*; e3eE<E889T: . ;, <6b<T<ho- METHOD AND APPARATUS FOR OPTHALM C REFRACTI VE
CORRECTI ON SPECI FI CATI ON TECHNI CAL FI ELD The invention relates to
refractive | aser abl ation systens, and, nore particularly, an exciner |aser
refractive abl ati on system enpl oying an aperture card tha i que
abl ation profile. BACKGROUND ART Systens for reprofi.ling MUE@HEQEMW@MW
refractive correction have becone extrenely popul ar. Such cally
enpl oy a 193-nanoneter (nnm) argon-fluoride exciner |aser, pass$Pt#*the |ight
to the corneal tissue, where a very precise anount of tissue is "abl ated"”
fromthe eye with a laser shot. A variety of delivery nechanisns are
commercially used, includin% systens_in which a fixed spot size is noved
over the surfeMPDAP 6‘4/:’5, UshTeR Q'ﬁ@"@%‘p REEBACIINERLPPEREGHEN n whi ch
erodi bl e masks are placed in the path of the excimer |aser beam In all of
these systens, the ultinmate goal is to change the profile of the cornea
surface by volunetrically altering the anmount of tissue within the cornea.
Further, these techni qgues have been enpl oyed on the surface of the cornea
underneath the epithelia using i or photorefractive keratectony
(PRK) as well as the intra-cornggﬁﬁggﬁgﬁgﬁggknomn as LASIK, or laser in
situ keratomleusis. US. Patent 5,376,086, issued to Khoobehi et al.,

di scl oses TECEHREEALSUERDcal net hod of scul pting a patient's cornea that uses

a mask systemwith mul tiple openin in i I . jssion is
control led thr %xﬁvﬁ@nﬁgges&? ’ﬁ%ﬁ%ﬁ%ﬁer %Sgﬁgﬁgy%%gg%f’%% P @1@{1}2&{?& e in the
mask act s gh ek@marladenebifattiieablatibgéystemanipboyingdinsipeinbe tard ¢hak pasess apower as a
function of,  the hole's.size, shape, and overlaid coatings. By summ ng the
pover out pRAUSAIERAPOflEe pattern over a given area, an average power

di stribution is generated. The u~NUS~m ~~~  techni que, however, is limted
because the power transmi ssion of the mask is tailored only to a particul ar
corneal s VI‘{% t opographi cal information of that surface. The
corneal surfaceydt@ROBF ARRITing eedyt for HdfRCcHRTbIrOdtonhgvalRechaa exranfebr
constructing the pattern of_aﬁhe sk iﬁself. The sur@gﬁn can _observe the

t opogr aphiPEPRIAF SURRENStEAS SYRic lﬁé‘ﬁggélatlg “RanomsterAUR) BB IArg XA At

t opogr aphijged, BhQinBRAd 198ht to thecddicabisdtie, wWhere Atvedipréecisecinionnt efdissue is npr ovi ng

| aser abl ation of eye tissue that avoids or. reduces shortcom ngs of

previ ous reblnedstromtaryithe lasershohEKerIeBr ARV MAENANSMS &% ai n feat ures of

the I nventd,aiherdtaily 3561, ifcRIdiRSLiRs AR Oik-a¥pdSEk ithotddavestay such as a
193 nm exciner |aser system s inplenented to %gss a_ uni que "truncated"

i nt ensi ty satfhcetof the epe,df Whish tieppotesagripyasied.and hLwidsh sodile Brkt f€e or a
truncat ed ' j . Ebthas sdstermOhile iQhte gp1@f i | €. The
"top" of ﬁ%@ggf@e ggptg%f%fgg ﬁﬁ‘gﬁl&gpg%%s?g?\lti al.lg ° It?it_terfed anrgeas t he sides
of the prabichangsthepeofiinef the eomesbsuafacoby Yohrerigeally alteringsthopmoyns of eached, at
whi ch poi nf NG RAEE {neé'ﬂ%epﬂﬁw@cﬂﬁﬁ@%}yﬂé’ Bdnl rlloyed B tHR's@ffhde@fi S ,
provi ded using an aperture card prepared based on diffractive effects. The
aperture che corpeaaideratrtlythe apikhstie ssing atechniquaifon nhetorefraciyaleragrédmXir es

"sor ¢ spot P P bt It BRI oD P 2oL ISICRy BELFR R, 10 12EE " o

t o accumnul grgorhiteukiosr m t he desired profile. Further, the aperture card

i ncludes a "sq -sided” fil rture (reterr I a "hard
spot" apert ure;{iég)ratet“ég’gﬁagg@Hé"eﬁlt%g'ﬁ%og’%gfet élhgllsgg?(szfsdrflla]%& g‘gé{rgélgg/e?fogm The
aperture Cgfrsguipting diagiBstactoes that sseigmasissystgmorith msléiplepenisgs in whichn exhi bi t
changes in characteristics, over ti @Jfgglthoug{ .'ggaé:ﬁorre nbodi.ments, this is
not necessFsr PYWErL{FESMIFHERN léa?fafqllsdg‘? theiss of 4 o} DFBHA use into the
system fr oy EhoRRES tHe Wik 6§ Bkd @l if@vidua tightisbaras pstiiRding idser gowacss 41si ng a

hori zontal and vertical novenent robot nechani §m Then, . a | aser, system

det er mi nesfunpéqurs thechole’ayiess $hape 2paPYPriald caRtEsE .V_S.‘}S‘Bgli“{%%%%%‘,'erf’ﬁtﬁl’ iting

A Ternat i v e B e e £ P and ] st the

conput ed ablation profile or otherw se adjust the optical systemto adapt

for the msalignment of the aperture within the aperture card. 2
I
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' BRI EF DESCRI PTI ON OF THE DRAW NGS Fi gure 1 illustrates a | aser refractive
abl ation systemfor the eye in accordance with an enbodi nent of the

invention; Figure 2 illustrates the |laser systemof Figure 1 that includes
an aperture card in accordance with an enbodi nent of the invention; Figure
3 illustrates a mechani smfor holding an aperture card in place in
accordance with an enbodi nent of the invention; Figure 4 is another view of
the mechanismin Figure 3; Figure 5 illustrates a view of a portion of the
mechani sm teéhnF u8 Ycvever, is Melitdd b&gu;ehﬁe iy taﬁsalgﬁfn%fme rﬁasqqsrau&ea n
accordance W th an en% élnen of the 1nvention; gure 6 l'ustrates

anot her vi ey t5fa partéculso eernesh susface-by uvieg vquar@nhlqah@fmmwféh%amréacgf Figure 2
renmoved; %U(;] ofnedl éu%éﬁ&ﬁ@?@ﬁ”b&dé&ﬁ?ﬁﬁ@@bxﬁfﬂlﬁr&rm&ﬂmm%r%@n%@t‘i%@ card in

