;e3e{ {ZZ[T\@] "67T_is :wo 01/28478 CUSTOM ZED REFRACTI VE CORRECTI ON
SPECI FI CATI ON TECHNI CAL FIELD The invention relates to refractive |aser
abl ati on §E°§%§ and, nore particularly, an exciner |asgérmpfoigsdi ve
abl ati on 2&? enpl oying an aperture card that passes a uni que abl ation
profile. BACKGROUND ART Systens for reprofiling the eye for refractive
correction have becone extrenely popul ar. Such systens typically enploy a

193- nanoneter (nm argon-fluoride exciner |aser, passing the | 'lmm“mmmmum

corneal tissue, where a very precise anount of tissue is "abla

eye with a laser shot. ACYRTORIYEDREFRACEVE CBORRECTION are Comer Gisgldxy
used, including systens in which a fixed spot size is noved over the

surface of the eye, in which the spot size is varied, and in

masks are placed in the path of the exciner |aser beam In al W“\Wlmgﬁﬁlll‘mlll
systens, the ultimte goal is to change the profile of the cornea rface
by volunetrically altering the am)unt of tissue wthin the cornea. urther
t hese techni ques have been enpl Oﬁurface of the cornea underneath
the epithelia using a technique for phot orefractive keratectorny (PRK) as
wel | as the infra-cornea technique known as LASIK, or laser in situ
ker at onmi | eTBCHNICAISFIRRDR ent 5, 376, 086, issued to Kl | oobehi et al.,

di scl oses a | asgr .surgica fs C ea that uses
2 sk syst em AR Bl ap AR e iR Yy S WS WS o R o 1's
control | edartéaa‘cmtaseﬂ‘reframee aﬁlatebnfs&stantemplmymgdnabamrpcardthat pmaeds ahol e in the
mask acts Ilke i_ndi wi dual 1ight sour ce, distributing | aser power as a
PCT/ EPOCOI |‘6§?‘§apaﬂﬂ‘é{’ﬁ°\§ “of the hole's size, shape, and overlaid coatings.
By summ ng the power output of each hole pattern over a given area, an

aver age po nis generated. The WD 01128478 PCT/ EPOO/ 10379

t echni que, mﬁg%gﬂ(ﬁé[&NBMfmted because the power transm ssion of the mask

I Sf tailored o?lsyﬁkms aorp?frbﬁmg the eﬁdbﬂ@&hctﬁﬁb?@ébﬂobha%ﬂie&g?lé @mg@e@pm calh
information of t surface orn surfac opo ic data is the
control i n@oﬂ%hﬁ?ﬁﬁ’s‘w‘i"ﬁwﬁ’ﬁﬂﬁﬂfg?x*?l “pAzomster &‘W"g& %ftﬁg’"ﬁﬁg’ﬁ?"f‘?’sel f. The
Surgeon Capskssdietht NghttO MR EbMBAl it sue WRETERVér9 Predind ainbem ofabsueisn t he mask -
according to thgt to ograpFLc i nformation. }'B ‘present invention is

di rected t crbjatssy 6’\91’*1‘8‘3 Fysowith alasex shoyn Agranigly of felivepemetianismy aieds or reduces

shortcom ”Qo?nrﬁércnlﬁﬂy}ex\fdeﬂqﬁclﬁ&h@ﬁ&d&msmﬁi‘é fixkd JpdiesizdIVe@veNaieeor di ng to

certain features of the i nventi on, aser refractive_ablatjon systemfor

the eye, ssrsfaceef the evgainhighthe srot S‘F?i§é’?‘“%dy adiywhich srpdible maskseate t 0 pass a

uni que "t rpacatethe pafidd ﬂﬁ'c&%nﬁpia%r'beﬂn pInOJll' dfhesé Wsteﬂi@aﬁﬁhﬁlmeﬁe g Gaussi an
profile or a truncgte dGaussian profile referred to herein as a "soft spot”
profile. Tmhmlgﬁﬁhe nspﬁlpwéthg@mtne@ﬁertfacsﬂvaswphu@etrscaﬂml&naaﬁheaamymfcrfat t ened
whereas 't hgogl in o éonﬁapm%ne} Ghesk RIS hhveaﬁz-eﬁ%aroymd it ks o
threshold r1s reacﬂ cf point the edge or sideS becone nearl

vertical . mhempp@tmdr:@eatb ﬂ}?r&ﬁiﬁhﬂ!l'@dlsmgiaﬁth%lﬂ“%@éPhQ}?féff@‘aWG kereeplamyd based orb
diffractiv f f 1 and 2

i 111 ot or QO S B B o o L e i el y st

hol es ref ekergtomdeusisr ei n as "soft spot" apertures that allow the diffractive

effect of the |agepald:§hbe b, AT KAbSbehPer'aP! ERAEs SRS G Alhbf-

Furt her,

of sculpting a patient’s comea that uses a mask system with multiple openings in which
laser power transmission is controlled through the use of diffraction and absorption.
Each hole in the mask acts like an individual light source, distributing laser power as a
function of the hole’s size, shape, and overlaid coatings. By summing the power output

of each hole pattern over a given area, an average power distribution is generated. The



the aperture card includes a "square-sided" profile aperture (referred to
herein as a "hard spot" aperture) for testing the fluence of the exciner

| aser syst ¢y orJfagrgaperture card is intended for a single sufgpsabsmgse
because it can exhibit changes in characteristics over tine, although in

sonme enbodi nents, this is not necessarily true. The card is preferably
| oaded for single use into the systemfroman aperture card hol der, and
t r anspor t edechniqoe, howewer Us lihitedibdvatide 2k porver &ranknvissidn ¢fahe mBskasRilbredobot

nmechani sm Then, a.l aser system determ nes ether. the a ture card is

T oparl v nBeR amluclREfarieel s Bt QEdarHHinl Mortmagian B thel S a00i 1| oned
wi t hi n t ol aharemeal Atk 6ographie datahethk asrollsngShesRasion feledoRstiicifg thae

posi tion and adjuyst the, c Jjt ed abl ati on prgfi | e or, otherw se ad{ ust the
opti cal sy%@?ﬂ‘?ga‘ﬁ&é?ﬁlf ‘W%ﬁé‘“ﬁf@a‘?ﬂf‘@ﬁmﬁt g toPPRraPhip ayermationandthan  he
aper t ur e C e the milQ B3k At Eh RETHopRPRI10BARatRR EF DESCRI PTI ON OF THE

DRAW NGS Figure 1 illustrates a |aser refractive ablation systemfor the
eye in accor dandbe present Hyertigmdsidirgstad to imprawing faserpblatian ofpygisauethat| | ust r at es

the laser sysiie? @iudes HokBorhingbatpriiGisiigBoRN aperture card in accordance
w th an enbodi nent of the invention; Figure 3 illustrates a nechanismfor

hol ding an aperture card in place in accordance with an enbodi nent of the

i nvention; JiigNARY OFSTERD NVESTIOGW of the mechanismin Figure 3; Figure 5
illustrates a view of a portion of the mechanismof Figure 3, including the

aperture card ofAcFprdingdo certain fgatutes abihe dnvigntion, afeserrrefbentive ablatign system
I nvention; i bl : Yy i f Figure 5
" o o ME e, Such s 4104 AR RAPAE eyt e RhplbEns B o il 3
hani sm f‘tmunéatéddiimtensity ablpiéont profile cfar ekamplep b ace-Gaussian grofije bioa tamwhteds
enbodi nent ' ' Lon: Fi Q3 S an_al ternative position
and ali gnne(%{us%%eg}gwgﬁ?éggn%#gﬁotlﬁgﬂg%:ar ?%fr[ (‘L'ea O(ll:,‘ aéréﬁ%gfl}eeg??nogmegs O{Etgp‘l%i gure 7,
Fi gure 9 i grafiliscdubstartmlly fattoancdghereasuhe siddsi af thegmofilp slopeiostilmm ablatibtat forns a

Port on oy iy 6 SRR Sk A SRR PP BE, o o
of an aper tTheeprofilv isngovddalsmgen apgturd tead plepared bgsad bn diffridnee effiers Uthe mask of
RS L N e T A T
t he i nvent igloeality of extremely small holes referred to herein as "soft spot" apertures that allow

the diffractive effect of the laser light to accumulate to form the desired profile. Further,

the aperture card includes a “square-sided” profile aperture (referred to herein as a "hard

spot" aperture) for testing the fluence of the excimer laser system.

The aperture card is intended for a single surgical use because it can exhibit

changes in characteristics over time, although in some embodiments, this is not
. necessarily true. The card is preferably loaded for single use into the system from an

aperture card holder, and transported into place using a horizontal and vertical movement

robot mechanism. Then, a laser system determines whether the aperture card is properly

positioned, inhibiting lasing action if the card is not positioned within tolerance.

Alternatively, the laser system can determine the position and adjust the computed

ablation profile or otherwise adjust the optical system to adapt for the misalignment of

the aperture within the aperture card.



