apidnentag hene eidlled ai the art BRyddrupol SRS piorCin dTiddew DIRAWEfESand

Fig. 1 is a schematic illustration of a cross-section
théyhgéﬂkgxgﬁngjg. 2 is a schematic illustration of a

tem enbodi nent according to the invention; and

Flg 3 is a graphical illustration of a triggering

signal according to an enbodi nrent of the invention.

DETAI LED DESCRI PTI ON OF PREFERRED ENMBODI MENT OF THE

| NVENTI ON  THRIERNRRS B TIONIOF ddile ®RAWANFEY at us and

nmet hods for objectively aligning the optical axis of

a p&ig. @it ascleyeatisillistiation bPamoaxsa:tioh ofiladieggnosti ¢ or

a therapeutic conponent, for exanple, an excimer
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systen1 An embodi ment o e invention is further

rected to the automati c engagenent or triggering of

H“@ﬂ“@@@P acker in such a system The invention is based

on the detection _of the co-alignnment of First and
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illustrated in Fig. 1. In Fig. 1, a cross-section of
of theéneneod 00 i s shown schematically to include an

anterior corneal surface 12, a posterior corneal

surface 14, an anterior lens surface 16, a posterior

| ens surface 18, and a retinal surface 19 (shown as a
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The invention is directed to apparatus and methods for objectively aligning the
optical axis of a patient's eye with the beam axis of a diagnostic or a therapeutic
component, for example, an excimer laser, of a refractive vision correction surgery
system. An embodiment of the invention is further directed to the automatic engagement
or triggering of an eyetracker in such a system. The invention is based on the detection
of the co-alignment of First and Second Purkinje reflections from the patient's eye, as
illustrated in Fig. 1. In Fig. 1, a cross-section of the eye 100 is shown schematically to
include an anterior corneal surface 12, a posterior corneal surface 14, an anterior lens ‘
surface 16, a posterior lens surface 18, and a retinal surface 19 (shown as a straight,
dashed line for illustration purposes). It has long been understood by persons skilled in
the art that when an eye is appropriately illuminated by an input beam 20, four Purkinje

reflections can be detected. The First Purkinje reflex 22 is defined as the virtual image

W



the art that when an eye is appropriately illum nated

by an i nput beam 20, four Purkinje reflections can be
waleddosgd? The First Purkinje reflex 22 is def PCIHEPAS4/001555

the virtual image WO 2004/ 084719 PCT/ EP2004/ 001555

formed by the light reflected fromthe anterior

surface of the cornea 12. The Second Purkinje reflex
forzaedi by the lichmgeaéd from thevpateridd ginfacd of thre dotmga fl e The Second

reflection fromthe posterior corneal surface 14. The
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corneal surface of the postefior corneal surface
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The Third Purkinje reflex 26 is a V|rtual i mag
coRSRlRtags OF the ppﬁsmr qofRFRt SWERCE Fonasaieythrough th% éomea and the
. anterior surface of the eye lens 16, while the Fourth
aqiouk hojner.,i ame gleroigh therensdfllye ¢yieginto thefrbwret ko Tlfer Brird Perkinje
posterior surface of the lens 18 at its.interface with
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i ncorporated Ry reference in its entirety. Ccu
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refractive vision correction, for exanple. Several
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pachymetry including, for exanple, ultrasonic

asur ti.cal coh rence tonography (OCT).

he{lé?emﬁ?x%%a}t%f%gre ?r%?%_rﬁﬂ tﬁrgﬁ liar to those skilled in

the art and for the. purpose of the present invention
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forms of optical interferometry that can be used to
meabirament) as aealuabkimdasesmennpasueensntusgicallophthalmic procedures

interested reader is directed to Hitzenberger,
sucHVRASHEARRNisiOh cSRICHBA! foll BlamifES SeYal techniques have been
developed to measure corneal pachymetry including, for example, ultrasonic
measurements and optical coherence tomography (OCT).

