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" TECHNI CAL FIELD The invention relates to refractive |aser ablation systens,
and, nore particularly, an exciner |aser refractive abl¥t8 MYSW em

enpl oyin rture card that passes a uni que abl ati filge.
BAG(G?w&b@ﬁﬁéﬂgysterm for reprofiling the eye for ref ?ggjti?@oém%:.'grrection
have becone extrenely popul ar. Such systens typically enploy a

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

corneal tissue, where a very precise anount of tissue is "abl 1 e
eye with a laser shot. A variety of delivery nechanisns are c N&‘“%“MN
used, including systemTisTOMIZHD REFRXEINIPEORREEIHR MoVed o € v

surface of the eye, in which the spot size i?varleI ﬁ and in which'&fBdi bl e

masks are placed in the path of the excinmer |aser beam In all
systens, the ultimte goal is to change the profile of the cor"mmm@mmwmmf
by volunetrically altering the amount of tissue within the cornea., Further,
t hese techni ques have been enpl oyed on the surface of the cornea und&Pneat h
the epithelia using a techni qugpkeiri)efrenefractive keratectony (PRK) as
wel | as the intra-cornea technique T<novvn as LASIK, or laser in situ

keratom |l eusis. U S. Patent 5,376,086, issued to Khoobehi et al., discloses
a | aser JECHNGALFEWBD of scul pting a patient's cornea that uses a mask

system wi th mld i PdnBioR REAL RN o] roQower transm ssion is
control I ed through t ﬂeﬁﬁﬁgqg%ﬂgﬁ%é@ ?dcl)%ﬁ)gr%ﬁgr%g? T R
mask act 8n pyciraerdaser sefinctivd ablption systemsoptaying aniapenirk uird gt pRs@a power as a

functiony Buéﬁb?’atﬁﬂl ﬁ;ﬁeg ze, shape, and overlaid coatings. By summng the
power output o 8 ol e pattern over a given area, an average power
distribution is generated. The WO 01/ 28478

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, passing the light to the comeal 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 cornea 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 sculpting 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



PCT/ EPOO 10379 techni que, however, is |linited because the power
" transnission of the mask is tailored only to a particul ar fﬂma?ﬁfurface
by usi ng topographical information of that surface. The co face
t opogr aphi¥O 8638478 s t he control | ing mechani smfor const rpeglpgdosid€ Pattern
of the mask itself. The surgeon can observe the topographic in]f ormati on and
then pattern the nask according to that topographic information. The
present invention is directed to inproving |aser ablation of eye tissue
that avoi B BANEWE i Wnttedbaspuse themowpr wanismissionmef the dmsk SUMMARY OF THE
| NVENTI ON oAya6 & @hffiigulbOconfRbl i I he .invention, a |aser
refracti vgl,habl a?i on_system fﬁgfrgc{tﬁ?sgl 3‘?"@&8#\“@&“@“&%@8%@&%&% | aser
system i s PFf fpnealstfacs tapagraphie data isrthaeontroling neelizatin fonédaepictitg Al at i on
profile, fatter®s¥BiPhRsk felFOH L file or a truncatedGussian profile
referred tpo herei n askgse?ggp t s%ec%))%] '%an%?rivlagl.e t%?@'api“ﬁb“foﬂllatloﬁéﬂdsﬂiﬁm spot
profile i SAMGHUE Mk agepyding tathas tepograptic infismatien, si des of the profile slope
until an abl at TRwrkdh ik - i s reached, at which point the edge
or sides beg rremr}pearllem?/ég?l%?%gl @&E(ﬁlgqu{)q:vmggaﬁega oD chexs tissuerthatan aperture
card prep8f¥ %é%@ﬂcscfﬁomommﬁﬁfbmioeimemb&. The aperture card preferably
includes I and 2 mllineter (mm apertures surrounded by a plurality of

|1 holes referred to herein as "soft spot" apertures that

extrenely f]ﬁﬂ
al | ow t he SHMMARY QK THEANYENTIONt he | aser |ight to accunulate to formthe

desired profil gecok : ri.ur.e card includes a "square-sided"
profile aggrt ure (drhg%ﬂg?&%%ﬁ F%mﬁ%r%&hﬁ nvention, g laser refsantive ahfationsysymf or t est i ng
the f I uent® tisreyesuchossci 9B mnt exsimter iaseatspstem i enBREHAY @ pad qmnglci nt ended for
a single swn%t@@“nﬁﬁw%ﬁﬁb’f%o.lf an exhi bit changes in charBeteristics
over tine, although 1n some ngc?d OREFRIPIe, 2 fpw-Gaussigp profdeerstamichtyd-t r ue.  The
card i s pPatssienpt lq rofecreditof tereis hsngyiseft wsot" profi. THS %rfﬂ{é‘s{)ﬁggg an aperture
card hol d&%ﬁle"’l?ﬂlbgtﬁﬁt&?lg?l%&&% irﬁto P aqg using a_horizonta nd verti cal
movenent fobot mechani sm 4 yhergag the siflesf theaiotile slepauntiban aimtoner t he
apertur e engity threphodis meaghquipat whichygrnt the¥abbd §iRg bk&ﬁk%@\;érﬁml'f the card
i's not po?ﬂetr#reﬂg‘ijsé%&iﬁé(ﬂ.ﬁ“)l er ance. ternatively, the ser %aystem can
determine tHe positron ahtiesl2pture ¢aed prspased kageduin diffragtivemfiotis) Fhor

ot her wi seap&apngsardmkﬁeramyim:aJdesysﬁdezmntlmm;ecg.g@]g,?){/@&}&i%e“go@@gggggnt of the

aperture i, thi he aperture card. 2 ,
PCT/ EPOO/%'%%%IE A 1hekes éleregd te hrremrANaSGBOt iapertuges thit hllewst  at es a

| aser r efthadiffractivatifat ofahe By ighoth @écutnhl ' i th an
enbodi rreqh%%erguge i dnv§n ion; Fliggljr e cg i fafeﬁg? ?rg{}gé‘ﬁ{sﬁrééjﬁ‘éﬁgr Wgﬁ}gﬁfem of
t

