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Background of the Invention (1) Field of the Invention This invention
relates to colored contact | enses and 15 nethods of naking col ored contact
| enses. (2) Ceneral Background Pad printed processes are often utilized to
mass producevo mos/emssx cosnmetic corrective and non-correcpeveshofdoaety | enses.
Pad-printing generally conprises the use of printing plates or 20 cliches
t hat have one or nore depressions. that collectively form a pattern that is
transferable to a contact lens. During a pad- printing process, the fluent
colorant is introduced into the depressions of the cliche. After the fluent
colorant is -1 WD 2006/ 078520 PCT/ US2006/ 000974 introduced into the
depressions of the cliche, a doctor blade or an ink cup is then w ped
across the surface of the cliche surrounding the depression(s) to renove
excess ink fromthe cliche. A printing pad is then pressed agai nst the
cliche to 5 transfer at |east sone of the colorant fromthe depressions to
the printing pad. Finally, the printing pad is pressed agai nst
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Background of the Invention

(1) Field of the Invention
This invention relates to colored contact lenses and
15 methods of making colored contact lenses.
(2) General Background
Pad printed processes are often utilized to mass produce
colored cosmetic corrective and non-corrective contact lenses.
Pad-printing generally compriseé the use of printing plates'or
20 -clichés that have one or more depressions that collectively form
a pattern that is transferable to a contact lens. During a pad-
printing process, the fluent colorant is introduced into the

depressions of the cliché. After the fluent colorant is



the contact lens to transfer the colorant fromthe printing pad to the
contact |ens. A disadvantage of using pad-printing techniques is that the
10 cliches wear as a result of the w ping process and generally nust be
repl aced after approximately one-hundred thousand cycles, thereafter being
no | onger sd‘i"?é@%g’”ﬁé@ use. In addition to costs associ REWSAWCHO®H i ng
new cliches, the replacenent process requires halting production,

di snounting the 15 worn cliche or cliche set, and then nmounting and aligning
new cliche(s). Aligning new cliches is often tinme consum ng and tedious.
When printing detailed imge patterns conprising nultiple |ayers of

i ndi vidual colorants, each new cliche for a particular colorant |ayer nust
not only be properly aligned to 20 the contact |enses, but also to each of
the other cliches. As a result, nunerous iterations of resum ng then

halting the |ens roduction line.to verify the cliche alignnent. accuracy
e DoV SR eTaBhe A CERGRRA608 A Ui S1iFBiul Feioe i hdgea St or
coloring contact |enses becone nore i tricate'mﬁtg g%gher resol uti ons and

i ncr easi 7y AENSEPs 18 Ehely P adaPeresst Hee dudtiacs £ aftyfi$g cliches and

the tine spent to do so increases. 5 Summary of the, lnvention
surrounding the depression(s) to remove excess ink from the

cliché. A printing pad is then pressed against the cliché to
5 transfer at least some of the colorant from the depressions to
the printing pad. Finally, the printing pad is pressed against
the contact lens to transfer the colorant from the printing pad
to the contact lens.
A disadvantage of using pad-printing techniques is that the
10 clichés wear as a result of the wiping process and generally
must be replaced after approximately one-hundred thousand
cycles, thereafter being no longer suitable for use. 1In
addition to costs associated with forming new clichés, the
replacement process. requires halting production, dismounting the
15 worn cliché or cliché set, and then mounting and aligning new
cliché(s). Aligning new clichés is often time consuming and
tedious. When printing detailed image patterns comprising
multiple layers of individual colorants, each new cliché for a
particular colorant layer must not only be properly aligned to
20 the contact lenses, but also to each of the other clichés. BAs a
result, numerous iterations of resuming then halting the lens

production line to verify the cliché alignment accuracy are



A A

The pad-printing nethods of the present invention are an inprovenent over
prior art pad-printing nethods of coloring contact |enses. In general, the
present invention increases the 10 useful life of cliches and inproves the

i mge resolution achievable using printing pad techniques. In a first

aspect of tWe 2006pe8329 on, a net hod conprises a step of PEAHSAY6Q0¥T4 che. The
cliche conprises a piece of material having at |east one depression forned
therein using an 15 el ectrical discharge nachining process. This nethod al so
conprises a. step of introducing a fluent colorant into the depression of
the clich. Still further, this nmethod conprises a step of transferring at

| east sone of the colorant fromthe depression to a contact lens. 20. In a
second aspect of the invention, a nethod conprises a step of formng a
cliche. The cliche conmprises a piece of material having a hardness rating

| 6. he "C! TIh h I
compr | SBEra HH 006 14 SETB BT OeODbE TS PAT Aot SEAT R At hed i nto the
Col or antoT R g CRE= Aokt ELal bt CRBLATFEIE ool CRERBPen0 IRl

conpri ses tep of tra rrin ast, so the Iorant fron1the 5
depress?%}P{(}ﬁgeggntE%? %éé;cult o% aflgnlng'nilcges an the

spent to do so increases.

Summary of the Invention

The pad-printing methods of the present invention are an
improvement over prior art pad-printing methods of coloring
contact lenses. In general, the present invention increases the

10  useful life of clichés and improves the image resolution
achievable using printing pad techniques.

In a first aspect of the invention, a method comprises a
step of forming a cliché. The cliché comprises a plece of
material having at least one depression formed therein using an

15 electrical discharge machining process. This methodnalso
compriges a.step of introducing a fluent colorant into the
depression of the cliché. 5Still further, this method comprises
a step of transferring at least some of the colorant from the
depression to a contact lens.

20. In a second aspect of the invention, a method comprises a
step of forming a cliché. The cliché comprises a piece of
material having a hardness rating in excess of Rockwell 64

(measured on the “C” Scale). The cliché& also comprises a
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I n anot her aspect of the invention, a nethod conprises a step of providing
a cliche. The cliche conprises a piece of material having a flat surface
portion and a depression. The flat surface portion defines a plane and the
depression extends 10 through the plane and into the piece of nmaterial a
maxi mum dep¥R 206647¢@¢hdi cul ar to and beyond the plane. THETHRRM6AOOU t her
conprises a step of introducing a fluent colorant into the depression of
the clich. Additionally, the nmethod conprises a step of w ping excess
fluent colorant fromthe flat surface 15 portion surrounding the depression,
the wi ping causing the piece of material to wear in a manner such that the
maxi mum depth of the depression is reduced. Still further, the nethod
conprises a step of transferring at |east sone of the colorant fromthe
depression to a contact |lens. The steps of introducing a fluent 20 col orant

into the depressi oy ik £linehi b RhNGRXceas . | B8O 1GRIOLARL from the
flat surfiace portion surrounding the depression, and transferring at |east

some Ofcér#efti%%%a&%éc : i‘n‘%r\é@u%%?/ 97&52%‘?@@3&9?%996{99&%% the

depressi o a cont ens occur Tn a manner such fhat ese steps could
be repe I xcess, of .ong m | Lj I Lt h e g@ﬁL epth of the
depress?gr1 %5?89 ?gdi%% %%;%eﬁDrgh?E%é#.l VE ﬁ%%rﬁ%%?é@s? 4§%g;g anot her
aspect of . the ipyention, A 1e4N0d, COMBII S8 he colorant from the

5 depression to a contact lens.