The principles of OCT are familiar to those skilled in the art and for the. purpose -
of the present invention éncompass optical coherence reflectometry and other forms of
optical interferometry that can be used to obtain corneal thickness measurements. The
interested reader is directed to Hitzenberger, "Measurement of Corneal Thickness by
Low Coherence Interferometry", Applied Optics, Vol. 31, No. 31 (November 1992)

which is herein incorporated by reference in its entirety to the extent allowed by

applicable laws and rules. In essence, a signal from an OCT apparatus is generated only



Low Coherence Interferonetry”, Applied Optics, Vol.
31, No. 31 (Novenber 1992) which is herein
w0 p@anponat ed by reference in its entirety to PEEEP2004/001555
extent allowed by applicable laws and rules. In
essence, a signal froman OCT apparatus is generated
only 6 WO 2004/ 084719 PCT/ EP2004/ 001555 when the beam
wheatthe odant path O€The @D prabadadibii@nrefleftee dioada frueasurament surface is
nmeasurenent surface is equal to a reference beam path
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the reflection of the probe beamfromthe anterior
meagiirRdhg cenirat thicknass of BiercosnrenthefC T devinemust jegegnize the

Purkinje reflex 22, and reflection fromthe posterior
reftsetine af tleynrdlacieatdfror dier Esgrivradiongat surfabe 1 Secnesponding to the

.Purkinje reflex 24. As shown in Fig. 3, the pachynetry
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reflection of the First and Second Purkinje inmages
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according to the invention, this S|gnal can_be used
signp 3fis easnEglit reae ket tagenincidens reflaction of thrirg at@dq%econd

novenent of the eye during a diagnostic or
Putliipjedmepts ave detoctedi atr 3 OorAtahisgoimythe tomeklgrachumettyi leas.been
In a conventional eyetracker system the patient may

meaurdd ke ehd éppéfamta%d OftcAMird toUnd RALHRSh, BAYEISRaWAA |b€ uged to
visible | aser eam coi nci dent mnth a therapeutlc eam

nto the, bat] |

wigh fo el gagﬁgna% B0 BB inof B 7

beamin relation to the corneal position, the su eon
diagnpsticrRy{ERPS)LE REREGEUIE 196 OBPE EYSEAEFT f}’é’FW{P hing Gonverional

best judgnment about the corneal position.
eydchchert sygeow heypatiantonaydhenaskedta freate o enflivominatidresource while a

eyetracker can now be triggered automatically and nore
viss16 st Bdavh Sdinierit RBth@FhedbORA beam axis is directed onto the patient's
cornea. Based upon the surgeon's observation of the visible laser beam in relation to the
corneal position, the surgeon will manually engage the eyetracker using his or her best
judgment about the corneal position. Advantageously, according to the invention, the
eyetracker can now be triggered automatically and more accurately since the OCT signal
will only be generated when the patient's optical axis is properly aligned.

A system embodiment of the invention is shown schematically in Fig. 2. The

system 200 represents a photoablative eye surgery system for reshaping a patient's cornea

represented by anterior corneal surface 12 and posterior corneal surface 14. The system

includes an OCT component 30 that emits a probe beam 34 which passes through beam



will only be generated when the patient's optical axis

is properly aligned. A system enbodi nent of the
WO poogfog47en i s shown schematically in Fig. 2. TPEI/EP2004/001555

system 200 represents a photoablative eye surgery

system for reshaping a patient's cornea represented

by anterior corneal surface 12 and posterior corneal
splitar24cmd plopaghies toyardsithe ey | Tlakelseaanis @pdttwedrpp keown 3Perturing

that emts a probe beam 34 which passes through beam
meanY\8b ZOPARBAY 2RtrREHEPER0K 80 diaRR ter $Pbétive e attfut 206 to

propagates towards the eve. The beamis apertured by
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. resulting in faster detection of the OCT signal. The
incdydes erthérapauitie laser evohpedest ¥ thatempeatiecapeasebearohpdneat
50 that emits a therapeutic beam having a propagation

propabsticisagdhodh ab22. ThepRhe Beaiea ol ()‘O"Ioéﬁxﬁﬁ&—lent 30 is co-
conmponent 30 is co- aligned and coi ncident with
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foca tIc beam axi’s corne
rface urln e t herapeuti ¢ procedure is
of Es!'sfﬁPFB‘il? 1%§ PP HEcOrncap sy %ﬁcg dieing g1 therppeytisgirpredyre is
t hose skllled in the art; that is, the nption of the
comyaled by eyotrackbndl imraymamutr iwelldénominan yhaso skittediin the art; that is, the
monitored in real time to coordi nate the abl ati on of

motiba BB dik tdvdlhgaiynRdapedthernesemas ¢onehited th feAPtime
i nvention, a central corneal thlckness measur enent
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when these two reflections are co-aligned.
corrpétiant B9 upen d2eciiod of therrpbebem rdfleetifi 22 frorttie aBetoncbreal

