METHOD AND APPARATUS-FOR EYE ALIGNIVENT BACKGROUND OF THE INVENTION 1. Field
of the Invention The invention is generally directed to the field of refractive surgery and is more
particularly a)lvr%(’:%ﬂ“ﬁﬁ”&gsystem, apparatus, and method for eye alignmeWiTAER ey dinacker
engageme.nt. 2. Description of Related Art Extreme accuracy is typically required whenever
surgery is performed. This requirement is underscored when the surgery is performed on a part of the
body that is subject to involuntary movement. In the preferred field of the instant invention, refractive
surgery is performed on a patient's eye in a common procedure known as LASIK, for example, or
similar procedures such aS[EREQEr MNSERPFAITIHESR GiSes.allaseybeam typically having a
wavelength of 193nrn 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 ey&EEUbKeUd sadeatEsWhERN Arexquick, involuntary movements of

small magnitude. A person may
1. Field of the Invention

Tht? invention is generally directed to the field of refractive surgery and 1S more
particularly directed to a system, apparatus, and method for eye alignment and eyetracker
engagement. |
2. Description of Related Art

Extreme accuracy is typically required whenever surgery is performed. This
requirement is underscored when the surgery is performed on a part of the body that is
subject to involuntary movement. In the preferred field of the instant invention,
refractive surgery is performed on a patient’s eye in a common procedure known as
LASIK, for egample, or similar procedures such as PRX or LASEK. In all of these |
cases, a laser beam typically having a wavelléngth 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, 1t is a problem to align the patient’s eye. The eye is subject to
saccades which are quick, involuntary movemén‘ts of small magnitude. A person may
voluntarily shift their gaze during surgefy; and furthermore, eye position stability is
affected by the patient’s heartbeat and other physiological factors. Moreover, there is
still debate over what is the proper reférence axis for alignment of the eve for laser
refractive surgery. Some surgeons, for example, prefer to identify the center of the pupil
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however, pupil center location is pupil-size dependent. Some surgeons use the Purkinge



voluntarily shift their gaze during surgery; and furthermore, eye position stability is affected by the
patient's heartbeat and other physiological factors. Moreover, there is 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 Purkinie axis of the eye to align the eye at the therapeutic
system. This%ﬁﬁﬁ B AR BRTEY the BEtRRTEES SIS AfE RS PEPIaARE an overlap of
several reflexes of an illumination Jaser beam from the cornea. For a more detailed description of
alignment ax%g?at}‘ﬁ? e FOLkuY §axtids Rameiesrhby daxipemrwiippAl svaridsfierssafarof
Ophthalmolo,T), 103: 264-273, March 1987, which is hereby incorporated by reference in its entirety to
the fullest alloWERAHERTaser beagy dem thesPBIAthEMMICRYS driailsh dsspririiona rlisnaistte defects,
an eyetracker component of the system is utilized to track the motion of the eye during surgery, and to
interrupt deli&RF-JPEE BT S HEER 1&%@?6@5%9\54@?1%@%%%&%@%% olNarious eye
tracker technologies are commercially available and are not, per se , germane to the invention
described hef&f BEIBR/ Dis WSnSer hoddaseh) 98 Brivkigh imeespy inserraraipddi refenmskad onto the
desired reference point on the eye. Often, the surgeon will engage the eye tracker manually when it
"looks" to be ﬁéﬁ@FWﬂi@W@@&?ﬁ%@ﬁbﬁ%‘é%@{&hnique is prone to error which may lead to
decentered ablations and other impediments to satisfactory vision correction. Accordingly, the
inventors have recodhi¥8id4 lee Prbthalars somiasmrfaraaetinne) riegivaligieaennparticularly as it
applies to successful faser ophthalmic surgery. SUMMARY OF THE INVENTION In accordance
with an embdaiFHEREBTAPBRRVEMIShe Y sismramt izt tr ek sy mytieamiithe evtrlyringerapeutic laser
that outputs a beam along a beam axis and an eye tracker, incorporates a cooperating component that
emits a probS'B8&H RBLIGHATBIEEI N Wifenthermpatimesenhereonbemtrrskift crmeh beapeutic