pl ace accor g to anot I ment of the 1 nvention
i | | ust r at epattam cfitheemaskiitseld Poshtgeemcaaosayd tgmﬁmgrammm@mxfmdthm

aperture Cﬁ{tgmctﬂéﬁxﬁ RBshR t‘fﬁ‘?ﬁb%@h?@mfﬁg&”ﬁ 9 is a nechanical draw ng

illustrating an ape ure rms a portion of an aperture card in
accor dance wi t Hftgpreseiganieneont is dircatdueto improwing daser ablatjon ef <@ tisduedist r at es a

squar e- si dml&%awfdgﬁ sg&&g&%&%{ érg‘” userpaﬁocgn aperture having a square edge

that forns par lgure 7 in accordance with an
enbodi ment of the invention; Figure 11 illustrates a "soft" spot aperture

i n accor dagg&mt} ﬁﬁ‘q]qq gﬁ of the invention; Figure 12 .i | lustrates a

useful ablation profi e pass y a soft spot aperture in
According to certain features of the invention, a laser refractive ablation system

for the eye, such as a 193 nm excimer laser system, is implemented to pass a unique
“truncated” intensity ablation profile, for example, a non-Gaussian profile or a truncated-
Gaussian profile referred to herein as a "soft spot” profile. The “top” of the soft spot
profile is substantially flattened whereas the sides of the profile slope until an ablation
intensity threshold is reached, at which point the edge or sides become nearly vertical.
The profile is provided using an aperture card prepared based on diffractive effects. The
aperture card preferably includes 1 and 2 millimeter (mm) apertures surrounded by a
plurality 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.



"accordance with an enbodi nent of the invention; Figure 13 illustrates a
conpari son between a square profile and a soft spot profile in accordance
wi th an enbodi nent of the invention; and Figure 14 illustrates a

conpari son between a square profile and a soft spot profile with their
resulting tissue ablation profiles. MODES) FOR CARRYI NG QUT THE | NVENTI ON
Turning to Figure 1, an exenplary exciner |laser system10 is illustrated in
whi ch a unique profile and aperture card handling or conveying system 12

(al so refer @Pa{ @p@ r en nodule) is shown in accordance

w th an eanrolglglr:rebr%ts o) ! e |%\F/He;¢latl?fg%mﬁg system 12 takes the place of an
iris di aphr agm Figurebleiflustriteseiaseomfrangive pblation sygsemiferdh¢ eyedn pecardandset ween a
bendi ng m rv&iﬁxran]e%}b%&fjneﬂt &‘imﬂ%ntipﬁ-“k 14 (see Figure 1 ). Specifically, the
exciner |aser systemis a typical 193 nm exciner |aser system It includes
an exci mer | aseFiguf Zatldstoates tlzet laser system afdagwsé hthat mskidesspapertareeqed oy i ng
mrrors (e'a%(:drd%l%é%ﬂﬁm%dirﬂédt\éﬁﬂem@gf&geC' sion mirrors for 193 nm to
scan the | aser beam10 appropriate poi Ats’on the cornea in a treatnment

pl ane 16. Pref eFigdora] illuteatdsasnechanisn famhaldingrap lapgriraeardipeplaceaicki ng syst em

w th a tracking. spe f | .The |l aser system 10 is controlled
by a cont rOqccoggaﬁcgmﬁg#exp@édlrggrg%ghé?&gkﬁdgﬁput er. The control systemeither
can conput e | oc&liguye 4isshatherpadw effithe tmechanismen Eigaredesi red abl ation profile,

or can receive an ab ion profile renot ¢ch as.according .to U S
Patent 5. 801, 133 R T fleaghesly Gt o RSl e mihirleBBe BHE T P oleBern - anc
i ssued t o HabhgertuSwahl of \Figuead inviictdrddmee withl em ermbalimént of the sievestion; | ed i n t he

art. Further, other ers th exci | asers €. d. In any, case,
according to onﬁ%epégﬁlsﬁrﬁcstaﬂg&?r%ee%? téﬁ?or?l%ofsﬁjg%g%‘Y@%F‘fﬁﬂem#f?léd to
recei ve an ¢ffRigure/2 eenxed] or application card 100 as showmn in Figure 2. The
card 100 is precisely.positioned wthin the |ase ath.of the excinmer |aser
systemto pass ﬁ‘%}’ﬁ? yflﬁlﬁ%ﬁﬁﬁ’aﬁ%ﬂ‘ﬂ?’gﬁ @@Fqﬁaﬂﬁpﬁﬁ"’?c%ﬁ! inplace A60Md g & card.

I n one enbo@iaAsthérentbbdinrpesfithy i@veneiol 1 s a mask holder simlar to a

car d- based syst«i:mfog‘i;l hip card desi g)rgs that, includes a set_of several high

preci sion dril | img¥e trafes aneftemativepoyitipnnd alignment mechanism fopthe assenbly of

the card. ThRraeGhdashespbndifeoFigeyr,ces is typically down to less than 30
m crons on both axes, .and nmanuf gcturi, 9 lpr_ocesses can be aut omat ed and
raf)vbrtﬂlg_stla tfg

checked by ni cr J488pP is HBedaniral Hing,3n apettue mapk Wb ment t he

aperture cap@ibof8abért@@d Adcalidnd®Rfih Wi enBidRf&id bEthe Rivekonand fi xati on
points in conjunction with preci sion machini ng and manufacturing. This

; W th 4 . .machir |
produces si ngl e igwe d&ikstisesiasapaie-pideddparal dntensiie RIOSH of a8 BRURECRAVING ¢ he
order of 5 pwuafe dABE e fornRfafiof R GpérRird Bk o FibureNindREJr i wiRhg System 12
is illustrated according to an enbodi nent of the invention. Figure 4 shows
anot her vi efbsdimens obihefvgRtiongar d system 12. After starting the |aser
system 10 and engigir 70 iRk «s0@T ot d%e&ﬁ}@irp&'&&!d&?c"e with.anSRbbAIRER 2T t he
system 10 requires the aperture card 100 to be inserted into the system 12.
Arrow | 01 sHewventa; di rection in which the card 100 is inserted into the
system 12, pr ef ef;ght Y2 {ilugfd Slsefl sbifion PRIFESaséd B 2358 feipr otects the
aperture card 100@12“5 Eeeps It ScI ean. o'tll'_e apeﬁsturgacar\éﬁ%sgé??sel ed in a
first orienacoidence Withransembegiment ofghedpeantion; t o card cat chnent or receiving