Figure 12 illustrates a useful ablation profile passed by a soft spot
aperture in accordance with an enbodi nent of the invention; Figure 13

il lustrateswaouesspiari son between a square profile and a s®&CI/ERpA3rofil e
in accordance with an enbodi nent of the invention; and 3 WO 01/ 28478
PCT/ EPOO/ 10379 Figure 14 illustrates a conpari son between a square profile

and a soft spot profile with their resulting tissue ablation profiles.
MODES) FOR ERW‘BE«@W@N@EWEWSM ng to Figure 1, an exenplary

exci ner | aser Sylslgllﬁ'lg‘rll Iustrited b ld&trelcade illﬁatmizs%(le fAhALR iR aQ%ldaficand

aperture card han g or conveying system1 also ret'erred to as a linear

transl at i onwithdupmbodimensiobihs inventiersor dance with an enbodi ment of the
i nvention. The sy A ’ e ' 4N . beam
di mensi oni ng. | tIyl sﬁnﬁﬁlﬁsttrgﬁglﬁ% 1%&%@%@%3%@&%{%@%#%% r ro%a?quand a
scanner bl oetcomdaneswith a7 eguhodimeny of tBpinyeritional |y, the exciner |aser systemis
a typical 193 NMyguehTibsb@S § el Ror hdiaid Gh HAF S Al P ATE Y, | aser 15 and
operates as a scafning l'aser systemenploylig mrrors (e.'g., gal vanonet er
dri ven hi ghagosianesi with an embodandnbef th@@mventiont o scan the | aser beamto

appropri ate poi ng. . i t mept pl,ane 16. Preferably, the

| aser system 10n%'%%’?%}}gsQ@rﬁ%&%ﬁfﬁ&ﬁ?@@%ﬁ&g#% a tracking speed of at

| east 100 Hz. ThRighraSdlustiytes eniehfiaporiontof diel meethimism of Pigted| inshidingm 17, for
exanpl e, a gonputer. The_.contr.ol systemeither can coppute |locally a shot
pattern to ﬁ?%%‘%}g" ﬁargggflg'érﬁtza{ﬁﬁgtoy “% ‘gl??qeé‘?b‘%fm?!’éﬁ%égﬁ’iewnén abl ati on
profile renot el yFigare®Hllussrares anutiehr Rigwt of thé poTionRsttFegire 5wHH the dpdrure Bhrdt | ed
"Distribut edfﬁxci ger Laa_er Surgery System " and issued to Hohla. Such
systems wi | P HEYGrd&Pe¥God by those skilled in the art. Further, other @

| asers than exci Figarel7dB6statesa ynebifanisielr holding AN afcdtite carCBQlate AcokdingdNe
i ntiggthg\s/nstem is inplenmented to receive an aperture

aspect in the i vent%@?, ]
card or appfq ¥QHepFmpeipe VEH8R in Figure 2. The card 100 is

preci sely positipiged svilishiates kil Eltdrnies p@atidh 40 alifitn@X metMRhish¥SEthe System t o
pass |ight through apertures form n%épart of the aperture card. In one

enmbodi ment , 2PHBIrEGHES samrespoRding t¢ Eigwrefask hol der similar to a card- based
system for chip g 9488 mdBantcaPdrawing AR eberfifre HANEHA foltls3h Pr eci si on
drillings used as reference points to the geonelrical assenbly of the card.
The accur acPowiPn pheswedwgicaiddn pecordangecyith an eadhpdimest pigheinvention30 i crons on -
both axes, and nppifeaetiisi-igs PERERSIRA spafdl iﬂ?enﬁwn;gﬂglte%?m?mﬁt&t}%{ﬁﬁ by

m croscopi ¢ neasuring tools. In an alternative enbodi nent ‘the aperture card
i s positi on@dquaricdsr fghfoamy pat ofiteesangrture merisk pEFigurg 7fin reqordancepwitinas i n

conj uncti on et findnt of WE iveha&st 78 PCT/ EP00/ 10379 preci si on nachi ni ng and
manuf acturing. Thi's produces single use card positioning wth a repeatable
accuracy in the bigueerlldfusgates m"&@%” Beat aparturcRafaggordange wish Fi gbasiBent afi
aperture cal@%iﬁy&{i?n 12 is illustrated according to an enbodi nent of the
invention. Figure 4’shows another view of the aperture card system 12.

After starting t higuted@alustrgtes 2nsefi) ablatoneprofizipasyepby 4 soft spdtdpartum i he .
conmputer 17, : d uires the aperture card 100 to be
i nserted intag&?i%@y@%%ﬁ lg)%"iérﬁ?é%é%@ﬁgm the direction in which the
card 100 is i nseFiger 13nlwtratesa sympacironliRtweenafsquabprpfiferandaaot e pofikr hol der

(not shown) . t ture car.d 100 and keeps it clean. The
aperture car"?jyc%é'(ﬁlgécgRﬁ%ﬂ"%ieﬁnﬁgdlﬁgﬁg%f%rlf“éeﬁpg?’iaB%, for exanple, laterally, to

card catchnment or receiving machinery 103 (e.g., a lateral |oading
mechani sm by hand through a slot 102, although, in other enbodinents, thi's
can be automated. The card catchnent machinery 103 pulls the aperture card
100 inside the | aser system 10. A pickup-and positioning sled 104 (e.g., a
vertical |oading nechanism noves forward to the card catchnent machinery
103, as generally indicated by arrow 101' in Figure 3, which transfers the
aperture card 100 over to the pickup-ang positioning sled 104. The

pi ckup-and positioning sled | 04 noves backwards, generally indicated by
arrow 1l OL" in Figure 3, to a desired diaphragm position, and | oads the
aperture card 100 in a second orientation, for exanple, vertically, for
accurate positioning and | ocking (e:g., in a vertical position) in the
optical path of the excinmer |aser 15 by pins, as described below. Then, the
pi ckup-and positioning sled 104 extracts itself to a place away fromthe
secured card 100 and out of the way of the | aser shots. The |aser treatnent
procedure of the eye then can be started. Al so shown in Figures 3 and 4 are
three positioning holes 105, which are used to position the card 100 on
pins within the | aser system 10, as will be described bel ow. Near the
mddle of the card 100 is an aperture mounting slot 106 to hold an aperture

» A NS —— T o Y. . e m — e — g NS A PN -



WO 011 28478 PCT/ EPOO/ 10379 Figure 3) for precise positioning of the
aperture card |00 (one pin 202 is obscured fromviewin Figure 3 and all
are obscured i Lgure 4). Further; in some enbodi nents, a@rRbdod nt hol e
204, shovvn“f(#"?—l Bres 3-5, is provided far reference by | asers alignnment
within the excinmer |aser system 10 to align the aperture card 100 within
the system before the aperture card 100 is enployed. The |aser system
det er mi nes whet pgire 1ASI1IERARLS UcBmpRistn b&WebiPa RIARSI b RS h sbP§RM prothi bi ti ng
| asing action if the card is not positioned wthi‘n tolerance.

Al t er nat i veYith theipesyltingtissugahlation pooflesn det erni ne the position and adj ust
the conputed ablation profile or otherw se adjust the optical systemto

adapt for the msalignnment of the %&grture wi thin the aperture card. Figure

6 il ustratMEODEM® FOIRCARBYING QYT dHFNVENEIMg with clips 208 used to hold
the aperture ca \'11'93% : i | QL i | Aaperture card
hol der 200. It \F/[\}EJ S p%?’gﬁ}tw%dcl)ﬂ?ﬁoegg'h%ﬁ?%leesgmlajﬁqtﬁ ﬁseﬂlg?t%a?ﬁ%ﬁggﬁ] \1/%,;1” ations
on this enfaouiquemprofioandhpbrura serd hprdling on tontvhying pystem i 2 (alsarrefedrédtoi as a

posi tion, i I aq.  f l.e, : i L4 unher,. ERS. | t he pins
202 and a AP ndfion Rbuufey W ¥holin iadibldafice it A Blaniins Bt S iyefior 10,” 11
an al t er natTheaysiapé2 takes tht plase effdnads diepliragm féribeam alireehsioninlg. dt€é er ence to

Figures 6 and .a_pressure based.nmechanismis._used.jn ce . .of i gnhmrent
hol es and 58%‘1"?@6?\?%’@““5?’8%”°F%9§%‘3%F{§‘8ﬁ,%'Z?f"b a%"r%"%@@ﬁ'? EA?SI%F@B& Jure card
| 00. Fi gur eSpécifiballysthe excimerelasee systaneistatymical 408 nmyextianer R2& shststhn@ a common
structure, . art, v.\,itl'i the_apgerture card s sa%m 12 in Figures.3 and 4.
B yinelpds i el esst 13 A OSTHISS 25 RSEMRIOg 15 P UREIRIANR i ns

( Fi gur ge’p), galvahonxdr deipentdtnpreeibiby RiiRors f61A/98 im) @bscan tHessepbsani tar € car d
100 with fixation pojnts 222 and pressure point %24@, E24 as shown in
Fi gure 8. IW%PH"%@S@E‘{S it Wﬂf&eaé?rgb'a?%ﬁ‘tp}gﬁ}g- ?’ releRRlyhe s sEsteB 30 c o ppr i se
three har degigflo\ehieél@ackitigngstér alithar ttacking seeli iof at 18ds0100118z. CEiedadep! der 26
wi th high accuracy. The %ﬂ;d 100 is i nto the hol der_226 fromright