beam axis and which emits a ) .
maintained. Various eye tracker technologies are commercially available and are not, per

se, germane to the invention described herein below. It is however necessary to engage
the eye tracker when it is lockéd onto the desired reference point on the eye. Often, the
surgeon will engage the eye tracker manually when it “looks” to be pl;operly aligned.
This subjective technique 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 ophthalrrﬁc 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



signal upon detection of a First Purkinje reflex of the probe beam and a Second Purkinje reflex of the
probe beam when 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 embodiment, an eye tracker system
that monitors the movement of a patient's eye during an ophthalmic procedure can be automatically
engaged upon receiving a signal emitted by a cooperative, separate, diagnostic component that

functions by gutiably deiering:pbieast-iva difigeaatllsations kb RIRPmBG AT P iRgfornea, when

the component detects a concentric co-alignment of a First Purkinje reflex and a Second Purkinje

reflex of the prabe dyeampEBERPAHEN S ®R: and RRHIRMEMERAIREREGIIDE-INRRligR S directed to

a method for aligning an optical axis of a patient's eye with a therapeutic axis of an ophthalmic

therapeutic appaiaie:and/ahe dRanesicareotaniophibalnitdisgnrsic gRpaiatus, and includes the

steps of directing a probe beam having a propagation axis that is co-aligned and concentric with the

therapeut axis andioj-dipgnesticaiz.enia te eua.delestined HishiBui e aldhe probe

beam, detecting a Second Purkinje reflex of probe beam, and upon detecting a concentric

co-alignmeriiglihe Fis R SerantRlsiedeliert e amdtin e aighlisipgne alignment of

the patient's optical axis with the therapeutic axis and/or diagnostic axis. In an aspect of this

embodiment, &yt sigf nelides eneralioneinslunondaieciion shibsaepgenti co-alignment

of the First and Second Purkinje reflections.’In a further aspect, the method includes using the signal

to engage anggye; BACKEL AEYREHMIALIR AL CRIPEAI UERAGAISTRERL I KT G- QRIAIMHG HhgEaPeutic

apparatus and/or the ophthalniic diagnostic apparatus. Another embodiment is directed to an

ophthalmic sy3tep fonmeasHiRpAMHoILoTesingAision datesh afa PGl sRNGs incliding a

diagnostic component for measuring the vision defect or, preferably, a therapeutic component for

correcting the,yisio. defeet,/0dAn ey JrRekingiRomRANaN: IR CaRerRtivs engagement with the

diagnostic component and/or the therapeutic component for monitoring the movement of the eye in

regard to the measukemia! ARFiaRAARERAR A LR HSORLelert, WhERINERIAGIAG e eve tracking

component when the optical axis of the patient's eye is aligned with a beam axis of the diagnostic

component aggfar fhe;therapantic-camponsn! d-Acromplished by aimvising adeyiagcomponent in

cooperative engagement with the system that emits a probe beam into the eye having an optical axis

that is co-aligned.and epncentic witk{bs.heamaxisaltediagnestic sompancalapdigadhe

therapeutic component, detecting a First Purkinje reflex of the probe beam and a Second Purkinje

reflex of the piphe-beamhienneFE and3aaRc RHIEINIE JE IR EIANRS B1& SaAlkangd and

concentric, and generating a simial upon the detection, and using the signal to tfigger operation of the

eye tracking comRAReNtih minalediafaregaing PRRAAIME NS, BRORHCE, CARRIENES: BRPgraphy
(OCT) device is the preferable component and means for generating the probe beam, detecting the
Purkinje reflegtipps; apdoepeiiRlipehtae.signal Qe 4igaesing i  GXe-iARAk 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 énd 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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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