machi nery 103 ( e; : | i sl ot
102, al t hough, i HEBFASIMEEEER conRloRBpRENE Rl aor e HANER I

cat chment nacdscordance 9B ap enbedimbrg ofithe invantioncardd 100 i nside the | aser system
10. A pickup-and positioning sled 104 (e.g., a vertical |oading nechanism
noves forward to the card catchnent nmachinery 103, as generally indicated
by arrow 101' in Figure 3, which transfers the aperture card 100 over to

t he pi ckup-and positioning sled 104. The pickup-and positioning sled 104
noves backwards, generally indicated by arrow 101" in Figure 3, to a
desired di aphragm 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 excimer |aser 15
by pins, as described bel ow. Then, the pickup-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. Also shown in Figures 3 and 4 are three positioning holes 105,
which are used to position the card 100 on pins wthin the |aser system 10,
as will be described below. Near the m ddle of the card 100 is an aperture
nmounting slot 106 to hold an aperture mask 108. The mask 108 i s nounted
into the slot 106 of the aperture card 100, preferably being glued in

pl ace. Referring to Figure 5, according to an enbodi nent of the invention,
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“I'n an alternative aspect of this enbodinment, illustrated with reference to
Figures 6 and 7, a pressure based nechanismis used in place of alignnent
hol es and positioning pins to position, align and secure the aperture card
100. Figure 7 shows a preferred aperture card system 220 having a conmnon
structure, in part, with the aperture card system 12 in Figures 3 and 4.
The primary distinction resides in the replacenent of the alignnment pins
202 (Figure 5) and correspondi ng alignnent holes 105 in the aperture card

100 with fixatign Lnts, 222 and pressure points 224 22 as _shown in
Figure 8. In anﬁﬁ@ggém%rf%fsrﬁ%o mﬁq@ﬁeﬁéww& i%%aﬁ‘ﬁ/ﬂ’PEprQE% conpri se
t hr ee har deitktheiitbsultihgispicnblatibaprofilee press fit into the card hol der 26

wi th high accuracy. The card 100 is pushed into the holder 226 fromright
to left (as viewed in Figure 8) until the left edge 227 of the card touches
fixation pMOIDE®EYEORATURRVENG OUTOTHE GJeERZEONf the card touches fixation
poi nts 222yl ang 222yi . The card is fixated against the fixation, points by
pressure points 'f?ﬁ')%}éo Bigyte PP ?"é’f‘%%ﬁ ?‘gsi?témslBﬁ ’ﬁﬁ%‘fat “P’Pﬂf?ﬁf acturing
the card 1@%1«,‘}(1& broﬂie@ﬂﬂdﬁﬁ@%iéc%aﬁﬂheﬁ_ﬁﬁﬁ'g drivaiiveling spane 12 Lmaéﬂegéu tgfas the ]
apertures are known, and the fixation points engage.the card edges at the
Sbe 1'ooat fate Saion FRUUELS showini pg-talmph i 8 SRR AR e u e
accuracy OfThe byski OF takétthicsplace®f an TRalidpBRkmOSeafm dihefsphak] ¥ isonst ruct ed of
an opaque coatin (g@% chrom um deposited, or ot h%rwi se coated or |ayered)
on quartz. “W@dg}% rape patyeenahendipe pitmey 13 and;a seapperplack 14 &satighs Yncl udi ng a
layer of tispadifiehlly QHeEcaNdr Mier FyStemlis iypiean 19381 excivitd 1a8er! sgyt@h. ff gol d
overlaying the titanium/|layer. Mst preferably, the nmultilayer coating

consi sts ofm%“‘%?ﬁ?‘bﬁicm‘ﬁrllaé?elﬁ a&ﬂﬁ?‘?ﬁ_ﬁ?m*’eﬁc?‘“ﬁt& lpser iy_ﬁﬁeﬁ‘lénﬁﬂﬁyéftgefﬁ'tﬂome _
substrate, (@g! p4I3mbmeict &%Rh hARRr&sidiahiRlos 60193Mnt) b dan afli1ACEBaniBe chrom um
| ayer, and a gol d | ayer approxi nat el éSO nm thick adjacent the titanium

| ayer. The 2aPOPR4EPRING AR dhe|catnes in teegtmanhplangilia firefefebliisthy lasergugen 1oinwant ed
reflectiong pldfﬁl?éyeltl'agﬁhg sysRf @ﬁl%trhél@x{glégé‘éﬁ & alleM ®) £ CtlMiefll ameter (or
substantially mm'effective dianeter) "soft spot" (defi nec? In nore detail
bel ow) aperstitgre 10 & oontiplled by 2 camirql siystest bi ferskarapie. 2 compitenf Fhesontwd di anet er)

soft spot : | ki : tantially
1y har e e AN oruBiaRy o ol SR oAchieie AbiTEbBlioh Blory B2

af or enent i AR EEceivean ghlation profilearmohe suohs awerdinggo &% S. Paenth&M, 1808 i s

! ”depe”def‘tenﬁﬁedeﬁtﬁstﬁﬂﬂ%& .L‘J?Jr%u@@@ mbeanﬁs?ﬁiedftQHBgﬁ)/S c

t opogr aphi cal surface, 1ncluding an orneal surface. pendi ng upon the
optical sysysiemewl eyaderbipod biethesecskiiled inl theant. Byther pihg¢0aserstharexcinedr over al |
di aneter of the anertiures referred to above may be larger or smaller than
the corresponding 1 mage or irradiance pattern projected onto an eye. For
exanpl e, typi calln ardyl aast, peroiding ty onsaspedt ithermvelitmnethesysends imptemelitadret er
spots on t '}g réoéive Sx?Qpe%Fch?dpo‘? Qgpﬁc%i]o% q’lﬂi r’i‘)g,‘%s Qho%m%\é?erz?'fhe%' ABb &/
aperture patterns, respectively. € " har square edge aperture i's used