In another aspect of thé invention, a method comprises a
step of providing a cliché. The cliché comprises a piece of
material having a flat surface portion and a depression. The
flat surface portion defines a plane and the depression extends

10  through the plane and into the piece of material a maximum depth
perpendicular to and beyond the plane. The method further
comprises a step of introducing a fluent colorant into the
depression of the cliché. Additionally, the method comprises a
step of wiping excess fluent colorant from the flat surface

15 portion surrounding the depression, the wiping causing the piece
of material to wear in a manner such that the maximum depth of
the depression is reduced. Still further, the method comprises
a step of transferring at least some of the colorant frqﬁ the
depression to a contact lens. The steps of introducing a fluent

20 colorant into the depression of the cliché, wiping excess fluent
colorant from the flat surface portion surrounding the

depression, and transferring at least some of the colorant from



a step of formng a cliche. The cliche conprises a piece of cenented
carbide material having at | east one depression fornmed thereinto. The

met hod further conprises steps of introducing a fluent colorant into the
depression of the cliche, and 10 transferring at |east sonme of the col orant
fromthe defPes¥i%¥20to a contact |ens. Wile the princiBS3YUSSePsap9Zges and
features of the invention have been descri bed above, a nore conplete and

t hor ough under standi ng of the invention may be obtained by 15 referring to
the drawi ngs and the detail ed description of the preferred enbodinent,
which follow Brief Description of the Drawings Figure 1 is an exanple of an
iris sinmulating imge 20 conprising a plurality of distinct colorant |ayers
overlaying each other. -5 WD 2006/ 078520 PCT/ US2006/ 000974 Fi gures 2a

t hrough 2d are the individual colorant |ayers that, in conbination, formthe

iris sigHtaddpgi@sisiBaetshaWbonthcti@useodeul Glemadaechsoughc @ depi ct steps
of a standard pad 5 printing process for transferring colorant froma cliche

to a CORLaCtsdeRRS colil @URE fepesnrddehabkcded e eV Gith evhofifeL! i che
depi cting
without the maximum depth of the depression being reduced by
more than five micrometers.
5 In yet another aspect of the invention, a method comprises
a step of forming a cliché. The cliché comprises a piece of
cemented carbide material having at least one depression formed
thereinto. The method further comprises steps of introducing a
fluent colorant into the depression of the cliché, and
10 transferring at least some of the colorant from the depression
to a contact lens.

While the principal advantages and features of the
invention have been described above, a more complete and
thorough understanding of the invention may be obtained by

15 referring to the drawings and the detailed description of the

preferred embodiment, which follow.

Brief Description of the Drawings

Figure 1 is an example of an iris simulating image
20 comprising a plurality of distinct colorant layers overlaying

each other.



an exanple of two individual depressions of a |larger depression pattern
formed into the cliche. 10 Reference characters in the witten specification
i ndicate corresponding itens shown throughout the drawi ng figures.

Detail ed Description of the Preferred Enbodi nents of the Invention 15 An
exanpl e of‘%ﬂzwgpgﬁgﬁnulating i mge for use in col ori ng PCEBISENEN P Bnses via
a pad-printing process is shown in Figure 1. The iris sinmulating inage 20
conprises the plurality of individual colorant |ayers shown in Figures 2a

t hrough 2d. Using a pad-printing process, the individual colorant |ayers are
20 each separately applied to a contact |ens. The process of printing a
colorant |layer on a contact |lens wusing a pad-printing process is
schematically shown in Figures -6 WO 2006/ 078520 PCTI US2006/ 000974 3a

t hrough 3e. As depicted in Figure 3a, a cliche 30 having a flat surface 32
is flooded with: & fiaiantrfihobantr34ndhaqichisghe 30 bamat deast one
depression 36 that extendsinto the material formng the cliche through the
flat s ce i 32q0onbEn r o] s O r i i zanfi gured
such ¢ hatahen SRR FE B Fogr y Sova The 10t eurt a2 he
depresqﬁgﬁreo?.set of depressions create a pattern-identical to the

particul a colorant |ayer sought to be applied to a contact |ens

FPigures 3a through 3e depict steps of a standard pad-

S printing process for transferring colorant from a cliché to a
contact lens.

Figure 4 is a detéil perspective view of a cliché depicting
an example of two individual depressions of a larger depression
pattern formed into the cliché.

10 Reference characters in the written specification indicate

corresponding items shown throughout the drawing figures.

Detailed Description of the Preferred Embodiments of the

Invention
15 An example of an iris simulating image for use in coloring
contact lenses via a pad-printing process is shown in Figure 1.
The iris simulating image 20 comprises the plurality of
individual colorant layers shown in Figures 2a through 2d.
Using a pad-printing process, the individual colorant layers are
20 each separately applied to a contact lens.
The process of printing a colorant layer on a contact lens

using a pad-printing process is schematically shown in Figures



(i.e., a pattern such as shown in Figures 2a through 2d). A 10 doctor bl ade
38, or in sone cases a portion of an ink cup, is engaged with and swept
across the flat surface 32 of the cliche 30 to w pe excess fluent col orant

34 fromth b of the flat surface surrounding th i on(s) 36,
| eavi ng flﬁgﬁg&m@g 8rant in the depression(s). Follomﬁngwﬂ‘eégﬁéwggg and as

15 shown in Figure 3b, a conventional pad-printing pad 40 is then
vertically aligned with the depression 36 and pressed downward agai nst the
cliche 30 to transfer at |east sone of the fluent colorant 34 in the
depression(s) to the pad. The pad 40 is thereafter brought into
registration (Figure 3c) with a contact 20 | ens substrate 42 held on a |l ens
hol der 44 and then pressed (Figure 3d) against the |lens substrate to

deposit }he col the .substrate, \Wen the pad 40 | i.sed fromth

cont act 33 50087 07 ko6 BT} BRo0D6! BG4 Bne et 1 SRS &t Teast
f the col t.layer..46 ' th trate jn the desired

pal torn T CRET=Bar 1 cifl L CROFB, REF| &y Brioind RS BT Wb (8 y. Al t hough

not shown, .additional _ colorant |ayers are thereafter _setially 5 printed on
The 1 onc B og: B3R by G eer AFRESTFAnC oGP oF aREC T D AT SHEG | ches
(or other portions of the same cliche) that have distinct patterns or

arrange erdplyEprRLRg o clprbfeFapPysh dilts dlaht SHFERR Tol ot s are used

for each
5 depression 30 or set of depressions is configured such that when

viewed from directly above the flat surface 32, the depression
or set of depressions create a pattern identical to the
particuiar colorant layer sought to be applied to a contact lens
(i.e., a pattern such as shown in Figures 2a through 2d). A