A pushe
to left (asYsFBvidds pontrefled Ay %T“HW?‘Fmtlﬂe%F 8*‘1‘“%%1@@0@2‘?‘%'”1"??8“’6% d touches
fixation pojysemfiBer AR dorhpiRe 10AIlyUWIhEEEHReAAS abilicveHedcSitddthblaBibls PRSIl bxat i on
points 222,,1 and 222%/2._ he card is fixated against the fixation points by
pressure pofdtreceivpan ablaopprofile ggmotgly sueh apacgordimedo Be. Paipisd, 8,132 _
manuf act uri &EitlE@%ﬁﬁi‘BEte&QQci%P ﬁas?n'h%ﬂ%éw S?ét&hﬁ’r&n& uedbditbAbhiahSugxact |ocation

of the apertures are known, and t Tixaftion points engage the card edges
at the sanesysgmamilbhsundespnod by dhqseskiledonitheprofFurther, etherdasersdbasaxgimera
measur ed ac%@rﬁx 9{) dg Pmor better. 6 WO 01/ 28478 PCTI EPOO/ 103?79 The
mask 108 is pre e¥a ‘Ily ‘constructed of an opaque coating (e.g., chrom um.
deposi ted or ot Herny ease.ceearding Bronegspeckis theonvenptign.tthe symemds prpléraendéd vy, t he
coating is i i ol udi cof. 1 than Layi ng
he. chrom U T SEGnE AR bol Ao PhBd0fe; BUGR iPighle P IITHANBOIEY "0,
gif er abl y, pretiselympésitidnad withio dlagt lasery pab nE ths excimer lasee biystem @rpabsdlight

appr oxi mat N0 R ARt i AR BE A Me SRR, T enboin Al MRS

appr oxi mat etard 8t marsk holieicdimiatjtae eatl-based systera fiorichipl caydadesigidtbataihcudasant | oned

I d ti dvant |y .o refl ' f 1 | i ght.
Tho sk | nt Bepeaed e RSN Pl RS B P Sl Byt L T 11O
ef fective dassermblgo] the safit Theadciira(yleffthese devicesriotypicdlit down toddsoandperture, a

simlar 1 mm. (or sybstantiall mm ef fective di anete sof t t aperture,
2nd & cent emicrons i bai B8 piLmipdieBTInE RrosF et thots AbomeY o5 pppedty, ot
aperture hawidgscapic Bidasufing OB, I altematibeeribslimén tHeh@erdfrotgdwnt i oned U. S.
Patent 5, 376, 086, gﬁgéergtng of the,nas% 08 is .independent of eye

t opogr aphy BoRUPnSh ISNGVIE BERFUFC RO AN AHNAUILRIRF HAPRAFI Wi ce,

i ncl udi ng any corneal surface. Dependi ng upon the optical system enpl oyed
by the exciner |aser system 10; the actual overall dianmeter of the
apertures referred to above may be |l arger or smaller than the correspondi ng
i mge or irradiance pattern projected onto an eye. For exanple, typical
illustratively useful 2 mmdianeter and 1 nm di aneter spots on the eye can
correspond to 3 mmand 1.5 mmoverall dianeter aperture patterns,
respectively. The "hard" square edge aperture is used for fluence testing
with a standard fluence plate, such as a polyethylene foil coated on both
sides with alumnum It is preferable to performthe fluence test wwith a |
square edge aperture for systemcalibration because it is easier to see how
many shots are required to abtate through naterial fromone |ayer to the
next or to penetrate to a particular depth using a square edge profile beam
than it is with the rounded profile ablation of a non-square edge aperture.

P o — o oy oy




single 3 mmdi aneter hard edged aperture, a 3 nmdi aneter soft spot
aperture, and a 1.5 nmdianeter soft spot aperture, it is contenplated that .
nore or | esgooinsiizese nunbers and types, and possibly dif perepdonoizanet ers,
of these apertures could be included in the aperture mask 300, all of which.
are included wthin the scope and spirit of the present invention. As ’
di scussed above, these apertures typically are projected onto the eye
either red m@@mm@thmngg@d mamgfael;urmgeTms pmddcea sigkrusanakd poSitiohinglwalet er
apertures pr I arret and 1 mm di aneter spots on the

LG Ig’:%{ear%? aorlhd g’% 813206 t| on ' §tt%rard h

eye. Prior to orm ng an ol der 200 noves (e.g.,

| ateral ly), acc&eﬁhrmg tb Figuine3, e aperame eard syseim | 2B eNuskiet @dordifs ®HRI Oy a
cent er sg,uare Erofl | e aperture 302 is

fluence test

pl aced intd& &%gﬂei\ﬁg%ﬁﬂeam@?‘ﬁgn?\gﬁeqnﬂ@w3%‘&?“ IAW.QF the apegpre q3ed yftem e ¢ her
the soft spat Afeestaning tidQsbet §ys@m. | CandiehicrBgpalicifdita Mthedmduterdy, 1 MM

i maged spot_ IS I§1 ed int? POSIt n. The soft spot apertures are enpl oyed
in laser atff’ﬁ\"?l‘%é’ ﬁ&'is Ste L Fqapires s ARsriuFreasd K0 o pe inserfed inodhq evslgm, | eft and

right) wit hIZDAtrh@vH]lﬁshbwi e @edlion o dfich xQard Wi iinsdA iRB S-Zﬁﬁh lgpertur es
304 and 307 o g]:xgur emlpare focused by the system 10, prefer own to 2

mm and 1 mArgFra &Ye oy helderdmotishpwipidhat prasesascthe mqrtyre aaerhl 09, anﬂhe
apertures 3Qgps Bldan. ARG PRr R Roosik eeraqursft%sm&ho%nfojﬂrh% L Tatltfl, &, 308,

using a suitably deposited nmask as describ her el n ’t hen be

appr opri at P §anF€tﬁ'§He‘15§T weEeiing meehiney dA3 e8¢ ttasahloasinganedhaismipr eci at ed
by those skiahé ffoigh alsiif 167, Ta}thcfﬁlgﬁ &h Bte} &ﬁsaalm@gﬁhﬁé &m%%e,ﬂgyeu %} | con waf er

t echnol ogy, Chl? card technol o or other t ues can oyed to
create the SHksatohment machinery li)i PPQS the ﬁmf@lffd@ﬂhlﬂOeldSIdet tha $aserssystom lOf '
exenpl ary KupSR@bosititfnirs4ied 1 h

apertures gﬁél or B% rlegqS < 85gﬁp% gg%g?ﬂh@gmgzggha{n%%% a\ﬁ'?{g % central
open apert dh@cas@,gatmm@et mn@nwpselr% Aegeng@ly mdwatm@y@froﬁlgu’rm F&ures];r r ounded by
m cr oscopi ce th WO
DL 50a5" g St %gsgﬂ%%h‘%%ﬁ?%%gfdmb %r%%rftg ?‘5%.“%“@ «1,96““ g, trf,‘ of known

t echni ques niekupiaad Bvqﬂimymleﬁdodmv@’baaMarmgendrmy mdheaté‘d)lb}eeﬁmvami” in '

know edgea t t e_such an erture.
provi di ng- 4 Esas; &A UK UMblBE pBRliF W RaGAHE abiifre G AL 5eEd o o
pr oduce sucmleatamrofcrlesa!(lﬂc,g'cmchﬂ)kéortahatratebomcgmrgeanﬂllockngn(etge inkt ai ned from -

F hof t 8824
1 zenoe, - GArTHERlpothion) e J8BAZAR O AL cGoimep iR 35 B Biscis dhsctipedfiiy,
abl at i on pridfen]the plokupsq;matppatlommg sécdsl(m)exdam itselfiud & plage SWO4y froas e d by the soft

nmbod f th
hventton, PR g DS A EERNRNES Mot TR AGE AR Jrosrbeil 1 ¢ e

profile 400h¢sye|thdm$nbakmbd solely for sinplicity of the drawing, it being
under st ood t hat tlhe full rof| £ \gi)ruld be as if mrrored about the
ordinate axis of 49 Ygra! gurﬁ m};flp e Hiree postionige haleh A& whichiarg ysed to put
narrower, [ositibh the cArd mann bms 96101, thélaSe? BYs&m POab WNbMiblcrited bBwapert ure .
profile 40&“ S flatﬂ h(w(}wj ally flat, whereas an edge 402 of the
profile 40 caf g1 ﬂ‘c’)ﬁ% 1§ 2 3pgriugsmaunting slot 109 1A deld anppstusor ti on 401
is prefer abhaskagmermfskabmtmédﬁ&dﬁﬁdltnéssld@flosbﬁh@%&ﬁh}eecaﬂm oextends across
about 60-80% Rreferabl y, across about 70% of the profile 400.
At a certaif fﬁ’&ﬂl?ftbemgﬁﬁ'ﬁ ¥PlaG i ntensity threshold point 404 at which the
eye tissue ablation intensity threshold is no | onger reached, the profile
400 preferably %ﬁl ckly drops off or dimnishes as a substantl ally square,
vertical, or trtesngfo t&ﬁ‘@?51@600“'1!%‘06@9IembP@ﬁletlﬂmfé@I‘mYleamdhceapymvar| ations
init are i"tﬂ&ﬂi"lm'l@l]lﬁﬁ&téﬂrﬂosnﬂm@ ﬁﬁpﬂﬁﬁsféﬁm‘ﬁﬁ'%kgtﬁréc @ld Adiger ?ﬁd&\% he
threshold for ablation is Ere erably about 59 | ess o e total energy
enconpassedaBySERE 1 s car bespen, ﬂ'rflq@l"pﬁ 842 pags thomgh therpimhaBesudS (ke alsé or

