METHOD AND APPARATUS FOR EYE ALI GNVMENT BACKGROUND OF
THE I NVENTION 1. Field of the ranvention The i nvention

“surgery and’is moreparci col IAIIARILG " 5 2

system apparatus, and nethod for;seye al i gnnent and
eyetracker engagenent 2. Description of Related Art
Extreme accuracy is typically required whenever
surgery i s pMETHOPANDHPPARATUS RFOREBYE ALIGKMEND! ed
- when the surgery is performed on a part of the body
that is subject to involuntary novenent In the

preferred field ofg PRORGURD OF MBI INVENTIOR! racti ve

surgery is perfornmed on a patient's eye in a comon

procedure. . known .as LASIK, for exanple, or simlar
prlgggeg%rogtshegﬁ%eﬁugg PRK or LASEK. In all of these

cases, l.aser, beam typi cal | y. hayi el ength of
193nm i The iBkeRtion i grorailk Aiteeéd inothe Ak ofrelrstive sygemyend is more
an exposed corneal surface to provide a new shape to

t Hartielarlydirected te a sxsterapparriuscandgnetbed {arsyie alignatest and eyetracker
In general, it is a problemto align the patient's
eyangagemeneye i s subject to saccades which are quick,

i nvoluntary novenents of small magnitude. A person may

vd. Deserptionlvf ReldtddeAst gaze during surgery; and

furthernore, eye position stability is affected by

t he patg@nrimeaco@aky ReRicallyFeqittcdsihddByeristipes) i§ performed. This
factors. Moreover, there 1s still debate over what is

It L}S%IPEQ%F i IEIERES whkh fhesBfpeR) is%')@ffﬁﬁﬁe@énfﬁ Shthe F&fy that is

re _ractly;e surgery. Someg sdrgeons, fo exanpl'e,
 puibfEet b fpfiitny nlovstnt 38 Y peélsrted ekt B e oY Y B,

- surgeons use t.he Purki.nje . . ‘ - ' .
-re_gacuve surgery is performed o'n a patient’s eye in a common procedure known as

LASIK, for example, or similar_ proced_ures such as PRK or LASEK In all of these .
cases, a laser beam typically having a Waveféngth of 193nm is used to photoablate
volumetric portions of an exposed corneal surface to moﬁde a new shﬁpe to the corneal
sufface for correction of visual defects. | |
R genemL itisa problein to align the paﬁmt'é eye. The eye is subject to
saccades which are q1-1icic, in\)oluntary ;nov.eménts of small magnitude. A person may
voluntary shift their gé.ze during surgery; and furthennorg, eye position stability is
aﬂected by the patientfs hea'rtbeat an&_other physioiogical' factors. Moreover, there is
still debate over what is .t.he proper reference axis for alignment of fhe .eye for laser
refractive surgery. Some surgeons, for example, prefer to identify the center of the pupil,
howeﬁe_r, pupil center location is pupil-sizé dependent. Sqme smgeon§ use the Purkinje
1 —_—_—
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1 axis of the eye to align the eye at the therapeutic
system This can be problematic because the Purkinje
axis is characterized by having an overlap of several
reflexes of an illumnation | aser beamfromthe
cornea. For a nore detail ed description of-alignnent

. i Nk: t i.S..di .
T o D B o P g bR P St e FoBreAbflc
264- 27 4 p rch 1987 mhich({s hereby in orgfrate gg
TREPF SRCRUSHIC PE S ShRmristiced By Baving 4p qvedeP 3 eyHatyetioxes of an
extent. |n typical |aser ophthal mc systenms for _
idlamynation dasepbeamsirom dhe qamese fios @anora detadgdedeserintion of alignment
conmponent of the systemis utilized to track the _
axes,itherinddrestébreeder ixidirdeteg to $inzgerand Guytbnt dmierit@r Jaiphal of
delivery of the therapeutic |aser beam when tracking