10 doctor blade 38, or in some cases a portion of an ink cup, is
engaged with and swept across the flat surface 32 of the cliché
30 to wipe excess fluent colorant 34 from the portion of the
flat surface surrounding the depression(s) 36, leaving fluent
colorant in the depression(s). Following these steps and as

15 shown in Figure 3b, a conventional pad-printing pad 40 is then
vertically aligned with the depression 36 and pressed downward
against the cliché 30 to transfer at least some of the fluent
colorant 34 in the depression(s) to the pad. The pad 40 is
thereafter brought into registration (Figure 3c) with a contact

20 lens substrate 42 held on a lens holder 44 and then pressed
(Figure 3d) against the lens substrate to deposit the colorant

on the substrate. When the pad 40 is raised from the contact



di stinct pattern. Once transferred to the contact |ens 10 substrate 42, the
i ndi vidual colorant |layers conbine to formthe conplete iris-sinulating
i mge (such as shown in Figure 1). The nunber of colorant |ayers making up

t he overalkyég®%§gsﬁpught to be printed on contact Iens??aﬁ%ﬁ?&@@xm and in

some cases nly one. However, the present inven

particul arly advant ageous when the inmage sought to be printed is an iris
sinmulating inmage conprising multiple colorant |layers. Typically the imges
sought to be printed on contact |enses are created or edited using
conputers. For exanple, a conputer having a processor such as an Intel
Pentium4(r) processor and that 20 is equipped with a vector graphics
desi gn program such as Adobe |Illustrator is well suited for editing such

images. In situations where the inage taq printed is an iris sinulating
800 2050 PEESe s o G06/88b TR kg PenROL AT EPb I eoed | mage
pattern may ,be obtai ned by scanning a photogragh or rendering of airis
si mul at i’??ﬁyaﬁatst 8Fnthe h%lkl%ﬁ:ﬁ&fse?‘? WS PTG RREESRRIEOT diPeany ot her neans
of obtaining an digitized_imge of an iris pattern. Alternatively, 5 the
iris si AAALFHG2PaEP TR ARYBE  cRRAt Y Flrlomedc Fat 8RY usihghovghptPer

sof tware. Wien using a pad-printing process, several sub-images, each

repr esertig - a2dephienadl cilorant Layers angy theregéher 28902 13¢pr essi ons are

then fornmed into cliches to match
printed on the lens substrate 42 by transferring fluent colorant

from other clichés (or other portions of the same cliché) that
have distinct patterns'or arrangement of depressions.
Preferably, different fluent colorants are used for each
distinct pattern. Once transferred to the contact lens

10 substrate 42, the individual colorant layers combine to form the
complete iris-simulating image (sqch as shown in Figure 1).

The number of colorant layers making up the overall image
sought to be printed on contact lenses can vary, and in some
cases may be only one. However, the present invention is

15 particularly advantageous when the image sought to be printed is
an iris simulating image comprising multiple colorant layers.

Typicaliy the images sought to be printed on contact lenses
are created or edited using computers. For example, a computer
having a processor such as an Intel Pentium-4" processor and that

20 is equipped with a vector graphics design program such as Adobe
Illustratorw is well suited for editing such images. In

situations where the image to be printed is .an iris simulating



the i mages or sub-inmages as described below 10 Unlike prior art techni ques
used to create cliches for pad-printing contact |enses, the present
invention utilizes different materials and different nmethods of creating

depr essi Onswbrigf«s@Zss% iches. Preferably each cliche is fg;@%é?dé;o%}p pi ece

of cenented ca material. As used herein, 15 cenente e I'S neant to
i ncl ude Tungsten Carbide, Mol ybdenum Carbi de, Tantal um Carbi de, Rhenium
Car bi de, Col unbi um Car bi de, Al unpbn Car bi de, Barium carbi de, Boron Carbi de,
Cal ci um Car bi de, Cerium Carbi de, Hafnium Carbide, Iron Carbide, Itrion

Car bi de, Lantion Carbide, Lition Carbide, 20 Mangese Carbi de, Mbli bion

Car bi de, N obi um Car bi de, Neodym um Carbide, Nigel Carbide, Nitron Carbide,
Praseon Carbide, Samarium Carbide, Sodi um Carbi de, Sel eni um Car bi de,

Silicon -9 WO 20061078520..PCT/.US200610009 i Tant.al Car bi de,
Torion C}a"r%ﬁiedeégﬁ#gcnliaﬁlmdégr%ﬁ g% “rhni &%%&gﬁfr‘g%?g?/a%b}ﬁlﬁlr% Y bi de, Zircon
Car bi de, _ and.any_ot.,her cenented carbi de l.ongi.ng to e class, of hard,
wear - r esy stanto ar%l?(ﬁ%\?groargg’er?ﬁt 5??&?5”?% ﬁﬁ‘c gtlﬁesh‘g?%ﬂclélr PAE BEPti cl es
are 5 bot nd togﬁt her, or ceﬁﬁen%eg, b% a bi nder and. bi nder| es car bi des such
as Cer bi dSTRCEAFTT de 3t 9amd heP B ohe oGSy BHHBY RT3 6h 95f metal (s) or
all oy(s) .with one or_nore, c%'am c hases i,n which the |atter constitutes
approxirﬁﬁgﬂlﬁlpﬁf?QKQFQ ized 1mage of an irls pattern. Alternatively,

5 the iris simulating patterns can be created from scratch using
computer software. When using a pad-printing process, several
sub-images, each representing a separate colorant layer, may be
generated. Depressions are then formed into clichés to match
the images or sub-images as described below.

