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MANUFACTURE OF VI SUAL LENSES This invention relates to a consunmabl e nask

for use in the formation of visual |enses, i.e. |lenses for visual pur poses
and especially for visual correction, partlcularly conta%g , by laser
abl ation, and to a nethod of using such masks. The5§§€‘% an exei nmer | aser

for renmoving material fromthe surface of a polynerlc material i.e.

abl gting the polynmeric material is well kaewn. In particular, the
appMcation of exciner lasers in the field of processing ophthalmic |enses
of various kinds has been described in European Patent Application 291, 459,
and in fabricating |l enses fromblanks in US patent 4,842,782. Both of these
docunents descri be both the use of laser light directly applied to a
wor kpi ece, and | aser light applied through a mask. In this latter case the
mask is designed so that it transmits the laser light to varying degrees,

or only permts transnission of the |aser Iight in a desired area, whil st
bl ocki ng transmi ssion el sewherMANUBAGIURE (QF WISUALe LENSES t o preci se
configurations and are desi gned f or repeated use, and are normally used in
t he renoval of -2- relatively substantial amounts of material froma

| ens or blank by the application of |laser light. Further, in order to
ensure efficient use, these nasks require precise positioning relative to
the article being ablated and the | aser beam USP 4 856 613 di scl oses the
use of laser ablation in the

This invention relates to a consumable mask for use in the

formation of visual lenses, i.e. lenses for visual purposes and
especially for visual correction, particularly contact lenses, by
laser ablation, and to a method of using such masks.

The use of an excimer laser for removing material from the
surface of a polymeric material i.e. ablating the polymeric
material is well known. In particular, the application of excimer
lasers in the field pf processing ophthalmic lenses of various
kinds has been described in European Patent Application 291,459,
and in fabricating lenses from blanks in US patent 4,842,782. Both
of these documents describe both the use of laser light directly

N applied to a workpiece, and laser light applied through a mask. In
this latter case the mask. is designed so that it transmits the
laser light to varying degrees, or only permits transmission of the
laser light in a desired.area. whilst blocking transmission
elsewhere. These masks are made to precise configurations and are

designed for repeated use, and are normaily used in the removal of



-shapi ng of biological tissue, including the cornea of the eye. In the

nmet hod di sclosed in USP 4 856 613, an erodi ble | ens which provides a
pre-defined profile of resistance to the light froman excinmer laser is
di sposed over the area of the cornea under treatnent. The lens is then
uniformy irradiated with a beam of radiation generated froma pul sed U
| aser source and the | ens eroded. Once tf2e | ens has been eroded away, .the
cornea surface will have been shaped in the manner dictated by the -
pre-defined profile of the |l ens. W have found that ablation with the use
of a consumabl e or erodible mask offers particul ar advantages in the
manuf act ur e relatiorigcdubistasteial obndungs kofhaateridli Cromta Lems brablakt bpn of
the light reaching the eye is focussed by diffractive power or neans.

Opht hal i ¢ Ithasanpldcatipndef fllager | Mghtre arfsirgher Jdnconderdte rengkreat ents 2 101
764, 2 129 157, 2 127 988, 2 154 759, and European Application 343 067. It
wi || be appref€icient vse. khese gpeks agqpire pregiseresitdoning welakives tehat to
produce a lens which will be confortable to wear for a particular person a

nunber of dédRgRTiigLe Reing tRlated pid e 88RE Pe8Bcount; in addition to the

cctual type of | oty RURCBEMLN Lo PSR RS B 0P

be maintai nes aggngt %?‘ g%/oe.\loigi'ctﬁ Q%édec.u!u%lu%rihg r\t.h%t Lgpﬁea of the eye. In
the method disclosed in USP 4 856 613, an erodible lens which
provides a pre-defined profile of resistance to the light from an
excimer laser is disposed.over the area of the cornea under
treatment. The lens is then uniformly irradiated with a beam of
radiation generated from a pulsed UV laser source and the lens
eroded. Once the lens has been eroded away, the cornea surface
will have been shaped in the manner dictated by the pre-defined
profile of the lens.

We have found that ablation with the use of a consumable or
erodible mask offers particular advantages in the manufacture of
contact lenses of the kind in which at least a portion of the light
reaching the eye is focussed by diffractive power or means.
Ophthalmic lenses using diffractive means are described in UK
Patents 2 101 764, 2 129 157, 2 127 988, 2 154 759, and European
Application 343 067.