Figure 1t PcPifdRdudes ag traedcprofileiapersure Gefgarod o hatdimasairhargoodi ment  of
the i nversppi@aperfirg) doraesting tHeWhikiRlof thedx AREAN: ST, hol ding an aperture

card in place ‘o
P 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 wi th an enbodi nent of the invention;, Figure 4 is another view of
the mechanismin Figure 3; Figure 5 illustrates a view of Qt' n of the

mechani sm of Figure 3, including the aperture card of Fi gJ?%R@‘ iw"

accor dancevewt/fs4mn enbodi nent of the invention; Figure Gdigpdeicant €S

anot her view of the portion of Figure 5 wth the aperture card of Figure 2

renmoved; Figure 7 illustrates a nmechanismfor holding an aperture card in

pl ace according to anot her enbodi nent of the invention; Figure 8

i || ust r at BRIEF RES(RIRBION OFJdth DPRAWRNGS al i gnment mechani sm for the
aperture card LEP | ' CcElgure 9 1s a mechani cal draw ng
il lustratin a%‘pﬁr '? %?tgétén%slég{ E:zlti‘rtg &ivgraﬁs@u%n %’8{°P’i fgﬁéhSFy"a‘ﬁ ageEdangg e card in
accor danceviy aremhodipdnbof themversiont he i nvention; Figure 10 illustrates a

square-sided s I 24 1 | rofi f an erture having a square edge
that forms par Itwécl)]k@% Hfélgtgzg%r %J%ése&ﬁ)gsgﬁ("l (gt}ﬁ&fr&&rt@d?*flci CSRCBEHHREFAM t h an
enbodi mentacedrdarise with ae ambedimentio§jthegnventloni;| | ustrates a "soft" spot aperture

i n accordance w i of .the invention; Figure 12 illustrates a
useful abl at i o\#i%'lr% o??llugtp%%gdsrg%ﬂg‘vgﬁfgsrck‘f){d"kgpa(’}tap%"ﬂ'g? £%d & placed cor dance with
an enbodi raseardasie with an ambodiment;of Hednveatidn3 i | | ustrates a conpari son between

a square profil . t .spo, rofile i.n_accordance with an enbodi nment
of the inventig%“%;ﬁﬁ%ﬁ%&mvgiﬁttﬁgﬁ‘?@a@sm B FgPreYa PCT/ EPOO/ 10379

Figure S illustrates a view of a portion of the mechanism of Figure 3, including
the aperture card of Figure 2 in accordance with an embodiment of the invention;
Figure 6 illustrates another view of the portion of Figure 5 with the aperture card

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



_Fi gure 14 illustrates a conpari son between a square profile and a soft spot
profile with their resulting tissue ablation profiles. MIDES) FOR CARRYI NG
QUT THE I NVENTION Turning to Figure 1, an exenplary exci ygB We(s[ml. system 10

is illustwal@msi?® which a unique profile and aperture C?E? ﬂ‘j ng or
conveying system 12 (also referred to as a linear trans ion dul e) is
shown in accordance with an enbodi nent of the invention. The system 12
takes the place of an iris diaphragmfor beam di nensioning. It is nounted

in a frame bet figei 14 ilustraieng comparison Heweona sque ﬂ%mﬁ'a@%@sﬂo‘}pﬁﬁﬁg Figure 1
). Speci fl“qﬁldl Pr§§m§§f§§de% %)I?f)i@be%yst emis a p| cal 1 nm excl mer | aser

system I nc excl 15 and operates as a scanning | aser
system errpl oying mrrors (e.g., galvanoneter driven high precision mrrors

for 193 n er ropriate points on the cornea in a

treat rrentm bE@f@R%m@Pﬁe}aﬁE&ﬁXE&& ]§stem 10 enpl oys an eye tracking

system wi t h a TwabkgitmBigspdeah emfem@Iarg,L &asher146r dy%tem NG lu%&?a[tedsgﬁh?gg 10 is

control | ed mﬁué’l r%ﬁf%ta'hgl ster’q q for exanpl &, a conputer nt r ol

system eit her Gan conp é'x‘r“ A1 hap lé“gs?{é‘f’"‘ﬁ‘}é{'t“ﬁé}’ﬁﬁem 42 éaiﬂrﬂreﬁstee@too@al red

abl ati on Bnef trawslation mame)ssmmnamoa&aéwmnmpéx@ﬁddkrﬁerﬁ%m@v&uo%“h as
e

accordi ngy 132 en itled "D stribut ci mer " Laser
Sur gery Syé?@yte% ré}éed’ %eto an gk &PL@%ﬁowgmélﬂmequingba isinder st ood by
t hose ski mcentedmatﬂrmneetrdtweeﬁwb‘chtﬁﬁg m@td?9B ah@g & aﬁ%éé%?’%sgﬁﬁegﬁ'g“feﬁ@egjs??{n |b§

used. In a accor di to one aspect in

i npl ement gg%tlf?caﬁ‘é@éq V&'"}fﬁ'laé%éﬁtﬂPés 4:%(?’631693 apysieiguer laser sgsterd. K00 as shown i n
Figure 2. m'EhElescahrdicﬂrféBlabéi 151aR 8 bsePdtds RASkAnhRABESLeVdy ki {,{he 'aser ath of the
exci mer Igser stemtowgrgss | i ght throug(P pertuare of the

aperture tard® PROBHY CiYERRehBreision mirass rtlﬁﬁem)md:an meaasmamdamhol der
simlar tapmomafdbohﬁésmhsy&ﬁmhfa@freatﬁlahpplﬁf'éﬁg @?e?ér%]% thd) gs a set of

sever al hl recision.drillings used as reference pol nfgerts%s
geomet ri c%’ﬁ Sgssaé‘rf’ﬁ’ﬂfa‘g‘lmgt%@e’@é\“@ a tragking spegd at 4t least 100dEe ICIE\IaSGES i's
typi cal | ysydmvml(l@cdar@@ﬂed chﬁ@of@y&@ﬁrlz @Peﬁﬁh)he g)égxﬁp%t Rgrggﬁ&‘ﬂf cturing

processes _can 'S aut omat ed and check roscop t ool s.
an al t er 2P TORFIAComRBpHte loﬁ@b’eﬁﬁélptmmdan@levs aplosifetiiablageh goflleadd gned Vl a

ressure iradefveandb | ~AY 2\M4 WO
8 1158478 g%t_lfl /e EP ]§0/ 10%!1(3?13&&)91@ réRiedly %ubtpasca%&rh'ﬂg td 913, Phel ) 5A891 1%

en istributed 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



_ precision machining and manufacturing. This produces single use card
positioning with a repeatable accuracy in the order of 5 pnh§¥g&ﬁtter.
Referring to Figure 3, an aperture card system 12 is i1 & accordi ng
to an enbed gipgs of the invention. Figure 4 shows anotth é%&%@ﬂ& t he
aperture card system 12. After starting the |aser systen1I entering
patient data in the conputer 17, software of the system 10 requires the
aperture card 100 to be inserted into the system 12. Arrow 101 shows the
di r ect i onPicRisighmarhining anhmamg@urirg. Thisgrédades sifele s RaApoti8MidewiR" €f er abl y

froma sl . (hot .sh that protects the aperture card 100 and

keeps it %F%gﬁ?glerﬁ%hgg@rnttg?%rdgraq%gn’}ﬂ)ﬁr et ed in a first orientation, for

exanpl e, | at erBeftrying tooFigae 8, andpeRiie RardR¥stérR G Vil ' 103 (e.g., a

| ateral | rﬁﬁjd GedT® ani sm by . han throzsgh a.ssllg{i@rfg@,cab%?@h%tt?g%, i n other

enbodi men?s, UhT'S g@ﬁ “B’&@‘H’t Figire shopsanetheryievn otherapertureanard systemn 103 pul | s

the aper t 12.eAarsthrtir}ihé lasdr dstdai €0 hrﬂﬁéﬂierﬁgﬁﬁﬁﬂ\ ddta iﬁh'?j:o%‘?%q?d posi tioni ng
or

sled 104 go verti oadi_.ng nechani s noves 0 the card

| 1
cat chment ~ nac qorﬁ?vyitﬁg‘ﬁ%dgq‘b’éﬁ@?gﬁf?“f ¢Rid QL todbe linsered ioty thddysteinn Fi gure 3,