10 Unlike prior art technigues used to create clichés for
pad-printing contact lenses, the present invention utilizes
different materials and different methods of creating
depressions in the clichés. Preferably each cliché is formed
from a piege of cemented cabide material. As used herein,

15 cemented carbide is meant to include Tungsten Carbide,
Molybdenum Carbide, Tantalum Carbide, Rhenium Carbide,
Columbium Carbide, Alumon Carbide, Barium Carbide, Boron
Carbide, Calcium Carbide, Cerium Carbide, Hafnium Carbide, Iron
Carbide, Itrion Carbide, Lantion Carbide, Lition Carbide,

20 ‘Mangese Carbide, Molibion Carbide, Niobium Carbide, Neodymium
Carbide, N;gel Carbide, Nitron Carbide, Praseon Carbide,

Samarium Carbide, Sodium Carbide, Selenium Carbide, Silicon



ei ghty-five percent by volune and in which there is relatively 10 little
solubility between netallic and ceram c phases at the preparation
tenperature. A perspective view of a portion of an exenplary cliche 30 is

shown in Fi e piece of cenented carbide materi formthe
cliche 30 p%@?g(gfgégconpri ses a flat surface 15 32 hav?{r)\%T/ggzr%&é@g”?i ni sh of

six mcro-inches centre line average (CLA). Pieces of cenented carbide
material neeting these specifications can be purchased through various
cemented carbide material suppliers such as Phil adel phia Carbi de Conpany

| ocated in Oreland, Pennsylvania. The piece of material used to create 20
the cliche 30 is preferably plate material having overall dinensions
simlar to prior art pad-printing plates or clichs. Preferably a plurality

of _depr essLgns. 30 601 65PRRHL0g, | rocl0, 0,200/ OZATA0. PCTL 2006/ 000972

the i nage or I nmhge col oran ayet sou e reproduced using 'the cliche

30, are TOTEdA LN Phacsitluplalel thoudh 15, Ll sbopurfocega, Uil ke
vent] opRLgleachla Bl eesean. Lol Lhcal, diseer og mchigi o (E00
the desired inage is a digitized format such as Igﬁ? (In%ﬁ&ag giaphics
Exchange "EEer FRCRTORF LPOPrie SHCbARs: Frg FRrpere particils a
5 bound together, or cemented, by a binder and binderless
carbides such as Cerbide™, Hardide™, and any heterogeneous
combination of metal (s) or alloy(s) with one or more ceramic
phases in which the latter constitutes approximately fifteen to
eighty-five percent by volume and in which there is relatively
10  little solubility between metallic and ceramic phases at the
preparation'temperature.
A perspective view of a portion of an exemplary cliché 30
is shown in Figure 4. The piece of cemented carbide material
used to form the cliché 30 preferably comprises a flat surface
15 32 having surface finish of six micro-inches centre line average
(CLA). Pieces of cemented carbide material meeting these
_specifications can be purchased through various cemented carbide
material suppliers such as Philadelphia Carbide Company loqated
in Oreland, Pennsylvania. The piece of material used to create
20 the cliché 30 is prgferably plate material having overall
dimensions similar to prior art pad-printing plates or clichés.

Preferably a plurality of depressions 36 corresponding to

-10-



conmput er ai ded machi ning software (CAM software) (available 10 through
Smal Tec International of Naperville, Illinois). Preferably, the CAM
software, in turn, drives a CNC Controller and an electrical pulse

controller nawre electrical discharge gr| qI[

devi ce, sucﬁaﬁ%g(r?\sgé(gm c nodel Mz ED72W (al so avail abl e Hl?s&so\é\ﬁ%gﬁ’al Tec
International), to thereby 15 formthe depressions into the piece of
material. Alteratively, a Die-Sinking EDM (also known as Sinker, Ram Type,
Conventional, Plunge or Vertical EDM) can be used to fromthe depressions
into the piece of material. Wen using a D e-Sinking EDM a raised

reci procal pattern of the inage is preferably formed on the 20 el ectrode of
t he EDM nachi ne usi ng known | asi ng processes For exarrpl e, positive imge

or reci rocal relief.of the.depr ons r cpl or ant can be etched
into ang:e trggeoEolmaqesgglorgﬁv\%ﬁ%éqygﬁr& @%‘%I “Jof a
tungste er y L'S_av Iablethrou h Sat Ind tries of
Hudson, C@&F% é? ]é ﬁ%rﬂeﬁn%% QIR &f %—ﬂ@a Ei‘ﬁ as an

El ectrox_.Scri ba I I avai | abl e fr.om El ectfox USA | ndi anapol i s,
ndi ana)t14t SSRGAFE § fﬁ%ﬁ? cPELRH THACSFIERURE Sant GOMIE ses a singl e
set of eéieépressl ons form a single color, layer or that a cI i che may

conpris SFaPtt }no?ljsc'é’cesg of PBeBF et onVERtE AN e BERT €62P 1% or mi ng a

separ ate |mage pattern.
utiliZzes an electrical discharge machining (EDM) process to

create the depressions 36. This is preferably done by saving
the desired image is a digitized format such as IGES (Initial
Graphics Exchange Specification) format and exporting it to
computer aided machining software (CAM software) (available

10 through SmalTec International of Naperville, Illinois).
Preferably, the CAM software, in turn, driveg a CNC Controller
and an electrical pulse controller used to run a wire electrical
discharge grinding (WEDG) EDM device, such a Panasonic model MG-
ED72W (alsp available through SmalTec International), to thereby

15 form the depressions into the piece of material. Alteratively,
a Die-Sinking EDM (also known as Sinker, Ram-Type, Conventional,
Plunge or Vertical EDM) can be used to from the depressions into
the piece of material. When using a Die-Sinking EDM, a raised
reciprocal pattern of the image is prefeiably formed on the

20 electrode of the EDM machine using known lasing processes. For
example, positive image or reciprocal relief of the depressions

from a colorant layer can be etched into an electrode comprised

-11-



Using the forgoing nethods to create the depressions of a 10 col or contact
pad-printing cliche. provides several advantages over prior art nethods of
form ng depressions. In particular, wusing a WEDG EDM process allows for the

formation qxggﬁ%%zé and preci se depressions that ar %gﬂg%pgﬁ@b vable

using prior nlques of form ng col or contact pa cliches.

To 15 illustrate this point, a detail perspective view depicting a pair of
depression forned into the flat surface 32 of a cliche 30 is shown in
Figure 4. Afirst depression 50 is shown extending into the piece of
material through the plane of the flat surface 32 of the cliche 30. The
first depression 50 20 extends into the material of the cliche 30 a constant
depth 52 perpendicular to and beyond the plane of the flat surface 32. The

second d S|on 54 conpris afir ortion 56 that -12 2006/ 078520
BT L2006 P08 BBIA s Y o7 W THh 1R SUPLERELE TEE0 SAOPEP ot dopt h
58 per ular t eyond th | ane of the fl surface 32 and a
second Sie(ﬂ{él”isgﬁl%ﬁ ‘Pg %anen&*wl %‘P%‘fhvelahﬁt &L Ee 2 ai‘l"f%m“é‘} iS@%E8eL second
dept h 62 rp ndi cul ar to and beyond whe @Iane 5 of the flat surface. For
purposesY§P iBF%Fn [ S0Pl FORCHERRI PSTAPAther RIMSESIROAE, it should be

appreci at ed _t hat a projected surface _area can be determ ned for each of the
first éuﬁY3§é€B a from Electrox USA, Indianapolis, Indiana). It should

5 be appreciated that a cliché can comprises a single set of
depressions forming a single color layer or that a cliché may
comprise a plurality of sets of depressions, with each set
forming a separate image pattern.