 OpRAEImolsLy, 188: 15ANS dMar¥A DY SHIAYISistHeAbY $hcorporated by reference in
technol ogies are commerci ally avail abl e” and "are not,

it&dnti I erdppvention described herein
l%gﬁ{nol\ﬁ& It(% &?s S alloWetiiE el

wever necessary to engage the eye
tracker_ wh it i.s locked onto the desired refergence
poi G desst BBl SRS oA Geten of PG g
eye tracker manually when it "l ooks" to be properly
eyeiragksn compenentofithe fsteprispitidined tpueack shemmefien Qfotﬁ@ gyesturing
whi ch nay | ead to decentered abl ati ons and ot her
sungesy)iand o tteroups delivefaaft the thevipsiiinlasarbesm twhen tracking cannot be
Accordingly, the inventors have recognized a need for

wmiheainedl (Veddiolub ke ttaeleraesHnbRIpYesiafe €3tEmarkciall) BPdilable and are not, per
particularly as it applies to successful |aser

RPSirhahStSthe WdRfidh destRIIME&h 8?1'6@ INVREUL Y nleaesséaﬁy to engage

accordance wi th an enbodi nent the invention, '
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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 abcordance with an embodiment of the invention, an ophﬂlalnﬁc laser sui_'gery_
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



axi s which is co-aligned and concentric with the
t herapeutic beam axis and which emts a 2 signal upon
detection of a First Purkinje reflex of the probe beam
and a Second Purkinhje reflex of the probe beam when
~the First and Second Purkinje reflections are ¢
co-aligned .and concentric. The signal is then used to '
sigmRb RO dsisetion PlmE st Pﬂzﬁ@njey%ﬂqwr%@r@emobfr hean ghcha Second Purkinje
enbodi ment, an eye tracker systemthat nonitors the
refercofisht probe beanp avhem the' Krseansl ShgondBurkinje pdftdatidnsiace co-aligned
procedure can be autonmatically engaded upon receiving

add Sbdeatrice Mht sRdally dRenteePR Akl @pera€MRbAHR eye tracker.
di agnosti ¢ conponent t hat functi ons by suitably

det eqh LAGhé&lentiRA e:fg"ﬁ e?’e th&les stern? 28 fldnfABR tﬂé mBvement of a
probe beam fromt nea e corrponen

: cts concentrl co-ali a rst Purkjn
e §%ﬂ%%&h&haﬁmm Rroie %beﬁ BcBieEel megees Bl
fromthe patient's eye. Another enbodi nent of the

TRGRIEAE Pélﬂnﬁﬂmﬂ%bx @eoqpsmavwme,f@%grmw@ RPABPEngAt that
optical axis of a patient's eye with a therapeutic
farétions by suitablyrdebesting at ledst hagpdififerant redleptionst afs mrolt eamafrom the
di agnastic axis of an ophthal m c diagnostic apparatus,
cofiba] Whdnttie Sompditentiaeds dtonderitelc tb-Alg@mpPitaTR Mﬁﬁﬂihrkm_]e reflex
havi ng a propagation axis that is co-aligned and
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axis onto the eye, detecting a First "Purkinje reflex

of t h&no%e? lg%bg&i?t@nt g?ﬁxg‘f&\}eﬂlgorials %ug?tgéj topz%I nl%ltﬁyd%o a?lf L&

f t he prob a concen

nnent of . the First and Second Pur ] )
SRt %ﬁé’at‘??‘érﬁyf:l‘i‘@ DA S PHQPFWQL‘&‘F Cugrppec
of the patient's optical axis with the therapeutic
appprgtus aad/er a diageestis axis.of ax phthalmicdiagngstie epparatius jagd includes
enbodi ment, a further step includes generating a
the gapd oquiﬂectirtﬁ probe bernphavitiea propagatibn iagisthatds cayalignet and
of the First and Second Purkinje reflections. In a

dontdritied with BRCtherapdiftic iRish@d/or Biabrtides akisionth the@ys ideteating a First
to engage. an eye tracker device that is in

