METHOD AND APPARATUS FOR OPTHALM-CREFRACTHVE-CORRECTI ON SPECI FI CATI ON
TECHNI CAL FI ELD - The invention rel active |l aser ablation
systens, and, nore particularly, a@m@ﬁ mmﬂ\ﬂMIW%r refractive abl ation
system enpl oyi ng an aperture card t sses a unique ablation profile.
BACKGROUND ART Systems for reprofiling t9€%eye for refractive correction
have becone extrenely popular. Such systens. typically enploy a

193- nanoneter (nm argon-fluoride excinmer |aser, passing the light to the

corneal tissue, where a very precise anount of tissue is "ablated" from
the eye with a |l aser shot. A variety of delivery mechani sns are
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over the surface of the eye, in which the spot Size is varied,

whi ch erodible masks are placed in the path of the excinmer |aser beam In
all of these systens, the ultimate goal is to change the profile of the
corneal surface by volunetrically altering the anount of tissue within the
cornea. Further, these techni ques have been enployed on the surface of the
cornea underneath the epitheliaspsCIgcATIONNNi que for photorefractive
keratectony (PRK) as well as the intra-cornea techni que known as LASIK, or
| aser in situ égi 1leusis. U S Patent 5,376,086, issued to Khoobehi et
al ., di sciefedy! g surgical method of sculpting a patient's cornea

that uses a nemk igyati@ieldsho fafattiveliBeONRRioNGFstérs, W, Gldre pAGEIarROVET
transmssion is controlled through the use of diffracti on and absorption.

Each hol e §XCimé laserdriraptive ablation sysicm sEplpy g apsighe cad theepassediast ri but i ng
| aser powg{ipRSabftioh pd¢ld on of the hole's size, shape, and overlaid
coatings. By summ ng the power output of each hole pattern over a given
area, an average power distribution is generated. The 1

BACKGROUND ART

Systems for reprofiling the eye for refractive correction have become extremely
popular. Such systems.typically employ a 193-nanometer (nm) argon-fluoride excimer
laser, péssing the light to the corneal tissue, where a very precise amount of tissue is
“ablated” from the eye with a laser shot. A variety of delivery mechanisms are
commercially used, including systems in which a fixed spot size is moved over the
surface of the eye, in which the spot size is varied, and in which erodible masks are
placed in the path of the excimer laser beam. In all of these systems, the ultimate goal is
to change the profile of the corneal surface by volumetrically altering the amount of
tissue within the cornea. Further, these techniques have been employed on the surface of
the comnea underneath the epithelia using a technique for photorefractive keratectomy

| (PRK) as well as the intra-comea technique known as LASIK, or laser in situ
keratomileusis.

U.S. Patent 5,376,086, issued to Khoobehi et al., discloses a laser surgical method
of sculptihg a patient’s cornea 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
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t echni que, however, is linmited because the power transm ssion of the mask
‘is tailored only to a particular corneal surface by using topographical
information of that surface. The corneal surface topographic data is the
controlling nmechani smfor constructing the pattern of the mask itself. The
surgeon can observe the topographic information and then pattern the mask
according to that topographic information. The present invention is
directed to inproving | aser ablation of eye tissue that avoids or reduces
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certain features of the invention, a |aser refractive ron system for
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spot " pr ofAAEM e maplyjsselioThe ferseqstaan opwive the wbpgrephiisingurinetemaridahdny
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near |y verti callhe Prepiat vertionds disccise do/inepuoving lasey ablatiametidyetissue arad  pr epar ed

based on divhidE 8ckeliygs ﬁoﬁ@&ﬁﬁés J’gb@cviﬁggﬁ iyqe card preferably includes I and
u e

2 mllimeter (mm apertures rroun y a plurality of extrenely snall
holes referred to herein as "soft spot" apertures that allow the

di ffractivanaiigct offTHRRVERSEoN | ght to accunulate to formthe desired
profile. Further, the aperture card includes a "square-sided" profile

aperture (referreading thesrteinfeatgrenof thaimdentappd lasenpefractiveedbidion systsi | ng t he
fl uence ofgt e ' aperture card is intended for a
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singl e surgical” Use becalse it can ex i"APEAAMRAHRr i stics over
time, althéugeatddniniensiy ehidodipnefit, Sor dxhinplej SnoneGauskiat SRS drlayruhtdi®- The card

is prefer : i e use into,.the systemfroman aperture card
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robot necagfils msuldtenalhafliteset wisysds eira sikes of ok prgilvheiehatil ih@iaRgr ture card
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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.



the.aperture within the aperture card. 2 BRI EF DESCRI PTI ON OF THE DRAW NGS
"Figure 1 illustrates a |laser refractive ablation systemfor the eye in
accordance wth an enbodi ment of the invention; Figure 2 illustrates the

| aser system of Figure 1 that includes an aperture card in accordance with
an enbodi ment of the invention; Figure 3 illustrates a mechani smfor

hol ding 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

i || ust r at espAERHEYCRPTRORH 1198 DRIAW G gEChani sm of Figure 3, including
the aperture card of Figure 2 in accordance with an enbodi nent of the

i nvention; Fi gdii@ursl illusiiaes slases refrastiveeaablajipe gystem fon eherpye in asporddncEi gure 5

with the apgk bvéRbdidhéht offhe RlvaidH: 2 removed; Figure 7 illustrates a
mechani sm for hol ding an aperture’ card in place according to another

enbodi ment of thigure Aubistratesthe Risgsysen of Figurstirthatdaclades ad eermatcandsn posi ti on
and al i gnntrd%%Wiaﬁmb%in{eﬁﬁofﬂ%ﬁ%tn%ﬁ card corresponding to Figure 7,
. ! i (