Using the forgoing methods to create the depressions of a

10 color contact pad-printing cliché provides several advantages
over prior art methods of forming depressions. In particular,
using a WEDG EDM process allows for the formation of very small
and precise depressions that are not achievable using prior art
techniques of forming color contact pad-printing clichés. To

15 1illustrate this point, a detail perspective view depicting a
pair of depression formed into the flat surface 32 of a cliché
30 is shown in Figure 4. A first depression 50 is shown
extending into the piece of material through the plane of the
flat surface 32 of the cliché 30. The first depression 50

20 extends into the material of the cliché 30 a constant depth 52
perpendicular to and beyond the plane of the flat surface 32.

The second depression 54 comprises a first portion 56 that
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depressions 50, 54 by projecting the depressions perpendicularly 10 onto the
pl ane of the flat surface 32. Using a EDM process to formthe depressions
al l ows very precise placenent of the depressions. For exanple, at |east a

portion of rojected surface area of the first depression n be
wi thin 50 %B?P@F?g}fsgr?s, 25 mcroneters, 10 mcroneter, gﬁ%ﬁ%@?@? , and 15

even 2.5 mcroneters of a portion of the second depression 54. This spacing
is represented by the nunmeral 62 in Figure 4. Additionally, the projected
surface areas of the depressions can be rather small. For exanple, the
projected surface area of an individual depression can be |ess than 6000
square mcroneters, 20 or if desired, |ess than 4000 square m croneters,
2000 square mcroneters, 1000 square microneters, or even 800 square
mcronmeters. .Stil] further, usin pr.ocess to.create the -13 WO

2006/ 078596 BETH d%%?dﬁﬁG?EalngEEQ%i?ﬁﬁéiet%g aeﬁfﬁs%fééﬁ%% d8pr essi on can
vary by nore than., six mcroneters from one oréion to anot her _portion of
the degredergnculit HougHa REYORR SAE 1474 RE GeBtALoF SUddpfederon s

pr ef er abl radual , the depth variance can .also be abrupt. 5 For exanple the
first deﬁ{%%ﬁgeﬁ?n@h%o?t’rlr SPortPENCREEIHE EC SBRoFRC et esEi 57°54 shown in
Figure 4 could be seven. mcroneters while the second depth 62 of its second

portion B0iChEay BECPRA HRRISS 63F PERBARY: §ilGTorket 8P4, beyond the plane

5 of the flat surface.

For purposes of explaining resclution details of the
depressions, it should be appreciated that a projected surface
area can be determined for each of the first and second
depressions 50, 54 by projecting the depressions pgrpendicularly

10 onto the plaﬁe of the flat surface 32. Using a EDM process to
form the depressions allows very precise placement of the
depressions. For example, at least a portion of the projected
surface area of the first depression 50 can be within 50
micrometers, 25 micrometers, 10 micrometer, 5 micrometers, and

15 even 2.5 micrometers of a portion of the second depression 54.
This spacing is represented by the numefal 62 in Figure 4.
Additionally, the projected surface areas of the depressions can
be rather smali. For example, the projected surface area of an
individual depression can be less than 6000 sqguare micrometers,

20 or if desired, less than 4000 square micrometers, 2000 square
micrometers, 1000 square micrometers, or even 800 square

micrometers. Still further, using EDM processes to create the
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By allow ng high resolution depressions to be forned the 10 cliches, very
intricate patterns of depressions can be fornmed to collectively create a
colorant |ayer of an image to be transferred to a contact |ens.

Addi tional | i, P}a @HZQW ng the depth of depression to beeﬁﬁ%ﬁ?%‘mﬁﬁa' | owi ng

the depths o separate depressions to be distinct, di f £ 2 esses of
a 15 colorant can be sinultaneously transferred to a contact lens wusing a
pad-printing process. In situation where the colorant 1is not fully opaque,
this allows control over the shade of the <color resulting fromthe col orant
t hroughout different portions of the inmage. Thus, using the nethods

descri bed herein, a pad 20 printing process can achi eve inmage resol utions
and qual ity near those achievable via inject processes. -14 WO 2006/ 078520

PCT/ US2006( 000974 B Al,tg@g] 49 dihesg! hebes.. %gncegﬁgt@si fadideomterial,

t he hardn S 1S 1IN exce e | ndus andar Rockmell

6264 ("G %%%'r%%?éaf 50 I Lyl ofga&o%h BofLlon gl sional Iy, the

wear resistance o es i greate hal that of the
mat eri al currently e

of a padiSHriT Ry p §§ﬁ?n a?pgﬁﬁénﬁ%a?%qglcﬁgéﬁg ?Eoéqﬁﬂ%%%ﬁﬁgﬁgﬂgtﬁgfp
t he depth_of etéé gg?ress uanls, tﬁ'x dug r%%uec%gh g Sol}gcrebrsd ng t he wear
resi st ant® BFEHHRE LY | SHE ucisneEPt pt
S For example the first depth 58 of the first portion 56 of the
second depression 54 shown in Figure 4 could be seven
micrometers while the second depth 62 of its second portion 60
may be in excess of twenty micrometers.
By allowing high resolution depressions to be formed the
10 clichés, very intricate patterns of depressions can be formed to
collectively create a colorant layer of an image to be
transferred to a contact lens. Additionally, by allowing the
depth of depression to be varied and allowing the depths of
separate depressions to be distinct, different thicknesses of a
15 colorant can be simultaneously transferred to a contact lens
using a pad-printing process. In situation where the colorant
is not fully opaque, this allows control over the shade of the
color resulting from the colorant throughout different portions
of the image. Thus, using the methods described herein, a pad-
20 printing process can achieve image resolutions and quality near

those achievable via inject processes.