FORRRS BRLYSF RO BRBE Bekth, d¥tdcling B Se Rl PRkl e HBEEAREPIOE beam,

and upon detecting a concentric co-alignment of the Fxrst 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 thislembodiment, a further step includes
generating a signal upon detection of the concentric co-alignment of the First é.nd 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.
Anot her enbodinent is directed to an ophthal mc system
for measuring and/or correcting a vision defect of a
patient's eve, including a diagnostic conponent for
measuring the vision defect or, preferably, a
t her aﬂﬁbﬁxl:rc HOSRARSENL d&i&edqg lah SphthREnit Bfsten! fot ftdsyring and/or
def ect, Rd &an eye trac |ng co onent In cooperat|v§
enent mn nostlc ent nd/o
FRERARR BV IS0 ACAPEBE - Rien b R Rerardl Efpdhenesior
the eye in regard to the neasurenent and/or correction
BEaRAE Hesyigian defeeicar; Priserbsy. & thespRAYF AgmPppRenk {pg corecting the
tracki ng conmponent when the optical axis of the
pizionelefecs ang en epe wadkingedmpendo imcdoparatiyg esgagémetiavith the
di agnosti c conponent and/or the therapeutic conponent

" BRagnct66 esmbbsdie Sndivr HE Bét@bRit cdniffonkRfof MBRIEERIRIthd Movement of
cooperatlve engagenent with the systemthat emts a

%g? i ng%)d atﬁgkfé rﬁ%ux%ﬁ"enmw'& Qﬁ&&‘ﬁﬁ)‘ﬁtdf o vigigh ﬁef?&ta\?«]/léérém'

concentric wt e beam aXI SO

icC CcO nent and/ 0 e . g
E‘Eﬁ?g‘é‘ﬁ ‘ieyed%at iCREPEIE P g‘F E?ﬁr% 15t }Se‘if B pagFnt s fye is aligned
pr.obe beam and a,k Second Purkln of the probe
Dithim brAR AR the digenosie casapaneat 38 9&'-{%7 BerppiicomgARent i
are co-aligned and concentric, and generating a -
stcgmplisheddry prhwidingtaetavico sompenentiisi eRgpeirtiveengagdmenswith the
trigger operation of the eye tracking conponent. In
8ystenothat &iaité @ padeibegm &t de sye hiréing an optidal axik timoliepalighed and
t onography (OCT) device. is the preferable conponent

ahkenBR Wit R bBRR 8k RF B didifoRicaenpoaaiandRt ffelthédsheutic
the Purkinj a reflections, and genérating the signa

g&%&{ehg gg{e tﬁx% 4 pﬁst ?o.\tge ?&ﬁeﬁrdf tﬂ—é\'l]ﬁﬁe E&%Qﬁcﬁfﬁecomd Purkinje

presen nvention

d|| ent he d SCI | tlon
el on e Ra pherf S 458 Seherdt REBRE kiR 8 co-aligned
detail ed descrlptlon and specific exanples whi | e
PRYPQISERHE, aTHEpPTetieg + eanal speptiedeierion And fEng the Signal to trigger

invention, are given by way of illustration only,
Qpcraéon/wthogxe tracking component. o

In éll 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 sig1;1al 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 exar;lples, while indicating the preferred
embodiments of the invention, are given by wﬁy of illustration only, since various

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



changes and nodifications within the spirit and scope
of the invention will becone 4 apparent to those
skilled in the art based upon the description and
drawi ngs herein and the appended clains. BRI EF
DESCRI PTION OF THE DRAMVNGS F|g 1is a schematic

illus Lon r tio e;