It will be appreciated by those skilled in the area of
contact lenses that to produce a lens which will be comfortable to
wear for a particular person a number of design factors have to be
taken into account; in addition to the actual type of lens.
Consequently, the following features need to be considered in the

producing of a contact lens:



- The back curve of the lens. Is this to be a spherical or toric curve; and
- What optical lens power is required. Therefore, in order to cater for the
needs of particular patients a | ens manufacturer needs to be able to
produce a | arge range of. contact | enses, which differ in subtle ways in
addition to the obvious change in optical power. Further, where contact

| enses are being manufactured in which at-?east a portion of the |ight
pass+#ng through the lens is focussed by diffractive nmeans, it is necessary
to make such lenses with all of the above possible variations, in addition
to any diffractive variations desired. According to the present invention
there is provided a-canesnel dehsidhareatdl bei mnintashed on theeeyeé inhe form ng
of a visual lens in which at | east a portion of the |light passing through
the lens is focussed lpartiddlaacorientatboms, which nmask is shaped to provide
the diffractive nmeans in the finished |l ens, the nmask bei ng nade of a

pol yneric material andheakagkycarvenefnthe thnskndgsthigcho theae spherdsabwe is

| eft at the conpletion of the | aser ablation process. In accordance with a
second aspect of the iosdergurvAvention there is provided a nmethod of making
a visual lens in which_ at |east_a portion of the |ight passing through the
lens is focussetPdy-difhetLrRE1FaL HeRSsPowERi L6 TRIMEERE -conpri ses pl acing a

consunabl e .
Therefore, in order to cater for the needs of particular patients a

lens manufacturer needs to be able to produce a large range of
contact lenses, which differ in subtle Qays in addition to the
obvious change in optical power.

Further, where contact lenses are being manufacturéa in
which at least a portion of the light passing through the lens is
focussed by diffractive means, it is necessary to make such-lenses
with all of the above possible variations, in additién-td any
diffractive variations.desired.

According to the present invention there is provided a
consumable laser ablation mask for use in the forming of a visual
lens in which at least a portion of the light passing thrbugh the

\_J lens is focussed by diffractive means, which mask is shaped fo
provide .the diffractive means in the finished lens, the mask being
made of a polymeric material and having a maximum thickness such
that no residue is left at the completion of the laser ablation
process.

In accordance with a second aspect of the present invention
there is provided a method of making a visual lens in which at
least- a portion of the light passing through the lens is focuésed

by diffractive means, which method comprises placing a consumable



mark in accordance with the first aspect of the present invention over and
preferably directly on top of a visual |ens blank, and exposing the |ens
and mask to pulses froma laser for a tinme sufficient to consune the nmask
conpletely. The use of a consumable nask to apply the diffractive neans in
accordance with the present invention, neans that the nunber of |enses
required to be held in stock to satisfyatients' needs can be reduced,,
This is because the diffractive neans can be easily applied to a sel ecfed
lens with the other properties required for the patient as and when
required. This is of particular value where diffractive neans nust be
positi oned emarkhin laccerdaoce hétthwtien fihst laspect ©fpthe adesentoinveritdbnve t o
the eye, the diffractive neans is oriented or located in a particular
manner wit h avespsut preferable\ddrecidys eguam b a yisuahdeps Wanke andfracti ve
only lenses can be held in stock which have the correct conbi nations of
mechani cal [Repasing the rkegai andy nagh FoaPRIARS fref acLARSAABF & Fd8Kks which are
of the sanme general configuration for any particular diffractive power. In
order to faduffigient: Hp conpype the RASKLFIPIELRY -are preferably nmade with a

back, surface whi cluenctl o3 4Nl enlS, BACE: b 658 el Oh BaksTS (o
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be reduced. This is because the diffractive means can be easily \‘/
applied to a selected lens with the other properties required for
the patient as and when required. This is of particular value
where diffractive means must be positioned on the lens so that when
the lens is placed on or relative to the eye, the diffractive means
is oriented or located in & particular manner with respect to the
eye.

Consequently, a range of basic refractive only lenses can be
held in stock which have the correct combinations of mechanical
parameters required, and a supply of consumable masks which are of
the same general configuration for any particular diffractive
power. In order to facilitate this, the consumable masks are
preferably made with a back surface which enables them to be
directly placed on top of a lens blank which is to be modified by
the imparting of diffractive means to form the final lens.