-14-



10 reduced to less than six mcroneters per mllion pad-printing cycles.
Moreover, in sone cases, the wear may be reduced to |ess than six

m cronmeters per ten mllion cycles. This allows cliches formed using

met hods of | Sad tion to have a useful life many ti han t he
usef ul Iife%ﬁgﬁ/@ﬁﬁgs presently 15 used in the art of co 6%2?1%%%93% act

| enses. By increasing the wuseful life of the cliches, the frequency of

replacing the cliches can be reduced by a factor of nore than one hundred.
This greatly increases productivity and efficiency by reducing the

undesi rabl e downtine resulting fromthe alignnent process 20 each tinme the
clichs are replaced.. Wiile the present invention has been described in
reference to a specific enbodinent, in light of the foregoing, it should

-15 WO 2006/ 07§§2ggfrﬁrﬁy%%oﬁfl%ﬂ%“ou?g%#%%reﬁEQ def Pt a@ldadmtiber

contained in t ove description or own I n the acconpanyl ng drawi ngs is

|t ended .0 e L OLET BF &80 A3 FELUSLT ALIE A1 0L, L 2y 4 ng sense and

t hat varl ous no i cations and vari ations o e |1 nventl on “nay be 5
cont Veh MGl SRy 10, |60 LU, SP0RS 31 LB LOKETL bl e b
should BEpSRRiec shate LUCLNET ey Ll Shou dobe wpdeisbood hsltben
5 100 times greater than that of the material currently employed
in the art. As discussed above, the wiping step of a pad-
printing process invariably wears a cliché in a manner such that
the depth of the depressions is gradually reduced. By
increasing the wear resistance of the clichés, such wear can be
10 reduced to less than six micrometers per million pad-printing
cycles. Moreover, in some cases, the wear may be reduced to
less than six micrometers per ten million cycles. This allows
clichés formed using wmethods of this invention to have a useful
life many time greater than the useful life of clichés presently
15 wused in the art of coloring contact lenses. By increasing the
useful life of the clichés, the frequency of replacing the
clichés can be reduced by a factor of more than one hundred.
This greatly increases productivity and efficiency by reducing
the undesirable downtime resulting from the alignment process
2d each time the clichés are replaced.

While the present invention has been described  in reference

to a specific embodiment, in light of the foregoing, it should
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10 description of the preferred enbodi rent of the invention, the terns
"conprising,"” "including,"” and "having" are intended to be open-ended and
nmean that there may be additional elenents other than the |isted el enents.
Simlarly, portion” should be construed as S or aII of
t he |ten109k§?%%§%¥} Yhat 15 it qualifies. -16 What isngﬁﬁlﬁ%%MB@B7

nmet hod conprising: formng a cliche (30), the cliche (30) conprising a plece
of material having at |east one depression (36) forned thereinto, the
formng of the cliche (30) conprising wusing an electrical discharge
machi ni ng process to create the at | east one depression (36); introducing a
fluent colorant (34) into the depression (36) of the cliche (30); and
transferring at Ieast sone of the colorant (34) fromthe depression (36) to
a contact thod in cQrdance th cl.ai n the
step of %Formn é 1"iaé:h (rLre tt%%cct?%gcaﬁn WanHEF R ?ﬁggrfﬁel%rfece of

t | lat surf t that . def | d such that
Fﬁeeé'ez‘%sgﬁganﬁ%tiéi%@%%@? ﬁrbr'eé?hdé Fare SCTIRD Tne Tpiece of

maxi mum dept.h p endlcul r to and beypond the pl ane nd_ further
Conpr | <itf gerﬂaers% 2 O LB FRG L s AR e e S cORUF LS G8RRer PBth EHEE 1 at
surface surroundi ng the depressi,on (36), the w ping causjng the piece
of nater|§F 1D PR IGRTA REnABE LRI RS OﬁhghﬁB&FYﬁﬂﬁ%§%pPﬁyo Pethe

depressi on é 6) i s reduced; and repeating _each of the steps of introducing a
fluent COPS éﬁgt?@451qqﬁg5 pﬁgartlng from the scope of the invention

defined by the following claims. Thus, other possible
variations and modifications should be appreciated.
Furthermore, it should be understood that when introducing
elements of the present invention in the claims or in the above
10 description of the preferred embodiment of the invention, the
terms “comprising,” “including,” and “having” are intended to be
open-ended and mean that there may be additional elements other
than the listed elements. Similarly, the term “portion” should
be construed as ﬁeaning some or all of the item or element that

15 it gualifies.
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depression of the cliche (30), w ping excess fluent colorant (34) fromthe
flat surface (32) surrounding the depression (36), and transferring at

| east some of the colorant (34) from the depression (36) to a contact |ens
in excess of one mllion tines without reducing the naximumdepth of the
depression (36) by nore than five mcroneters. 3. A nethod in accordance

W th clainyélmhe ein the step of formng the cliche (30) occurs in a manner
such that t'Hét ck%@“%?'naterial has a flat surface portion that defines a

pl ane and such that the piece of material conprises a plurality of
spaced-apart depressions (36) that extend through the plane and into the

pi ece of nhteriAlmesimd conwrisimge formed into the piece of material using the

o eetrical, o ShRRAE TERRGIOR.AY Q58S sp A LR U BREH RSB P

a projected surtace®area Yy proj’e

per pendi culeast| one aiRpsditre () foemedeaeleind, thbeopniag @Ftirel cheHd @OR campagnof at
| east twenty-five percent of the depressions being | ess than one-thousand
square i B9 decdricad digchones Brehining Pcess toerepts thep deasipetdsaressioe@o)icol or ant

(34) conprises midadiid LA BlofaRE3l] MEthe G t36)3Phd DiRe pREMNLQT the
plurality of de%resgpgés %@%?ggnﬂ &hL stgpa%g&gﬁénsﬁ%rr%ﬂd:ggﬁﬁéégt sone of
t he col orant (349nsteomny as&astssomd bAneousbmnt (34 nfkdrerthe nigp@tsibred3d) teoare of
the colorant (34 L{?n1each of the depressions (36) to the contact |ens
(42). 4. AGRAKEBS {49)accordance with claim | wherein the step of formng the
cliche (30) occurs in a manner such that the piece of material has a flat
surface portion that defines as plane and such that the piece of materi al
conpri ses &.pl upahdthad infacepdaed vehaglaimdbpherssi hastep 36 Yormtiag thexclielmdd(30hr ough
the plane and into the piec f, material and that ;are .forned i t he piece
of it er' aoos: P P uEE Fral e €S nEpgBRRnbat AL Ssrsf elBong@eRaly Phe
depr essi 0ngef[nd6 ) phia¥iand sachpthef Be destessivnf @6EeataR thlibma’ fynepingjigwetthelg such

piece of material a maximum depth perpendicular to and beyond the plane, and further

comprising the steps of

wiping excess fluent colorant (34) from the flat surface (32) surrounding the
depression (36), the wiping causing the piece of material to wear in a manner such that
the maximum depth of the depression (36) is reduced; and
repeating each of the steps of introducing a fluent colorant (34) into the

depression of the cliché (30), wiping excess fluent colorant (34) from the flat surface (32)

surrounding the depression (36), and transferring at least some of the colorant (34) from

the depression (36) to a contact lens in excess of one million times without reducing the

maximum depth of the depression (36) by more than five micrometers.