Perbib et R len o e OR E ne ne ERp i ang dbnts b ang
according to the |nvent| on; and Fig. 3 is a graphical

the ppranded plainsf a tri ggering signal according to an
enbodi nrent of the invention. DETAILED DESCRI PTI ON OF
PREFERRED EMBODI MENT OF THE | NVENTI ON The i nvention

is directed to apparatus and net hods for objectively
aligning the BRIEEBESERIBTION OFVEHE®RAWINGS Wi th the
beam axi s of a diagnostic or a therapeutic conponent,

for P seascﬁgmﬁﬁicﬂlﬁ?&anoﬂ%?kﬁr&g-s@c TRl dras b e v. sion

correcftion surgery system Snbodiment o

i nvent. o urthe rect the.a ti
engaghRenis a%ﬁﬁﬁ?%@l&?‘ﬁ&l@ﬂ&? 2 sl B fri——
system The invention is based on the det ectl on of
inMentions 8d gnnent of First and Second Purkinje '
reflections fromthe patient's eye, as illustrated

i n' Fi Big. 1is 4 graphicpl illystration ofsa triggetingsigudl acdoediay to @nd@nbodiment
is shown schematically to include an anterior corneal
&ithé agentich. a posteri or 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 |ong

S e L M

beam four PRurkin refl ecti be . det.ecte

The FERSinvBiap et o spParate and Bl S SH LV Frepine the
i mage

‘ ophcgl 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 posteﬁor corneal surface 14, an anterior lens .
surface 16, a posterior lens surface 18, and a retinal surface 19 (shown as a étraight,
dashed line for illustration purposes). It has long been understood by persons skilléd 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
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5 forned by the light reflected fromthe anterior
surface of the cornea 12. The Second Purkinje reflex
24 is an imge of the input light formed by the
_reflection fromthe posterior corneal surface 14. The
~light that is not reflected fromeither the anterior

r,the posterior surf
ﬁ?%%%é%%%ﬁ%ﬁ%@a&ﬁd# RO PR refiee & B A, g econd
e&ﬁgg the | ens f t he g‘ ye onto the retina 19.

fiaTimege P the i3pup highiformed byt the reflegtign from the
formed by t he input ht 20 reflected fromthe
postesior gprned) surfagsel 4of1'ht: tethat is apsrefléctedfrbinesithbethF antetior
Purkinje image is forned by light reflected fromthe
Eustat surdice ou teqostebr dofiteal Qiifacd BroplagdtésSthiotigh therendsiahl the
the vitreous hunor. The interested reader is directed

' écgifgusf\hun%r ARMBRugRAR léggf e %eogto]th@éunaﬁgc Tlig"'f‘hgd%rkmje

(1973) for a m)rﬁ etal l I scussi on of
%eﬁ%%?pos?%{?%h"”he“@ Fie L R Gsbien REEGE o e amerir
FRAEY RELE b it {a'sey G i Feladae g reflected

gar ameter in surgl cal opht hal mc procedures such as
emthe pestasiop surfasa of thedenstliBa its imserfacg avitl the viteeous bumor. The
t echni ques have been devel oped to measure cor neal

insréspedeteader isditeodd ngP.N. @orsswephe] HID. O0r&&9 i Opr. Soc. Am., 63, 921
measur enents and optical coherence tonography (OCT). -

(1093 ot Aot S&taitld mss%neomﬂbhqﬁﬁnag@f&ﬂﬁﬁ&ﬁmm fetbrédRe is

the art and for the. purpose of thé present I nvention

%bg?%fergm% DeSikRf | ectometry and ot her

orrrs o Inter erorre ry that can be used to
obt a|§ lﬁorneﬁggthl ckness .neasur.enents. The i nt.erested

r eadeP T & RECPERT R PES ALY, 6orpea! pash yme%égqu kngs
Corneal Thjckness by Low Coherence Interferonetry”,
REHHTERFOE 15i30 ! uabls| Meagyremept pagametriipSHigqal optghaimiiprog¢dures
is herein i ncorporated by reference in its entirety to
sush assafragtiveavisioneorrdsyion, for 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 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", 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



applicable laws and rules. In essence, a signal from
an OCT apparatus is generated only 6 when the beam
path of the OCT probe radiation reflected froma
measurenent surface is equal to a reference beam path
established in the OCT apparatus to wthin a distance