f or f | uencepreasty prgitinnddnwithins tha tederpthf df tleerexeinmpt kisar syssane to mss lighpol yet hyl ene
foil coate ' . Wi ] ' F to performthe
fl uence te;&l %H %éegu%%g%?‘g] gé’é‘gé’?g‘gg] ‘{H&?él ecaH')th ?9383{@&%&@%@3}”&%@%bec ause it
i s easier tardia nmskhotderyginsitaotosa @rdbasedisystemdor chipdarddassighbthavigéiudmtaer i al
fromone layer.to the next.or . to penetrate to a particul ar .depth using a
square edge%g?fcfﬂelng h@%qﬁﬁ%pr{llgng?gs@af ﬁetf?rﬁ'}é:e PS'Hﬁg%g"eﬁF?f??tP@?abl ation of a
_nloln- squar eda&é?ﬁblﬁ@[ﬁhé cerra.T}Féas‘calrkradg(r)ogt]rte\ﬁl\e;h c_lav%es_rieq&icaay lﬂm:hmn?ﬁa{anéoaw ng is
illustrated of an rture nas : ich is exenplary t he aperture
sk 108 ¢ AR PR e, SRR b Pac ST o B g a iR 5 o1 ued i nt o
place. As shidrsscépic me@uring Bols.aln daltenatbd@pbodifemtitiy apaieecardes 302 has an
overal | di amstergqof 3..mMm or substanti al I}( 3. mmthat si rrpl,gl passes a
standard sqRPSfioneq apdgligned via pressus paintsapd fixalign ppigisdp canjpctiony as that
shown in Figure 10. A 3 mmoverall dianeter soft spot aperture 304 incl udes
a center aperture area 305 surrounded by a pattern of mcroscopically
smal|l holes 306 that, through direct ddffractive effects, create the
appropriate ablation profile. Finally, a third soft spot aperture 307 is
1.5 mmor substantially 1.5 mmin overall dianeter, which also includes a
center aperture area 308 and small mcroscopic holes 309 simlar to those
of the aperture 304 to create the appropriate ablation profile, an

exenpl ary enbodi nrent of which is discussed below in connection with Figure
11. Al'though Figure 9 illustrates the aperture mask 300 having a single 3,
nm di anet er hard edged aperture, a 3 nmdianmeter soft spot aperture, and a
1.5 mmdianeter soft spot aperture, it is contenplated that nore or |ess of
t hese nunbers and types, and possibly different dianeters, of these
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"Thus, an automatic systemis enployed to position the aperture card 100 at
the position in which the aperture nmask 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 | evels. One advantage of the profile 400 of
Figure 12 jS.:t: ; i . t g relatively uni.formablation is
pr oduced, éﬁ?l%:lﬁ?g]gcs%? g?/dnrﬂs ugagslfé#ﬁlg‘nam%ﬁgddg%ééglg%fusﬁﬁargﬂ?sétﬂ?"&ﬁw t hough

t he resul tregegtabls dckwra¢ynintthessder of § woorébetterund t han for a square profile.

This, like for ussiyan profile. is also adyantageous in avoiding a
"haze" that canlgerf@ﬁfo ngurgé’raélrﬁpg‘alﬂgfaégﬁsgﬁ %'Sé@‘fsg'?'ie Accordingto@Bal i n t he
desi gn andemiselinoént bfithe jrrvedtidne FAfE: 4 shoive andhdrVieveofitheapgbbaidatyRtgh Shot

whi | e avoi ¢ ng.t he ha encountered with square profile ablations. The
width of t &F%thmblu ﬁtﬁeolﬁseaﬁﬁ?%Loemmm%ﬁat@m ke ORPUKF d5hol d, as

dij scusseg aiﬁmaee,h ofitlse systemel réquix’eﬂhs ag@a]ge cafd mtlobbgllsémnﬁt@dh@@%emerti cal ded
edges redu e " ir-step” effect. typj cal. abl ations wi fth square-side
abl ati on pf%f‘l&?'%‘g ,lat\ﬂ]ogﬁﬁtcdﬁqeglogfqa é"%‘f"gﬁ@a‘{a%nﬁ)% I§-{Rsgricd into e S@ﬁﬁmdgi ng the
profile 40frefeeablyafqn aplebdl® hoReKndQBodRSthatprotedatht ¥pedide @fd fddengye tissue
can be rerrgved.t at ﬂ}%r mal Ig/ ?I d. l%e renpved with a square-sided ablation

o 100

profile paSE¥RYtCFR} BXMPTE ed B it @rigwationpfor exgmple, laseralied and
verti cal ed;gﬁﬁicaﬁhﬂﬁntdrb&ei&ﬂ@m&ﬁﬁ&ryﬂb@ﬂ%.?@amilaﬁﬁnéjlﬂééﬂaﬁiﬁﬁ) l%dvant ages of
t he Gaussi an %ofi | e aq@ thtﬁ sgguare proé(% .e. In Figure 12, although there
is a small Mg rio'éﬂ" %99 102, althen b‘!“é’ftl}e{)FF"_ dmenty thipeAneautomatgdt Thot reach the
necessary advll aittiient MagEREd) €03 fuls @he&?érﬁir@éhrd $o<ﬂiﬁ§u8m%<ﬂas&%y£}€malo."9{y smal |
fraction of, the overall ablation profile 400. By contrast, typically for a

Gaussi an pPigK#n-and pesifioning sied H@r(e-ar’rﬁM?ﬁiC%ﬁoaéw?errwhanéﬁm)any@ rward¢o abl at i on
threshol d. thdera chidBmal ndkhifsty 1 3,55 Blefhill SndiQted' MRS y the tissue
merely is heated, rather tlhgyl abl a?é(yde. g\i’t_k‘louet zgﬁg‘?ﬁé’%,'}{t fjérﬁésulti ng
heating di Hpishémesers s apsrturgeard HPAYeRigake Riskug-and Bositinningsdad 19¢sThen It i s
theref ore gerig-allRsitibnihSHME Boaldiives Bik&%ld '@ga myiahhect a

| at er abl a?j onﬂ of pt%ﬂel_ hle%t ed ti ssp_se or ot %teé?ﬁﬁ&eigﬁgggﬁds ue, olr(ﬁrréri/ have

ot her ef f eEigYre s iRcdrlesised tiznhmemrpsitionrand kngdethe epaawra daek100Th e secondl ~ ener gy
bel ow t hr egihaHkdlionfof SamBleokdrid U dofurlle bl ard G RLP shgduUCE heating
whi | e maxim zing ablation. By déesigning the portion d”be smal |,

possi bl e d¥erHEAPORitian) irvibe ppticalnath ofiiee dxeimenlasérrlé iy pind, asslescpitietdovar

m ni m zed. THiOWeSicddp-. ; ' f ofile (e.g., if
the aperture rgof?,(l)r %'allécll ﬁn{‘?{ﬁg?ﬁlgglecﬁgf%% g&lrl}stg pfagég‘g%afoﬁﬁw th the soft
aperture ppasifed gardd00 and qut bfthofvay bithe bisarishas eThyylasef tredmemp pascedue 00 appear s
outside th raf | as indicated by the outside hatched area.
Conpar ed tglegggﬁgg?%bggrag??‘on profiles, the profile 400 of Figure 12 has
many advant agesAlsd slvondin Kigutds dtand # arerthrie@paositioningrioles $09) evnidhyaradskd &f t he eye