Figure 9 is a nechanical drawmng 1llustrating an aperture mask that forns a
portion of an dpgwe gillusteteda npchasisoferdivbdingnirt 4pedmre eaddonlplaenin of t he

i nvention; ;& gute wif ahlehibShitRhest t iﬁ%ﬂ&?' sided spatial intensity profile

of an aperture havin a square edge that” forns part of the aperture mask
of Figure 7 in Kewofdamotenyicw ofithe mechrmgimmiaritigwé 31 he i nvention; Figure 11
illustrates a " < i ce. w th.an enbodjnment of the
i nvention; Fi gu@gjrﬁiﬂﬁﬁ%tgﬁg% %’lsél?gpﬁr@g?gftﬂé%\%% ki &Wrﬁguﬂfi% 53| by a soft
spot aper t the @périvre captofifdgure @ imedetrdante avithadiembndineht dfhie invengioh;i on; Figure 13

illustrates a CI-QE{H@% iil%u%[}att@sezgn elvigw of ae‘rp%rtf?);l%H: Jgﬁreain\githathg %{Jé[rtu%p coagd profile

of Figure 2 removed,

Figure 7 illustrates a mechanism for holding an aperture card in place according
to another embodiment of the invention;

Figure 8 illustrates an alternative position and alignment mechanism for the
aperture card corresponding to Figure 7;

Figure 9 is a mechanical drawing illustrating an aperture mask that forms a
portion of an aperture card in accordance with an embodiment of the invention;

Figure 10 illustrates a square-sided spatial intensity profile of an aperture having
a square edge that forms part of the aperture mask of Figure 7 in accordance with an
embodiment of the invention;

Figure 11 illustrates a “soft” spot aperture in accordance with an embodiment of
the invention;

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

Figure 13 illustrates a comparison between a square profile and a soft spot profile

in accordance with an embodiment of the invention; and



in accordance with an enbodi ment of the invention; and 3 Figure 14
“illustrates a conparison between a square profile and a soft spot profile
with their resulting tissue ablation profiles. MODE(S) FOR CARRYI NG QUT THE
| NVENTION Turning to Figure 1, an exenplary exciner |aser system10 is
illustrated in which a unique profile and aperture card handling or
conveying system 12 (also referred to as a linear translation nodule) is
shown in accordance with an enbodi nent of the invention. The system 12

t akes the place; o [ beam di sioning. It is nmounted
in a frame bet %agﬁe g‘qﬂ{é{ﬁﬁu&ﬁg C%P%rgrg% ant %ugrga{’g(?\fg? arb‘f%%c% Spat ‘(rgfi-@ Fi gure
1).  Specivithchgil esultimgtissneabiasionpacfdes. system is a typical 193 nm exci mer

laser system It includes an excinmer |aser 15 and operates as a scanning
| aser systemenploying mrrors (e.g., galvanoneter driven high precision
mrrors fdvODES)HOR CARBYANGIOIET TEEAINVENITOND appropriate points on the

an eye tracki ng Oty AT an Eemalied <L Heer e T BLUBYS 8 Mphicne | aver
syst em 10 awigqeptafitd drelchplryura card hirdbing sy sdneegidssysfear 1 2004ROPIf@redao @OAPUL er .
2604

The contrq| m eit .can conpute |ocally a, shot ttern to achieve a
desired ag ng%rﬁgaﬁgl%t}ogfrf’ Jé}?es & OV&"&H’%@%@W WW%@F@P?‘W“@&&‘? P¥etighpt el v,
such as aclmrsgiteny 12 aked tBe pRed @ih i6s &8phrdgd2for @8dnh tinResiofhst iibut ed Exci ner
Laser Surger St ".and issued to Hohla. Such systens will be

under st 00 %%lt@%ggrg}gﬁp?tpvgmﬁenﬁwg nfrer %@t%?‘}“eb‘flﬁgﬁ“l‘“é%“eﬁléurﬁﬂén exci mer
| aser s naySpeeficdigpithe bxcidaylagasBtenic @@ypital 93 fin @REmMASIRRS tysteth tipe i nventi on,
the systemis inplenented 1o receive an aperture card or application card
100 as shdﬂﬂ“?eﬁggf”&ﬂﬂ‘%f lgser i and opprates gha ?‘é’mﬂba’a 85T SEYI§M BHBIOYING MEETOWI t hi n t he
| aser pat He@f, ghihgnoax ek GBVenl lRGEIreGYSA RMIrOfPASS ndn) @REard thE DNGRHFRGS t Ur s
formng part of the aperture card. In one enbodinent, the aperture card is

a mask hol WRPPEFPPIALS op thefomen in piseatgent plang ko  Brefeaably, thedpssr sistshghs t hat

i ncl udes amp@k aﬁEyeS@éEfn?'sys‘fﬂrﬂaitﬁ%Qﬁklﬁhé’i’begd bt di iR 06360 TRS 14T er ence
points to the qgorretrl cal ~assenbly of the card. The accuracy of these

devi ces i §yft§‘Bi & qoytralmpytacpopté@§y9(tmm,3fgr example, a computer. The control

system either can compute locally a shot pattern to achieve a desired ablation profile, or
can receive an ablation profile remotely, such as according to U.S. Patent 5,891,132
entitled “Distributed Excimer Laser Surgery System,” and issued to Hohla. Such
systems will be understood by those skilled in the art. Further, other lasers than excimer
lasers may be used.