examples, 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

apparent to those skijlled in the arf based upon the descrtiption and drawings herein and the appended
claims. BRIEF DESCH ?"ié‘ﬁb@‘ﬁ%‘b@&?ﬁfﬂé%" A i ORISR SHR AT

cross-section of an eye; . . Fig&.‘% is a schematic iIIustr?éi n of %é,system embodiment according to the
: §

invention; an§OTC#HEE 8 TSI R AR RO e8P A Y GBI AR R EUPRR I8N embodiment of

the invention. DETAILED DESCRIPTION OF PREFERRED EMBODIMENT OF THE INVENTION
measuring the vision defect or, preferably, a therapeutic component for correcting the

vision defect, and an eye tracking component in cooperative engagement with the
diagnostic component and/or the therapeutic component for monitoring the movement of
the eye in regard to the measurement and/or correction of the vision defect, wherein’
engaging the eye tracking component when the optical axis of thé patient’s eye is aligned
with a I'Je;m axis of the diagnostic component and/or the therapeutic component is
accomplished by providing édevice component in cooperative engagement with the
system that emits a probe beam into the eye having an optical axis that is co-aligned and
concentric with the beam axis of the diagnqstic component and/or the therapeutic
. component, detecting a First Purkinje reflex of the probe beam and a Second Purkinje

reflex of the probe beam when the First and Second Purkinje reflections are co-aligned
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 sigﬁal 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




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 patienf,s
eye, as illustFRIEEeH fadhase akiligd in the mkhesedupridhthecaseriion @iﬁ&ﬂﬁl&&ﬁ@?ﬁ@tmy to include
an anterior corneal surface 12, a posterior corneal surface 14, an anterior lens surface 16, a posterior
lens surface g 2apERdsdEl#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 formed by the light reflected from the anterior surface of the cornea 12. The Second
Purlcinje reflex 24 is an image oBHETTRESHGHPIAEE by Hhie PRI ¥iB¥FPom the posterior corneal
surface 14. The light that is not reflected from either the anterior conical surface or the posterior
corneal surface propigatissapebemptihdlesrpdenaid tiestgeciusHgmereand through the lens of the
eye onto the retina 19. The Third Purkinje reflex 26 is a virtual image formed by the input light 20
reflected from the aRigribissustiemarichibusiyatienofiassaisie chb Rk FepNTRSiMAlR is formed by
light reflected from the posterior surface of the lens 18 at its interface with the vitreous humor. The
interested redientiogirarded to P.N. Comsweet and H.D. Crane, | Opt. Soc. Am., 63, 921 (1973) for a
more detailed discussion of Purkinje image formation, which reference is herein incorporated by
reference in its entiréig. 3 is a3Eaphehijiuserjop afticligas varfieak ety pombaimikness
measurement), is a valuable measurement parameter in surgical ophthalmic procedures such as
refractive visihtheolpaerdenfor example. Several 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 ncompass optical coherence reflectometry and other forms of optical interferometry
that can be usddli IGERIPESFBE TR {RESRREER RER Y PRENHIBE SIE I HEA SV BN to
Hitzenberger, 'Measurement of Corneal Thickness by Low Coherence Interferometry”, Applied Optics,
Vol. 31, No. 31 (Novemberengon)siterisd tocrepariies arcrmeitiasy ferohipettypiyiedispmeteto the extent
allowed by applicable laws and rules. In essence, a signal from an OCT apparatus is generated only
when the beatptisalivés fe OTIPHEsHE rﬁ&éﬂehmw@w%ﬁi%ﬁwréﬁgﬁmﬁrace is equal to a
reference beam path established in the OCT iapparatus to within a distance corresponding to the
temporal cohePEIREEahJH SFARPIO G PEImLI0AsTH fdceiasHEA JINENFETFRHIBIHRKMess of the
cornea, the OCT device must recognize the reflection of the probe beam from the anterior comeal
surface 12 coiraispbnimerbeRBERse HbermcatiasisdohesdirpetrddadherrgtAmsE rngerRe®bmeal
surface 14 corresponding to the Second Purkinje reflex 24. As.shown in Fig. 3, the pachymetry signal
330 is essentPilRiSBFENE R EYVIAGEHt FeHeR B BRNEEIE AR SE SarRE PRIRMFSRERRS are
detected at 310. At this point, the corneal pachyraetry has been measured by the apparatus and,
according to @fdlavertieFnms sifisitand Becoadd Yééﬂ&déﬂﬁﬁ‘é%ff%k@%ﬂﬂﬁﬁ?ﬁ%ﬁ §ofSmonitoring
the movement of the eye during a diagnostic or therapeutic procedure or other eye tracker function. In
a conventionalleeated keFig die s K pRiEABT et aSiaris ARAtS ShruR Arismadsalydsurce while a
visible laser beam coincident with a therapeutic beam axis is directed onto the patient's cornea. Based
upon the surgBeHYCCHSERFAINS S SRERb UL iase PREERT S talel sHTacth&e AR RS TRE RSN, the
surgeon will manually engage the eyetracker using his or her best judgment about the comeal position.
AdvantageousWiaseckrmpsisties lenrertitise te egde seted sarase i Mehep erasstatgihatically and
more accurately since the OCT signal will only be generated when the patient's optical axis is properly
aligned.  AdaghaedinefBsdHiAEHIGE BHEPRIOENtIORAS loneRerscHasTEined Ry iperseusskilid isystem 200
represents a photoablative eye surgery system for reshaping a patient's cornea represented by
anterior cornéh¢ stirtheevilEa At pissterrerriasdl Hivainated bytsa spsterpamclldesaud@iecomponent