ti ssue norprl:t .a S 1Slded ablation, profil e.g., typically
w thin S0spe i HrAEERY B i AR 18R o8 TR M pRA S B bt T 6
edges are 3earthe middlermfeht, card 106risdmaperure dionginghiot 1 06Ul BPYage on each

| aser shot | CHar I St rat a ri.sop.bet ween a uare profile 500
with a resma% ﬁjé ﬁ‘géé}akliswoétlg 5‘8\@?‘1 lgw%ﬁ%?illog Ogﬁ‘ﬁ apeyiuzs card ﬁg’sue and a 10
profil e 50prefdrdbdy bdimg ginafinlpmcd 00, according to the invention, with its
rounded | aser shot ablation profile 506 in eye tissue. By rounding the
edges of the tissue renoved in each shot, advantages al so include all ow ng
iris tracking shefereing td Biguresgaceording fo@ihbodangt aaBmadioN, the Aekuthe

| ocation of tgg Eu]gi & %’hi s.is, because using square-sided shot profiles,
the "haze" Sy JEQEIRtratgd positioned, Ay dcapstem, inanaperiie ¢ad Belder200 aBhK | ap i s
returned i thser spaeh 10.0As tdhee seaNthrdRipRisDOL Eas‘é’iﬂr&ﬁlhﬁ‘e PRhbled 05Qfectals eve
tracker to track the pupil position on the eye. Further, there are fewer
heal i ng effects and the eye can nore duickly return to a natural sight
condition when the edges are rounded. It is possible that the aperture nmask
300 of Figure 9 (or the aperture mask 108, or even the aperture card 100,
of Figure 4) may wear out nore quickly than a typical diaphragm card using
an excimer |laser system This is for a variety of reasons, including the
possibility that the quartz enployed for the aperture mask 300 will becone
slightly nore opaque over tinme. Because chromumon-quartz is the preferred
manuf acturing technique, it is desirable thus to replace the aperture card
wi th each excinmer treatnment for a new patient in the interest of surgical
precautionary considerations and to achi eve the highest quality abl ations,
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"Eye topography systens, such as the ORBSCAN and ORBSCAN || by Bausch &
Lomb/ Orbtek, Inc., Salt Lake Cty, Uah, are known in the art. Eye

t opography data, 12 preferably el evati on-based eye topography data,

i ncl udi ng corneal topography data, as well as wavefront sensor data, for
exanple, as disclosed in U S. Patent 5,777,719, issued to Wllianms et al.,
can be used by an eye surgeon or autonmated for identifying regions of the
cornea requiring ablations for vision correction. Such techniques are known

to those gigdiré eokot eélfbepd'éftibmn bese a ?e&?cpldiﬂoﬁé RRSDP [ BBEeuf & frdhFe | N

conj unction w;th the soft apertures and the aperture card of the
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and construction and nethod of operation ma eparting from
the spiri taP&He S¥BAR0 isprapRdy pesitianed, drhibiting lasmmtwsxflthe gard iss©t beam spati al

intensity &ExﬂBhéd‘?\mt}ﬁrpﬁfbrdn_%é nﬂ}terﬁatfv'e@t tgggs&] dc,gﬁelﬁ)ib% JIJ?@men%rth?ahl ar get

percentage of the profile,; rodn contl nuous 'w the fl at
portion, ew@@ﬁmﬂrrdgadﬂmthac@nmubablmnpmﬁdag@tmrwrsmmjm ﬁiielob&cal weneby t he

peam 1 S SUblah for idmidlilgfk fg%eaaémwﬁhmt@e plAGe BB Efua 't ons (Y Profile

of claim1l ereint rfoun e conpri se ation
t hr eshol d illestrates e pinsi2QP in/meng dgtad abdgeuthmnpsm us@ktb ihald theipensidetcyrdpr of i | e of

claim L. | WOBRl Il dc O0ALLEI SRRy A0 A, TV e o
conpri ses talwse Sl@Bldm%C@ft th&li eax]mtlofls onethissmbadimestratidae uset te msiuhyther of i | e of
claim 1, %@ﬁl‘frk Rark 60 ﬁ%%'l%n,%clm ¥ example, a different number of pins like the

pins 202 and a different number of holes in the card 100 like the holes 104.

In an alternative aspect of this embodiment, illustrated with reference to Figures 6
and 7, a pressure based mechanism is used in place of alignment holes and positioning
pins to position, align and secure the aperture card 100. Figure 7 shows a preferred
aperture card system 220 having a common structure, in part, with the aperture card
system 12 in Figures 3 and 4. The primary distinction resides in the replacement of the
alignment pins 202 (Figure 5) and corresponding alignment holes 105 in the aperture
card 100 with fixation points 222 and pressure points 224, 224, as shown in Figure 8.

In an aspect of this embodiment, the fixation points 222 comprise three hardened
cylinder pins that are press fit into the card holder 26 with high accuracy. The card 100
is pushed into the holder 226 from right to left (as viewed in Figure 8) until the left edge
227 of the card touches fixation point 222, and the bottom edge 229 of the card touches
fixation points 222, and 222,,. The card is fixated against the fixation points by
pressure points 224, 224, which, preferably, are spiings. By manufacturing the card 100
with high precision such that the exact location of the apertures are known, and the
fixation points engage the card edges at the same locations, repeated positioning of the

cards has shown a measured accuracy of £5 um or better.



‘“falling below an abl ation threshold corresponding to a point in the rounded
edge conprises about 5% or |less of the total energy enconpassed by the
profile. 6. The spatial intensity profile of claim1, wherein the flat
portion is symmetric about a radius of the profile. 7. The spati al
intensity profile of claiml, wherein the flat portion and the rounded
portion are produced by a soft spot aperture. 8. The spatial intensity
profile of claim1, wherein the center portion and rounded edge, when used

in ablating the eye t|issue, create a custom zed ablation profjle. 9. The
spati al intensierth?%&s]bwq‘ép@ferﬁﬁwwtﬂ“%ﬁ@@PPPqPﬁEOBé‘B&(f‘eg-’ @eermiuh and t he
rounded edgposiRUBF dthérwise ChAtOL it1DfrddRbIS §artd. Mo?d preRrablA the cbRinglibg spati al
intensity profile of claim1l1, wherelin the center portion and the rounded

edge are aHuSHayer qoating includinga ayeraf fitasjvanonseawagiths ghropdums faver, and & nt ensi t y

rofile be 1abVeHal BB thd WRSNAef Wodt PRIGIY, theSittfilaydlcoathd aser system
(F:)orrpri Si ngi:a?%i:oiﬂg%erB S%Zrc@:e elp}r ovi d_iér%l;g] I 'oh oér[b%\’/ol unet ralyc rogrlméval of tissue