In any case, according to one aspect in the invention, the system is implemented
to receive an aperture card or application card 100 as shown in Figure 2. The card 100 is
precisely positioned within the laser path of the excimer laser system to pass light
through apertures forming part of the aperture card. In one embodiment, the aperture
card is a mask holder similar to a card-based system for chip card designs that includes a
set of several high precision drillings used as reference points to the geometrical
assembly of the card. The accuracy of these devices is typically down to less than 30
microns on both axes, and manufacturing processes can be automated and checked by
microscopic measuring tools. In an alternative embodiment the aperture card is

positioned and aligned via pressure points and fixation points in conjunction with



m crons on both axes, and manufacturing processes can be autonated and
"checked by mcroscopic neasuring tools. In an alternative enbodi nent the
aperture card is positioned and aligned via pressure points and fixation
points in conjunction with 4 precision machining and manufacturing. This
produces single use card positioning wwth a repeatable accuracy in the
order of 5 mor better. Referring to Figure 3, an aperture card system 12
is illustrated according to an enbodi nent of the invention. Figure 4 shows

anot her vi &ibn AGhiRRE Sy 2. After starting the |aser
system 10 gr‘g%ll ent erllng %ﬁ%ﬁ?& g Sﬂ’% he ugeosﬁbrté e £974 POSIHPRIpEIED of t he
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aperture ca?’ng tlirﬁﬁgl ﬁ%lt%%vc"’gthﬁf‘g%o’inloé}ﬁf smp meﬂ%ﬁ*‘@m@la@tomﬁeﬂdt |Tdnal ly, for
accurate p%’ﬂ b&tﬂﬂhd’ﬂlglnaﬂdndrpmgl ;ﬂlﬂs ﬂ'@ agerturé E‘ar@l()(yﬁlglgé ﬁ)@llasgrosglst% n t he
opti cal path of the excinmer |aser 15 by pins escri 8 ow Then,

the pi ckupPSHE-HIPOs ‘B‘Hf‘ﬂﬁc‘js Qe 5@& verkicsl deadingimesbinfism)anevep Farserdanay f r om

t he secur&ﬂcmarcdtcﬂqﬁ&tmdh 105, ab BéheVRY iR Mo$QSea Be. | aser
t r eat nent QL ﬁedure thlg&% e thgﬁlecaﬁlbécagagjlytﬁg& IR? %ué?/\ﬁ in Figures

3 and 4 ar fransfesy, CPPWW%WO(%’CT@ESM RipKUpkRnd pesiticseng stle:d 1080Th¢é i on t he
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Figure 3, to a desired diaphragm position, and loads the aperture card 100 in a second
orientation, for example, vertically, for accurate positioning and locking (e.g., in a
vertical position) in the optical path of the excimer laser 15 by pins, as described below.
Then, the pickup-and positioning sled 104 extracts itself to a place away from the
secured card 100 and out of the way of the laser shots.- The laser treatment 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 within the laser system 10, as will be described below.
Near the middle of the card 100 is an aperture mounting slot 106 to hold an aperture
mask 108. The mask 108 is mounted into the slot 106 of the aperture card 100,

preferably being glued in place.

Referring to Figure 3, according to an embodiment of the invention, the aperture
card 100 is illustrated positioned, after transfer, in an aperture card holder 200 of the

laser system 10. As can be seen, three pins 202 pass through the pin holes 103 (see aiso
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Near the middle of the card 100 is an aperture nounting slot 106 to hold an
“aperture mask 108. The mask 108 is nmounted into the slot 106 of the
aperture card 100, preferably being glued in place. Referring to Figure 5,
according to an enbodi nent of the invention, the aperture card 100 is
illustrated positioned, after transfer, in an aperture card hol der 200 of
the |aser system 10. As can be seen, three pins 202 pass through the pin
hol es 105 (see also 5 Figure 3) for precise positioning of the aperture

card 100 Figne Pifor pﬁ@?selpssmhmmgwhﬂe igerite o4l EMIOI(BndfPifP0Lis 3b@NLadldm 2 €
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adapt for pmmnmaahmgmafen&e ofitertiEivapand MES swténh'l@cénm%te@@ﬁ{e gy e card. Figure
6 illustrates t re detail along wth s 208 used to
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t hat Va”?[h‘ ons ‘gi?alquhb‘? enbodi rrent coul d be used to noufit the aperture

card 100 FHSPUE 2R s Agail alene \@%ﬁlm5808 ssedité held dretapemnbeardof  pi ns

| i ke the 1pd ®t sHddnamBigared) i SA@NA tH3W n ard 100 |ike the
holes 104. I n an._alter natl\)/e lgs ect o |s eﬁ@hﬁ—%b twmb?u%‘%r ed with
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aperture car ﬁ % Figure 7 shows a preferre

having a & a%dtar‘ll@?"ﬁ?témfﬁbﬁ”ﬁé‘ﬁ)les injihe pard he0 kireethe bles kOetrd system 12 in
Figures 3 and #h anEemp4y & r e replacenent of the
al i gnnment @Lns 2a82 Fi 5?2’5%5 tﬁlg 'el@gédrlg’gmoﬁgétpfe%g* ifh egreﬁ’fe ﬁ’oFa %Lgesﬁr;S in the
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as shown bpinskd ﬁk&&ft{%nﬁhc,n 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 lefi (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 springs. 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.