30 that emits a probe beam 34 which passes through beam
reflections can be detected. The First Purkinje reflex 22 is defined as the virtual image
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splitter 26 and propagates towards the eye. The beam is apertured by known aperniring means 36 to
preferably restrict the probe beam diameter to between about 200 to 300 microns. This is
advantageous in that it restricts the probe beam scan over a small lateral dimension resulting in faster
detection of the OCT signal. The system further includes a therapeutic laser component 50 that emits
a therapeutigé)ea guaa ing: a propagation axis as shown at 52. The probe beam 34 from OCT
component Elg% ‘Tié’ﬁgﬁlg%af%ﬁ?ﬁ@i@%‘t%ﬁﬁrﬁ?&%fp%’ﬁ%%@%w&5?%@2% theec55R4! surface. The
location of therapeutic heam axis 52 on the corneal surface during the therapeutic procedure is
controlled by%ﬁfgfpé% e&@ﬁf%%%??@r%@?ﬂ%%ﬂ‘&?’iﬁ?ﬁ%ﬁgmgéeiFFﬁ?étéEﬁ’:@W&% H¢the motion of the
eye due to voluntary and involuntary movement is monitored in real time to coordinate the ablation of
the cornea wRRSIRRARARSR T REmM: ABedightghas thaahirileatsd fZose Attardbe @@ RTckness
measurement will e obtained by the OCT component 30 upon detection of the probe beam reflection
22 from the B LEREA IR ReE LT SrolsearEarane Srongirainrase aukietior corneal
surface 14 when these two reflections are co-aligned. Reflections 22 and 24 represent the First and
Second PurkffeePoditims 2pddpenshahe lknsd The s oreteeszina lSorhba TR renis
measurement, the measurement signal received by the OCT component 30 is provided at 38 to the
eye:tracker AT INAS i trngpusbimsgafaershby iy apprtbahimivelastidivm theapso®y signal 42.
While various advantageous embodiments have been chosen to illustrate the invention, it will be
understood bSPHRSES SRS brithile Sivdigathdnalisiimagsdnsosmsdbyiialiaefiestsd without

departing from the scope of the invention as defined in the appended claims. MCSI_LP Claims
from the posterior surface of the lens 18 at its interface with the vitreous humor. The

interested reader is directed to P.N. Comnsweet and H.D. Crane, J. Opt. Soc. Am., 63, 921
(1973) for a more detailed discussion of Purkinde image formation, which reference is
herein incorporated by reference in its entirety.