In use, it is essential that the diffractive means imparted
to the lens blank to form the finished lens has a well defined

profile. Therefore, preferably, the consumable mask is in contact

with the lens or the laser light is focussed on the lens blank from



_thé mask. The mask may be manufactured from any suitable polyneric

" material, and in a preferred enbodi nent of the present invention the nmask
is manufactured froma material which is non-transparent to visible light.
Alternatively, the material of the mask may be transparent with respect to
visible light. Any suitable formof |aser light/radiation may be used in
accordance with the present invention. |n-s preferred arrangenent of the
present invention the laser ‘I'i ght/radiation used inithe method in
accordance with the second aspect of the present invention is emtted by an
excinmer |laser, and is generated.as a pulsed ultra-violet source. The mask
and any exposébe Imegk. biThekuaskt ey de mawfegpureddfren aaymdsuwidablerwdlimerioul ses
of laser radiation for a time sufficient to ensure that the pattern on the
mask is i npar datpnigli tand) ime preferyed mubgdingmt: af theerrgsensniniealbien nasks
"is that there can be al nost_conti nuous use of the | aser w thout the need
for conpl ex adh®defkntss ngpuiiaciured from fopaterdal whichs is Qpn-Franfparent
manuf act ured change E&e | aser can be sinply set to operate at a

particul ar pulf€e” ﬁ%éf’%e Bitthe mask and lens to be formed passed into the

b f the | f h dt Whi d
carrior. In accor dafERAHalvpr B PP BT AF o IR ToPAT R brinedirdhe
i nvention the k&’%’&%{:@& %?‘&tshgf‘% ilig%ﬁta met hod of making a visual lens in

whi ch at | east portion o passing through the
Any suitable form of laser light/radiation may be used in

accordance with the present invention. In a preferred arrangement
of the present invention the laser light/radiation used in the
method in accordance with the second aspect of the present
invention is emitted by an excimer laser, and is generated as a
pulsed ultra-violet source. .

The mask and any exposed lens blank material are eprsed to,
and consumed by, pulses of laser radiation for a time sufficient to
ensure that the pattern on the mask is imparted to the lens.

An advantage of the use of consumable masks is that there
can be almost continuous use of the laser without the need for

o/ _complex adjustments of the laser when the type of lens being
manufactured changes. The laser can be simply set to operate at a
particular pulse rate, and the mask and lens to be formed passed
into the beam of the laser for the required time while mounted
together on a carrier.

In accordance with a preferred arrangement of the present
invention the invention also includes a method of makiné a visual
}ens in_which at least a portion of the light passing through the

lens is focussed by diffractive power, which comprises placing a



|l ens is focussed by diffractive-power, which conprises placing a - 6-
consunmabl e nask as descri bed above directly on top of a |l ens preform and
exposing |l ens and mask to pul ses of excimer |laser radiation for a tine
sufficient to ablate the consumabl e nask. The masks can be nmade w t hout any
particular orientation of the diffractive means with respect to the back
surface of the Ilens. and can e.g. be nade+ n |arge volunes by a casting:
process. The masks need not be as strong as a visual |ens and they do rfot
need to stand nore than one handling. However a finished visual |ens can
al so provide a satisfactory sacrificial mask. The use of a finished |ens
may be econmunsapabliecnask be descaiibéd mboveisiirpetinde top wlichilensg a bl ank
once the orientation on or relative to the user's eye has been determ ned.
Anot her possingfern aadogxposéngriessnand moglniticopulaes af exedaer dgser| ens whi ch
uses diffractive means to enmulate a cylindrical |lens or a toric |ens using
so-cal | ed creafdation Fondetive Sufficianeto Ahdage sithe serpumgble meskan
Application 89313132.6. It is necessary in this |latter case to apply two
patterns to the pra€chesksqcpr ke nadg “1%“‘6‘1“? &ny Rarsdeulpr grigntagion dfi ned
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and can e.g. be made in large volumes by a casting process. The
masks need not be as strong as a visual lens and they do not need
to stand more than one handling.

However a finished visual lens can also provide a
satisfactory sacrificial mask. The use of a finished lens may be
economical where the final lens must be made by machining a blank
once the orientation on or relative to the user's eye has been
determined.

Another possible use of the present invention is in
producing a lens which uses diffractive means to emulate a
cylindrical lens or a toric lens using so-called
crossed-cylinders. Such lenses are described in European
Application 89313132.6. It is necessary in this latter case to
apply two patterns to the prescribed lens, and to orient these at a
pre-determined angle with respect to one another. This can be
conveniently done by using two masks or two finished lenses, one
after the other.