In an aspect of this enbodinent, the fixation points 222 conprise three
"hardened cylinder pins that are press fit into the card holder 26 with

hi gh 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 point 222, and the bottom edge 229 of the card touches fixation
points 222,1 and 222,,2. The card is fixated against the fixation points by
pressure points 224,, 224w which, preferably, are- springs. By manuf acturing
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smal | er t AAPPURA SYSG erapiget Bygthe esifeer laser syptemdiOathe ectpaltoverath dipmejeect ed ont o
an eye. Fof texpdmr®,refered ©atboid r’rﬁ&sﬁeﬂﬁgbﬁ/&khaﬂ&%dﬁlm@coﬁggﬂﬂhﬁg%ge and 1 mm

di-amet er SP?r%a%lagg]e pgatc]tgme c%ec%gdnon(%g gnr eey?:plgonrdexgu(r)lpl% tr;lp?rnlcglr:llustrétxvelv 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 particular 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 drawing 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 staﬁda:d
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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overal |l 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 with a square edge aperture for
systemcalibration 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
particul ar depth using a square edge profile beamthan it is with the

rounded propateen éiithidiossvpically SndAHbis 308 it ARGEPRRLL &lﬁﬁactn"%eéffér{ ' &gamﬁo Figure
9, a nechani cal dravmb[llag is I]lustrated of an aperture mask 36 ichis

exenpl ary OF 2PHEPIAY3NdT08 PrRfd% ipally; #Hvirdsaf spoteperie3d7He L apemoar e sl ot 106,

and pref er abktintgliyads mtie odrA€Samésr, W&Whléoﬂnﬁu&%’%@erger aﬂe&tﬁ@ﬁr@n eoed,
center aperture 302 has an qverall dianeter of nm or stanfrally 3 mm

that si npl Pdralguictescopicholes 389 siggfanie dbase gbtpe @PC@W 304duarcatetheof i | ed) | aser
shot, suchagpsoprfaatabffieMProifift, %h%la%%ml%d%nmpof Q/KI%B Al discl @5’%%18&' éOf t spot

aperture 304 includes a center aperture area surroun pattern
of m cr oscEnEHionVGFEYe hb) fé%h%'%thH'éﬁ‘? lllvﬁramaglrr: apertese mask worrmtng\ae

effects, ciifats mhRRNRARPhARHA S pARIAL VARG hyd soft
spot aperture 307 is 1.5 mneor gubsrt antlrz;1 l trEOfrtmédP 46%/{‘5?%"? :ljl anet er,

whi ch al soMheiPREEESOR spalAperure s FW@ndﬁ@étf@0®0re@mdﬁssmh¢se mumbes ampi ¢ hol es
309 sim | agypto aﬁd‘ﬁ@ﬁbﬂfdrﬁf&&tﬂ%{e&w Sf ok atpgrtnﬁ' V\ﬁc%hﬁl N ud%Bpr@g“ ate

abl ation profile, an éxenp % di nment |sc d below in
connect i on3RFFRF RGPS aileWAl r*rtmgﬂwﬁdguﬂen @1€|3¢dp§8n¢$]11rﬁ$ftﬂb@ra;pﬁtrt ure mask

300 havi ngirdentfinNMNs@isdudIEa Qo@@%e@é dﬂ?r[n@s g?) H¥ ?I@?Fo&e‘#:li pog?q %?gTyg dthg.rTEt er

soft spot aperture, and a anet
cont enpl at Edueddr cripreed; d’refel, @sé ngsh dtamgge arlrhhﬁmdlamdter ipgress pefdatppssi bl y

different di.a@etshtianket d be included in the aperture
mask 300, aIeI of V\hlianﬁeerlirdg(??ﬁmfi&%hg S%ﬁ;%gLh'ltlehee/escope and spirit of the

present i nvent Pier to perfaginingas sbldtierh theeard obde 2 Glraotes (€8, lhr;emllwl ly are

ted g t | d; di t
B 1.5 e s e e 1o P2 805 Sl b BB ke 1

di ameter s é@tre C@ﬁertsn@reyreﬁlempﬁr@m @ lperaf:@r imiorpgsieion)abd eich o1,thd laer car d hol der
200 nmoves (8aghns of Ak eJleliiek 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 rr,,ht) 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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according to the desired exciner |aser system to enploy a fluence test (in
"which case the 3 mmcenter square profile aperture 302 is placed into
position) and then for the |aser ablations of the eye, either the soft
spot aperture 304 (e.g., 2 mmimaged spot or 307 (e.g., 1 mminmged spot
is placed into position. The soft spot apertures are enployed in |aser
ablating by laterally noving 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 BrensiipBioFitip sperified.Rowaiety of krawn %@*ﬁ‘ﬁfﬁ@% Fandieemploygdtondesighe apert ur es

302, 304, 2@ghsRRA u@ermd@rﬁlfd%émexge‘aenr rxﬁ@kamvaﬂ@ﬂ@m@mmréa&@su%g% using a

SU|tany deposi ted mask as described herein can
appr opr i afedrpre. Bycpravidingiagpatigl ingessity mefki neplicpat @mturaghanmmdmeocmpqor eci at ed

by those E\B‘dhlalﬁgﬂlk'(kéhlﬂceatﬁétofF@Lnteelrl?@&n'Béedeach%tnpﬁaﬁ QU 3RBYy S11Tcon

waf er technol ogy, chip card technol ogy, or techni ques can be
enpl oyed Sdiziumetachaolopie, FrusbofastaBert @b?rﬁéZMLtzqhse diempary, ded fAiomechets, | ust rati on