Ocular pachymetry, particularly corneal pachymetry (corneal thickness
measurement), is a valuable measurement parameter in surgical ophthalmic procedures
such as refractive vision correction, for example. Several techniques ﬁave 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 encompass 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”, A*;r)plz'ed 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
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1. In a laser eye surgery system including a laser apparatus for generating a therapeutic laser beam
having a therapeutic beam axis and an eye tracker having an aligunent axis for monitoring movements
of the eye, wherein said eye tracker operates in cooperative engagement with said laser apparatus, an
improvement characterized by: an apparatus in cooperative engagement with said laser eye

i therapeuESLLIR 1 A UL o BRI S5 TR G0 o SO SHERES B Firt

Secont PurHIEIEN SRR Ar LA AT 6 et PR A SURBIFR higger
cperure tha T S5 375 ERROR P AFRTORBEA P AGE SV PERFAg, WHBRE3He probe beam can
200 to 304m THE LFSERTON FAFERIALDE RSEtien S A PARISRORRBET dovice 5 The

system of any gf claims ihto 4, wherein the probe beam is in the IR resion of the spectrum. 6. The

system of an§FBFHIMHRY PEPECRFSATIING PoBEBArPMselSRERR 4 A CoTemRRdGIDEHEen about 5 to

8m. First Purkinje reflex 22, and reﬂectioﬁ from the posterior corneal surface 14
corresponding to the Second Purkinje reflex 24. As shown in Fig. 3, the pachymetry
signal 332) is essentially zero until the coincident reflection of the First and Second
Purkinje images are detected at 310. At this point, the corneal pachymetry has been
measured by the apparatus and, according to the invention, this signal can be used to
trigger an eyetracker apparatus for ﬁlonitdfing the movement of the eye during a
diagnostic or therapeutic procedure or other eye tracker function. In a conventional
eyetracker system, the patient may be asked to fixate on an illumination source while a
visible laser beam coincident with a therapeutic 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 ﬁroperly aligned.

A system embodiment of the invention is shown schematically m 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



7. An ophthalmic surgery system, comprising: MCSUP a therapeutic laser component that pro_vides a
beam having a therapeutic beam axis; an eye tracker component that monitors the motion of a
patient's eye for locating the therapeutic beam on the eye; and a device cqmponent that .
provides a probe beam having an optical axis that is co-aligned and concentric with the thera_lp_eutlc
beam axis, which can emit a signal upon éise ection by said device component of a First Purkinje, reflex
of the probe % gtr%rggcf% é%fﬁﬁ?atﬁﬁ&“?ﬁ N of ﬁ@ﬁ?&ﬁé‘%@%ﬁﬁlﬁwewmw&%%@@econd

Puricinje reflections, are co-aligned and concentric, wherein said signal is used to trigger operation of

i :
the eye trackBF*8. FH 8 e [ eSS theRFRhe Prave avieErdorhpoyReR eRoOE2IIT device.

300 microns. This is advantageous in that it restricts the probe beam scan over a small
lateral dimension resulting in faster detection of the OCT signal. The system further
includes a therapeutic laser component 50 that emits a therapeutic beam having a

propagation axis as shown at 52. The probe beam 34 from OCT co'mponent 30 is co-

aligned and coincident with therapeutic beam axis 52 at the cornéal surface. The location
of thera'p;utic beam axis 52 on the corneal surface during the therapeutic procedure is
controlled by eyetracker 40 in a manner well known to those skilled in the art; that is, the
motion of the eye due to voluntary and involuntary movement is monitored in real time
to coordinate the ablation of the cornea with the therapeutic beam. According to the
invention, a central corneal thickness measurement will be obtained by the OCT
cozﬁponent 30 upon detection of the probe beam reflection 22 from the anterior corneal
surface 12 and the probe beam 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 33 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 modiﬁcatic;ns
can be made therein without departing from the scope of the invention as defined in the

appended claims.