exanpl e, between square and Gaussi an- s?aped or a truncated Gaussi an. Thus,
an automatic systemis enployed to posrtion the aperture card 100 at the
position in which the aperture nask 300 passes an ablation profile with a
substantially flat or flattened top, rounded edges, and substantially
truncated sides for ablation of corneal tissue. Further, the card 100 can
be Laterally noved into positions for |aser shots at a | arger "soft edged”
spot size, a smaller "soft edged" spot size, or at a center portion
suitable for adjusting fluence |levels. One advantage of the profile 400 of
Figure 12 is that, by having a "flat" top, a relatively uniformablation is
produced, which assists in steepening the sides of an ablation, although
the resulting profile in tissue is nore round than for a square profile.



This, like for a Gaussian profile, is also advantageous in avoiding a
"haze" that can result 9 WO 01128478 PCTI EP00110379 from square profile
abl ati ons.ylhg.dqaal in the design and use bf the profil e p¢Qpoos®d maxi m ze
t.he abl ati on per shot while avoiding the haze encountered with square
profile ablations. The width of the flat portion and the anmobunt of energy
bel ow t hreshol d, as di scussed above, is driven by this goal. Al so, the

rounded angigiveny fds precike geﬁmr:ﬁcgtmhé fRrtielcaid ro“at(arb pxﬁ&b@ﬁtob.e?d‘urécbff&hﬁ al
abl ati ons wth squar.e- S:‘Pﬁ (g)l;il:qa%d rofiles, which could affect healing.

Furt her bvew)hayte& igurg ). Jitsther, in some emhogimegts. aesi gn,

nearly al | atfphmiefroRY D4t iHoSMSn Eibiirdd 8- srwmyﬁdedhatefaardswl&emugﬂn&ﬁ renoved
with a square-sided abl ation profile passed, for exanpl e he aperture

302, but writhinths sxgimsr laser sve?mrleaw aleﬂgtb%apqwfscarﬂf@‘s@m ﬂ@mterpr ofile

conbi nes b%f&etrreeapeﬁmeemqeé 1scgmﬂl$3%dG?H§&k&@yﬂérﬁfdbt'eﬁmﬂ&dwﬁéﬁ?er uar e
profile. In Figure 12, ugh there is a simall portion 408 of the

abl ati on pamreecawd@Otlmpptrﬂygmﬂﬁmd rr@&umglnen&&@ss@hglcmrsm on threshol d,
this porti t erall

abl ati on p?&]rth% ﬁ%gq%gf a?:%n?? ?@t"“"%‘? tﬁca ‘%ré’gtt%? lgg%austesrl}ngﬁ tgér/ofl | e, a much
| ar ger anopesitianfang adipssyhef compyted @blation mﬁ&mratheovisq adjess thelogitical\estem he

bl LS ' h d,
ot her °t haly SRpt3btint ARt EREUAE ik Rk the el SUCEIRIES Y, | S MORCo% e
of the advdlusmjssth@pinazozlm&mcrﬂﬂakdpng\yﬁh elips 208 usesl tbﬂleldeh@apertdnewdabl eto
e L B e bR EFANSR 5 ST, WpEhle ShaRolddt £l MRl Pull 1

heat ed tiss ear I Ssue ave
duci ng scthosciskilledin thpart that wmtu'ﬁise)nttlnt ainbedlmlegwobkdlb@wwdtbmduﬁt tle of t he

Dbt o e baf] fo3R 'P%%Sé“%*ortcfﬁrrgnt%era i, SRR niber e PRSI fien

t her mal hegins Q02 el aodifféramtamimbedof iwles ditithe eatdd00 tikeriheihalesl1047i gure 13

o simi 1 ar - aper t (i e aser’t SR e R, bRt esene BB E o ac0.
Little of wahe7 taqir@hureaw'e@meeﬁantshﬁs nsedfih becél&thh@ﬁmﬁmslewﬁ@pmtomg square
profile, as.indicated b ‘he out i de hatch g [2 C%%ﬁ ared to standard

abl ati on thPPrqlé%“t‘ot‘haé'gélaB %%fe perturgicardrL80.1 Bignies? shamy 2 aerfRardages,

i ncl udi ng tapafure émmryskmrmmar@gawaamaﬁawmral1h pétt, vhtrﬁh@yp%nhrescﬁftﬁ normal I'y

renoved by a square-sided ablation profile (e.g ypically within 90%

al t hough ots}‘Fé‘?m &b Hgres Tapdt a?‘%’@%%‘i“é‘"’ﬁﬁ%%ﬁﬁ‘ldﬁm ﬂmplﬁte@eéﬂgé%@ are still
' ounded, " ofaiabyint SN GHgie 40 LS pEATIGRARNORS TS hafekeRliel - Fi gur e

14 |IIustrates a conpari son between a square gro il resul ting

| aser shot cad|18P with fixatign nointss2R2 and pessaure P@@tﬁé bndlda awown\m)thme&MS
PCT/ EPOO1 1@:32:9%995&& & e‘éﬁ%diméae utem%ma&pédrh@ zﬁ:@&m;ﬁr‘ss arrstl gieh@q t he

i nvention Its rounded | aser shot ablation profile 506 In eye tissue,

br oundi ngYlinder piaytbat a5¢ presscitiinte heeardhpbdes 86 with sightrcaey; Thavadides al so
i @ ude al s
racoe 2l ARG indo'te Hdid 326 550 foRBheRTe (s TRUEY EPRELDYSHRI AR oo Ur 2t el y

I'S |s ecause uSiI ng’ square-sI ded shot

profiles, RR&ofthagard tayiches etgtm R 282.rad thediottam edge 22%cofdhyeecahtouches a LASI K
flap is re pPOSLihhon lity of the
eye t rackerf& dproi'ladgiﬁtzh' 'def’,]z E@gﬁfg@%@&?@&t ﬁ]e\ﬁx I{ﬁ&er , there are
f ewer heal iprggswré paints §243‘r12124ty mlobyprefcmblyrrmeepmgsc Bb/ynanefautrudng the aard 2001 al

si ght condi n 0 t t he
aperture m‘{i‘ﬂﬂg@bpf ?ISIQ&CEE;%S&)E g e**%%g’? i—?el#g ar?t%’c’?gv ?"‘ns n the
aperture cdixatidfhintoénghgethe &rd):dgeayt m:mmadud:atmm eepeatedpdsitioningof thet ypi cal

di aphragm card. using an excimer This is for a variety of
reasons, ﬁ&tdat}ﬁfb \ghg"ﬁﬁs%"idbﬁc?‘fr?v F’fg g’nhffartz enpl oyed far the
aperture nask 300 will becone slightly nore opaque over timnme. Because
chromumon-quartz is the preferred manufacturing technique, it is
desirable thus to replace the apertureécard with each exciner treatnent for
a new patient in the interest of surgical precautionary considerations and
to achi eve the highest quality ablations, in addition to reproducibility.
The card can, for exanple, be treated with a |aser blast or provided with
an electronic signature that disables the card fromfurther use. Further,
the aperture card 100 can al so incorporate electronic circuitry to provide
the | aser system 10 information and validation of procedures to be
performed. For exanple, the aperture card 100 can include an SLE 4428
secure chip nenory. This typically is encoded with a variety of data, such
as the serial nunber of the machine (or machi nes, such as for a |aser
center) on mhlch the card IOO |s valldated for use, t he nunber of

o .. O T Y P




WO 01128478 PCTI EPOO/ 10379 the shot pattern necessary to achieve the

abl ation profile. In a preferred enbodi nent, |aser beans having the soft
spot intengidoqpeefile of this invention are used in a dugdyP&gqaeshaser
surgery systemfor the eye. In the dual node system the eye is first
treated ("shaped"”) for primary corneal defects, such as myopia, hyperopia,
and astigmatism using a larger, fixed spot size. Then, a snmaller fixed
spot size i S USThe thaski O8HY/prefet bl d@hﬁgm'terdro@gubﬁddu& t&ing (0! élrb@lm - The

| ar ger si zg @ﬁm J)rqa\éi des fasterl trﬁat ment. The sn&l | er size spot provides
more pr eci SFRATITLrORET WIS eRatd r laypred) oruanartz, Masergterabhy. &he cogting ispze of t he
| ar ger spoimiltilagte Soatiaplinchalifiged @ydr vetitaniud GRrihyiAE the @Rroffiurh et ¥RA g2l area of
the cornea .to be ubJ eict_ to ablation. The |arger spot is typically between
about 2 anc!PySr.‘?ifgr?fﬂoﬁfﬁf‘%& aniR {ayero Most prgfegably,dhespultiipyer cogting er spot i s

typically ra@ﬁsidtsadfa%r&mﬂ@iepwpréximigrsoqinamceddjacaﬂ%ésﬁbafafef, " ably about 1
mmin dianeter. For exanpl in US Patent application Serial No.