. | ght for 1\
for refractdnyéts obf Fsemiughlaysr agproginately80 nsp thickeadiassns thermupsteasagat i ng at | east
a portion @hniiM8ayet SproxiRiElyH0 rAPRIck 4djBcchtthd chehilfs lay&?%cfd%d?&riﬁgéror hol di ng

a renovabl e aperture card _having an aperture positioned wthni pat h of
the |ight. apprc?ximately 80 nm. thick adjacgnt the titaPnium layer. pl"hc: aforementioned layered

coating advantageously reduces unwanted reflection of laser light. The mask includes a
2 mm effective diameter (or substantially 2 mm effective diameter) “soft spot” (defined
in more detail below) aperture, a similar 1 mm (or substantially 1 mm effective diameter)
soft spot aperture, and a center, 2 mm effective diameter (or substantially 2 mm) "hard"
aperture having a square edge. Unlike the mask in the aforementioned U.S. Patent
5,376,086, patterning of the mask 108 is independent of eye topography data and can be
used for any eye topographical surface, including any corneal surface. Depending upon
the optical system employed by the excimer laser system 10, the actual overall diameter
of the apertures referred to above may be larger or smaller than the corresponding image
or irradiance pattern projected onto an eye. For example, typical illustratively useful 2
mm diameter and 1 mm diameter spots on the eye can correspond to 3 mm and 1.5 mm
overall diameter 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 aluminum. It is
preferable to perform the fluence test with a square edge aperture for system calibration
because it is easier to see how many shots are required to ablate through material from
one layer to the next or to penetrate to a particutar depth using a square edge profile
beam than it is with the rounded profile ablation of a non-square edge aperture.

Referring to Figure 9, a mechanical dfawing is illustrated of an aperture mask
300, which is exemplary of the aperture mask 108 that can fit into the aperture slot 106,
and preferably glued into place. As shown in Figure 9, a “hard”-edged, center aperture
302 has an overall diameter of 3 mm or substantially 3 mm that simply passes a standard
square-sided (i.e., square-profiled) laser shot, such as that shown in Figure 10. A 3 mm

overall diameter soft spot aperture 304 includes a center aperture area 305 surrounded by
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"12. The systemof claim 11, further conprising: a control systemcoupled to
the aperture card holder, the |aser source, and the optical system and
controlling themto provide a vision correcting ablation profile, 13. The
system of claim 11, further conprising: a card conveyance system adapted to
receive the renovabl e aperture card and to convey the aperture card into an
appropriate position in the aperture card holder. 14. The systemof claim
11, further conprising at |east one alignnment |aser positioned to verify
al i gnment | I r 0
vol unetric }%éfégrg% OE%%#?érgﬂiem%f@é%%ﬁéHgﬁ (g%c;g 1?}?#@%&%5{5 wﬁ&et?e in the
card convesmmpyoply&tc ehatfonpréfde. Kioalys a third:sofl spas epdérturan3P7sik d1S riroror r ecei vi ng

the aner  UtaGaidl 15 b 05 BAbSL WM MRS haRLMALL aNgSgR L0

extract thée aper € car receivin ani sm an

vertical | aa;tian)l miemlcopichmles B8Y simalasodosd obthe epdrard 34 tb omdiertige nechani sm
arranged tq_r Y t re c 0 [ rrechanl sm
and to |Oa&pgr§§r?ate ?ole{t ur & car’a}’lJ P @W%J‘éo@%'ﬂ%gwglacbcf S“Iu(sfeggelf "The system
of claim 11:pnnmbtmnemm Fipwre  pe Although Faguce 91rbllustmtesftln£rapla&ure mask 300 havmga

single 3 mm diameter hard edged aperture, 2 3 mm diameter soft spot aperture, and a 1.5

mm diameter soft spot aperture, it is contemplated that more or less of these numbers and
types, and possibly different diameters, of these apertures could be included in the
aperture mask 300, all of which are included within the scope and spirit of the present
invention. As discussed above, these apertures typically are projected onto the eye either
reduced or enlarged; here, the 3 mm diameter and 1.5 mm diameter apertures preferably
create 2 mm diameter and 1 mm diameter spots on the eye.

Prior to performing an ablation, the card holder 200 moves (e.g., laterally),
according to the desired excimer laser system, to employ a fluence test (in which case the
3 mm center square profile aperture 302 is placed into position) and then for the laser
ablations of the eye, either the soft spot aperture 304 (e.g., 2 mm imaged spot or 307
(e.g., 1 mm imaged spot is placed into position. The soft spot apertures are employed in
laser ablating by laterally moving the aperture card 100 (e.g., left and right) 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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‘conprises 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 verti cal
pins. 18. The system of claim 11, wherein the aperture card conprises 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

| aterally noveable into at least a first position for the passage of |ight
th{jOUQh a 1ﬁﬂ§f1§ﬁy pedTite Qfs]géd'lﬁbdﬁ@%rtety of kpewi edémﬁqlfe@b?]d mpl@bﬂﬁ designof t]tle ﬁye
and a second paqsition for ssage 0 t hr.o not her one of the
aperture pREPEIHQ *‘BBOIF%Q lﬂ’b’“{fﬁg &1?5“?85 88‘%#?83?18%9‘?’63 E 20. The
system of gbaur) BY provivmiged aﬁahﬁhtél@&y profite, Gaéfdspoﬁapmuﬁaﬁﬂtﬁvoumtpio@cé hi rd
position for the _passa | i ght hrou h a.thj of the aperture
patterns fsyeh an&fq(&ﬁ gﬁe kot digurg @§E‘é e@fameﬁé"%g fingtituti m 20,

wher ei n t heyifiumidk Pﬁhrﬂ'lbﬁrsftrbﬁd’ﬂ oss2afzéte, @aﬂfahwaﬂa frﬁﬁhtdtlf&sﬂs
respectively, pass a eam of substantially a first fixed size and a second

fixed size hav|R=ﬁ§€fa“8j@§1$‘§‘élI%Bluéﬁfiﬂcﬂl?‘aﬂ?@)ﬂolf@ (opspatial intepsity disfrdution)d f or use

N & Phot Of gl byﬁw S8 Gt BHEHURB04 [ MoRF HMELAENG S ehibolifRAl oD eam

profile at a wherein the card has a soft spot aperture pattern,

conpri si ngthantvmtmpén Bigured dixbe prafile is Bermalizadinad P&‘D’@“?fﬁ%‘fﬂ@ peofilod4ling; and

neans for 0 S [t ure card

of claim 2@8%%%6%'&?@%&\?%@%“ &erg\gmg?ﬁ \Ag&g%ﬁ&egsgegg %g}{]ﬁl } gat terns,

each of t h400apard b & ipmirtasedabohttheé erdinatedkisfoé Figure 18 fTbe apeyaresile f or

produci ng, [ X [ e L e target.