In a preferred arrangement of the present invention the mask
is made of the same material as the lens blank being treated so
that their ablation characteristics are identical. However in some

cases it may be simpler and more economical e.g. to make the mask



In*a preferred arrangenent of the present invention the mask is nade of the
sane material as the lens blank being treated so that their ablation
characteristics are identical. However in some cases it may be sinpler and
nore economical e.g. to make the mask - -7- of another polyneric nmateri al
wi th substantially -the sanme abl ation characteristics. Cole has disclosed in
hi s -paper "Dependence of photo-etching ratjes of polynmers at 193 nm on
Opt iseal Absorption Coefficients"” Vol. 48 Applied Physics Letters, a range
of polymers which can be abl ated using a pul sed ArF excinmer |aser at 193
nm In the case of | enses nade of materials which are used in a hydrated
state, the abifatnavhenmpolyseciar materialt with eubstmnityalliyt tbe smmengblation
consunabl e mask or sacrificial lens in the xerogel state, or both the
consumabl e nebRragtérisiicst i (Gadle hamdisalrsed im hisepanedy SPependence ofhen t hey
are made from an appropriate polyneric material. Further, the mask can be

~ provi ded wi t Phateietehing satemiofePelyress Bt 493 mit op\ORMHicahiAgosRtion ens
blank to be ablated. In some cases it may even be desirable to print on the

| ens a patt eCRefEtcdrntsig VPhe 1ocAPRIieanthYsice Jrekttebh & renge @ff Prladerse

pattern on t_rv\v ,Lens d %@s overall confi up i on, The use qf exci mer
| aser operati t<’;1t‘:‘3l‘]‘lé‘{’1‘?é‘- PHILUSIRE & B}%Eﬁ%s %&ezfr’fé’”f‘%ﬁ'afﬁﬁ aﬁ‘e&ﬁirﬂ"@m of
ablation is phot o- GReRoabal ot 16ifes hbiS brPhERAUIRNE lich B SAULA"
hydrated state, the ablation may be carried out prior to hydration
using a consumable mask or sacrificial lens in the xerogel state,
or both the consumable mask and sacrificial lens can be in the
hydrated state when they are made from an appropriate polymeric
material.

Further, the mask can be provided with markings to enable it
to be correctly oriented on a lens blank to be ablatéd. In some
cases it may even be desirable to print on the lens a pattern
detailing the region and orientation of the diffractive pattern on
the lens and its overall configuration.

The use of an excimer laser operating at ultra-violet

\,) wavelengths means that the_mechanism of ablation is photo-chemical
i.e. the direct breakdown of intra-molecular bonds. This means
that the polymer surface is rgmoved without significant damage to
the surface left ip place, at least with the quantities of material
removed when forming a lens with diffractive means.

The consumable mask is made of a material which can be
ablated using an excimer laser. The examples of European
Specification 291459 describé the use of such an excimer laser in

the shaping and marking of contact lenses.



that the polymer surface is renoved w thout significant danmage to the
surface left in place, at least with the quantities of material renoved
when formng a lens with diffractive neans. The consunmabl e nask i s made of
a material which can be ablated using an excinmer |aser. The exanpl es of
Eur opean Specification 291459 descri be the use of such an exciner |aser in
t he shapi ng and marki ng of contact | enses. A mnimml aser irradi agce

| evel is essential for ablation, however¥preferably this |evel is not
greatly exceeded. The pul se repetition rate for the |laser nay be chosen to
nmeet the needs of each particular application. Normally, the rate will be

b 1 and 5 I , f lly b d
per secondsui ¢ atf EFFRaTneoferaniaRs uskel sk, SoeiaRy 1 antetieR. o
wavel engt h %Ifgﬁtegﬁgh%ggéfq@”dthti@elé@l“i? qqte%ea&ggjré&teehgdbe i rradi ated. For.

any given wa er ‘energy app givén material, there
will typically be t h t I | qis i ch
material is rem)velg‘et g%f% gév%ﬁi@%g\fg?? htgﬁ.t ﬁ?%ghqﬁfgq(}?nis’?t Y, t8 eérlg;_ will be -
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i ncreasing renoval of material, until a saturation value is reached. For

i nCreases i NgANECHEbetRBE 1YarrdGBe gulBes Gett dédond, VRrefRrably Yegwedr qant

increase in ablation of material occurs. The threshold value and the
saturation vand@odipulsesiperf sevond.

Suitable irradiation intensities vary depending on the
wavelength of the laser, and the nature of the object to be et
irradiated. For any given wavelength of laser energy applied to
any given material, there will typically be a threshold value of
the energy density below which material is removed too slowly.
Above the threshold density, there will be a range of energy
density over which increasing energy densities give increasing
removal of material, until a saturation value is reached. For
increases in energy density above the saturation value, no
significant increase in ablation of material occurs.