09/ 591, 313 titgRérm IvsraRBoR BTy B bcoadaseatiby ehromiyno Byergansica gabdipyer
appl i cati OQpINQxingW s/ tﬂi%ﬂ%&i)ieeipﬁhg tighniuPPRYerS ’I‘ﬂtg ﬁﬁ}’e?ﬁe?:ﬁbﬁe% 1%%2 f1bed that

enpl oys 1 nm an mm square profile spot sfzes that are sca over a
corneal surcp#ig agdyanageeusty radusesinventedisefactiemofiasst light. The maskpiacludesal ar |

non- 11 41 i tAORIE didrbfe or S AEAIPP Rim BRI GERD -0 HRPab e et 80%

of a desire Ion 1nalower resolution firs s an
20% t r eat edn worefetatldelowhapgbire, asjyuitar 4 mam (ensubstantiallh] pireeffectisodiameter) second

(~Pi ano- scadt 1R abskir e AL e nfa o PR e Bl afy 25 ity

plicatiq
Serial No. ap&h@ohavige sqra@? cdgp| Undike thonmask in RCTfORMGGLOMEAABS. Rateht i n ‘

| nt ti | i | P | i cat ]
pCrBrpos) 0ogeryoRp kel of Bl 10 HHbeisef o BicloBRiens Shiada sym e,
anot her eniweeli foeaty,eye topopraphkingl lsurfeed, induding artyecoanen| sieface; ddkbpadding upon pr of i | e,

and particyfarl.: stomize blation profil es r. irregular ablations

ot her thantﬂéﬁ (Fﬁg’}é%l Sﬁ%}%%?@?%ﬁgdp@tbﬁfﬁc,lmgﬁﬁseﬁ%%ah&?f@ aﬁﬁ“ﬁ‘fq"f:?g. Rt Lover, the
soft spot aféretaperasesatfetrad tqabesemby beluet oramallenthanaé batesporaaiinmgd . can be’
Tho. t sohni QEEAHG: PIELPP RO AT oRr SRP b DPRACT PR K RI04] 11655
(PCT appl i emhidtameRERRPP MinDdiaM8ier spdlienehd &e i corespondio 3 Feh aidiel shinat i ons ‘
made with a single, fixed spot size. Eye topography systens, such as the
ORBSCAN and’vﬁﬁ@g@mﬁtef F‘Pwﬁ‘gg’?}g@ﬁ SPEIVEYOr bt ek, Inc., Salt Lake Gity, Ut ah,
ar ef knovvr i rlI t h@hartard y@art edgagtpaﬁiﬂé/isdl@éhcﬁfor fidence t_é@inlgli'iaﬁa’-'s]_ ghdBdT/ FPO()' 10379
Fopoar aphy T8 PE4S SHh & SRS UEVERE BHoBEh ebpoh s MHHUBIMADIIBR  as

di scl osed iphefttaSle tFpdrRfth tie flueAcetdA witheSese Ede\MhérturdfH® sRienfbalibrigh Pe used
by an eye suraglgo_n_or automated for identifyi regi ons of the cornea

/1 N [
requiring 5F _‘?’(5%@lﬁrtoé?%hob‘hmwrs?’@é@T"dﬁqu“SG ablae trugh ewtasiabfiemown t o ®
those ski | logldyBr th iR ik or tJ PaRAatE % RpkadldAepth ANAE RLBA RS pldfiR | N
conjunction with the soft spot apertures and the aperture card of the
present i n\EARitER itipWithig ragndes prfifcablation o atosaie gdgaapediurezed refracti ve
correction surgReRmint8 Figdfes Qim@niG s baiiiess AdrARSRLh RbcrfaRe Rlskt e
preferred enbodi nent ‘are illustrative and explanatory thereof, and various
changes i n 30ReViighnis sxamnlary of the@periuremaskel9f shat eanyfitinte theptrturaslat 106ns, and

si gnal conngghichish] IE i =l 0d . thed .l circuitry
and constructlbgn gon}él@lr%}%t. h(k:)ddplgcfQe g%é&%ﬁ @?‘%ﬁ%ﬁ’bae%rrrtgdgd edtﬁ%&? cfgtgf’frti ng from
t he spirit 388dasanoyyeralfdiamegeriofid am drombstantigily 3 wn hay sheply pacesd sdard

PCT/ EPOO/ 1 L l.a b pal. i i il e 0 ising: a
Flrat porti o dedyies SRarcRobaiat By nil Tl HoRnih Fighie (0020 "2

rounded edgwerall dinmeten saftspot apertiued 04 ingtudpra ¢enten apeeatecandhi 30 sérosundedstypl | er
percentage of the profile, whereby the7beam is suitable for ablating eye
tissue..



2. The spatial intensity profile of claim1, wherein the rounded edge
conpri ses, below an ablation threshold, a substantially square edge. 3. The
spatial in §1i(2ts¥ gorofile of claiml, wherein the flat poptr@pog@spri ses
about 60-8 the profile. 4. The Spatla| intensity profile of claimS3,
wherein the flat portion conprises about 65-70% of the profile. 5. The
spatial intensity profile of claiml, wherein the anmount of energy falling

bel ow an abj ;ﬁ&eﬁra,fmrss%taﬁbmmdmme b ﬂﬁt,ttn}oagrpdafe@t difffactiieci@tnaeste edge
conpri ses about 5% or |ess the total energy enconpassed by the profile.

6. The spatthmpprmwsr;lbtay%mﬁlq &'ingily 3 dirdhspft SM@PQ!WF %Q?ésﬂﬁanm;%rt ion is
symmetric ahp mﬂ&ntl%ll f‘g'n'&ﬁ nPIweHi?dnBﬁ&Eﬂ bvﬁnch%lsoTMu&P%fcbrﬂér dpBinfBatchgoprofile
of claim] erein the ortion and the rounded portion are produced
by a soft wdtsma%emrgscepwmlesrg@’ siiler tathase pEths iaptgrtupwﬁltpére@tetb«t aim1,
wherein th n I the eye
lssue, or SEPRPHEL aftilicd SOGRM SOHBRR B Mie gF Rl e Blob 1 1y
profil e of cohpéctivn withifigues Hl. t AdthopginFignre foillusteates dbrdapertere magk d0Qhavinga
conprise a d; P 79 10.
The spati al 5#{%%’2‘?& pro?drﬁgd%g %é rhﬁ’e a%r\/r\’hdggr}%&%&t% ﬁzémag%ﬁ%gé%tq |350n and
t he roundecknadganaerssoﬁdaqntapdntm itnis mmmﬁate(hﬂragmomtbwmaﬁtbm rimmbetsend pat i al
intensity profl bel. 0 e . td. 11. A

| aser syst etPFP cgﬁp"r @X8ﬁpeéqug§}e"F%gsoh%g&%$%€?r%ﬁ énoélhﬁ’eglﬁ%ﬁ?cg lﬁ\?‘loél unetric
renoval of dgestreandsk 800, afl bfwhich arecocludedtwidrin tie seopeayie spiritofaln preseint syst em

propagating. at ] east ortion of the |i nd an card. hol der,
oot oned FRriG: a¢ AGeResdahate Hees impien Poicallf PR enlé et fymgs

£| tioned midhdedor enla@éd] hen‘e thb 8 nirh ghtncteland Thenrs diatreter afermkesiprefdrablyf ur t her
conprising: a ntr cou erture card hol der, the |aser
source, and®f f’ﬂ%g a@ﬁ\cy MW{“@WBQ%SWP{S tﬁ%@' themto provide a vision
correcting abl atlvmwp@fm;mg aﬁ&blaﬁ&eﬂ&mfdamld& 200 mowesid.g., tatdralgr

conprising: a card conveyance, s em adapt ed ceive the r.emovabl e
aperture caforling tPéhed%?FKﬁ?f"F‘m?}/ RSy e tEQF‘B}Olyr?t engs tesh Hinaying Bsi tion

in the aper$y c&drdqiee prefile apérurd BE2 18 phicMint positidh)and then foF the Giserconpr i si ng
at | east one alignnent |aser positioned to_veri fé al i.gnnent of the aperture

card in thealdﬂeqﬂﬁQf@eéxﬁélth%F*&éPﬂﬁPqtéPe"E”éeM(ﬁﬂe rﬂ“@lmé%Fé\?aq’t%is The tissue.
15. The Sysg@g Phnfindkel s]pat is PIUBEEt dobifiof 2TEE mrm@tyaiseﬁ&essafskﬁmoyw faher

COI'TpI’i Ses: ecel vl ng sl ot or recelving t he aperture car
laser ablating by laterally moving the aperture card 100 (e g., left and rlght) within the

aperture card holder 200.