~of an exenpl arﬁef@%&%ﬁ?ﬁ@@?@ﬁBs%ﬁtag’ggon 8(%%§augm sed f%{ﬁlgt he soft spot

apertures 304 or spot aper 9‘% a central
open aper #00 pas3&ibyl thé(ﬁ)ﬂtslpet appem 3645 sBOEn mmdcd}@:&c@ﬁmtﬁlag ém@odmentSafr r ounded

b mcr050|c th holes 30 d . 309. atial 8

ot onat Uy TRbeniah. 1B ke 14, % prbife ool i v b iE ainlle 0 b

errp: gygd ﬁlmsde!sdl gulelya‘?ldsupplmrl]ﬁylotﬁmetdlrm»vTQ,Ilels:,moamdeﬂsﬂtbON}ﬁﬂm@ﬁm ﬂ{)ﬁlreltl sa?s t

wou e create su an ure ng a spatial intensity

profile, ZBQS’PP ldbs gy é‘Bg?ngP%O‘{tﬂlito "Hfa’“f)?% 8% ﬂ%&%gp&“ﬁﬁépﬁ e (e.g.,

li ke that veolldpagua emild) baaarrdeerpprofilengd chii beRebn alvehef %ﬂmbrﬂlidll dfiite Jf
rmany, an rom

Siliziuntechnol ogj hof st ra 1, D 25524 |tze

ot hers. REPEIS W’ahf 40535 Sta'ﬁ“’h%ﬁf‘hlwhﬁrﬁ?saﬁ“l eJge ﬂ)(??o‘?fq‘%m()ﬁk “Bat i al

i Nt ensi ty cohtafubaduitt ma))oméﬁ)@opmaﬁmbymhporﬁ@f 401&99&@&?& Whfetd@4 1S shown
embodi nent of, the I nventjion ure 12, the

in accorda e Wt
profile i & %FWP$ e By filpd B¥iends a¢tess BReut A0, and; grpre Brefarstiyst 1 at ed,

solely forac@smbumstwwéftw@oﬂream NQt a cértdiehong, sl ¢ 81 Bedsibalesitdie ful |

profile 400 uld b% if. mrrored about the ordinate axi's of Figure 12.
The apert Pt %@376 whic thc eyc 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 threéhold 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 comeal
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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woul d pass a simlar, but narrower, profile. As can be seen, a center
portion 401 of the 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, nore preferably, across
about 65-70% of the profile 400. At a 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

di m ni Sh%nﬁz%&esdm& gmsﬁ&k.l YheS kR lrethe ¥&1dn ddhisc ofQhe SroHRUBH Rdoedge 406. The

abl ation threshol'd and any variations in it are known in the art. The
anount ofmaxiizg jhefaklatipmperisbotovhile igeoiding dherhsrelercountensd sith sanaresprpfilsf er abl y

about  5%Biiohs Sthe Glidth BF e HaPhorAPAMMNCHRA BPERELy AW rcRigR dh @ 400. The

profile non- .ngqsm an, for exanp et ween square an

Gaussi an-dijeagsed abaye, iadrivenriydhie goabaddsei tha roupdedandaisrticak eslgesreducs fhet em i s
enpl oyed .4 Q. (N : . C t Lty i i ch the
apor tur o TR0 5 of B ARRIE ARG ekl pBBR S 'Y Tt or
f | at t enecaffeophealing. rfuigttiereblgespioxing thewpbefilaA®q, b hppropriate maskcB08 idesgn, f or

abl ation of .c ti he r .aterally noved
into posir{eflrt%gﬁ ?ﬁtﬁé F)gstieS? cg%%%g)g%gxiﬁgﬁ F]él% ger ), g;8@1t9%899e3}8§gggta si ze, a

smal | er "sofire-sekig ellitigypoofils passgd, for eaample.dertheapeporet 308 nbus wiith adoinded or

adjusting fluence |evels, .One.advan . firle 400 .of Figure 12 is
that, by arﬁ’g\}'ieﬁ’éalf dgcf'st :ﬂth”s’tﬂbepssftzip()trp é‘%@??‘\)fé}t}'?&[}%ﬁ%’?ﬁé i ﬁaéﬁsiotgﬁ-‘ei s produced,
whi ch assGaissian profiteeanp éreisqgart pefikd. des of an abl ation, al though the

e300 POl LSS R ERSalENOSd OO AL BT B T
can resul iight hstoeacs disakeessurpiblateonalmestiold s pdrtien Yaadigned td beea degi gn and use
o e Pkl o e b B P o B oty B 9170 e
portion apdfilh@macilarer ahouninof @irdyahlpvbeldw s lablation theeshald Swuesee above, is
1 ven Dyl 980 Bk shbE IR AR RS R B e
profi | es, abMied: hWixhaut dblaidrf, ehe treshrimlihegingfirminisaes oreyf erepliomtaaes dftae profil e
400, by aP&_{S,—B Eaisg’tsgstg‘rﬁsi(t is3 tgeore%?g &e%prhblc 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 profiie 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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nearly all of the eye tissue can be renmpoved that normally would be renoved
"Wth a square-sided ablation profile passed, for exanple, by the aperture
302, but with rounded and vertical edges. Thus, the soft spot profile
conbi nes both the advantages of the Gaussian profile and the square
profile. In Figure 12, although there is a small portion 408 of the

abl ation profile 400 that mght not reach the necessary abl ation
threshold, this portion is designed to be a very small fraction of the

overal | abl ation profile 400. By contrast, typically for a Gaussian
profile, peofiteisd? likerthreprofilerdQfs acedrding & Wy ivanyian, Bath irqundedigseashcin t hr eshol d.