BREA BRARAHAE St B PRGSO SR b il Surtce
hl knes of the cornea, the OCT device nust recognize

| 1q arefeRGedammathestablished in thePET grparaus tonvidhip gdistance
corneal surface 12 corresponding to the First

Forresponding tof the sen®ral aohkrense llegth afthé QOH tadatipns insorderrto

corneal surface 14 corresponding to the Second

Ricadtrajhe centrdlabicRebss H5the bemea, ittie GCT-deice fiSt RASHRRE Y
signal 330 is essentially zero until the coincident

Feétfeb @6t 6ﬂﬂe fobk e 'ﬁroﬁlt thé E'ﬁj(eé GEQRkal E) Atk b %oﬁ'{@gﬁﬁng to the

are detecte at 31 At this point, e cornea

[ as,been asu the a tu
acczﬁ{%EB eyrfﬁ el aflﬁ(-/e FHGh OTﬁ]i’%p%e&%? a‘ifggd to
trigger . an e etracker appar at us for m)nltorl ng the
RFvsReningto the Secapd Pyrlang geflex 24i Amdowndn §ig. 3, the pachymetry
therapeutlc procedure or other eye tracker function.
pignal 338 is/ensentiahlyizeroayiil the ckisridsytgeBentiontof thediiseartd Semgnd
be asked to fixate on an illum nation source while a
Purkidje images afe detrrtadenB 0.1 Aethis puidththa cofivalapelindry1R8 Been
axis is directed onto the patient's cornea. Based
Hﬁ@ihxéch@y e hPFRRuS a&pﬁ&fo}‘cﬁhb &th€ inviehBory, 118 BloRallcas BE used to

beamin relation to t e corneal pOSItIOﬂ € surgeon
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accurately since the OCT signal _wll only
5&4@? S¥FistRcte PRidenb Ry éﬁﬁsl@d@pﬁx@apnaﬂﬂmmwpyvmlea
ned. A system enbodi nent of the invention is shown
grdgamycoincidenwitipa tiErapeutsc/beaemaxdOB direpted sntottlse patient's.
phot oabl ati ve eye surgery system for reshaping a
pérhe® NBaséd apémtha surgeon's observation of the visible laser beam in relation to the

corneal position, the surgeon will manually engage the eyeh'aéker using his or her best
judgnﬁent 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



represented by anterior corneal surface 12 and
posterior corneal surface 14. The system includes an
OCT comnponent 30 that emits a probe beam 34 which
passes through beam 7 splitter 26 and propagates
towards the eye. The beamis apertured by known
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This 4 _advan eqQus din that it restricts the probe

B oo Preioap D doia e prpo beasp dlaesssas bR aowt 20D fon
faster detection of the OCT signal. The system further
p{bmicaens. Jhinis pdyrataspeusiin that itgestpot dim probe bezat scanover aosmall
t herapeutic beam having a propagation axis as shown

kterd 2lim$hsiorpresiiindmafastG4letecdon O thec@OPeizanit THe sitert Gurther
al i gned and coincident with therapeutic beam axis 52

piclideea &@Hgg@k 1888 t@Goneh'S0 HHAE &hit® ] theddpehfiehAREIViE a

beam axi s on the corneal surface duri'ng the -
ek ' g | trol | racker .40 -
PRBAPREH Rk RN, The R el it R g s o
that ,is, the, notion of the eye dye to voluntary and .
AR A a9t apbnerrReuliE RPRD At Tt e AOTReRr e, | he location
coordinate the ablation of the cornea with the
pitberapatiicibeamaxin S2 Aacthe enrpepl swriadsaduring tha therepeutig procedure is
central corneal thickness nmeasurement will be obtained
eontrolied B Ryetrackep 40 éms mafnerveall Ideivactoithose akilled én the @hgthat is, the
beamreflection 22 fromthe anterior corneal surface

idtiom 6f the eyPdwehis voRatry &d ia¢sluffarytholémént i@ oRRtEEin 1Rl time
corneal surface 14 when these two reflections are

foodldistiethe aBaLibE6F e ea?,lezwﬁﬂqh@&lefagmé&% tmo}ggﬁgt%ethe

and Second Purkinje reflections, spectively.