Purkinje reflections, respectively. At the instant of
surfd¢ede<siti the £robdB&Im reflection 24 from the posterior corneal surface 14 when
these two reflections are co-aligned. Reflections 22 and 24 represent the First and
Second Purkinje reflections, respectively. At the instant of successful corneal
pachymetry measurement, the measurement signal received by the OCT component 30 is
provided at 38 to the eyetracker 40 which is triggered by the signal 38 and communicated
to the laser 50 by signal 42.

While various advantageous embodiments have been chosen to illustrate the

invention, it will be understood by those skilled in the art that changes and modifications

can be made therein without departing from the scope of the invention as defined in the

appended claims.
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recei ved by the OCT conponent 30 is provided at 38 to
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and communi cated to the |aser 50 by signal 42. Wile

vari ous advant ageous enbodi nents have been chosen to

illustrate the invention, it will be understood by
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1. froin & keerssyopergefy sybem iRYRALHoQNags afpdrhtl Gorl Rntfifing a
appended cl ai ns. 8 WO 2004/ 084719 PCT/ EP20047 001555
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.beam havi.ng a .t herapeutic beam axis and an_eye tracker i
aligRmAnt gri§ ﬁorq‘a?fi%%ﬁw%@tsr @rtwﬁms POETRRYSHD T pAkeT gperates in

the eye, wherein said eye tracker operates in
coaperAbie F gngagemeniguigle sad laser agpassdiid | aser apparatus, an
I mprovenent characterized by: an apparatus in
an bompesmint ¢Rarefigageimnt with said | aser eye surgery
system adapted to emt a probe beam having an opti cal

axi =ald o :CO Lt . uti.c
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by said.apparatus of .a First Purkinje reflex of the,
adaglegl CRUGHITA R PSSR YIAG *POP IS4 AES CertigRebnd rece e with the

beam when said First and Second Purkinje reflections
theggpeuticobea ameehdatdpiedric emitra signabugomredetectmi iy sidympiaratss of a

used to trigger operation of the eye tracker. 2. The
FirstWPaitleimjeatfled off the probt beimiehd e@esnEPidinge FPRROAER probe beam

having an aperture that limts the size of a region
whg{;sazf;i‘n@ lgg%taﬁﬁ'sgﬁom&ﬁﬁfe Icéfﬂeétb&s%% &leié'%g afid tcgr?ceﬁ{rpc? Sherein
said signal is used to trigger operation of the eye tracker.
2. The system of claim 1, further comprising a component having an aperture that

limits the size of a region on an anterior surface of the cornea where the probe beam can

intersect the cornea.

3. The system of claim 2, wherein the aperture has a diameter of between about 200
to 300um.

4. The system of any of claims 1 to 3, wherein the apparatus is an OCT device.

5. The system of any of claims 1 to 4, wherein the probe beam is in the IR region of the
spectrum.

6. The system of any of claims 1 to 5, wherein the probe beam has a coherence length of

between about 5 to 8pum.

7. An ophthalmic surgery system, comprising:



intersect the cornea. 3. The systemof claim 2,

wherein the aperture has a dianeter of between about
WQo®4/08471800m 4. The system of any of cl ai ms RCT/BPB)4/001555

wherein the apparatus is an OCT device. 5. The system

of any of clainms 1 to 4, wherein the probe beamis in

the IR region of the spectrum 6. The system of any

of clains latherabeutithigsee h@mbb@er@ﬂ&b@rd@ﬁ&@“afb%ﬁm%avmo a therapeutic
coherence length of between about 5 to 8 um 7. An