The threshold value and the saturation value will vary from
wavelength to wavelength of laser energy and from material to
material to be shaped. However, for any particular laser and any
particular material, the values can be found readily by
experiment. For example, in the case of where a consumable mask
and the underlying lens is exposed to a wavelength 193 nm (the
wavelength obtained from an ArF excimer laser), the threshold value
is about 50 mJ per cm2 per pulse, and the saturation value is
about 250 mJ per cm2 per pulse. There appears to be little

benefit in exceeding the saturation value by more than a small



wavel ength to wavel ength of |aser energy and fromnmaterial to nmaterial to
be shaped. However, for any particular |aser and any particular material,

t he val ues can be found readily by experinent. For exanple, in the case of
where a consumabl e mask and the underlying lens is exposed to a wavel ength
193 nm (the wavel ength obtained froman ArF excinmer |aser), the threshold
val ye i s about 50 mJ per cn® per pulse, amd the saturation value is about
250w per cnR per pul se. There appears to be littie benefit in exceeding
the saturation value by nore than a small -9- factor, and suitable
energy densities at the lens surface are 50 m} 2 2 per cmto
one J per cm frertopul ad Switablevenebgngiehsifieso8t time Jdres shrisieohde GnmTary
very rapidly with yavel ength, angd at 157 nm which is the wavelength

obt ai ned fronper arrio bagel per va t peephbsel for aiwevelenagth pf1%Benm] per

pul se. At this wavel ength 2 suitable energy densities at the surface are 5
ml per cmto one 2 TDhepdhreskobdrcapuyary. vare napidly with staveiengdhmadnd) atised to
provide an energy density at the surface to be ablated at a value slightly

| ess than thel¥apdr H6R igathe wayplpnethiehtedpedirny & Heh@ssf-affewith a

vel ength of 193 n nder whi ¢ch ndptions th ration val
vwavel ength o thrge%ho{g (J.g gbeout 5 m(.:?f pc(a::9 c(ljnlzt peor %u see. Sﬂ: ut:ha:i.ts v?ave\i%ngg'h

suitable energy densities at the 5urface are 5 mJ per cm2 to one
J per cm2 per pulse,

The laser system is normally used to provide an energy
density at the surface to be ablated at a value slightly less than
the saturation value. Thus, when ablating a lens blank with a
wavelenéth of 193 nm (under which conditions the saturation value
of 250 mJ per cm2 per pulse), it is preferable to provide to the
consumable mask and lens pulses of an energy'density.single pulse
which will erode a depth in the range 0.1 to 1 micrometer of
material from the lens blank.

The invention is particularly useful where the visual lens
.is a contact lens but could be applied to other forms of lens for

\_/ visual, and especially visual correction purposes, e.g.
intra-ocular lenses.

The invention will now be described by way of example with
reference to the attached drawings in which:-

Figure 1 illustrates diagrammatically a system of mounting

lenses and consumable masks to carry out ablation;.

Figure 2 illustrates diagrammatically a method for feeding

| the lens and mask combination past an excimer

laser;



of 250 mJ per [err] per pulse), it is preferable to provide to the
consunmabl e mask and | ens pul ses of an energy density single pulse which
will erode a depth in the range 0.1 to 1 mcronmeter of material fromthe

| ens bl ank. The invention is particularly useful where the visual lens is a
contact lens but could be applied to other forns of lens for visual, and
especi ally visual correction purposes, ej@- intra-ocular |enses. The ,

i nvention will now be described by way of exanple with reference to thé
attached drawings in which:- Figure 1 illustrates diagrammtically a system
of nounting | enses and consumabl e nmasks to carry out ablation;. Figure 2

I 1 lustrates di agr agurechliluatrarelhodidgeanfacidally tiheplenna bamkrnmask

conbi nati on past an exci nmer |aser; -10- Figure 3 illustrates
diagranmmatically in plan ddrasse imathe poodustdonnofl laecontadticlieranmede ain
contact | ens nmade in accordance with a nethod in accordance with the
present invention; Figure accprdanser witds agmethed in @agcordance| vith ¥hek as

shown in Figure 3; and Figure 5 illustrates a side view of a second mask as .
shown in Figure 3. present invention;

Figure 4 illustrates a side view of a first mask as shown in
Figure 3; and

Figure 5 illustrates a side view of a second mask as shown
in Figure 3.

Now referring to figure 1 of the accompanying drawings there
is shown a contact lens 1 mounted in a shaped support member 2
having a concave supporting surface 4, so that the convex surface 3
of the contact lens 1 is in contact with said supporting surface.

A laser mask 5 is placed in the appropriate position over the
concave surface 6 of the contact lens 1, so that the pattern to be
transferred to the concave surface 6 of the contact lens 1 being on
the concave surface of the laser mask 5.

The laser mask $ is manufactured from a material which is
non-transparent with respect to the laser light emitted by the
particular laser being used.