' t, u rneal ach try _nmeasure ,
PR, o B ST Mo B B DT R S EE BB TR
30.is ovided at 38.to the_ eyetracker 40 which is
pinsBen iR e ortt e eraDa hears G irGhee 24 Bam thetper comeal
| aser 50 by signal 42. Wiile various advantageous

Bifseel Frand the penhe beern aefisntien A4 fromi the postereresorteal surface 14 when

these two reflections are co-aligngd. Reflections 22 and 24 represent the First and
Second Purkinje reflections, respectively. At the instant of successful comeal
pachymetry measurement, the measurement signal received by the OCT component 30 is
provided at 38 to the eyetracker 40 which is triggere.d«by th;e signal 3§ and communicated.
to the laser 50 by signal 42. |

Whiie véﬁous advantageous embodiments have been chosen to illustrate the
invention, it will be understood by those skilled in the art that changes and modiﬁcatit;ns
can be_made therein without departing from the scope of the invention as defined in the.

appended claims.



invention, it will be understood by those skilled in
the art that changes and nodifications can be nade
therein without departing fromthe scope of the
invention as defined in the appended clains. 8 Cains
1. In a laser eye surgery systemincluding a | aser
. atus for generating a therapeutic |aser beam
having a therapeutic beam axis and an eye tracker
avi n. afl al i gnment axis for nonitoring myvenents of
he e@‘e% A &Y T HETE S tnclydipng & faserpparaRs fergenerating a
cooper ative _engagenment with said | aser apparatus, an
thefspentciaser beava haings therapebijc beam axipanddneyeitracker having an
cooperative engagement with said |aser eye surgery
aligntrent axisifpy nemhitbring nioverdems obthelega WHtaih 54d e @RikeF@erates in
axis co-aligned and concentric with the therapeutic
QRPERatié &@Q%éﬁmﬁidﬁ%ﬁf’qgém i gnal upon detection
Ir u

by sai d apparatus of a r'kinje reflex of the

; d Purkinje reflex of the probe
ﬁ%ﬁoﬁ?@% @?g?ﬂand Second Purkinje reflections
are co-aligped and concentric, wherein said signal is
used ?”oaPcPF’i%B‘dé’P CORFETALYF GRSAgEMERWVit gaid lagerieye surgery mistem
systemof claim1, further conprising a conponent

pied do emitapEohe heamhaying anjaptical axiseosiligeeddndronegitdeiwith the
on an anterior surface of the cornea where the probe
.tb@ammrbeamrax'smé ataptérbtocnting 8ignal. updh deteotiinety safd £jpatatls of a
2, wherein the aperture has a dianeter of between

Eifso Burk2fje refle@ o3 @@ Brokb be-EHﬁarﬁl}/a%&@h@i’u&g%% et logﬂ{%ébe beam

to 3, wherein the apparatus is an OCT I ce.
WheH a1 Bifst 3R SQon& Pat i Slighel18a REAREROG L e
ST the TR T eglnon é‘?ﬁf %eeﬁe%ngns %@% g.hgneﬁ and Qoncentnc, wherein
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 tﬁe aperture has a diameter of between about 200
to 300pm. |

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

5. The system of any of claims.l 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:



spectrum 6. The systemof any of clains 1 to 5,
wherei n the probe beam has.a coherence | ength of
bet ween about 5 to 8un. 7. An ophthal m c surgery
system conprising: 9 a therapeutic |aser conponent
that provi des a beam having a therapeutic beam axis;

an eye tragker conponent tha nitors _the tion of a .