3. A method in accordance with claim 1 wherein the step of forming the cliché (30)
occurs in a manner such that the piece of material has a flat surface portion that defines a
plane and such that the piece of material comprises a plurality of spaced-apart
depressions (36) that extend through the plane and into the piece of material and that are
formed into the piece of material using the electrical discharge machining process, each
of the depressions (36) having a projected surface area defined by projecting such
depression (36) perpendicularly onto the plane, each of the projected surface areas of at
least twenty-five percent of the depressions being less than one-thousand square

micrometers, and wherein the step of introducing the fluent colorant (34) comprises
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depression (36) perpendicularly onto the plane, at |east a portion of the
projected surface area of each of at |east twenty percent of the
depressions (36) each being within twenty five mcroneters of another
portion of another one of the depressions (36), and wherein the step

i ntroducing the fluent colorant (34) conprises introducing the fluent

col or ant 4) i.nt f th l | it f d i (3 th t

o tr anst el oy i Bp SRR Slogial O ith Bt SRepIErSL ) e 1eda5 2P ancousl y
transferriggp afttrdneﬁ&tngs@n@s&foniehﬂfth@&h&a@m@(caéqoriﬁés@ma@l_ﬁﬁee@iy t he _
depressions (36) to the contact |ens %42 . 5. A nethod in accordance with

cl ai m 4 whisgrsferringt lepsesonstofftg ¢lorgnti (B feerm eprd qf 3l deperssions(Gohtogheranner such
t hat each jected surface areas of at |east twenty five percent of
t he depr esg({né%gﬁggg?})'i s less than one-thousand square m croneters. 6. A
met hod in accordance with claim| wherein the step of formng the cliche

(30) occurs in_a manner such tha he piece of materjal has a f)at surface
portion thht defimfgodgn agqogc?p@cgw&%[wn loWpreip His %Fé’&fé%%ﬁlﬁﬁﬂ(e%fhec@%ri ses a
first portj t: i i terial
R i st SR b S U S D At

t he depr esplamnand363h tenthe pees obmstedaredmpasdsiagriutahptofepdceddpart t hr ough t he

pl ane and into the piece of terial second xi. mum.dept h. per pendi cul ar
Lo and beySRIFHES GPAMET exend Fropie heangant dip M mise o marrralendabalgre o x

M cronet er fpormed Bdd @k pidadf AR rigREMPthEBIEFHNIAERArBe mabKlning pradefRbfAd i N
accordance with claiml1l, wherein the piece of material formng the cliche

(30) has aofthatepsessioas B batinga pradryjedtitfagersesdelined 8y prpestidgpydssi on (36) is

T T R NE e PR T
a maxi mum gtepbheapk opsirieisciienty pedceanof thd ayresdionh 36 leauheheing within twenty

five micrometers of another portion of another one of the depressions (36), and wherein

the step introducing the fluent colorant (34) comprises introducing the fluent colorant

(34) into each of the plurality of depressions (36) and the step of transferring at least

some of the colorant (34) comprises simultaneously transferring at least some of the

colorant (34) from each of the depressions (36) to the contact lens (42).

5. A method in accordance with claim 4 wherein the step of forming the cliché (30)
occurs in a manner such that each of the projected surface areas of at least twenty five

percent of the depressions (36) is less than one-thousand square micrometers.

6. A method in accordance with claim 1 wherein the step of forming the cliché (30)
occurs in a manner such that the piece of material has a flat surface portion that defines a
plane and such that the depression (36) comprises a first portion that extends through the
plane and into the piece of material a first maximum depth perpendicular to and beyond
the plane and such that the depression (36) comprises a second portion that extends
through the plane and into the piece of material a second maximum depth perpendicular
to and beyond the plane, the first maximum depth being in excess of six micrometers

greater than the second maximum depth.
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W pi ng excess fluent colorant (34) fromthe flat surface portion (32)
surroundi ng the depression (36), the w ping causing the piece of materi al
to wear in a manner such that the maxi num depth of the depression (36) is
reduced; the steps of introducing a fluent colorant (34) into the depression
(36) of the «cliche, w ping excess fluent colorant (34) fromthe fl at

surface p rt|o ) surro nd|n t.he ssi.on, tran errln at | east
Sone of [He. coulafibd e SR EHuCIaa,FShisrn e iy of el BLEE Hens (4)
occurring chEh@BUPHHQ%Vﬂa%’@rkth @ﬁlohb@)%h@ﬂx% ®feabtink Qepteisich B6) fs'f&‘ﬁﬂ:ﬁ col or ant
(34) into the depression (36) of the cliche, w ping excess fluent col orant

(34) fromthaseiniol e flapsurtase poydien (B deBring s faneUheliensession (opwtesdingn (36), and
t f f.1 36) t
ont et P38 b2 PSR AN (A SOOMGAERLBI0D, ) 1O

a cont act n excess 0
wi t hout trbeymhémlﬁndepth of the depression (36) being reduced by nore than
five mcroneters., nﬁt hod in accordance wt im7 _wherein the steps

S

of introducing V\apmg Gesess Ment eolgrept ‘(3§h§f0'i“ﬁb%ﬂ%tﬁéfr}6@m0é%‘§i @R yspndng t ne
cliche (3Q)e défﬁ'ﬁélﬁﬁl (ﬁ?jct?@ widi h Edtfsin %Qﬂl%l@&tof mtadétal M QBLhe n{alnﬁér sitf face (32)

portion surrounding the epre sion and transferring at |east sonme of
t he col oralmatttf(eaﬂaxmpmrdeipﬂeofdbq)d@se;sslon(16369retimced contact lens (42) are
repeated in ex es of .one m W maxi dept h of the
depression (381 FRASRY! 'Ffeda%%ia@ye%P wa’i%?/g‘e eB'Feé % F@‘ A method in
accor danceighd tigih@eBeds haE @dl@rahﬁﬁ@ﬁ&ﬁ%@fﬂat'sﬁ‘ﬁfﬁc@%ﬁidﬁ%@) Jukré@Rding col or ant
(34) into the depression (36 e cliche (30), w ping excess fluent

col or ant tbqugprqsmgmmﬁéraflq;fgltrmg@t fegﬁéorpepfih@nol@mzl) (Hifroouthe idegressina depr essi on

(36) ) andé%é)@g? ?rrltacl:tchns?gh%)&c% rltn ”t %%agner suc tHe gtnél (gt‘gréll't}oJu m t he

depressio 0 a co occu nner  suchethat t he
steps of iﬂiﬂeﬁt&dﬂl&hrﬂ%@ 1ﬁﬂoulemepe&ls1@h@m)ofa&)chbmoupnhgeﬂ%pm@mc~x5101(a816) of the

cliche (30 excess fluent colorant (34) fromthe flat surface

portion ( ) from the at surface portion (32) surrounding the depression (36), and transferring at
least some of the colorant (34) from the depression (36) to a contact lens (42) could be
repeated in excess of one million times without the maximum depth of the depression

(36) being reduced by more than five micrometers.