In order to impart the pattern from the mask 5 to the
concave surface 6 of the contact lens the contact lens is exposed
to the influences of a laser, such as an excimer laser operating
from a pulsed ultra-violet source. The contact lens surface 6, and
the laser mask 5 are consumed, and when the mask 5 has been
completely consumed the desired pattern will have been imparted to

the concave surface 6 of the contact lens 1.



-Now referring to figure 1 of the acconpanying draw figs:'t here d.s sholn a
contact lens 1 nmounted in a shaped support menber 2* havi ng-a toncave - °
supporting surface 4, so that the convex surface 3 of the contact lens 1 is
in contact with said supporting surface. A laser mask 5.is placed in the
appropriate position over the concave surface 6 of the contact lens 1, so
that “the pattern to be transferred tolthe concave surface 6 of the contact
| ens™1 being on the concave surface of the l'aser mask 5. The | aser nmask 5
i's manufactured froma material- which is non-transparent with respect to

(e aset 1SN eIl bkl PRIV e 2950 6L MplE ol gl 1 L

i npart the patt € concave su % he cont act
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ing Troma pulse tra-vi sour ce. e contact |ens

surface 6, and, Epééjetﬁ’xﬁxgédd”% £EES, ﬁBrh?ét!@E?aJhalﬁg %{}%&té%s@@lﬁnls has been

-conpl etely consune esired pattern wl ave I nparted to the
concave sur{geeilistedt dntaeotiaak. | ens 1. However, shoul d the contact
|l ens 1 be over exposed to the |aser equal anmounts of the contact |ens

material in theThé a@kesk Thedaep HRKOFthd dREIRIFOI&sernOn NEhecabsVe i | |
effects result in the finished contact | ens. The use of the |aser mask 5

and exci mermérdened puthiheabeshedneat beneskdotd | imparted retliefkihefarsed t 0
inpart a relief kineform :
diffractive means to a contact lens 1.

Now referring to figure 2 of the accompanying drawings there
is shown a schematic representation of apparatus for feeding the
shaped support member 2, contact lens 1 and laser mask §
arrangement shown in figure 1 through a laser arrangement. The
shaped support member 2, leﬂs 1 and mask 5 are placed on a
conveyor belt 7 and canveyed through to a station position 9 where
the conveyor belt is stopped and the contact lens is exposed to a
laser 8 of the laser arrangement.

In an alternative ‘arrangement a carousel arrangement may be
used which can be indéxed round to present the lens/mask
\ combination to the laser beam for the time reguired tb irradiate

the combination with the necessary sequence of pulses to ablate
_the cbnsumable mask and transfer the'diffraction pattern to the
concave surface of the lens.

The laser 8 is set up so that it emits approximately 100
pulses per second. Each pulse of light is of a wavelength of
around 193 nm and is energy wise slightly above the threshold
value for the consumption of'the mésk 5 material and the material

of the lens blank. This will mean that each pulse has an energy

value above 50 mJ per cmz.



diffractive neans to a contact lens 1. Now referri'hg to figute 2 ok tRe
acconpanyi ng drawi ngs there is shown a schematic répriesentiation of~ -
apparatus for feeding the shaped support nmenber 2, contact lens 1 and | aser
mask 5 arrangenent shown in figure 1 through a |aser arrangenent. The
shaped support nenber 2, lens 1 and nask 5 are placed on a conveyor belt 7
and conveyed through to a station p&3ttion 9 where the conveyor belt i§,

<

stopped and the contact lens is exposed to a | aser 8 of the |aser ~
arrangenment. In an alternative arrangenent a carousel arrangenent may be

used whi oh canpfieeh AeXggh a4 hekla iy 3601sd Bt QRHRAeg A0 Nal i 0N o the

| aser beam for the ti required to Irradiate the conbination with the

necessary R8uHtI6n Yr BHE SRTetih1aBF R hidk GORSIITRB! FadbRskl HFdthe ansfer the
diffraction pattern to the concave surface of the lens. The laser 8 is set

up so thatlehs KlEnkSwhIRRI €00deB! €Hey nd C6tiAUE @S theratacon®.1Fash pul se of
light is of a wavel ength of around 193 nmand is energy w se slightly above