pati ent' s® 8YEPFY cqgf% 53?‘?3‘@“& ﬁtg?P‘r?é'}’arng &F?@%@‘&ﬁ]aéﬁempwm

the eye; and a device conponent that provides a probe
bepm A IFavi ng an optical axis that is co-aligned and

concentric with the therapeutic beam axis, which can

enmt a sigmele tragharrcodpbeettitin nonitersi thle twvion of & patmtie aye for

of a First Purkinje reflex of the probe beamand a

loeas R e elifi€bdagf biethe@ie;ldn@ probe beam when said
First and Second Purkinje reflections are co-aligned

and conce I ' iq .Sl ' 10 ' .
oper at | on L6tice sl I uiBb Yot Seddt Bk Ead g hs thar
.7 erein the device cogponent .is an. .device. 9.,
istiocr e ) oPCeniay it i CBePs W Ao SOk i il
in the IR region of the spectrum 10. The system of
uppr/desection &y sad Aeyige companeneelp Fird Purline refiexafitheprabe beam and
coherence length of between about 5 to 8m 11. The
a Sgedrdrfunfin@nyflef ofchaprvbe Bedro whin sait Eirsi andt SeeontkPurkinje
component has an aperture that limts the size of a
réfRHGHE cRAlighed Bhd dncehtiitc dvBerein shileigRl Ragedeki@gértPeration

probe beam can intersect the cornea.
of the eye tracker. '

8. The system of claim 7, wherein the device 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 8pum.
.1 1. The system of any of claims 7 to 10, wherein the device component has an aperture that limits
‘the size ofa region on an anterior surface of the cornea where the probe beam can
intersect the comea.
12. | The system of claim 11, wherein the aperture has a c.iiameter of between about
200 to 300um.
13.  An eye tracker system that monitors the movement of a patient’s eye during an
| ophthalmic procedure, -where"m said eye tracker system is automatically engaged upon

receiving a signal emitted by a cooperative, separate, diagnostic component when said
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12. The systemof claim 11, wherein the aperture has a
di aneter of between about 200 to 300m 13. An eye
tracker systemthat nonitors the novenent of a
patient's eye during an ophthal mc procedure, wherein
sai d ‘eye tracker systemis autonatically engaged upon

I\ ignal emtted by a.co t.ive, _separat e,
P REa e Garaienoahy Of 4 Bl bl roAnd e
og&gnt ic go-alignment of a First Purkinje reflex and

orgex Pl Ream €irseiad Qo the patient#eyei rect ed onto the
E‘gti ent's eye. 14. The systemof claimD. wherein the

opefh Systemefisromd it wheremrth©toreteative eompdifent s OCT device.
system of claim 14, wherein the beamis emtted from

15e (T sysieinad claimild, whee hevbdd isensi@be F8RCRe DBNMdVice, said
of between about 5 to 8m 16. A nethod for aligning an

53 e dche i : s t herapeutic
axi s of gagzjlén gph%ﬂgﬁ%hg?tg tgr%%rgébﬁ%u:‘\%wa%p fatus and/or a

I agnpsti.c axis.of an ophthal mc di,agnostic L
gép p ar‘%ﬁf&‘)d?géﬁ%}%gr@ 0%#@&% HG PatipRtcIRYe ulng thampengicaxis of
propagatjon axis that is co-aligned and concentric
af) onk ctthrrRReYEE APRArANS andiordy diagngstigyaris of an ephitalmictdiagnostic
the eye; detecting a First Purkinje reflex of the
gppatatishesanprisihgt ect i ng a Second Purkinje reflex of the
probe beam and detecting a concentric co-alignment of

t he Hifestingaprobebeds hihKh PioPagfion&lsi (Rt cs-m&qea '
~eye, wherein said concentric co-alignnent established
donerittié SRR thhpduht axRALIAPE LeRlnfhE Y.t h the

t herapeutic a?<i sp'ang%r%gﬁgglgg?%Eg%?g? >1(th}‘f$'_e§ffi‘\e
et nofl Bl #:0pk0n COTRLY & ILMB0BLAL "9 sai d probe

beam T 0Ol

detecting a Segond Purkinje reflex of the probe beam; and

'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 and/or diaénostic axis.
17. The method of claim 16, comprising generatiné said probe beam from an OCT
device.
18. Th‘e'.rhethod of claim 17, comiprising aperturing said probe beam to a diameter of
between about 200 to 300pm on an anterior surface of the patienfs eye.
15. The method of claim 17 or 18, comprising generating said probe beam having a
- coherence length of between about 5 to §um.