whi ch {1 R emsw I0Eshape tiaiRotsil Wil RVGFd I & BReRlGlANE RIS 1 0Nl NG
MLy generally

sl ed 104. e.pi ckup-and sjtioning sled 104 noves backwa

i ndi cat edp%{/]eragfyr%‘\’/w %6‘%‘“’? ‘ﬁ?‘ﬁ dgffngt showp)that petedts dd apkirtudwaadyb00mai ti on, and

| oads t hekapeittloare TiRraderhOcdrd 100 BISOAD L] iRy ek im e

verti cal Ily, fdfr accur ate | ogirti oni ng and fté)?%t?ﬁgdn( g’;rgc’.‘a:mﬁlﬁ)@%’ti cal

posi t i on) iR 4RENGH ¢ ceismgnashinenyd 03 (e gre datéraldesdingmbshapismpby as descr i bed
bel ow. Thieand tlirbgghi stdtUp2, ANHRASIokRP 4 extracts jtself to a place
away fromt&gaﬁshecur ed card T%g and oﬁ@%&?ﬁ%%ﬁﬁo aﬂ‘ﬁ’g‘afegsiﬁeshots. The

| aser tr S hERTNbRadReS HP ruletheypertunecard 400 insidsthandseckystdh 0, ahown i n

Fi gures 3pisiap-zhd pbatiddMEde PRI (L. kORI whi.ch are used to position
the card Slg‘ian %nsl vmgtesﬁ?n tkgegl’ggge}?cgggdggglﬁﬂ%g?mé?)ﬁq"les EWHEALRr i bed

bel ow. NeBF HAEARRTRAN Bragingry £0% a5 genenlly inslicated dp arrbwrio] AWk S| ot 106 to
hol d an awkieh tHiR fiPHK 0% is..mounted.into the sl ot 106 of the
aperture card 100, _prgéég(?gebc}f}ﬁbei ngrtéfaﬁéid&luﬁ%%?B%Sét.m"ﬁ@fséeldrlﬁﬁgm% Fi gure 5,
accor di ngP'POPzRd eptiveningsind 198 maves backwartis, grperdllyandipaed by grovared” 190 i s

i |'1'ust r at Eigurp 9 stotal R§IRE diddhia anst | n aperture card hol der 200 of
the | aser gl;/rst_em 10. Aslﬂ(?an_g{l?ep%élgg'?i,aﬁ{P?%J&hp?%%gm‘{)@énflﬁ?“@%h the pin
hol es 105°T{E8BHON, farsxample.grenjically, Sr@ctamate poRiBohie: aaa:TdoER@ode,ZJggsgg Figure 3) for
preci se pRstidal s43i f t 00 ne.pin 202 is obscured from
view in Figur eﬁg tigﬁ)diggﬁ&bgrc%%%ggEhr%eegalrngr eédsgyﬂ)“.s"q&@ﬁcﬁé?q belay.sone

embodi menthsn. tinpigkupgandmasitioningsIQDI4 extraotnitdelf t-h Gl4EEEVaY-foom fhs Provi ded for

ref er encesebited @SE€160 Al ' i I ot he excinmer | aser system 10 to align
the aperture card 100 V(\)Ilgt in ‘fv#e&f}sﬁglcsqgseeﬁf%gsf M%Sﬁfetfeé%wgwee%@rqf 100 is
enpl oyed.thereis thegisean be startesin det er ni nes whet her the aperture card 100 is

properly posity LR DL ci,ng action if the card is not positioned
wi thin tol e_r_aréé%%gw { Iie[{rﬁg%%/}éﬁr&‘{ %ﬁ@r%d’soé‘r“ogvgb%lﬁﬁ 109, whish gestusedrione t he

posi t i on Resitiorticand 10 en pnspithindhalasentysesm PO, af IEbOdes@idegbYbse adj ust the
opti cal : rathe misalignment of the aperture within the
apert ur esl\\g%%%%?%ﬁ?@tﬂ%c%rﬁﬂ%&s{s%%em ousting slohL06itp hpldiap apstusd | al ong wi th
clips 208naskd8.t Bhetrodst 1081is raqmretintte thealot 1 006F thé'aertSRAQ4A 1gh, Fi gure 5) in

pl ace i nﬁg}gaapggﬁlgrﬁﬁe&%r ach0| der 200. It will be apparent’ to those skilled
in the art that varfart onssh thi's embodi ment coul d be used to nount the
aperture card 100 in position, including, for exanple, a different nunber

of pins |ike inNs+202 and a.different nunber of holes in the card 100
li ke the hol e?%ﬂﬁ‘.gn‘? RiggFe 52??“@#’&%& to¢ enbodiment f therinvention; thubi apennire

i |1 ust ratced MDtisillnefaexi@osiforied, dcHtidrRfer,6n %T‘Qpeztureacafﬂrlﬁ?&%&)t otﬁ%eed mechani sm
is used ilz?sc{)l ce aof al i@(lggrrent hol es and positioning pirnS to position, align
and securée sﬁ’ée'gpl r Y1158 P;3ean, thyee Pips F2rnassahesmetnthe pirpoddsd08 exde alper t ur e car d
system 220 having a common structure, in part, with the aperture card
system 12 in Figures 3 and 4. The pr?rrary distinction resides in the

repl acenent of the alignment pins 202 (Figure 5) and correspondi ng
alignnment holes 105 in the aperture card 100 with fixation points 222 and
pressure points 224r, 224. as shown in Figure 8. In an aspect of this
enbodi nent, the fixation points 222 conprise 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 fromright to left (as viewed in Figure 8).
until the left edge 227 of the card touches fixation point 222r and the
bott om edge 229 of the card touches fixation points 222yi and 222y2. The
card is fixated against the fixation points by pressure points 224x, 224y

Y T T o o o o B A N~



18~ ~~4 WD 01/ 2H478 PCT/ EPOO/ 10379 The mask 108 is preferably constructed
of an opaque coating (e.g., chrom um deposited or ot hervm'.'sqe Qa#u d or
| ayered) on quartz. Mre preferably, the coating is a mul't I@ye oati ng

i ncl udi ngwg ol/adgy of titaniumoverlaying the chrom um Igé(ﬁ%]ro 3@2 a | ayer of
gold overlaying the titaniumlayer. Mst preferably, the Pi gler coating
consists of a chromum | ayer approximately 80 nmthick adjacent the
substrate, a titaniumlayer approximtely 40 nmthick adjacent the chrom um

: ayer, _?_rﬁjg\a‘e @Dfodpieteﬂyeposgtm}arngﬂfﬂ%tagkm;r_@@marirgo golﬁtb g}ﬁ ﬁgjif&o@%rgﬁ Hgmti t ani ;de
ayer. ement i er oat i ng_advant ageously reduces unwante
reflecti rt}ﬁcvg%‘ollglg‘gg? aflé)glﬁ'f".e ﬁ%@reﬁd’éﬁ'gi“ﬁc“)ug%he& ip some esnbasiments; adi anet er (or
subst ant i dighmert hoi264.fshowh VEFigirad 5 86 broy . ined. | re detail
bel ow) apgrtupe,. a simlar:-1 igar (?_r sBg)gf(gtriﬂhi)rgﬁa%cnie(%geeﬁaglgbglﬂ\e/‘godi anet er)
soft spot dlgp}eﬁpgfne%%raysggh@p,a@n Hinageriuse eard d0Qwithip ey system subst anti al |y