24. The apef"‘(fala B%%tgg}rﬁﬂa)‘ bug+HoWe %Po\ﬂ}éer&é?%aﬁgggeéﬂ @E%?%; g%ﬂhggg?&ﬁt&g soft spot
aperture profile 400 is flat or substantially flat, whereas an edge 402 of the profile 400,

continuous with the portion 401, is rounded. The portion 401 is preferably symmetric
about the radius of the profile and extends across about 60-80%, and, more preferably,
across about 65-70% of the profile 400. Ata certain point, such as an intensity threshold
point 404 at which the eye tissue ablation intensity threshold is no longer reached, the
profile 400 preferably quickly drops off or diminishes as a substantially square, vertical,
or truncated edge 406. The ablation threshold and any variations in it are known in the
art. The amount of energy falling below the threshold for ablation is preferably about
5% or less 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
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‘aperture patterns has an effective diameter of approximately 3 nm and
another of the at |least two soft spot aperture patterns has an effective

di aneter of approximately 1.5 mm 25. The aperture card of claim 23 wherein
each soft spot aperture pattern conprises a |larger central aperture and a
plurality of smaller apertures for providing the effective size of each
aperture pattern. 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 beamprofile at the target, said first beam spot having a

di AMBL ST el fack BSHE athioRP PR hAIHh HleiedadiHa BE6F thiroARHODR 100f the at

| east two SoOft sp aperture patterns is adapted to €reate a second beam
spot havi nmyxintige the sblatémh deeshot whild dvioiding the haze engoyatered svthgiquase profildheam spot
havi ng a dj.amet ek, at . {.n f LQxi mat lm aperture
card of cP%}F‘m%&P%H %&f%%f}%%gﬁaaﬁ &8).8] gzrﬁgmgﬁglre%fée. t%zeﬂlf;(Iaﬂi"gaf’)erture card
of cl ai m icusbel above, Ssadriveinby thisggoel: tAlse therrounddd andavertiqal ¢dzes edaomtir of i | e at

profi 1 ¢ nedaitsicp @l Bt EpiRpe v Pt HyrontieBh oy BBESUAET s on"ana o

strai ght, affedthealing. Sualer,byremiptnyingtfe proBId 40Tfty sapeptiate masked0d defigg| ai m 22

31 The aBERbURETarRe S Era romovRa ey S B R B Syer e

struct ur e sqeunpsitled abfatioh prafilesusset | forekatpleabylthg apatture332, Rhevithpeurtdsd € card of

F1 tant um PRSP S0885 o LB, ME L EPT PTG IS EroD LR A GO | ayer |

adj acent  smuskidnl fréfile Wi thaygare psdfile. The aperture card of claim 32 wherein

sai d chrom um lInalé(iglrlrc%Q,d alt?lgllxgdh tge% 1ds a small portion 408 of the ablation profile 400 that
might not reach the necessary ablation threshold, this portion is designed to be a very
small fraction of the overall ablation profile 400. By contrast, typically for a Gaussian
profile, a much larger amount of energy falls below the ablation threshold. When the
ablation threshold is not reached, typically the tissue merely is heated, rather than
ablated. Without ablation, the resulting heating diminishes one of the advantages of a
193-nm laser system. It is therefore desirable to reduce this effect because heating may
effect a later ablation of the heated tissue or other nearby tissue, or may have other
effects, such as producing scarring or opacities. The total energy below threshold of the
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 (e.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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‘layer are approximtely 80 nmthick and said titaniumlayer is
approximately 40 nmthick. 34. The aperture card of claim22 further
conprising 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 claim35, wherein the flat top portion and a substanti al
portion oprofitecsoedie thiegedfilo A0k necoating/® taminudiitian,ivath itshrowsled laershdtue f or

corneal tissue 38 . aper.turescard . .of .cl ai rel I sitioning
neans conﬁéf‘%"é’é’rg‘lﬁg&ewi%ﬁf’?‘fﬁe‘h}gy foundige thefggépfﬁé’ 9@@%‘%‘%‘3% eﬁ(ﬁg%l ﬁn 11,
wherei n th@t,ﬂ%%geealgﬁihduhbéﬂmaﬁng‘ iriis traeldingcaystems m_ergora céxhtimbixslmamio} nt and a
pressure point, rein said.pressure .point provides a nressure for
engagi ng g%ﬁu@teé%g?c&}ﬁeelogaé}oa °&ﬁ?r?“?‘ﬁe‘e‘r‘?§?§’€f%‘ ° BYiEs Pmifélaea?’%’@vsyst em of

cl ai m 39, pydfiesseth “hdag” discassed Bboveemappear on thpeyiebeforraL ASKK flapdat i on poi nt
provi des a mechani cal, sto

. 41. The . aperture rd of clai further
conpri si néetRCEINERRGSIHAN H‘ag?@dwgﬁﬁﬁf‘t%glé%%?&? oﬁtgg R tFﬁ?Fﬂgﬂmf’%(rzth%r oviding a
| aser beamsivhdsaoh@n iRl ey eFirtHerithdge hre Seaver abdliag effectodndae @¢ean o met hod
conpri si ng: glrovi di ng the l.aser geam on itJoned to hdave a profile with a

subst ant i gpickly return to a natural sight condition when the edges are rounde

It is possible that the aperture mask 300 of Figure 9 (or the aperture mask 108, or
even the aperture card 100, of Figure 4) may wear out more quickly than a typical
diaphragm card using an excimer laser system. This is for a variety of reasons, including
the possibility that the quartz employed for the aperture mask 300 will become slightly
more opaque over time. Because chromium-on-quartz is the preferred manufacturing
technique, it is desirable thus to replace the aperture card with each excimer treatment for
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 after 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
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‘flat top and substantially rounded sides onto the eye. 43. The nethod of
claim42, wherein the rounded sides of the profile are substantially
vertical below an ablation threshold. 44. A nmethod for providing a | aser
beam suitable for performng | aser ablation of an eye, the nethod
conprising: generating a | aser beam positioning an aperture card having an
aperture pattern in the path of the | aser beam such that said beam

i ntercepts said aperture pattern; providing a spatial intensity
distribution of the laser light at a desired |ocation on the eye using the
aperture card erein ' lal g | | | LiHuidh&el udes a