8. A method in accordance with claim 7 wherein the steps of introducing a fluent
colorant (34) into the depression (36) of the cliché (30), wiping excess fluent colorant
(34) from the flat surface (32) portion surrounding the depression (36), and transferring at
least some of the colorant (34) from the depression (36) to a contact lens (42) are
repeated in excess of one million times without the maximum depth of the depression

(36) being reduced by more than five micrometers.

9. A method in accordance with claim 7 wherein the steps of introducing a fluent
colorant (34) into the depression (36) of the cliché (30), wiping excess fluent colorant
(34) from the flat surface portion (32) surrounding the depression (36), and transferring at
least some of the colorant (34) from the depression (36) to a contact lens (42) occur in a
manner such that the steps of introducing a fluent colorant (34) into the depression (36)
of the cliché (30), wiping excess fluent colorant (34) from the flat surface portion (32)
surrounding the depression (36), and transferring at least some of the colorant (34) from

the depression (36) to a contact lens (42) could be repeated in excess of five million times
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surroundi ng the depression (36), and transferring at |east sone of the
colorant (34) from the depression (36) to a contact |lens (42) could be
repeated in excess of five mllion tinmes -19 wi thout the nmaxi mum depth of

t he depression (36) being reduced by nore than five mcronmeters. 10. A

met hod in accordance with claim7 wherein the step of formng the cliche
(30) occurs in,a manner such_.that the d Ssio 3 conprises a first
borti on_ ¢ HuThouk b s ASEIE R i depieaen GRUCSITE GoHTF (biaUe W gt or f al o
first maxifirnseRth perpendicular to and beyond the plane and such that the
depression (36) conprises a second portion that extends through the plane
and into the piece of material a second maxi num depth perpendicular to and

Deron. £ 1oyPL e R, IV AEP\RRFL S B o1, s 0

accor dancecedrt bh £ manmar dushhtstehdddpiasioh €36) @bmbeisddiarysipoetial thetwtepdd) occurs
in a nanneL such that the piece of materjal, conprises a plurality of

spaced- apdPtouslids Pess aph §1te 915)Piqch of maleriakailiishmatighin fepth PHREISHTIAt 0 t he
pi ece of ng %E{l&ldwhceﬁﬁrlfb Al sh@ﬁﬁaﬂﬁ@@@&éés%sﬁé)g%}nﬂs@é@ D%cnd cgirif’nf/tthﬁfj surface

area define projecting suc epressi on er pen onto the
pl ane, at dxeads theoygbithe panadndtihte the ppecifexhtsial hac@ndneainndmdepthl east twenty

percent of the, depressions (.3 each being within twenty-five n.crometers of
ot her  pAFIRGHCGR B RErGhRe B e et B Pa Y B GREE Sk the ot op
i ntroduci ngicrdmt@ert breant tHaRkIRY REEnd(BAimERAMRpikses 1 ntroducing the fluent
colorant (34) into each of the plurality of depressions (36) and the step

of transferring at | east sone of the colorant (34) conprises simultaneously
depr essi or ( 3¢) MERRUAE LB iRhes Pa BT a3 et e NER L s cidfeiee wi e
claiml | obes @i Ambhgersi@phafthé pieed sfmatbgal ebinghiges @PWrality of spaced-apart

depressions (36) that extend through the plane and into the piece of material, each of the

depressions (36) having a projected surface area defined by projecting such depression

(36) perpendicularly onto the plane, at least a portion of the projected surface area of at

least twenty percent of the depressions (36) each being within twenty-five micrometers of

another portion of another one of the depressions (36), and wherein the step introducing

the .fluent colorant (34) comprises introducing the fluent colorant (34) into each of the

plurality of depressions (36) and the step of transferring at least some of the colorant (34)

comprises simultaneously transferring at least some of the colorant (34) from each of the

depressions (36) to the contact lens (42).

12. A method in accordance with claim 11 wherein the step of forming the cliché (30)
occurs in a manner such that each of the projected surface areas of at least twenty-five

percent of the depressions (36) is less than one-thousand square micrometers.

13. A method in accordance with claim 11 wherein the step of forming the cliché (30)
occurs in a manner such that at least one of the depressions (36) comprises a first portion
that extends through the plane and into the piece of material a first maximum depth
perpendicular to and beyond the plane and a second portion that extends through the

plane and into the piece of material a second maximum depth perpendicular to and
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occurs in a manner such that each of the projected surface areas of at | east
twenty-five percent of the depressions (36) is |ess than one-thousand
square mcroneters. 13. A nmethod in accordance with claim 11 wherein the
step of formng the cliche (30) occurs in a manner such that at |east one
of the depressions (36) conprises a first portion that extends through the

pl ane and into the piece _of material a first maxi pum depth perpendicular to
and beyondeYH¥ t{w AR Sirdfirst BREBNE 5oth bedig insyeese Rt BhEUCTORElIgH e  pl ane

and into the Al sesnlh h&hn @ second maxi num depth perpendicular to and
-20 beyoné t he pla%e,agﬁgm¥?§£t maxi mum dept h being in excess of six

m cronmeters greater than the second maxi num depth. 14. A nethod in
accordance W th an recedi,ng cl.gi wherein the step of formng the cliche
(30) occurd" | n uMRAAR AT Qe et Shpm iU TRe 1P Phr mea from
material Hawingthd ciakednepscclAtih AthdnAereseiethat Bf pleckof meRlig)is Ramewabn 64. 15.
A nethod in accordance with any preceding claimwherein the step of formng

the clichengtgty hadegpbaidness raftngrie exesseel (' Gadcaltidoskeelb64f material is
formed froma cenented carbide nmaterial. 16. A nethod in accordance with
any preceding claimwherein the electrical discharge machining process
utilized il3. t he\ sewhpd of adcordandegvithanypreceimg (CBOh wigren Werseep cElf@eding tal

di scharge grindin rocess. 1
g cﬂché (30) ogccBrs?n a mannér such that the piece of material is formed from a cemented

carbide material.
16. A method in accordance with any preceding claim wherein the electrical

discharge machining process utilized in the step of forming the cliché (30) is a wire

electrical discharge grinding process.
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