2 nm) " habefbire theapérturecdd®@ V00ig cRpRYSE Fhedside 4 K D the
af orenent j oned U. 5,3 6,9086, _pattse)l?trg?lndgeﬁgql&{aﬁgﬂaﬁnﬁesrllhﬁ08 is

Pat ent 36, D |
i ndependeRFVEF °%‘9§°? BPspEty RosIned, inhibiting sing actinedf fhe cardiyneey e
t opogr aphyosisbon&iwiftae Bleranes! NHERLIVA of Dependi ng upon the
optical system epp]. o%/gé by the e;,c??/r{eh?Q{Sglg%%te@;lgtc%ﬁ?&mlﬁwgcact ual overall
di anet er ’“P‘f‘u_@“% P 6Qmpwtckabiatign pepfigenashamaise bdjustdregeticasysenal | er t han
t he Corr35ﬁ““wfdﬂwm%n%m'dﬂlﬁ%@rﬂgr%ﬂgﬁﬁﬁéﬂncﬂﬁr%ltcgﬁ ongo an eye. For
mm di

exanpl e, [lﬁigrl cal illustrativel é useful 2 ane FRY™° nm di anet er
spots on ‘Uil the ping 202 i mers dai@il elong widncHps208. iSedrmholdehahpertdicaart er

apert ur e 108th® shdwn ih 5N 8laYe i ’ i, re.edge.aperture i s used
fox fluence test] ngl Wi { h a)ls?an}ilg}%@ﬁeﬁ%ggdgﬁ%%re?oosﬂgﬁdggﬂ PRty et hyl ene
foil coat®B&oghskilipdin the getdhagvariptions on thisrembbdimest qoukiitenséd @ heunp@ef or m t he
fluence t®shurdicdrd 100 & g,-[-gn,m- e temcal ibration because it
is easier to see how ?gn; shotslrgg?g&%gq |]§’ce£djl$é(;ragﬂflglﬁg ERIS A Deat er i al

fr om one RIBA9¢ apdha diffreniiumbsr of holes dimthe candd 00 Gikaithpdoles ¢04. ar depth using a
square edge pnpid ARmRAGAAhERBF this el 1 rounded profile ablation of a
non- squar e edge apert ure.sbRe?e‘?’fsiehg’WSkE‘r8@?%5“5‘*,“@“ Wé‘%ﬂ%?ﬁit%gllg“m 8wing is

i || ust r ata8d 7o prassurg based mreshanisokis 369, in phice bf dligneee Mples byd @‘Siﬁohﬁﬁapert ure

mask 108 #ifka f hitonl r l.Qt .106,  and preferably glued into
pl ace. Asptishéc))\lf’vlgffi’t;lrb n !Ii:lligat}? g&ghﬁgheazﬁ:gxﬁt%:%cgrgégg F'@E?‘?t7eﬁ?‘°‘é{_i)gi3{eff‘r"@‘1302 has an
overal | dperise eard sifstep 22 having aloemmon stakduyte,3n par, tWigkithSagdRlg R@SSes a

St andard [ @+ S i , are-pr.ofi.l ed). .| aser shot, such as that
shown in sﬁ?gﬁrlg“%g‘ﬁ% %hnrﬂe% or{/}%g’g’mrarycfﬁgf‘%t’%'} reé‘ﬂ?st"‘érﬁdfpléi%}eﬂmféh@04 i ncl udes
a cent er alipemenypias A02EiBOG5)snd coraspadingyalignmerd holY 130ATHhMPRAkk 28478

PCT/ EPQO/ : . ] Qpi cal | | holes 306 that, through
di r ect dic% Qﬁgg t“?tf}gﬁ%‘?‘?{eﬂcbt“g; Z?raééﬁif%%ﬁ%p%%%%f as Shopin Bigusréof i | e.

Fi nal | y, Imag pipeet of histemhodimeap éhetfixatord3ibints 222cdmpiist BkecHaRRhGNT 1 al ly 1.5 mm

i n over al.l;di.aks j i ncl.udes center aperture area 308 and
smal | m é&%‘gdgﬁgﬁ%:&h%?%@%%%?%elc lioggf %%g/gh g\gﬁtaﬁ‘é‘f%pjeﬂ"hm%d 30 to create
the appr dppushedsntishetalden 226 b right taefiepes Walad ¥ P&%ﬁ?@ﬂj WRithe Ut &giec his

di scusse%pglr&gvc%{g colgmgc. L on W #%Fi gg]r ﬁﬁ{ltl' Al houogh Figure illustrates
the apertareé mask- SO0 RAVFIRY BYNE ey 38d teboftom sfiea 229 ohthedraridgesicaper t ure, a
3 nm di arfmmnrw‘tsmnmndam.tmmaanﬁxae&agaimgﬁmh%mﬁqy spot aperture,
it is CO%%{[?J: éiﬁdzw%mpehor tjeﬁs of these numbers and types, and

possi bl y PUTTT eP LT “eftxatfdy Which. ypferahlysare spyines. By sapefasturingsthe cartl 40d i n t he
aper t ur e witkdkglaiisial duch havtht ehcetbeudon ot e akrittds ik e qpe and spirit of
the pres r)lctiinnventi on. @s d"tsdcussed above, these apertutes typically are
proj ect ed  ORTPOIEENRS 1S tarLedersatheams docationsy igpentedipesitioningief tBe rm di anet er
and 1.5 wandshashéwed a me@ifeda8furRy 8f 25 allof bedgat e 2 nmdianeter and 1 nm

di aneter spots on the eye. Prior to performng an ablation, the card hol der -
200 noves (e.g., laterally), according to the desired exciner |aser system
to enploy a fluence test (in which case the 3 nmcenter square profile
aperture 302 is placed into positi on€ and then for the | aser ablations of
the eye, either the soft spot aperture 304 (e.g., 2 nminmaged spot or 307
(e.g., 1 mminaged 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 hol der 200. Again, the soft
spot apertures 304 and 307 of Figure 9 are focused by the system 10,
preferably down to 2 mmand 1 mmor substantially those val ues, :
respectively. Again, the apertures 302, 304, and 307 are preferably forne
on a quartz plate 308, using a suitably deposited mask as descri bed herein.
The mask can then be appropriately etched using a | aser etching system as