Again, the soft spot apertures 304 and 307 of Figure 9 are focused by the system
10, preferably down to 2 mm and 1 mm or substantially those values, respectively.
Again, the apertures 302, 304, and 307 are preferably formed on a quartz plate 308, using

‘ a suitably deposited mask as described herein. The mask can then be appropriately
etched using a laser etching system, as will be appreciated by those skilled in the art.
Alternatively, photolithography, silicon wafer technology, chip card technology, or other
techniques can be employed to create the mask 300.

Figure 11 is a more detailed illustration of an exemplary soft spot aperture 350
that can be used for the soft spot apertures 304 or 307. The soft spot aperture 350 is
shown having a central open aperture 352 like the apertures 305 and 308 of Figure 9,
surrounded by microscopic holes 354 like the holes 306 and 309. Once the spatial
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a first orientation | oading nmechani smarranged to extract the aperture card
via a receiving nmechanismand transport it to a vertical |oading nechanism .
15 WO 011 28478 PCT/ EP00110379 a second orientation | oadi ng mechani sm
arranged tWOrdE8Me the aperture card fromthe vertical | HY1%3Bchani sm
and to load the aperture card into the aperture card holder. 16. The system-
of claim1l, wherein the aperture card holder further conprises a plurality

of pins adapted to_al.ign t aperture card when the apertur ard is placed
"t b bos i POSTHPOALE el Rary o Endilh ity it o RGN o bl T
wher ei n t hgnd@psitio tiee vxidsdandkndwledfeabletaitisans weuld be able p di&ate sutBan The system

of claim1l ein the a eHure card orrgﬁses a plu aIity of aperture
B )

|, wher
patterns, ﬁ?ﬁ!lt%gqye?rﬂv’fiwgaé Rt (pteosiboprgfilee sprLapgEuss Al woyldproduce e of

the plural fick aqfroﬁew%.mﬁ@mbterga& 111 car 6 dbedinedGfont RFRuAREEHInsti®. The system
of claim18, wherein the aperture card is laterally moveable into at |east

a first poSiliziusteshplogigcFayahofergisalisrl, Dr2sii24 ltpehoaPermany, asd fromeothsss. t he

aperture patter b ' . [ [ tion for
the passage of NrishieFRilk 19h Bletaniaiof HBAEXG: Fafa ARy dlinah
t esting t hd00 passaddy thé sofispot apsrure 304 isshowe i acTordansy stithraneimbodizient of9,

wherei n the apert. | .e ] ' Sl passage
of 11 gnt e QRGRug e 15 GRS bl ahd bitd oRBRNE I Rge 4dglE PTEE
eye ti ssueillutrated iselekyyfor ssmpliditycif gierdraging hesing undefstood ihag thedulbprafit t he third

one of the apertures . ' . f stantially a
first fi xe(ﬁ&glw?%l'dzgﬁas g%ég%ﬁgb?*%g)?‘gﬁtégﬁé%ﬁg&g lgégﬁgg‘]’a&gfﬁ%&?i on profile.
22. An apembouldpasse similan, butserrowerapipfilet drsechn besdenea deateeportiys 4@nof thor

produci ng a desired |aser.bea r of il t.atar erein e nard has
soft spot 35@6%?’8%5‘?@ ésrt}fllg 0&%5?%1@@M?rgaﬁfe%%[g%@%r&@%r@gﬁgﬁi sing a
transpar entcox&ﬁhsﬁg\&“(tjlﬂhe sairt]idn ismhﬁstrbmdedh ake pertion ﬁ@lai& ipfefiératsin dyrﬂia&ﬁsf f olr :
positioning, the card in the.l aser system 23. .aperture card of claim
D0=! s ¢ abam eyt ofihd BBGE REENENR actoh PO B P B TR PR MR of 1 he
aperture pﬁ&&@{j@??m'm?ﬁhdgﬁﬁwmmb Athletdin p?n@hioﬂaﬁﬁiirﬁnﬁm i-e@%)é{d H
respectively, different fixed si .beam profileg. at the target. : e
aperture c&P@teqs e I“g‘?%t%ewlé?"@iaﬁﬁﬂ%mﬁl?%%m ?‘ﬁ? Sdorlonggp reated, the, ot

aperture patdmeé 260 fraferaBly qidBcdrbpsoftbratimityhedis ARBS@HaTREQlave, Jerfigaland
erture patterns hg an, effective

anot her of the at |east 't sQf t spot :
di anet er ofer W@Qieﬁﬁ"é’py\ﬁ? Sbl?ltl‘ﬁ“tg" ?llloﬁﬂ@'dé‘ﬁél"?‘pﬂﬁt@“%ﬁ'rlﬂafs Hinthe 3 wher ei n
each soft gROtrhaRAbin bEerRity!fBllifg AW tieSthfestibld for ABIatIGES bfeRrasipabdudr € and a

plurality of smaller apertures for providing the effective size of each
aperture pate etylgss of the total energy encompassed by the profile 400. The profile 400 is non-

Gaussian, for example, between square and Gaussian-shaped, or a truncated Gaussian.
Thus, an automatic system is employed to position the aperture card 100 at the
position in which the aperture mask 300 passes an ablation profile with a substantially flat .
or flattened top, rounded edges, and substantially truncated sides for ablation of corneal
tissue. Further, the card 100 can be laterally moved into positions for laser shots at a larger
“soft edged” spot size, a smaller “soft edged™ spot size, or at a center portion suitable for
adjusting fluence levels.
One advantage of the profile 400 of Figure 12 is that, by having a “flat” top, a
relatively uniform ablation is produced, which assists in steepening the sides of an
ablation, although the resulting profile in tissue is more round than for a square profile.

This, like for a Gaussian profile, is also advantageous in avoiding a “haze” that can result

9



26. The aperture card of claim24 wherein the one of the soft spot aperture
patterns is adapted to create a first beam spot having the desired beam
profile at the target, said first beam spot having a dianeter at the target
aof appr oxj 1?2'8Y7 2 mm and the another of the at |east tmnor/BERI01039pOL
aperture patterns is adapted t~ create a second beam spot having the
desired beamprofile at the target, said second beam spot having a di aneter
at the target of approximately 1 mm 27. The aperture card of claim 23

further cQRR{ iqahraPrakilt ablatiche € Thdgoal indBe dekign amasufrtbepmﬁtemnmoa. m 27
wherein said hard ggerture rovi des beam target

f,
29. The amximizetheAplation persaptyisls Wg}"ég‘% Wf%e‘b“@&‘i“F 'k @‘éﬂ%“ﬁ? Bf%*Y% has a

subst ant i ghialodd ne AP Heifalipordor HaTHieametyof aRely uzmvamebsnole;asau ght,
vertical srde portion 01128478 PCT/E 01 0379, 3 T e aperture

card of cldmcmSQQaW&rleF‘ﬁV@ahYdhléé%h fdso; the g gnd wrisabedegereghsethe, singl e
use of the‘ ?ep”%éfectB nﬁy&&%ﬁdﬁbﬁs With Shuafe-GcH dblaBidn phogIes] WhisRbsulgoat i ng i s
ruc

a |layered S ure co I sing chrom u titani um and oId. 32.. The
aperture afiect healing. dunthe bywrapleying theinsofda AQby#ppraprate mska%{] OLlesign. sai d

substrate, P@yéb]ghhg Saleg%ﬁltaﬁnﬁ%&l?ﬁeﬁgnﬁﬁg@&mr&%ﬂmeﬁwﬁa and sai d

gol d Iayer ace The aperture card of claim
32 wherei n;qaaedxdea\ ammmprbﬁiyeassed;dor@amvlgobﬂhemﬁ , Byspvithapuaded| y 80 nm

e e e

aperture n rrsing aperture. 35. The
aperture o@dudsiad profite amd it squire profile. t he desi red beam profile has a

stantially flat to rti

Uical side aa?zsua%ﬁ,E@wuﬁﬁfeg%a??ﬁ#‘ﬁﬁ%ﬂq@? SERLbRE B BORRIT |
tglo porti qE@ﬂﬁbt?%a%ulﬂfetme?smy ahiatrmltbnslmﬂd ttlhepedgelssbs:gneﬂnoacevmoxd/e ?n -
abl ation threshold val ue rnea of claim
35, wher ej fd! q‘P%Pia%‘SBwﬁ@ ?q(faglr?ngﬁoé“%hsub c(;}'tla1 8%#0?% e edge
sect|t on arﬁogﬁo?ﬁu?ﬂlﬁgghaﬁmofMe@m@M?eabtatnomthresheiﬂ Whepdlee 38. The
aperture card of cl ai osi tionin rises a
posi tioni nt'fP signdhreshgl ‘SM ag&%lﬁe%ﬁéfﬁrfﬁrgiydggﬁw glegggpem of claim
11, wherei &lﬁt@@t%ﬁéﬁt%ﬁtlﬁﬁﬁﬂ rlsmltﬁ@rheaﬁﬂgtdmmtnmnma ofelse alvhritages oba ]E)0| nt and
a pressure poin erein sai ssu 0i.n sure for
engagi ng s %ﬂ@!ﬁ?‘t%ﬁ@“c&r‘ﬂmﬁﬁ"f"ﬁeg ‘;lFi‘g epge ‘Sleﬁjfct ) “Sé?'ﬁ’ts &P m of
claim 39, ﬁld&rfab tioH SISRdHcteR Pisdie or Sther ARG s@Nor ﬁmhbehefvlemter on poi nt
provi des a nechani cal stop. 41, The aperture cri\rd Ofbe(fl alh%sgzldolfrther

conpr i si ngeffgstse bushtap gmdgcmg scarring or opacmes The total energy below t
profile 400 is preferably limited to reduce heating while maximizing ablation. By

designing the portion 408 to be small, possible detrimental thermal heating below
threshold is reduced or minimized. Figure 13 illustrates a comparison of a square profile

. (e.g., if the aperture 302 or a similar aperture were used to ablate) with the soft aperture
profile 400. Little of the total energy of the profile 400 appears outside the square
profile, as indicated by the outside hatched area.