%gﬂ C surgery system conprising: 9 WO

4719 PCT/ EP2004/ 001555 a therapeutic | aser

conmponent that provides a beam havin t herapeutic

beam axi s; WYE);I@CquI é@R@PH%ﬁ%WtO{SHS? mpgiRntos A Patiepd’s eye for
notion of a patient's eye for |locating the

tlheatmg el therapewdim want dretheyee; aadd a devi ce conponent

that provides a probe beam having an optical axis that

i s co-al i gnegbvatdoaRaeHRdiGrovilds 4 fiebé bemrReHhé 6n Bﬁ@m axis that
axis, which can enmt a signal upon detection by said

IEYL R EORANERLer bl B BULLSo & Sid b1y sgna

e Pea
beam when s i.rst and Second Pur ki flections
PO Sle Ty e ST BT Aokt EPTLSiea G Diebe beam and

used to trigger operation of the eye tracker. 8. The
sySxtcend BfirkinjerefieX of Wiveprebnbeadme whew saié Farstpuli®agond Budkinje
OCT device. 9. The systemof claim7 or 8, wherein the
ReAERIoBe A dosalighed AR1 doRcEREAE OPhe@EintshB signal is used to trigger operation
of the eye tracker.

8. The system of claim 7, wherein the devicé 'component is an OCT device.

9. The system of claim 7 or 8, wherein the probe beam is in the IR region of the
spectrum.

10. The system of any of claims 7 to 9, wherein the probe beam has a coherence length of
between about 5 to 8um.

‘1 1. The system of any of claims 7 to 10, wherein the device component has an aperture that limits
the size of a region on an anterior surface of the cornea where the probe beam can
intersect the cornea.

12. The system of claim 11, wherein the aperture has a diameter of between about
200 to 300um.

13.  Aneye tracker system that monitors the movement of a patient’s eye during an

ophthalmic procedure, wherein said eye tracker system is automatically engaged upon

receiving a signal emitted by a cooperative, separate, diagnostic component when said

10



spectrum 10. The systemof any of clains 7 to 9,
wherein the probe beam has a coherence | ength of
wheimoestTiabout 5 to 8m 11. The system of any PET/EPZ0HB01555
7 to 10, wherein the device conponent has an aperture
that limts the size of a region on an anterior
surface of the cornea where the probe beam can
compeang detects heonmntraaco-dlknniEheo Sy BirsrRuokiniel raflex 4rd a Second
wherein the aperture has a dianeter of between about

Pud@fje réfle3Qm beds: diRRBte@YRtd hapkEEntS%gEEM t hat monitors
the novenent of a patient's eye dufing an opht hal m c

142[,? SRR S P B 3o SheloBRe AR FOTbERG T dsyoe
erative, separ at di agnost.i c_conmponent when

s ai jhe TGIBOS elgun éémrli@emdw o et eb Bem @ iohesitice, said

. detects a concentric co-alignnment of a First Purkinje
beane hivaérg andhaerbedeanuth oPoa‘tWieeEtj gboueb kegumf a beam
directed onto the patient's eye. 14. The system of

16°! aN@n@t@lod ‘M}ea!'l %hﬁlgtalﬂ ﬁ@ﬁ@&[sagf' :g% 9&%’3%&% ghegiﬁg% axis of

devi ce e Syst m of ereln

o BT B ST St TR s

method for aligning an optical axis of a patient's eye
apRAFatES, SOMRESIAGeuti c axis of an ophthal mic therapeutic
apparatus and/or a diagnostic axis of an ophthal mc

di agmesinga prafgplasaat hes/ing o probhgitiog axih th&ds tagligndgdrple
beam havi ng a propagation axis that is co-aligned and

corfeOeiR HifH t‘l&e ‘fﬁe?zibehh@ akil Gh@BLUabTosBY aRis YA Bk efbagnosti c

axis onto
detecting a First Purkmje reflex of the probe beam;

detecting a Second Purkinje reflex of the probe beam; and

4detecting a concentric co-alignment of the First and Second Purkinje reflections
from the eye, wherein said concentric co-alignment established the alignment of the
patient’s optical axis with the therapeutic axis and/or diagnostic axis.
17.  The method of claim 16, comprising generating said probe beam from an OCT
device.
18.  The method of claim 17, comprising apérturing said probe beam to a diameter of
between about 200 to 300um on an anterior surface of the patient’s eye.
19. The method of claim 17 or 18, comprising generating said probe beam having a
coherence length of between about 5 to 8um.