- o o Al 2+




. 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, {hensargpl 00 can
be | at erwlmyﬁed into positions for |laser shots at a |arger "soft edged”
spot size, a snaller "soft edged" spot size, or at a ceRtEFPP3NT on
suitable for adjusting fluence | evels. one advantage of the profile 400 of
Figure 12 is that, by having a "flat" top, a relatively uniformablation is
produced, whi Ctheassk 30Sisinrefsth i i . ablation, although
the resul éel n% arofile inti ssﬁlgeﬁgwﬁﬁigﬁgﬁﬁg&%ﬁg#@gpgac@ﬂﬂm profile.
Thi's, | i k&POYredr eiervdsesaated of layased)os quarto Mote arefagigube ¢oatimyeiadi ng a
"haze" t hghltBa8r ddaghy i : ~ 1A~ o [ EP0O/ 103?79 . from squar e
profile apl a??gns.ﬁ 'qelf’lg%'é‘ﬁ%?aﬁl’t@‘%l‘\é@?%&§2‘8glﬁl§§°{5¥“‘?w&ayﬁﬁawPe 400 is to
maxi ni ze 1KY cABpldoverinyinarthetifeniumiayes Mossipdifergbly ke makiayenesmting er ed wit h
square pr gy i 1 fla orfion and the anount of
ener gy belé,l{;l\é\;sﬁk?rﬁglglﬂgilng{?ﬂ%é;gl?g%@i%é& g%%@?,““f%ﬂf?ﬁ“\} GBS A% RS goal . Al so,

t he roundé@nigmdaxesppareximateiynm thibkadjatine theshmirting Upr, avd § g6l 196 t ypi cal

abl at i onsyeds: =S| | | Le ich could affect healing.

Furt her, %ﬂy%ﬂnnp?gly?ggnﬂ%e prdg#krﬁtéﬁegggg?&rgyyﬁrp;lphg\é?qr%ff’@t‘r?ﬁ ayssts desi gn,

nearly al $oa5pg adyantagesusly eesuees siawartied re8ention of kakemtight e nayk welilish e r enoved

wth a sq &R ; ' | : . for ample, by the aperture

302, but %’Mﬂ{nﬁcizég:ﬂﬁg%hgﬁ@ogg}bﬁa@gllb2513@23?%3{5ggwﬁé T4 oo Setinsdof | |

conbi nes isdnere detail belowrapares, ofimilirel G (sssubstapiallf i Inén afFski B 8; re

profile. édﬁ%b%@%é% %Icgrr rugh tgﬁrf i@ a sr’rgalali orti ontl408ja§lfgfét6he

abl ation profi A 2oy A M Sechize GametRlopsub by 2amnhtheedi t hr eshol d,

t[\): st por t@mmjcélaﬂeghgqt&ch ddge.{)ﬁnlacc\mimas_krmltﬂlc afc]{raﬁédti@g%m,s_t ﬁge,ﬁ)ve][ _a: | )

abl ati on e . ont r typic or a Gaussian profile, a nuc

| ar ger ang’gﬁ’bégf palel;{r%glrmg%lélfft% ‘P?kg@? W‘ﬁ%@m@m %FV?)F‘?W%F@WGFW‘*W t he

abl ati on wsad eriany elyeitspagcphicelbsutfect, int:mpintgﬁigb ?oéﬁéafiqrﬁsé hqgg;tg'_ﬁﬁﬁé %pérrﬁsnhgﬁte gdbne
ul ti i | i

rat her t /i h bl at.i on,

of the ag@gﬁ?‘gé‘g‘?@%’}“ eypi‘ﬁgahmcgéw%%?éwm 0,ithe achial eveenlladiaesterr abl e t o

reduce t hifshedresutes teéarred seaivva tiap e RBger 6f fnetikr Mar At %6né9$@$ﬂgq&agé the

heat ed ti&qudig{cﬁggl near?% tissue have ot her effects,; such as
)

er . OF M Ve | _ ;
produci ng scarfl 511 Bgesie op an ¢ys. ‘Fop examnls, smigpl lastetivelmesfid d of t he
profile 406 diameterahen airh iakietsr bRtk dndthé AL B354 | L% Zi ng

abl ati on. valld siegni n thg@ﬁortlﬁghn 408%?0 bg snaln:a,gog@sdélg%ﬁg( etri nent al

t her mal  h&At4 gD ‘fr&ﬂgf‘ﬁ? Bisdesrectiveliuced or minimi zed. Figure 13
illustrates a Therpadi S@ire@lgctapsaiua ististd RF ali&icé festhg itt] 2 Llifya@Per ture 302 or
a si n‘ilarﬂa&ﬁertlure vygre u engO blate) with the soft aperture profile 400.
Little of '{HE RaEuC ﬁ@r@ye yleng foil sogtefl pa bath sidappyis plyminuns i tlis t he squar e
profile, meferabiditc pérfimhye fildcOwtSIite: Jaakeh LS ibkQiost @andard

abl ation ol ofiles rofile 400l ofJa‘Fi gu‘?éei 3?2 h%goqgnggr@ﬁg l\?gaglf)gges,

I he
i ncl udi ng®FRUSE 16§ Cagist ﬁoéF‘H“ﬂ)” FBROTeE dFfafyied 49 pblye throughanaterial feme nor mal i y
r Ie {rﬁvedhb()f;cﬂaﬁqwahenﬁt okad padtiraleit® B paiGliar depth Gsiflg a sGuaRd &@L L%ﬁw thin 90%
al though other ..
9" eam t[xan 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 standard
square-sided (i.e., square-profiled) laser shot, such as that shown in Figure 10. A3 mm

overall diameter soft spot aperture 304 includes a center aperture area 305 surrounded by

7



. designs, such as 80% are possible), but its edges are still "rounded,"

t hereby rounding the tissue renoved on each | aser shot. Figure 14
illustrates a conparison between a square profile 500 wi th8aMAe@lhting

| aser shoky@giladzgon profile 504 in eye tissue and a 10 pckPodrdzry Z00s WO
011 28478 PCTI EP00110379 profile 502 Iike the profile 400, according to the
invention, with its rounded | aser shot ablation profile 506 in eye tissue.
By roundi ng the edges of the tissue renmoved in each shot, advantages al so
i ncl ude alalpatirmgf micrascopicatiyismgll hylss HGahAtOthroUEE dEE HitRaRive bifecdereaeCur at el y
track the o [ f..the L. TJhis.i ecause using, square-sided shot
profiles, té%aéggpﬁgé}%gblaﬁ'%’ﬁgg 'di: glﬁl&éiyﬁfo BRtApergye ?pfglsé Before a LASIK
flap is rethstangalyi n§ mnpiniveiall diddeek, vibch Alss BEGEsQ ddhtthageRBrealialsogy of the

t ker .t K th j iti t h . _Furth th
Fover heafmynal PEESeoRIIE0 TR I Rkl i ipekiry 0L aRa be o nat ur ol

I g i e AP L v

aperture mask 300 aof .Figyre or t

aperture Sg?rlfcﬁ%b‘?"ab]f‘g\’—*ggﬁr é?théuﬁli‘é:%%%ﬂl“é‘iﬁi“csﬁb? #pegfurecrask 3PP having 2 ypi cal
di aphr agmsigled tifii diginelét ha¥ICIIBRT apeAS@] a Sie @Bttt oB shst alfpeﬁur@ gahgfy of
reasons, includi ng tt{1e EOSSI bil]ity that the quartz e oyed tor ‘the
aperture MFHBRIESEET 5ot SPOLRCEHE: & IS GREMplated that BioraRrdess & thesd numbeBandus e

chrom um aypes|uad bassivsy ditfereftt BArkdtérs, bf R URALWS bR bERPREALRmd t 1S
desirable thus to.r !Eﬁf%the aperture card with each excinmer treatnent for
i

a new pat i3BFfturs mas au¢h 3¢ inglyded within ghescensiand apiriy ofsheiiestat at i ons and

to achi eVQn\tchﬁorhiMﬁ:ﬁssﬁ&'%dv&ﬁh@s@|a?égfu%§§ypiédﬂy%ﬁicﬁr jh@Fha&Ro %QBQQH&} bility.