t he t hr eshrkcfonetens gerr pilse.consunpti on of the mask 5 material and the
material of the lens blank. This will nmean that each pul se has an energy
val ue above 5Now] referriiag rto. figurel2-ofTlthe aavgpygpanyihgcdnawings.u&heége set so
that it provides a consunption of the naterial of the mask 5 and the
mat eri al dfs shawn a typical example in plan view of a mask 5 for use in the
production of a contact lens in accordance with the method of the
present invention as detailed above.
The laser mask 5 is provided with a series of concentric
rings 10 which has a predetermined height of step 11 therebetween.
The use of this type of laser mask 5, when the mask is
manufactufed from either the same material as the lens blank or a
material of similar properties with regard to the laser ablation,
will cause a similarly shaped pattern to be imparted to the
surface 6 of the lens blank.
Now referring to figures 4 and 5 of the accompanying
drawings, there is shown sectioned side views of two laser masks
of identical plan view as shown in Figure 3.
The mask shown in figure 5 is for use in the situation where
the surface 6 of the lens blank is concave in profile. The
curvature of the mask is selected so that it matches the curvature
of the lens blank.
Now referring to figure 4 there is shown a side view of a

laser mask for use with regard to a lens blank having a plano

surface to which the pattern is to be imparted.



l.ens bl ank which erodes the materials at the rate of 0.1 to 1 mcroneters
" per pulse. Nowreferring to figure 3 of ‘the acconpanying draw ngs, there is
shown a typical exanple in plan view of a mask 5 for use in the production
of a contact lens.in accordance with the nethod of the present invention as
det ai l-ed above. The laser mask 5 is provided with a series of concentric
rings 10 which has a predeterm ned height_ of step 11 therebetween. The use
of.this type of l|aser mask 5, when the ¥k i s nerufactured fromeither the
safre material as the lens blank or a material of simlar properties with
regard to the |l aser ablation, will cause a sinilarly shaped pattern to be

inparted to the s face 6 the | ens bI erring to fj ur es 4 and
5 of the acconpanw O‘ng ma?}ﬁe’}sepf‘i esrﬁlg\%ﬁ %y‘éi %gﬂcglrydé? VF%QNQ of two
| aser masks gfy me%!tgég BRI MRS mg&?gz,t e €1l ford 05 FESkoRQUN | 1

figure 5 is Tor use.in‘the s |on he sur ace 60 bl ank

i's concave i{) Rk ddafice ‘mﬁl‘c&{ VBLH{)E]&“OE_ i HBS [ ﬁov?@e?“:t?%gﬁgsﬁ hat it

mat ches the curvature of ens erring to ure 4 there is
shown a si d%oﬂﬁ@%&%tﬁeﬂvﬁ§3rsd'%ﬁl‘téd)r(e‘@e oM hhgTa8apThtle) SvdreRfe Qe%@k

havi ng a plano surface to whi the pattern is to be inparted.
consumabl e rEIskki snd0tRé Qs Y1igh8CREuSsE€®N Yo Othe 28ndblank from the
" mask by an optical system transparent to the laser light so that

again the lens blank becomes eroded in accordance with the pattern

on the mask as the mask is gblated.



and in contact with the lens blank so that the | ens bldnk LS groded i n*
accordance with the pattern on the mask. However, the masK®could be" *°

ot herwi se supported (e.g. on a glass plate) over the lens blank and the

| aser |ight focussed on to the lens blank fromthe mask by an opti cal
system transparent to the |aser I|gh£}4$o t hat again the | ens bl ank becones
eroded in accordance with the patterrmt”on the mask as the mask is abl ated,

-14- What we claimis: 1. A consumabl e | aser " forn1ﬁ§ a
visual lens in which at |least a portion of the ||mmmmﬂﬂ ugh the
lens is fogmasask RYafl ikt acti ve means, which mask*i ¢ shapéd fo brovi de the
di ffracti vemeamrs—Tm tie—fTmrshed Iens the mask bei ng made of a polyneric

material and havi RensudkBXxé m&Mmkeﬁ&smwefwrhmrﬂagr@aﬁdum ilenkeft at the
conpl etion of the |aser ablation process. 2. A consunabl e mask as

clainmed in clai ninlwhidh @b leastobsipottivh af nthe Lights pasehig thi@ighathev t h
respect to visible light. 3. A consumabl e mask as clainmed in claiml,
whi ch is made friemsald fansgsedeby difif eadtile \means( odyiebtmdsk ¥s shaped| i ght. 4.
A consumabl e mask as clainmed in any one of the preceding clainms in which
the mask i s provicdetoviidenthendiffractive means dni the Fipishask ders rheri ent at ed
on a lens blank to be ablated. 5. A consumabl e nask as clained in claim
1 or claim3 or maskjbpging made of a polymeric material and having a maximum
thickness such that no residue is left at the completion of
the laser ablation process.