20. The method of any of claims 16 to 19, further comprising generating a signal upon detection of

the concentric co-alignment of the First and Second Purkinje reflections.

11



detecting a First Purkinje reflex of the probe beam
detecting a Second Purkinje reflex of the probe beam
war@4det7erti ng a concentric co-alignment of thRCHEPHD4/001555
and Second Purkinje reflections fromthe eye, wherein
said concentric co-alignnent established the alignnent
of the patient's optical axis with the therapeutic
21axi sThemagthed off clainoa.icompxismg uting tHasignad ttdengagt anlepé acker
16, conprising generating said probe beamfroman OCT

dediey e is ih@oopdtar vERInaREk nednt Gidithe dghthARHPMHeBIpREtic apparatus
aperturing said probe beamto a dianeter of = between

: g nterior surface of the
antg/g? #}gnoﬁgglaierglg%%&%%ﬁﬁgt%%d of claim 17 or 18,
4~ CO risi gl% %ener ating said probe beam having a
22 ohéP 8P eRIPERYE AYSHIM bt MRrS iR il OnF oS CigRg 2 pigiomddect of a
met hod of any of claims 16 to 19, further conprising
paigisreye. ingudingiay lkabt amp offf a détgecsticorvnglonenttfor meaueink thevision
co-alignnment of the First and Second Purkinje

defeef arRicd theRpeutikle WP oALRAKO P&t An S hE RS Q4700 iﬁéﬁclﬁ%r%goan eve

The net hod of claim 20, conprising using the signal

R B A B EARL R AL e S PSR nor e
and/qr the o h%hal m.c di agnostic apparatus. 22. In an

_ 2
theéiPﬁPH%Fﬂ@BOféﬂgg B RITBIOTIRG S PP YRIDG OF Bie cYB it Egpidig the

vision defect of a patient's eye, including at | east
megsigementandicagomettion of tinpasientdefeor, ameatbad fongngdpingibsicpa
defect and a therapeutic conponent for correcting the

trattifig O6npefeacivhettéd dpfchiustisf tRpAWat’s by !aliBRed with a beam axis
conponent in cooperative engagenent with the

o a8 £ CATRRRED L Al 5 B g™
the providing a device component in cooperative engagement with the system that
emits a probe beam into the eye having an optical axis tﬁat is co-aligned and concentric
with the beam axis of the diagnostic component and/or the therapeutic component;
detecting with said device component a First Purkinje reflex of the probe beam
and a Second Purkinje reflex of the probe beam when said First and Second Purkinje
reflections are co-aligned and concentric; and
generating a signal upon said detecting, and using said signal to trigger operation

of the eye tracking component.

23.  The method of claim 22, comprising providing an OCT device for generating the
probe beam.
24. The method of claim 22 or 23, comprising aperturing said probe beam to a diameter of

between about 200 to 300pum on an anterior surface of the patient’s eye.

12
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measur enent and/or correction of the vision defect, a
nmet hod for engaging the eye tracking conponent when

wo b@4opt7ical axis of the patient's eye is ali gpreERRID4001555
a beamaxis of the diagnostic conponent and/or the
t herapeutic conmponent, conprising: providing a device
conponent in cooperative engagenent with the system

25. t hafpe fiMddSF AnyPSrRREnPEAB Y NbRAptifify S3hEraliRp daitpratt bear? #gving a

optical axis that 1s co-aligned and concentric w
. i t ' ti c conponent and/or the

co*%@?%%gg%ﬁggbgg%gﬁgﬁ%g @%?@2“ ng with said device

conmponent a First Purkinje reflex of the probe beam

and a Second Purkinje reflex of the probe beam when

said First and Second Purkinje reflections are

co-al igned and concentric; and generating a signa

upon sai d detecting, and using said signal to trigger

operation of the eye tracking component. 23. The

met hod of claim 22, conprising providing an OCT device

for generating the probe beam 24. The nethod of

claim 22 or 23, conprising aperturing said probe beam

to a dianeter of between about 200 to 300p. mon an

anterior surface of the patient's eye. 12 WO

2004/ 084719 PCT/ EP2004/ 001555 25. The nethod of any

of clains 22 to 24, conprising generating said probe

beam having a coherence |ength of between about 5 to

8m 13
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