The card cap, CLor exanpl e, be treated with a’laser st or provided with
an el ect r SFfiuceLPrsRLREasHehere the Immadianeeterand 1 Sanm diamster apsrturesprefereblyFur t her

the ape"tléféﬁteclarhﬂndi%t&%ﬂd@lnﬁﬂdiaﬂﬁﬁf%'f@%ﬁh@{?%m ronic circuitry to provide
the |l aser system 10 information and validation of procedures to be

per f or med. For PEQGEmpedorminganablation the easd pldaw@0@ movésr(cloy tteralty) SLE 4428
secure chigp.di@BAPiMhe dddirsd &G Mskdsy | ri ety of ta, such
as the serial 1rC{%)nbeer of the machi nsg%t%ﬁe%aﬁgﬁgna&#n?ﬁg\{%és‘ﬁ#%ﬁrcage'?' ser
center) or® WAHiCenfer square grofilelapgriyrs 302 isiptased td positionpandithen fouthb éaserof

pr ocedur eshRMas! R Ble® yWietther s oBah bt I . t pes,pf treatnents
are permtted, sanpl epgr’r‘laap;sr st cc))r agetag .lgé%%f\{e%&ﬂ%ﬂﬁ%@%dash%f °;5§9?ent name
after the (¢-Behtmiinaged spoeisinbacadintd pasitionaTke soft spotrgpecterss arvemploged ihi ci ent

storage, the Ak : j i do S akldsanment and. verification
data coul d al S0 hb&glbﬂl‘{é ﬂ&@ﬁmﬂf{e“? ééééﬁfey%@ Lde()'(g'lgé(k: ﬂ?‘%lg?l@ét)ﬁ?gvbtﬁf use of the
exci ner | @peturggard boldeni20hout appropriate validation, such as through a PIN
nunber, and pr t 0. A varie f techni ques can
be enpl oyed tog%?lg’atp g&%@@gﬁu@% %‘#"irﬁ?‘é@ezgf‘?lfgmf RELY ogleF{l ¥§ B'ﬁtsyﬁ?f@rt ures for
cust om r efl0apreieradlycdominge 2 imom anchl im @isubstentiblfisthosespies mspedtioelyi nes 11 1 8
MAY 2004 \anglj; hl%%ﬁgrﬁlres 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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. PCTI EPOO/ 10379 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 system for
the eye. In the dual node system the eye is first treat &8 @&ﬂé’ﬁed") f or
primary owongdd7sdef ects, such as nyopi a, hyperopi a, andPGERIHHATI sm usi ng
a larger, fixed spot size. Then, a smaller fixed spot size is used to
renove renmaining irregularities ("polished"). The | arger size spot provides
faster treatnment. The snmmller size spot provides nore precision in the

t r eat mentin@nsityree isapeqifissod Varisty efknown éeckpigues gan bermployegde designt | s

desi r abl yand po@itiét th¥ 8bi¥s, ladd BowWIERENIOM Qs WOSd LY RbIE R crBdt€8ufant he CoOrnea to
be subject to ablation. The larger spot is typically between about 2 and

3.5 nm [APEREEaBy Proyiing a spatishintansiy arpile; e sofrinot spestufechatsyanld praducy pi cal | y
not 'argesfucﬁaaﬁﬁm@.g, like tH} o' Figlir@ 'BcaA be @tfi&né@ﬁ&ﬁ@é%hﬁ&%r%ﬁ&“t 1 min
e, inU p eria

di ameter. For exanple . S. " Patént application . 09/591, 313 and
| nt er nat | Sihzibmrghnolagielpnhoferstiepe WD-38124drd®e( G@Mmanppind datn aherdlo.

PCT/ EP98/ 0242 . j . i cr.ibed that lqys 1 nm and
2 mm square p?%egelrﬁneéi %?5%&2?52’3?5 ]a%yagé)gg}socf:—'zen@g%aé%lé?més“@(aﬁil’sﬁg’gﬁorgur face to
creat e a 409giassedbuthieaoft spot ppefurd 304 isshownpmadcorlaharwithnanenbodinientigf exanpl e,
the 2 mm soft ot r e.can.hbe used.to treat 80% a desired abl ation
a1 owelhe iveBR, HEREe d2ring BOR: HSFiaubel ahl b o Swolne buSHE AR 1t he 3
mm sof t siflostra&gesdely for simpdicity offthe drawing| it beinglusdeestond tha sire. fulDpfogile 1 el ati ve
per cent ag ar ossk bl e. i ng, t he. scanni ng. (" Pi,anp-scan" echni ques
doscr i bed oy .”5&#'8%0“’(‘18?.%’ F“qﬁ%\?@ﬁ‘?“’é‘ﬁﬁl"?g‘&g’{e * 3¢ 75 .0t708l 324, 782;
PCT appl i waild pass bisimiRE; HuEReober @2ile. aAdcanibe kedncs Center poRion B8t 6fthe Publ i cati on
WO 94107447 ( PCT j.cation PCT/.EP93/02667), the soff aperture spots of

t he prese?ﬂenﬁﬁ\?éﬁﬁggw ol ﬁt%ﬁB?SHgPEE’r%&d}'%#?ﬂﬁ&? 4320&1?5%1{ ¥y create

art ]Y ldesi c}fcﬁdm_&hb a’dthiﬂit pmwb lni4|0_¢, is mddeﬁﬁﬂtﬁefpuhiah kg1 lis%éf&r@ﬂlb%ﬁdﬁﬁﬁicat ion g
profiles for irregul ar ablations other than )l e nyopi ¢, hyperopic, an
astigmati ‘tboﬂtr%7 rqﬁﬂlg_o %P@é@%ﬂd ?Wéé%f‘{ssgﬁ?&gddg&/"t RoRsiPreferably, esent

i nvent i onacréss aBu065H+20% >N tHR PraTHOL00. Cth deRaIR FDING ¥6h dsan Git@RiP teahsal  shot

patterns and randon zed shot terns usi he .t echni ques_ descri bed in
| nt er nat i Pﬂﬁ%ltl‘mgétt whieh %ﬁﬁ){"i tdsé?‘? %ﬁ?t\?b‘@msﬂa’%%“‘h?]ﬁ@rmalﬁﬂﬁ’ geachednthe

PCT/ EP95/ Bi4fIRAN0 prefeesty §ieeihy fdpeoff eAdinifisey 8ea albsatdaM) SqiRd Seichth @ Singl e,
fixed spot size. %gﬂéﬁ(zp_&%kgﬁhy systens, . such as the SCAN and’ ORBSCAN | |

by Bauschordrungated lationstresheld pad ayyiwariatigng in it aseknpwaitbe n the art .