Compared to standard ablation profiles, the profile 400 of Figure 12 has many
advantages, including that it uniformly removes nearly all of the eye tissue normaliy
removed by a square-sided ablation profile (¢.g., typically within 90%, although other
designs, such as 80%, are possible), but its edges are still “rounded,” thereby rounding
the tissue removed on each laser shot. Figure 14 illustrates a comparison between a

square profile 500 with a resulting laser shot ablation profile 504 in eye tissue and a
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di sabl ement device. 42. A nmethod for providing a | aser beam suitable for
performng | aser ablation of an eye, the nethod conprising: providing the

| aser beam conditioned to have a profile with a substantially flat top and
subst ant i avby1/1sended sides onto the eye. 43. The net hodPGTfEﬁ‘P“HP?ﬁMZ,
wherein the rounded sides of the profile are substantially vertical bel ow
an abl ation threshold. 44. A nethod for providing a | aser beam suitable for
perform ng | aser ablation of an eye, the nmethod corrig;é_i sing. generating a

| aser bearnrofile §02 ikmthe grofile 4()0e pecqidingcta the iRvaAtiAR Vifh @‘l“!qﬁgéasﬁ'asﬂ‘%r nin the
path of t%x&i@@ﬁbﬂ%ﬁmiﬁ W ids At B RufdiRg 18 el s BRRAfsSucTanBveaNR EAch €

pattern; providing a spatial intensity distribution of the laser light at a
desi red | cshat, pdvantagestalse inglude allowing irie tragking syptemg ko morecpetinsiopsly aidi spat i al
intensity di | | L ey : ' : kon, a rounded
edge port i%ﬁ&tg%i t trﬁ'iﬁg{&gb%ﬁbﬁgﬁg%@gbﬁgﬁﬁﬁéﬁgﬁygﬁ%uggltdg‘?\)tgtlidél ly vertical
portion copbfiles;ohes harel” dischssedalpre pay appear.ondls: eyF heforees haflkoflapisai m 44

wh [ ' t . N t 19 WO
011 25475 PEErERdu: P8 el iheds b ity SARE LB balone 0
spati al i nupilposiyiomlosthe eyt Funther; thepr are fegvef bealing gffectd andahe gysean matd ng an

effective di, ter of between abo 2 3 | ess than or

appr oxi mat @'}@Hgf’fﬁﬂ 9({%1\8%11‘%1&1&79“%0&! it ﬁ%%ed(%? s %ﬁuﬁa% wherein the

ef fecti ve di amgt Bpoisiblagat th apantued mask 300of BigureHpo(or the iapertuzé mask 108, o48. The
met hod of cl ai m4é{) wher ilﬁ fs()?gd aﬁ{)srture cartd corrpr]iélsghs at. l.egst two
aperture pefehgeperure FHe 109-10f 18U D aprear 9% s QY Band R, ¢ onpri si ng:
abl ati ng eygplrags bad wihdakexcimeartiassesysem. dhid insera valiay of feasdns,gnélbding pat i al
intensity distribution; positioning.t di fferen janeter apgrture in th
bt b of ' e PSR Uhine GoRt: o e Sepreziink 304 AT berome BGRHLC on
simlar topphapaqitdved tith€)t Besaiide)chebntitihidavduanp isandprofestedthafiufdithiingy ent

effective size of the spatial intensjty distribution; and ablating eye
Ui ssue wi t ebmaiss biriesiBiblebusio rrBlase the ARSTEure sar VA SR Xeumey fePammst o

a new patient in the interest of surgical precautionary considerations and to achieve the

highest quality ablétions, in addition to reproducibility. The card can, for example, be
treated with a laser blast or provided with an electronic signature that disables the card
from further use.

Further, the aperture card 100 can also incorporate electronic circuitry to provide
the laser system 10 information and validation of procedures to be performed. For
example, the aperture card 100 can include an SLE 4428 secure chip memory. This
typically is encoded with a variety of data, such as the serial number of the machine (or
machines, such as for a laser center) on which the card 100 is validated for use, the | ‘
number of procedures available with the particular card 100, what types of treatments are
permitted, and perhaps storage of a control number and patient name afier the treatment
is performed for tracking purposes. With sufficient storage, the actual treatment profiles
or iris alignment and verification data could also be included. Preferably, the electronics
prevent use of the excimer laser system without appropriate validation, such as through a
PIN number, and prevent extra uses of the card 100.

A variety of techniques can be employed to create ablation profiles using these

soft spot apertures for custom refractive correction in which the laser system determines

11



intensity distribution. 49. The nethod of claim48, wherein the spati al
.ntensity distribution has an effective dianeter at the eye of between
about 2 mm- 3.5 mm and the second spatial intensity distribution has an
effective di aneter at the eye of |ess than or approxi mnatmiyemouliyto 1 mm
50. The n¥OHY@43¥ clai m 49 wherein the spatial intensity distribution has
an effective dianeter of approximately 2 mm and the second spati al
intensity distribution has an effective diameter of approximately 1 nm 51.

The met hogl, g@otﬁhﬁﬁh&?ssm aBliiBvetAé Sblanmprefile. 1 amtkfeeamtmdimentdi f f er ent
aperture paftern for formng a spati al in%ﬁ\éi t%)aidi strib tio(gq uitable for
measur i nglaserbkamsivingithe spft spatiatensiyrpfile @ AVEHRPE ATCSSERY! “i oni ng said
different ape ' PRt Gifal B&e syafef, tHeendis fisdreardsur i ng t he
f1 uence o'f"°€?1@*¥sg’;s§é#?’%%§{r%ﬂ‘ %th%gfo%/lsms, F>cr?/'a EPQO/ 1837.9 52. The met hod
of cl ai m Bshapedid dari pingagy coroé FAR U t aperture.

i al tlefeesh suehasayppia. ByReren3, apd astigmahisn

53. The net.hod, of | : el ' t ike isRE@NSIrédovdl St ri buti on
from sai d“ﬂ?gT@F%@ﬁ$x§%g¢(§$erg'vugg{nf g%ﬂaﬁégxsugskgnﬁ Sally a t%p- hat_profile.

54. The npindingirreghlatities{Zpolishadi’h e"lu’h_edaxgg_rsizgisgg ngg\fiépj P%?féfjﬁ‘aﬁﬁy W ain
Fom) e Sl e N B TR S s e
data is ekpyafthehgasgsis deSirabine rekeivilydargé fra¢tionrof s typigalareaof&snpr i si ng
i St 11 bt FomeR Srbe ERET HIEE: a6 Lrey Sbiref Spithlyberdn BBt Papg % PO Y,
of clai m 44y pireraBlyabbItE hmrindiameteneTipsmallat spohisaypically not taraer thae i on |
Lo o A i B3 b Pl b5 20 2 o
. A A@ . AS&yeh@bplication Serial No. 09/591,313 and International Patent Publication WO
98/48746 (PCT application No. PCT/EP98/02428), a dual spot size system is described
that employs 1 mm and 2 mm square profile spot sizes that are scanned over a corneal
surface to create a desired ablation profile. As a particular, non-limiting example, the 2
mm soft spot aperture can be used to treat 80% of a desired ablation in a lower resolution
first pass and the remaining 20% treated with the 1 mm soft spot aperture in a higher
resolution second pass. Other relative percentages are possible.
Using the scanning (“Plano-scan™) techniques described in U.S. Patent
(U.S. Patent application Serial No. 08/324,782; PCT application No.
PCT/EP95/04028, and in International Patent Publication WO 94/07447 (PCT
application PCT/EP93/02667), the soft aperture spots of the present invention, in another
. embodiment, can be employed to create any desired ablation profile, and particularly,
customized ablation profiles for irregular ablations other than simple myopic, hyperopic,
and astigmatic profiles. Moreover, the soft spot apertures of the present invention, in
another embodiment, can be employed to create spiral shot patterns and randomized shot
patterns using the techniques described in International Patent Publication WO 94/11655
(PCT application PCT/EP95/04028). These techniques can include ablations made with
a single, fixed spot size.
Eye topography systems, such as the ORBSCAN and ORBSCAN II® by Bausch
& Lomb/Orbtek®, Inc., Salt Lake City, Utah, are known in the art. Eye topography data,
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CLAIMS

1. A laser beam spatial intensity profile, comprising:
a flat portion extending for a larger percentage of the profile; and
a rounded edge, continuous with the flat portion, extending for a smaller

percentage of the profile, whereby the beam is suitable for ablating eye tissue..