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.
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18. The nmethod of claim 17, conprising aperturing said
probe beamto a dianeter of between about 200 to 300m
on an anterior surface of the patient's eye. 19. The
met hod of claim 17 or 18, conprising generating said
probe beam having a coherence | ength of between about

5,t0 The method of .any of clajms 16 to 19,
Pl t h?ﬁé%egr‘b% Js*fc h EPEPTSIRE Using ths Slenalie snerseeneye Hacker -
of . the caoncentric co-alignment of the First and
SEYGH HapiFIR FRPRETAIVE |eagage Bt with the ophthalmigwhenapeutié apparatus
claim:20, conprising using the signal to engage an eye
1and/ek the opbidieimie didgaosticapparameoper at i ve engagement wi t h
the ophthal m c therapeutic apparatus and/or the _
apht hat an 6plhaGiOssicn AP RRAAIES andr cotechflg 8 _’i}m&g&e?&c‘f ofa
system for nmeasuring and/or correcting a vision defect
htiéht’ sSRPL, lifdHhdi | b i Of i i
gidhe s ithdine 8 Cast AC L4 A Hie bEABIsRLe fieafluing e vison
t:h eut. c_conmponent for,correcting_the vision
4Bt A3 R o RO 8 omoto2aky o8RG aM inchiding aa cye
coc§)erative engagement w th the diagnostic conponent -
LRGBS CYRReNCRHA COpRATative cagrgemeah with dhe dirgriosiis ¢ampanket and/or the
movenment of the eye in regard to the neasurenent
thepsaticenmpagentdior olonitbring/the nmventefienfithe everi®tdpacl ke
engagi ng the eye tracking conponent when the optical
mecasurarheritiand/pAtIrestion oL visforPdd e S miba £t <R b
of the diagnostic conponent and/fgﬂri’ the ther apgf%ﬁil%m oy
GRABANEHhpore A WhérSthl Gptidai 4k di iGdfEIGE; it 2 'b%am axi
i pol 315 BF 00 B 8 G TR PR 4 o i

cooperative engagenen a

. [ awi ng an optical axis.that is
0 R B Bohch By B0 Vool SO R P A ng
di agnostic cogponent and/qr the therapeutic conmponent;
det ecPTONY U T A°'3CH PRROVFRIAD EORRSEAVYR engrepmentWith thr syftem that
reflex of the probe beam and a Second Purkinje reflex
Ets A Brobe Seam pata dhefye Maviag an ppiieal axis thasiscoradigherd fndjoacentric

. with the beam axis of the diagnostic component and/or the therapeutic component;
detécting with said device componént a First Purkinje reflex of the probe beam
and a Secopd Purkinje reflex of the probe beam when said First and Second Purkinje
| réﬂéétions are co-aligﬁed ﬁnd. 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

betwe_en about 200 to 300pum on an anterior surface of the patient’s eye.
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reflections are co-aligned and concentric; and

genei ating a signal upon said detecting, and using
said signal to trigger operation of the eye tracking
conponent. 23. The nethod of claim 22, conprising
provi di ng an OCT device for generating the probe
beam 24. The nethod of claim22 or 23, conprising
Wper tThe msthod af aay of daims B2 tordd: epmpriging geperating said probefsem having a
about 200 to 300mon an anterior surface of the o
qoheteér length pEbetweerpghourh to $mhod of any of claims 22
to 24, conprising generating said probe beam having a
coherence |l ength of between about 5 to 8m 13
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