Eye t opogsfPiNe didluit of bRergy fallihg belbwiROtHRésRbIE Farblatith R\RdraPyaBsad eye
t ogography data including corneal taqpogr as wavefront

A %ap@/ data, as well "¢
sensor da?% or fesy ofdhefaial encreyengompasssd by the profile 400 pTheprpfils 490 5 meng i ssued t o

W1 1ianms ghusiilan, forekBmpI, BeGAGn Biusfd ard)EauSHrOMape O br ARl eudsan. | dent i fyi ng
regions of the cornea requiring_ablations far, vision correction. Such
t echni ques axel WhGRAUEINALE S¥KeE i FmRlgYsdntornaitign the apgrure cgek H0ca hdre

transf or ngglitfoRtin Wigh tHR ap&RirdMaiki 300 {JH!SEMJBPM@RHmﬁWiltWﬁbeHﬁ&?ly gad the

aperture card of the present invention far naking ablations I n”performng
cust oni ze@r faseneddop.veunded pdags. ad sustagtially tryycated sighs for ablatioreef compalli nent s of

the presegls,d ARk BB LAY KRS 1AEA6/thARE irtd 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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_detail herein above, it should be clearly understood that many variations
and/ or nodifications of the basic inventive concepts taught herein, which
may appear to those skilled in the art, will still fall 'tghg t he scope of
the present inuezrfion as defined in the appended cl ains

equivaleg&fm, gAMENDED SHEET 1 8 MAY 2004 C aims 1. pMea#gyfofo Produci ng
a desire aser energy distribution pattern for use in a scanning type
photorefractive | aser system( 10) including a laser ( 15) for 5 producing
a laser beam a scanning system (14) to scan the |laser beamto appropriate

| ocat i ONgroffsqRak PRI Si4RAL.1 TR dodf id e dc;lg,h andid o@me%m@hooslx% em (17) for

directing a laser beam shot pattern on the targ I ncl udi ng said neans for
pr odu0| nglaﬁlfﬂfé%mleéblaﬂ%@lf S@rﬁ@'ihﬁ?a‘dl‘@% ﬂ’ﬁ@ﬂecﬁ'ic%q@‘ﬁlﬁtmﬁf&ﬁ@m zed in

that: gbl'aﬁ@rﬁs The wxdlh bi@e thfplshR;fn aAd %faﬂmoﬁﬁp&)enérgﬁbelbé gﬂrs%ﬁgma%ny i nsertabl e

in a car systemw thin the | aser system erein the
card i ncldwd‘(%c%a@@%tls pien by s gagh eAbattthﬁoﬁn‘(@@nd V%%‘e ges seduciber at e havi ng

t |
arger  conpieb efect YL sbiafoh il RAL RBFUICR SPAILE RIS 21 001 D1
sof t - spotaffaqtéﬂmlmge Furilgr, h:yqnmtqwqg th¢ prodite 409, byhappropsiate ninsla 390 dasigna sel ect ed
pattern Qlady ff SO Gl YartPlehmolid il nortiily WM beranByLd Rl N9 sai d

center apéerture providing an over amet YSpot aperture
patt er n whwearesidedsablation pedfile passed, foaexampie, by tiferapertire 303/ butrwittsroutdedt he | aser

beam for &9841&&?99%9%%%@@5’1} %p%g?fo{iferb%mncgb&hﬁﬂetﬁ%%{ﬁ&g dtﬁa?”‘ (400), the

card furt I 'ncl positironing t 'n the | aser
beam pat IGaquofﬂhand:ﬁmdquafembﬂﬂm 1, wherein said card has at | east two,

different sizec Fl%ﬁ)lfetu h;éﬂﬁ b ea Sn?a?lt&oﬁfosrﬁg ?%941% a§1%t71 ?roplg Eglﬂ{ gr d of

claim2, wherein Spot aper rns has an
ef fecti vemghtameteech uhé na‘pﬁnxmbtaabmﬂycsﬁoiﬂj thisgodivatihdasigoéd tolbe aaeryl east two 25

R (A T e e N O
apert ur e prafe)a mlkratlaxgcrmﬂlmasofanérgpfdﬂabeIGWaMIdtmﬁ drresankﬂr (Vheatithd r i but i on
pattern hgla% r9thresRol8 is no?reachcg SUi%:)a }yatﬂe hssue Xlereg' catesd %hse'r t]%.(r)l

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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. 5. The card of claim3, wherein the soft-spot aperture pattern having an
effective dianeter of about 2mm has an overall dianeter of about 3mm and
the soft-spot 14 1 8 MAY 200 aperture pattern having ﬁg ﬁN ive

di anmeter of about | nmm has an overall dianeter of about 1.5mm "b. The card
of any Oﬁro“dﬁ&% 1 to 5 wherein the soft-spot aperturecpabéoaniresi s 5
contained 1h a mask ( 108) that is positionable in a mask hol ding aperture
( 106) of the card. 7. The card of any of clains 1 to 6, wherein the card
has a characteristic limting it to a single use. 10 8. The card of any of
cl ai ms 1 pii1e/502WMke iRipRofilB @06 atcbrding toubieinvanios) widh itcroimdedilasetstiot f or

provi di ng,_an i nfor jon t.o the | aser stem 9. The card of claim7,

wher ei n ﬁ%“%?’ﬁ&ggé in&yp E?S“F'sgﬁﬁoué‘ﬁ’é‘éﬁcoﬁﬁiﬁﬁs @%&ﬁ&?ﬁr’é@ﬁf)‘%@%he card of
claim?7, sm,eJdQMagehﬂs&iﬁanﬁa@am*iﬁg ir uiaskilﬁg byBRET td)inafetcohﬁmamsiymlld gf t he f:ar d.
11. In a scanning . type photagrefractjve.laser system ( 10) jncluding a |aser
( 15 ) f @pcupaselpr ‘FWﬁatémlogg‘tgrp“B’(iam‘sé?theﬁ%}ﬁ?ﬂ‘%‘bg %qb‘g"g"éfﬂ%%i Sh(ﬂ) to scan the

| aser beamdie MEPEALT disduSsed A6Vl cA Bprelr oh tAE Seefsré LAY flapisget ( 16), and
a control system ( 17) f

€ 1 or q”ectln&lrtglaser ti‘gamsh%ta attern on the
target, actwmedhintg pasition giateanipterfergaufhtagiability of thesus u3ckss ©irack i on pattern
charact en 'uﬁﬁ’ bsithnlod@e eyt NBurtRaferk drelféwdrhallr@leffe@l ad A3 gk dahibre t hat i s
r enovabl nSertable 1n a .card’ 25 handling systemw thin the |aser system (
10), wherquickivireemda paaturad sightecondition whersthe gdges areroiindedhat t ern (304, 307) in a

substrate havigg,asisRahd: Bk apbitirt RREK YRSTEighrd 9 or 9 dpefit@imaBR €08, 6f € pattern
has a single, larger center aperture (305, 308) providing an effective

di anet er eyén thhgpestre cash 0, affigure Abmay yearuf were qpicklythate eicthe | aser beam
and a Se'cﬁ%ths | d BRI AfexThief RSGPI&GR! This &TBF 4 vedrielyaST réa3613, in@(&aﬁlgi’)o

surroundin d center aperture cﬁrow di ng an overal | dianeter t he
sof t - spotthapessibilitethaihe euartz gmplozehios Hieaperfie maroi Wil beeame dightly act i vel y

transmt Sm&r@ %piq?ﬁ Sler lite. 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