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
8m. 11. The system of any of claims 7 to 10, wherein the device component has an aggstyreithat
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
300hm. 13. tracker system that monitors the movement of a patient's eye during an
ophthalmic p ocedu’ég%%erein said gg/e tracker system is automatically engaged upon receiving a

signal emitted by a PRV SRS R S HaGROEHRL B IS REREAHS: FPS SRICRAISIA P component

detects a congcentric co-al nmen%of‘a Fir&\t Purkinje reflex and a Second Purkinje reflex of a beam
directed ont gﬁﬁ@%ﬁgg&ge%%gm aving a therapeutic beam axis and an eye tracker having an

alignment axis for monitoring movements of the eye, wherein said eye tracker operates in
cooperative engagement with said laser apparatus,

an improvement characterized by:

an apparatus in cooperative engagement with said laser eye surgery system

; adapted' to emit a probe beam having an optical axis co-aligned and concentric with the
therapeutic beam axis and adapted to emit a signal upon detection by said apparatus of 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, wherein
said signal is ﬁseci 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 300pm.

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

5. The system of any of claimsAl 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 8uum.

7. An ophthalmic surgery system, comprising:



14. The system of claim 13, wherein the cooperative component is an OCT device, 15. The system
of claim 14, wherein the beam is emitted from the OCT device, said 5beam having a coherence length
of between about 5to 8 m. 16. A method for aligning an optical axis o | a patient' 8§éb\ﬁth a
therapeutic axis of an ophthalmic therapeutic apparatus, a diagnostic axis of an ophthalmic diagnostic
apparatus, or both a therapeutic axis of an ophthalmic therapeutic apparatus and a diagnostic axis of
an ophthalmic diagnostiapFaPatis e prEpRpTH SR %F%%méﬁm%mﬁmé?ﬁ%%’bagaﬁon axis
that is co-aligned and concentric with the therapeutic axis, the diagnostic axis or the therapeutic axis
and diagnoéﬁé%ﬁr’gsénto the eye; detecting a First Purkinje reflex of the probe beam; detecting a

Second Purkinje reflex of the probe beam; and 15detecting a concentric co-alignment of the First and
Second Purkinje reflectiodsSifefEacker component that monitors the motion of a patient’s eye for

locating the therapeutic beam on the eye; and

a device component that provides a probe beam having an optical axis that
is co-aligned and concentric with the therapeutic beam axis, which can emit a signal
upon detection by said device component of 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, wherein said signal is used to trigger operation
of the eye tracker.
g. 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 2 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 ciiameter of between about
200 to 300pm.

13.  An eye 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
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the eye, wherein said concentric co-alignment established the alignment of the patient's optical axis
with the therapeutic axis, the diagnostic axis or the therapeutic axis and diagnostic axis. 17. The
method of claim 16, comprising generating said probe beam from an OCT 20devitk: S18PThe method
of claim 17, comprising aperturing said probe beam to a diameter 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 haying, Goherange [SAaih oL beiiiesn ARPWLS I A, MG SULR, 20, Themethod of any
of claims 16 t6 19, further comprising generatn%g a signal upon detection of the concentric

co‘-alignme‘nt P&ﬁt}ﬁjﬁf&ie@aﬁ§99£H%i%%{5df@&5%'@5§9&ﬁ=5 ey%.l- Thg method of claim .20, comprising
using the signal to engage an eye tracker device that is in cooperative engagement with the
ophthalmic thejapeytic JRRAT At ARN Or bR ARMNAPIE ARINSHEBRPRIAHYSCT device.