2. The spatial intensity profile of claim 1, wherein the rounded edge

comprises, below an ablation threshold, a substantially square edge.

. 3. The spatial intensity profile of claim 1, wherein the flat portion comprises
! about 60-80% of the profile.

4. The spatial intensity profile of claim 3, wherein the flat portion comprises
about 65-70% of the profile.

5. The spatial intensity profile of claim 1, wherein the amount of energy
falling below an ablation threshold corresponding to a point in the rounded edge

comprises about 5% or less of the total energy encompassed by the profile.

6. The spatial intensity profile of claim 1, wherein the flat portion is

symmetric about a radius of the profile.

7. The spatial intensity profile of claim 1, wherein the flat portion and the
rounded portion are produced by a soft spot aperture.

8. The spatial intensity profile of claim 1, wherein the center portion and

rounded edge, when used in ablating the eye tissue, create a customized ablation profile.

9. The spatial intensity profile of claim 1, wherein the center portion and the

rounded edge comprise a truncated Gaussian profile.
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profile below an ablation threshold for the eye tissue.

11.  Alaser system, comprising:
a laser source providing light for volumetric removal of tissue for
refractive correction of an eye;
an optical system propagating at least a portion of the light; and
an aperture card holder, positioned for holding a removable aperture card

having an aperture positioned within a path of the light.

12.  The system of claim 11, further comprising:
a control system coupled to the aperture card holder, the laser source, and

the optical system, and controlling them to provide a vision correcting ablation profile.

13.  The system of claim 11, further comprising:
a card conveyance system adapted to receive the removable aperture card

and to convey the aperture card into an appropriate position in the aperture card holder.

14.  The system of claim 11, further comprising at least one alignment laser
positioned to verify alignment of the aperture card in the aperture card holder prior to

volumetric removal of the tissue.

15.  The system of claim 13, wherein the card conveyance system further
comprises:
a receiving slot for receiving the aperture card,
a first orientation loading mechanism arranged to extract the aperture card

via a receiving mechanism and transport it to a vertical loading mechanism;
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16.  The system of claim 11, wherein the aperture card holder further
comprises a plurality of pins adapted to align the aperture card when the aperture card is

placed into position in the aperture card holder.

17.  The system of claim 16, wherein the aperture card holder has three

vertical pins.

18.  The system of claim 11, wherein the aperture card comprises a plurality of
aperture patterns, and wherein the aperture card holder is adapted to place one of the
plurality of aperture patterns in the path of the light.

19.  The system of claim 18, wherein the aperture card is laterally moveable
into at least a first position for the passage of light through a first one of the aperture
patterns for laser ablation of the eye and a second position for the passage of light

through another one of the aperture patterns for testing the fluence of the laser system.

20.  The system of claim 19, wherein the aperture card is moveable into a third
position for the passage of light through a third one of the aperture patterns for ablation
. of the eye tissue.

21.  The system of claim 20, wherein the first one and the third one of the
apertures pattemns, respectively, pass a beam of substantially a first fixed size and a

second fixed size having a desired ablation profile.

22.  An aperture card for use in a photorefractive laser system, for producing a

desired laser beam profile at a target, wherein the card has a soft spot aperture pattern,
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23.  The aperture card of claim 22, said card having at least two soft spot
aperture patterns, each of the aperture patterns having a different effective size for

producing, respectively, different fixed size beam profiles at the target.

24.  The aperture card of claim 23 wherein one of the at least two soft spot
aperture patterns has an effective diameter of approximately 3 mm and another of the at

least two soft spot aperture patterns has an effective diameter of approximately 1.5 mm.

25.  The aperture card of claim 23 wherein each soft spot aperture pattern .
comprises a larger central aperture and a plurality of smaller apertures for providing the
effective size of each aperture pattern.

26.  The aperture card of claim 24 wherein the one of the soft spot aperture
patterns is adapted to create a first beam spot having the desired beam profile at the
target, said first beam spot having a diameter at the target of approximately 2 mm, and
the another of the at least two soft spot aperture patterns is adapted to create a second
beam spot having the desired beam profile at the taiget, said second beam spot having a

diameter at the target of approximately 1 mm.
27.  The aperture card of claim 23 further comprising a hard aperture.

28.  The aperture card of claim 27 wherein said hard aperture provides a top
hat beam profile at the target.

29.  The aperture card of claim 22 wherein the desired beam profile has a

substantially flat top portion, a rounded edge section and a straight, vertical side portion.
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(%1. ) Tille ap{erture cgrd of Ll%,l]ﬁ?{GZ& WQ'I)CI'ClZn s]é?d/cq%a' g i%glayered structure

comprising chromium, titanium and gold.

32.  The aperture card of claim 31 wherein said chromium layer is adjacent
said substrate, said titanium layer is adjacent said chromium layer, and said gold layer is

adjacent said titanium layer.

’ 33.  The aperture card of claim 32 wherein said chromium layer and said gold
layer are approximately 80 nm thick and said titanium layer is approximately 40 nm
thick.

34.  The aperture card of claim 22 further comprising a hard aperture.

35.  The aperture card of claim 22, wherein the desired beam profile has a
substantially flat top portion, a rounded edge section and a straight, vertical side portion.

36.  The aperture card of claim 29 wherein the flat top portion and a

substantial portion of the edge section are above an ablation threshold value for corneal

tissue.

37.  The aperture card of claim 35, wherein the flat top portion and a

substantial portion of the edge section are above an ablation threshold value for corneal

tissue

38.  The aperture card of claim 22 wherein said positioning means comprises a

positioning hole.
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10! " 109%& (QonipoI@S' a(t)lxatlon p/glﬂt/ﬂnd a pressure point, wherein said pressure point provides a
pressure for engaging said aperture card with the fixation point.

40,  The system of claim 39, wherein the pressure point is a spring and the

fixation point provides a mechanical stop.

41.  The aperture card of claim 22 further comprising an electronic

disablement device.

42. A method for providing a laser beam suitable for performing laser
ablation of an eye, the method comprising:
providing the laser beam conditioned to have a profile with a substantially

flat top and substantially rounded sides onto the eye.

43.  The method of claim 42, wherein the rounded sides of the profile are

substantially vertical below an ablation threshold.

44, A method for providing a laser beam suitable for performing laser

ablation of an eye, the method comprising:

generating a laser beam;

positioning an aperture card having an aperture pattern in the path of the
laser beam such that said beam intercepts said aperture pattern;

providing a spatial intensity distribution of the laser light at a desired
location on the eye using the aperture card, wherein said spatial intensity distribution
includes a substantially flat top portion, a rounded edge portion continuous with the top

portion, and a substantially vertical portion continuous with the edge portion.

45.  The method of claim 44 wherein said aperture pattern is a soft spot

aperture pattern.
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distribution comprises forming a laser spot having an effective diameter of between

about 2 mm - 3.5 mm, or, less than or approximately equal to 1 mm.

47.  The method of claim 46 wherein the effective diameter is approximately 2

mm, or, approximately 1 mm.

48.  The method of claim 44 wherein said aperture card comprises at least two
aperture patterns having different effective diameters, further comprising:

ablating eye tissue with a first series of laser shots having the spatial intensity

' distribution;

positioning the different diameter aperture in the path of the laser beam to form a
second spatial intensity distribution similar to the spatial intensity distribution and having
a different effective size of the spatial intensity distribution; and

ablating eye tissue with a second series of laser shots having the second spatial

intensity distribution.

49.  The method of claim 48, wherein the spatial intensity distribution has an
effective diameter at the eye of between about 2 mm - 3.5 mm and the second spatial
intensity distribution has an effective diameter at the eye of less than or approximately
equal to I mm.

. 50. The method of claim 49 wherein the spatial intensity distribution has an
effective diameter of approximately 2 mm and the second spatial intensity distribution

has an effective diameter of approximately 1 mm,

51.  The method of claim 44, wherein said aperture card comprises a different
aperture pattern for forming a spatial intensity distribution suitable for measuring a
fluence of the laser beam, further comprising positioning said different aperture pattern
in the path of the laser beam; and

measuring the fluence of the laser beam.
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aperture.

53.  The method of claim 51, wherein said spatial intensity distribution from
said different aperture pattern has substantially a top-hat profile.

54,  The method of claim 44, further comprising using topography data in
conjunction with the spatial intensity distribution for ablating the eye for vision

correction.
55.  The method of claim 44, wherein the topography data is elevation-based. .

56. = The method of claim 44, further comprising using wavefront sensor data
in conjunction with the spatial intensity distribution for ablating the eye for vision

correction.

57. The method of claim 44, wherein the forming the spatial intensity
distribution comprises positioning the substantially vertical portion below an ablation

threshold intensity position of the spatial intensity profile.
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