subst ant i 4f PPt Pe\f@@f“ ?egﬁss%glr&??%%,% glgraghﬁéfg gﬁé@%@%??#%@r?ﬁ%’ous with the
t op port ilader beund haviap ietsaft spatlidtgnsire profiteadf o myvemion asrusedinadrali t h t he edge
portion. 45, The nethod of .claim4 i i f; nis a soft
spot aperPPdeelaseSHIEFTY SYsign fori@? eyT“nie1n ére@étﬁkﬁgg{bgﬁgycs g?%é’ul érlrggt?ér?ﬁgr ovi di ng
the spat i @hapstf B8 iptishad) dhiebliefdcnsuch apmyepis hiparedingnd astiggatismpot  havi ng an

ef fective di aneter _of, bet ween.about + 3.5 t han or
appr oxi me¥s1e2 8 fixedSPPt §if ) . apf %e%%%‘?oé?]zg]péﬁs%?ékmr ein the
ef f ect i vereghiamifR! iftbgul&itRp Ppodished).eTle Brger size spot provides faster treatment. The

smaller size spot provides more precision in the treatment of irregular topographies. The

size of the larger spot is desirably a relatively large fraction of the typical area of the
cornea to be subject to ablation. The larger spot is typically between about 2 and 3.5
mm, preferably about 2 mm in diameter. The smaller spot is typically not larger than
about 1 mm in diameter, and is preferably about 1 mm in diameter. For example, in U.S.
Patent application 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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‘mm or, approximately 1 nm 48. The method of claim 44 wherein said

aperture card conprises at |least two aperture patterns having different
effective dianmeters, further conprising: ablating eye tissue with a first
series of |aser shots having the spatial intensity distribution;
positioning the different dianeter aperture in the path of the | aser beam
to forma second spatial intensity distribution simlar to the spati al
intensity distribution and having a different effective size of the spatial
intensity distribution; and ablating eye tissue with a second series of

laser s hOtp?cf@éBly%vhm BAREPER 1§HRREApRY dzttﬂtl@dllﬁilﬁgvcod'leﬂtbp&gﬁph@mata,% The

nmet hod of cl aim48, wherein the S%‘gl%l al glt%{a Qy%%ast%g%ulmn haa

ef fective ‘mlbﬁé’!"é’féfr%“?’ﬁ@f fo5ex3ynRlg,2s f1s5lg ten 2t he second
spati al i nf&fgiidn e@hlStc‘éJ‘x Mde@ﬂy R &yedlr g@é:‘f SCdutorfatdd fanmabfityiak rdgis eye of | ess

t han or aPtEroxwrateye al . to 1 mnm The nethod of c]alm49 wherein the
spati al e pjynearegyiang g lOF‘%)fPT Rison SATeatiop c Pychdechnignes; as¢ kepwitg thaski nat el y 2

mm and t he kﬁﬁﬁ%‘ﬂlf%ﬂafrh@s'e &N {rdhsfbinfdd fob i Corlhriaiwith HRGLR yordi amet er
of approxinma he nmethod of claim44’  wherein said aperture
card corrpraIsEtEreaardi th¢ enegttite ca;ﬁ@fmﬁesggtlp\gqnﬁorf for mekingablgtionsd®at i al i nt ensity
it DUt i Shbim B TR LR Lhgpoe of the | aser beam further

conprisin p05| oni ng sal c ferent. apérture pattern in the path of the
| aser beam andrmé@rsmlnm@sqlquméiﬁ@épmn affike nrefseed erabadimend are

illustrative and explanatory thereof, and various changes in the components, circuit

elements, circuit configurations, and signal connections, as well as in the details of the
illustrated circuitry and construction and method of operation may be made without

departing from the spirit and scope of the invention.
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'52. The method of claimb51, wherein said different aperture pattern is a
hard aperture. 53. The nethod of claim51, wherein said spatial intensity
distribution fromsaid different aperture pattern has substantially a
top-hat profile. 54. The met hod of claim 44, further conprising using

t opography data in conjunction with the spatial intensity distribution for
abl ating the eye for vision correction. 55. The nethod of claim44, wherein
t he topography data is el evati on-based. 56. The nethod of claim44, further
conpri sing using wavefront sensor data in conjunction with the spati al
intensity distribution for ablating the eye for vision correction. 57. The
met hod ofCIAIMSn 44, wherein the formng the spatial intensity distribution
conprises positioning the substantially vertical portion below an abl ation
threshold intensity position of the spatial intensity profile. 21

.Al'y. AFnf . ASy@. Al . A laséf beam spata) intensitgpiafleacomprising: AA A . A A3. A" . AL. A3[ & A

: H: 57Bj B$x5 id

2] ca] on] oa] oa] oa] cAT ROl ERH R B K e R e B S @ g UG

F_h]i ci o\ shs) w wewareuntibd edgeyicantitiuoey with the Jlletastiqrs eftendingfprajmaliee a] ca] ca] ca]
cal F Nz Y

(U511 |3 ppreesiats ShaBe el T i Fak b e Ak Bl e ) L0 vy el ca

] cal ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca! 2T¥%gwe4 >M xBj H52| } xsni d

Z .

5a] cal cal cal oot ca] 08t SaaMERN Py SRU S RhGRETR SRRk P L LT o o

] ca] ca] cawmikises] Badw ah asthiva]theiorl, e ajtsahtalysaiaabdse] ca] ca] ca] ca] ca] ca] ca! DD

ZXK/ KBF?} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]c

a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca! X 1~kYeBE?} xsni d_Z] ca] ca] ca] ca] ca]

ca] ca] ca] ca] cad ca] aqat spdtiabiheadiwtafig ofdlaim] i ajhemincthd flatlposioaapmprises] ca] ca] ca]
ca] ca] ca: HX) f HLOY&' § W}%(ECVOO& ()-z3109% ()-zYl 109%& ()-s

MLOYOR ( ) 2hout glgdse 0 f 109%&' () - 100100L00#s910%08' () - 10%&' () - 4
10%008' ()-4 ~ 10%008 () - 4- Dz[ <1E
10, | 7t 10%: () - y) Z1QU& ()71 | 1 10980/& (12115 109 ()2l f100& ()2l Ef 109 () -

5mV Y The spatial intensity profile aim erein at 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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10.  The spatial intensity profile of claim 1, wherein the center portion and the
rounded edge are adapted to minimize energy encompassed by the spatial intensity

profile below an ablation threshold for the eye tissue.

11. A laser 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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a second orientation loading mechanism arranged to receive the aperture
card from the vertical loading mechanism and to load the aperture card into the aperture
card holder.

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 patterns, 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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comprising a transparent substrate, said substrate having a coating; and means for

positioning the card in the laser system.

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 tafget, 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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31.  The aperture card of claim 22 wherein said coating 1s a layered 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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39.  The system of claim 11, wherein the aperture card holder further
comprises a fixation point and 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 distributibn
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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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 scpond 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 1 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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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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