11




-1 8 MAY 200 beamfor creating the desired | aser energy distribution pattern
(400), the card further including means (105) for positioning the card in
the | aser beam path. 12. The card of claim 11, wherein sal d C%@? has at
| east two, different sized soft-spot aperture patterns 1 ). 13. The
card of claim12, wherein one of the at |east two softP@ﬂ@ﬁoomwture
patterns waguz éﬁ' effective dianeter of approximtely 2nm and anot her of the
at |east two soft spot aperture patterns has an effective dianeter of
approximately lmm to 16 . A R As, 2

- A AS. AL Yo ﬁ%ﬁkn{he@cssﬁ?’ t(ﬁt@hﬁ% e abBhibrgblile AQ. orefSéd dmBddlihment,

d & =E| wr nhc cal ca] ca] ca] ca] ca] ca] cal.cal caU]nca6] g(ﬂ a(} ft] ca]ca]ca]ca]c
a] ca] ca]lm] beaaqsbmng&»aw%aqc&mnéwr@medﬁ thig igvention are used In a dua

%d- ] T) .}/gL,?agjqayf SWEALECH ﬁ@h&ﬁhﬁﬁl@ﬁl&ﬁlﬁ@dy@@ fis] gateda] cal ca] cal c
a] cal ca]rg Ccal cal] ca] ca]cal YZ[, \

OB HH&H* #(eaﬁ#dﬂ&&ﬂt primatycomesl, de dgcm%f wckp) mxgria heegrenid-@af astismetism; ca] ca] ca] cay]

fek\lﬂ ;2{&%&@%%@13@&&@& AheRlGRkAa Bl sotk ot nakedbaaherl cal cal o, , ., 16677

VOA/( V. Vordiieising regulagities palished ).c Bhe-layeensipospperiprides fastsdEeptmgnt al k) ca] ca ca]
ca] cal] Cs] W@glz‘%b?%‘%%?c Lﬁﬁkﬁﬁ%&&k%hﬁﬁﬁﬁ&‘h&@éxzﬂaﬁ@dﬂé@ﬂapﬁxes The

YZO[ 7\ \'\ Jgthhpyyj)) @kkl nztnid cal ca] ca] ca] caU] cal] ca]
cal] ca] cajedtltioelhgal spa] is dpsiably a]relaiiyednlangs Aastin Q,féljrf‘c%(P@@.l]aé‘é‘]Qfél}“ca] ca]ca] cal ca

|
miixg%ﬁﬁ%}ﬂﬁ %-&) hﬂﬁ%rrﬁﬁgnﬂ e]Iargfr ngt 15 fyg ag}é %t(yiveecnaabgth %n]dCBa] c”a] ca] ca] ca]
ca] ca] capgf prdrady stopc2 jmincfapater] dag sra}tl@a]mc&}%talplé ]ch)} e fhan* vh| wr mhe”Y] ¢

L A s )

10%35&13&):“'[ ilda%'&Sc(th} Na.W95213) 3 shddneymeional Pat]ent Publication WO

R

3f 10%&' ( }ab .ﬁ).ranu 2, rﬂ:ﬁ%ﬁka@ profi@SpdtGizes that are scanned over a corneal

105L4210%4 ¢ mggggc_@m% 2 LR0E S B, bt Bkl 1P 0 - 10% ()

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,

12
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ablations in performing customized refractive correction surgery.

Although preferred embodiments of the present invention have been described in

detail herein above, it should be clearly understood that many variations and/or

modifications of the basic inventive conéepts taught herein, which may appear to those

skilled in the art, will s‘til! fall within the 'scopé of the present invention as

defined in the appended claims and their equivalents.
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T10% & () - ! L10%p&duging aldesired laser energy distribution pattern characterized in that:

the means is in the form of a card (100) that is removably insertable in a card

10 handling system within the laser system (10), wherein the card includes a soft-
spot aperture pattern (304, 307) in a substrate having a coating, further wherein
the soft-spot aperture pattern has a single, larger center aperture (305, 308)
providing an effective diameter of the soft-spot aperture that directly transmits
the laser beam, and a selected pattern of microscopically small holes (306, 309)

15 surrounding said center aperture providing an overall diameter of the soft-spot
aperture pattern wherein said small hole pattern diffractively transmits the laser
beam for creating the desired laser energy distribution pattern (400), the card

further including means (105) for positioning the card in the laser beam path.

20 2. The card of claim 1, wherein said card has at least two, different sized soft-spot

aperture patterns (304, 307).

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

25 soft spot aperture patterns has an effective diameter of approximately 1mm.

4, The card of claim 2 further comprising a solely transmitting hard-spot aperture
(302) that produces a top-hat shaped laser energy distribution pattern having a
profile with substantially square sides.

30
5. The card of claim 3, wherein the soft-spot aperture pattern having an effective

diameter of about 2mm has an overall diameter of about 3mm, and the soft-spot

14
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6. The card of any of claims 1 to 5, wherein the soft-spot aperture pattern is
5 contained in a mask (108) that is positionable in a mask holding aperture (106)
of the card.
7. The card of any of claims 1 to 6, wherein the card has a characteristic limiting it

to a single use.
10
8. The card of any of claims 1 to 7, wherein the card includes an electronic circuit

for providing an information to the laser system.

9. The card of claim 7, wherein the characteristic, is an electronic signature.
15
10. The card of claim 7, wherein the characteristic is a laser blast treatment of the

card.

11. In a scanning type photorefractive laser system (10) including a laser (15) for

20 producing a laser beam, a scanning system (14) to scan the laser beam to
appropriate locations on a photorefractive target (16), and a control system (17)
for directing a laser beam shot pattern on the target, a means for producing a
desired laser energy distribution pattern characterized in that:
the means is in the form of a card (100) that is removably insertable in a card

25 handling system within the laser system (10), wherein the card includes a soft-
spot aperture pattern (304, 307) in a substrate having a coating, further wherein
the soft-spot aperture pattern has a single, larger center aperture (305, 308)
providing an effective diameter of the soft-spot aperture that directly transmits
the laser beam, and a selected pattern of microscopically small holes (306, 309)

30 surrounding said center aperture providing an overall diameter of the soft-spot

aperture pattern wherein said small hole pattern diffractively transmits the laser
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2 SR S ek S FOOBA Y T 1o N

RomanArl al Couri er
" #39&' ()*+,-./0123456789:

<=>?@\BCDEF%." J Klfke car%?gg}/m\{,z&r}llrgm‘ S%Pdc cda% gf? lfcl,arsrtnto oq Eilsf el#é/nvt\béméé soft -spot
5 aperture patterns (304, 307).

13. The card of claim 12, wherein one of the at least two soft spot aperture patterns
has an effective diameter of approximately 2mm and another of the at least two
soft spot aperture patterns has an effective diameter of approximately 1mm.
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