Wien the abr%ﬁ!n@faﬂo I&sbbﬂ@f);qisglel By16indifAGD 88hes bYRE ﬁ?slula}’erﬁd%d il asye nerely is

heat ed, rather t W't hout ablation, the resulting heating
di ni ni shebotoatyaushges lalso splugaeloning ifs tracking 3yyiems tagrare sepsingesiviandi s t her ef or e

desi rabl %cglﬂ?thlgq%‘e tl]ﬂc%tuﬁi cgfetﬁé lR)ﬂCQH%Eis B@cﬁﬁéerﬁgmmuarcﬁ; i&Cho@ | ater

abl ation o t1ssue ot her nearby tisSsue, or may have other
ef fects, moftbs, m“pm’ddtswsgedsﬁbavﬂaﬂgpmﬂf opthsicye before PHASIK  figp igner gy bel ow

;Q;Iefnhg: gat%ggjargo tpoglti'lﬁ DB BB, bRl SRR AR Rpeal | NG Whi e

esigning the port’ion e snal possi bl e
detri rrent;ﬁjpxltphsénmmm thee,stq igrther| there atehfewshiedating effactsdind g eye can mopmei zed.

Fi 13 il , If th
I gure Icé( regum ola na ra(fl %’E‘%ﬂ%?@n%regttﬁecbldgésearé)}fog{xdelde (e.g. ' e

aperture BYFOFHE' S ate) with the soft
aperture profli i @o#db: thhilth¢ drertofe mdsb30@bﬁlﬁgmn@r(glythoﬁpenﬂue: pasgflioB,eor4 00

PO LTSy AT s B o ol PR R g i 0P T,
has many dla;sh\ragm agdassmg modxublixerngastrhamcmt Thisii$ for mvmertyeuh‘emnnezmmq&ngl | of the
oy L PR BaR s SRR LR PR BT AR (5.0 )
but its eslgepaque osértinhe. "chumleﬂrommdmnehmz xsmucbrcfgrred rhmttfmmmg renoved on
oot 1 o seemier s PRI Pgorsbicr BeRBe Rt PR Mol B S0aten B 11 ssue
and a 10 pp&f bitRnOA thel ihtrst dTuiicafl pre@uldOtlry ensidediiog ahd td dvhievatent i on, with
s on o R el Plined BB B H Pl EonP il §%%al SPHEmp/ bl OUNI N0 e

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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shot, advantages also include allowing iris tracking systens to nore
continuously and accurately track the |ocation of the pupil. This is
because using square-sided shot profiles, the "haze" discussed above can
appear on the eye before a LASIK flap is returned into position that can
interfere with the ability of the eye tracker to track the pupil position
on the eye. Further, there are fewer healing effects and the eye can nore
quickly return to a natural sight condition when the edges are rounded. It
is possible that the aperture mask 300 of Figure 9 (or the aperture mask

108, OF (eVRA phikSn ABRES.HI S a0 tHDDlatidh pFifleITe a flefoiey ewdatineat, nore qui ckly
than a typical diaphragm card using an exciner |aser system This is for a

vari ety berbeamohrying thesofigppigntersiiy pEfde phinfs ipvenfipnare it 1I834M8 > enpl oyed for

the aper [ 6e 1@sHirdPPsydlehd foPHE S8 18 kricOdal ModdWgstemOpaayeisavarirehiede. Because
chromumon-quartz i's the preferred manufacturing, %[ﬁicaggé%ue, it is

desi r abl &shapad”)tier prisprg ewngahdefegte pEdtias MYRPE NPEPER, A&t r eat ment f or

a new paplLignt 14 ,F&Sﬁdkﬁﬁt‘éfzesffh&]‘aﬁhmg} 6iRdd PHEGRUS 1A YenRBSi derat i ons and
to achi eve The °I£|| ghest quality ablations, in addition to reproducibility.
The car draeaining sregwireigs (epoliphed™) Tbadasgerrize BPe Proyidss fasteateatBEnty I6i ded wit h

an el ectrom ¢ Sk gﬁb?él'brv?deg %fe HESAR B%nd tl?@atrﬁéil't df irfeb @A topbdriytliesushe Further,

t he aperfure car 0 can al so Incorporate electronic circuitry to provide
t he | asesizspSthetard®d spotfiodenimablionretatively drpeifagtion obthe Srricabaisa estheo be

per f or ned,_Fo | F 6t ¥ pill oAbk A64 950D SLE 4428
secure cﬁ?rﬁe?r%r%%gg&?ﬁ?gbﬁt{}&p_?ggﬁ% Fps entg%lded vm'tﬁ a variety of data, such
as the semmgirefaahtysbogf2 mindn diambten el feosmallpespnt s &Picaly aot lagesan 5 | aser

center) o ich. i L dat ok f
procedur é*§°§9a'1“r‘é‘{‘ap‘§m§ué{’%"‘%gg’ép§§? ?%{)ﬁgrﬁ%gr“g&ia%%@' V\P/tnogt% %%@Hggﬁgfs)'t reat ment s
are per rAatenegpplieaidn Seridl Avs 0% 69 HFeand finternatéomal Rtenh Bulsatiomy Chat i ent nane

after th |-S .. f i - Wi asufficient
Storage. SR R npl SRR P PR PlabREG AR ilekllicett T4 0 B
dat a coultdatztpoybe nimatdZimeth sqeare pexfid$pp; sizdsehasaesstanoad ower agpmeant use of