15.  The system of claim 14, wherein the beam is emitted from the OCT device, said

5 beam having a coherence length of between about 5 to 8 um.

16. A method for aligning an optical axis of a patient’s eye with a therapeutic axis of an

ophthalmic therapeutic apparatus, a diagnostic axis of an ophthalmic diagnostic apparatus,

or both a therapeutic axis of an ophthalmic therapeutic apparatus and a diagnostic axis of an

ophthalmic diagnostic apparatus, comprising:

10 directing a probe beam having a propagation axis that is co-aligned and concentric
with the therapeutic axis, the diagnostic axis or the therapeutic axis and diagnostic axis onto
the eye;

detecting a First Purkinje reflex of the probe beam;
detecting a Second Purkinje reflex of the probe beam; and

15 detecting 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, the diagnostic axis or the therapeutic axis and
diagnostic axis.

17. The method of claim 16, comprising generating said probe beam from an OCT

20 device.

18.  The method of claim 17, comprising aperturing said probe beam to a diameter of
between about 200 to 300pm 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 §um.
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In an ophthalmic system for measuring, correcting or measuring and correcting a vision defect of a
patient's eye, including at least one of a diagnostic component for measuring the vision defect and a
therapeutic component for correcting the vision defect, and including an eye tracking c nent in
cooperative engagement with the diagnostic 10component, the therapeutic component or the
diagnostic component and therapeutic component for monitoring the movement of the eye in regard to

the measurerygnt, GRLGCHON, O Qﬂ%ﬁ%ﬁ%ﬂ?%%q93%fﬁ]‘%ﬁi%%ﬁﬁ@%%’?éﬁ@r&?{é%%i%m‘?fh%d for

engaging the eye tracking comporient when the optical axis of the patient's e |gn£8 with a beam

axis of the diagnasglis spmepe&ﬁge}nmec&hﬁ@%em@a{@pg@%ﬁ%@&%@ﬁgﬁﬂ%i&ﬁ%@wem 15and
therapeutic component, comprising: providing a device component in cooperative engagement with

the system that emitsraPraiaebeanmathessysibayinganiepica asisihakiscsaligaed and
concentric with the beam axis of the diagnostic component, the therapeutic component or the
diagnostic comparehitanth e pherapatiiaomponththe ophthalmic therapeutic apparatus and/or
5  the ophthalmic diagnostic apparatus.
22. In an ophthalmic system for measuring, correcting or measuring and correcting a
vision defect of a patient’s eye, including at least one of a diagnostic component for
measuring the vision defect and a therapeutic component for correcting the vision defect,
and including an eye tracking component in cooperative engagement with the diagnostic
10 component, the therapeutic component or the diagnostic component and therapeutic
component for monitoring the movement of the eye in regard to the measurement,
correction or measurement and correction of the vision defect, a method for engaging the
eye tracking component when the optical axis of the patient’s eye is aligned with a beam
axis of the diagnostic component, the therapeutic component or the diagnostic component
15 and therapeutic component, comprising:
providing a device component in cooperative engagement with the system that
emits a probe beam into the eye having an optical axis that is co-aligned and concentric
with the beam axis of the diagnostic component, the therapeutic component or the
diagnostic component and the therapeutic component;
20 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.
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20detecting 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 tq{fggep
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 tg;a diamgler of REWEENABOUL 0Q19,3 950inﬁan%@&%“ﬁ’éﬁé‘é%?%e%mﬁn%%@”t's cye.

525.The method of any of claims 22 to 24, comprising generating said probe beam having a
coherence lepgth.afhptween about 5 to 8 m.

24. The method of claim 22 or 23, comprising aperturing said probe beam to a
diameter of between about 200 to 300um on an anterior surface of the patient’s eye.
5 25 The method of any of claims 22 to 24, comprising generating said probe beam

having a coherence length of between about 5 to 8 pm.
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