2. A consumable mask as claimed in claim 1, which is made from
a non-transparent material with respect to visible light.

3. A consumable mask as claimed in claim 1, which is made from
a transparent material with respect to visible light.

4, A consumable mask as claimed in any one of the preceding
claims in which the mask is provided with markings to enable
it to be correctly orientated on a lens blank to be ablated.

5. A consumable mask as claimed in claim 1 or claim 3 or claim
L, which is made of the same material as a lens blank to be
ablated so that their ablation characteristics are
identical.

6. A consumable mask as claimed in any one of claims 1 to U,
made of a material which is different from but has
substantially the same ablation characteristics as the
material of a lens blank to be ablated.

7. A consumable mask as claimed in any preceding claim for

forming a contact lens.



4, which is made of the sane material as a | ens bl ank to be--abl ated so that
their ablation characteristics are identical. 6. umabl e -nmask as
clained in any one of clains 1 to 4, nade of a materlal @i’w I‘lmmm,ﬂ: nt
frombut has substantially the same abl ation characteri Im
material of a lens blank to be ablated. 7. A consunabl e ds ¢l ai*med
In any preceding claimfor formng a contl%c | ens. - 15- 8 A net hod
of peking a visual lens in which at |east "a portion:of the |ight passing
through the lens is focussed by diffractive neans, which nethod conprises
pl aci ng a consumabl e mask as clainmed in any one of t he preceding cl ai s,

over a lens kg ank angdeendaOst HhkifPS @asuaiaalénmrpuhm ahr Dok hasatibRr a
time sufficient to ablate the consunmabl e mask. 9. A nmet hod as cI ai ned

in claim8, whereinpft Bge A9pBY FABL thg REKohgh itHe CXUMsALE falclislsddgy! ens. 10.
A nethod as clainmed in claim8, wherein the laser light is focussed on the

- lens bl ank from t haliffsdcti®d .means A wigthankthedcéaniprises mlacingoae of clains 8
to 10, wherein the laser light/radiation used is emtted by an exciner
| aser, and i s genercwnsohnaideamgskl sedlalined-in ehetongoof dke preceding

claims, over a lens blank and exposing lens and mask to

pulses from a laser for a time sufficient to ablate the

consumable mask.

o 9. A method as claimed in claim 8, wherein the consumable mask
~ is in contact with the lens. |

10. A méthod as claimed in claim 8, wherein the laser light is
focussed on the lens blank from the mask.

11. A method as claimed in any one of claims 8 to 10, wherein
the laser light/radiation used is emitted by #n excimer
laser, and is generated as a pulsed ultra-violet source.

12. A method as claimed in claim 11, wherein the laser light is
pulsed at a rate between 1 and 500 pulses per second.

13. A method as claimed in claim 11, wherein the laser light is

L pulsed at a rate between 1 and 100 pulses per second.
14, A method as claimed. in any one of claims 11 to 13, wherein

when ablating a lens blank there is provided to the
consumable mask and lens blank pulses of an energy density
single pulse which will erode a depth in the range 0.1 to 1
micrometer of material ffom the lens blank;

15. A method as claimed.in any one of the preceding claims 8 to
14 in which the lens produced is one in which the
configuration of the diffractive means is such that a lens

results which emulates a cylindrical lens.



.12. A nmethod as clainmed in claim1l, wherein the Iaser light is pul sed
at a rate between 1 and 500 pul ses per second. 13-~ " A—met hod-as-cl ai ned
in claiml1l, wherein the laser light is pulsed a 1 and 100
pul ses per second. 14. A nmet hod as cl ai med in!j w !Elﬂﬁ ﬂ 11 to
13, wherein when ablating a | ens blank there is nsumabl e
mask and | ens bl ank pul ses of an energy_ ﬂ§n5|ty singl e pul se mhlch\MI
erode a depth in the range 0.1 to 1 microneter of material fromthe Iens
bl ank. 15. A nmethod as clainmed in any one of the preceding clains 8 to
14 in which the |l ens produced is one in which the configuration of the
diffractive fe.ans A Seth&d) akNélaidel Sf1S ah§Sitle afvmecaré'éaaha&eaaamgyé lgadr i cal
| ens. -16- ) A nmethod as clainmed in any one of the preceding clains
8 to 14 in whi ch t{te ihedtichr €KBIQefs i grodieed AsWne nt fichoBhd gur ati on of the
diffractive nmeans is such that a lens results which enulates a toric lens. -
17. A net hod ascoiifagisation ¢hytherdH fetadtiwepheaedisGuehatiar 8 1énsl6 for
maki ng a contact | ens.

results which emulates a toric lens.

17. A method as claimed in any one of the preceding claims 8 to

16 for making a contact lens.