PIN numbenas 1A cisp e s b o g BRE PO aRlelial AR caffefnd? | &t b ques
can be enpmoyfdpdtapatentan balbeaitto oeat BOY iflagissitegliahtiohimsaelower 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 Intemational 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,

12



soft spot apertures for customrefractive correction in which the | aser
systemdetermnes 11 the shot pattern necessary to achieve the ablation
profile. In a preferred enbodi nent, |aser beans having the soft spot
intensity profile of this invention are used in a dual- node, |aser 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 snaller fixed spot
size is used to renpve remmining irregularities ("polished"). The |arger

si ze spot puferablietevhistiesed ¢yeadpueriphy dig inchutidg @tneal tbﬁo@ﬂﬂty datapasi des nor e

precision in the treatnent of .irregyl ar .,topo ze of the
| ar ger spo¥el}& "éFéfgﬁrr?rﬁB‘frvor dafaefoétef‘vgﬁq Q}Ség eg @h‘k{ gﬁtCBtP ?Weﬁtgy‘ﬁ‘“fuégl area of
the cornaa wilidas e uRjc@che dsed abhxaeyeanrgeama duwh@&rd feidéntifging YddichabFy bet ween

about 2 and 3.5 era about 2 mmin nmeter. The smaller spot is
typically tH?)ForP%?rrﬁ‘é"r‘mFﬂéﬁFt‘o%%? ISION GRTECHOR é\‘f?@tt NGRS Frg E"Wb‘gg?c’ébl y about
(1)9 ;TTSngll n3<i I3 sﬁmgeﬂli thtcEﬂr T?éé@ﬂ'@t:a@an ?mdtds%ngel:d%t ?&@tm ad?@ddcgg;} ngg g%%ggbromo

and | nternationa ent Publica
appl i cat i Gergres pdith WQ)“@?&@S? CPIEHGRY INEHHen éf pakigg aplafignsdn descrl bed that

enpl oys 1 gefoaiiftg SusidmisetRfrgetive @brrdcBo® RRberpl ze€s that are scanned over a
corneal surface to create a desired ablatjon profile. As a particul ar,

non-1imting exirresoingdiscosuraand deseripien of dhsaireferred embpdireeniated to treat 80%
of a desi rmqsteam@adm TaRat@ry HQARSE, dn@SaridlisicRihged hrtl%coﬂﬁ%ﬁerﬁ@@xr&h@ remai ni ng
20% treated with ?L nm Sof t spot aperture in a higher 'resolution second
pass. Q h@lem@%@irw seafigustiongaad signal sernertigngs,. aswilﬁglrttﬁé detaidsfitheg

(" Pl ano- Scﬂﬂst)atéd%l@ﬂlrg%cdiiﬁt?ﬁlbp% théthbl §f opE@fiéinay bimade FRAGR!
application Seri al . 08/ 324,782; PCT application ¥\Io PCT/ EP95/ 04028, and
i n | nt er naddpamiag frpalttbmplmilmmsw@pswcmegmrm447 (PCT application

PCTI EP93/ 02667), the soft aperture spots of the present invention, in

anot her enbodi nent, can be enployed to create any desired ablation
profile, and parti cuI arly, custom zed ablation profiles for irregular

abl ations ot her than sinple nyopic, hyperopic, and astigmatic profiles.
Moreover, the soft spot apertures of the present invention, in another
enbodi ment, can be enployed to create spiral shot patterns and random zed
shot
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patterns using the techniques described in International Patent Publication
- WD 94/ 11655 (PCT application PCT/EP95/04028). These techni ques can include
abl ations nade with a single, fixed spot size. Eye topography systens,
such as the ORBSCAN and ORBSCAN |1 (r) by Bausch & Lonmb/ O btek(r),oyp®iSE
Salt Lake Cty, Utah, are known in the art. Eye topography data, 12
preferably el evati on-based eye topography data, including corneal

t opography data, as well as wavefront sensor data, for exanple, as
disclosed in U S. Patent 5,777,719, issued to WIllians et al., can be used
by an eye g ﬁﬂﬂ@” or automated for identifying regions of the cornea
requiring ablatirons for vision correction. Such techniques are known to
those skilled in the art. These data can be transfornmed for use in
conjunction with the soft spot apertures and the aperture card of the

pr esent invent;gn for ki ng abl ations in erformng custom zed refractive

p ! 4
correcti onl'sur ger{eVieehiorUse dg i FFNRINg BS RhRIoERCHYS dseh Syt dreludiag a

preferred enbodinent are illustrative and explanatory thereof, and various
changes’ i nlassiefasopjodneing sa laser cheam, aelseanmings sys¢émctei scanofhie fpsemtbeamsto and
signal connections, as well as in the details of the illustrated circuitry

and const rappropiata dati@ishar a gghoapefiative nargety ahd anaaolsyiskednitfor diggedingiang
fromthe spirit and scope of the invention. 13 LLOYD WSE CLAIMS 1. A

devi ce forjasehdath ShatCputiei@nteQaRBOLRNRLiERGhd Vevib@IehdsHSd SMprdtiltidi Ng a
5 laser for producing ‘a | aser beam a scanning systemto scan the |aser

beam to a&gﬁaﬁglj 1848 eh&%?tdgsgﬁﬁg%ﬂrﬁguﬁgot orefractive target, and a control
r sho

systemfor  directing a “fase ea t pattern on the target, in which the

device is ﬁ%%& ed éo ﬁ{,duce a particular |aser energy distribution
pattern, c TEFT 2LWe% n that: 10 the device is in the formof a card that

is renovably i n%erta,bl e in a_card handling ) ) )
10 the device 1s in the form of a card that is removably insertable in a card handling

system within the laser system,;

the card includes a soft-spot aperture pattern comprising a single aperture having
a size for directly transmitting a portion of the laser beam and a plurality of apertures
surrounding said single aperture each having a size for diffractively transmitting a

15  portion of the laser beam.

2. The device of claim 1, wherein said card has at least two soft-spot aperture
patterns, each of the aperture patterns having at least a different size single transmitting
aperture for producing, respectively, different sized laser energy distribution patterns.

20
3. The device of claim 2 wherein one of the at least two soft spot aperture patterns
has an effective diameter of approximately 3mm and another of the at least two soft spot

aperture patterns has an effective diameter of approximately 1.5mm.

14



systemwithin the | aser system the card includes a soft-spot aperture
"pattern conprising a single aperture having a size for directly
transmtting a portion of the |aser beamand a plurality of apg[bvp®8SE
surroundi ng said single aperture each having a size for diffractively
transmtting a 15 portion of the | aser beam 2. The device of claim1,
wherein said card has at |east two soft-spot aperture patterns, each of

the apertuge pafheddiseedheldis ﬁfuﬂh@ﬁ&mﬁ‘léﬁhg i %l@l?ttra*ﬁ'srﬁﬁnﬁé H&hesRBtr Rt ti ng

aperture for producing, respectively, different sized | asSer e

di stributi Y (o) in one

| east two t(is{(!];tf ?l%g{plge'[snazb lﬁ%(tala% age?néélg aésmglh%&}é Q‘\Q‘ge dlngnaef)%o&il%
apprOX|nateb§ 1&3} and an her of the at |least two soft spot aperture
patterns hHas° an” yfs&:‘?‘ie\fé “di ameter of approximately 1.5mm 14 LLOYD W SE
4. The device of claim1l further conprising a solely transmtting hard-spot
aperture that produces a top-hat shaped | aser energy distribution pattern
having a profile with substantially square sides. 5 5. The device of claim
3 wheréin ¥-he sbiia deypest ofagleint 3ivdhepran ther softhspet apprame pétfeen havieg adiefficetiver of
about 3mm has the directly transmtting aperture of about 2mm and the

sof t - spot dipmeteribé ghut 8min hay thegdisdetle fifaaemitieg dpet®e of abbutadiomt add B¥m has
the directly transmtting aperture of about I mm 10 6. The device of

claim1 wheyeigat hﬂ?&tu?@bhttéﬂ%vﬁi@%htéffe@tlﬁ@@htaﬁl%fér lo$ aﬁ&ﬁtlafhﬁﬁl%dh%@dlrm k t hat
is positionabl'e in a mask hol ding aperture of the card e devic

claim1l mhﬁégbﬂﬁﬁggpﬁﬁfgﬁ thqgﬁnneans for positioning the card in the

| aser beam pa evice of claim?7 wherein the positioning neans
provi de a repeatable positioning accuracy on the order of 5 mcrons or
better.

10 6. The device of claim 1 wherein the soft-spot aperture pattern is contained in a

mask that is positionable in a mask holding aperture of the card.

7. The device of claim 1 wherein the card includes means for positioning the card

in the laser beam path.

8. The device of claim 7 wherein the positioning means provide a repeatable

positioning accuracy on the order of 5 microns or better.

9. The device of claim 1 wherein the card has a characteristic limiting it to a single
20  use.
10. The device of claim 1 wherein the soft-spot aperture pattern produces a soft-spot

laser energy distribution pattern having a profile with a substantially flat center portion,

an intermediate, rounded, sloping portion continuous with the center portion that

15



9. The device of claim1 wherein the card has a characteristic linmting it
-to a single 20 use. 10. The device of claim1 wherein the soft-spot
aperture pattern produces a soft-spot |aser energy distribution pattern
having a profile with a substantially flat center portion, anpLoYDWISE

i nternedi ate, rounded, sloping portion continuous with the center portion
that 15 LLOYD WSE extends approximtely to an ablation threshold | evel
of the phoseeas %PRM&iIﬁ@tEE'%,anaﬁﬂatﬁ)n tﬁk@ﬁ&lérl&wl’e@'o'fl(hé’ﬁl’i&tbé’cﬁiti&qgﬁgef?%'illﬁo 120N

continuous with e intermediate portion.. 11. The device of clalm

Bbout 609 LB A0 A1 TR FpefiriBE ROty BY WG MR B o bor i ron.

accounts for about 5%or |ess of the total energy distribution. 12. The
device of claim 10 wherein the substantially flat center portion extends
over the range_of about 65%to 70% of the total energy distribution. 10
13. The deldce bre dqvigernfriaimelGwheremethe suhstangially fateqenifr @opianeatends gver
i ndependent of a topography of the photoablative target. 14. The device of
cl ai m B whibe eanget dfeatwat §0Vntd Befésofathe ddteb energy distiibwtiont anidothe etife podidndi ng
an information to the | aser system 16

accounts for about 5% or less of the total energy distribution.

12. The device of claim 10 wherein the substantially flat center portion extends over
the range of about 65% to 70% of the total energy distribution.

10
13. The device of claim 1 wherein the soft-spot aperture pattern is independent of a

topography of the photoablative target.

14. The device of claim 1 wherein the card includes an electronic circuit for

15 providing an information to the laser system.

16



