Apparatus, carrier and nmethod for the plasma treatnent
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Accordingly, it is an object of the invention to suggest a method and an apparatus which
prevent possible contamination of the molding surfaces of the glass molds during their
exposure to plasma on one hand and on the other hand eliminate or at least greatly reduce

exposure of any plastic components to plasma.

This object is achieved by an apparatus, a carrier and a method for the plasma treatment of
molds as they are characterized by the features of the respective independent claims.
Advantageous embodiments of the apparatus, the carrier and the method are the subject of

the respective dependent claims.

In the following, when the term "mold" or "molds" is used it is intended to include the term



the respective dependent clains. In the follow ng,
when the term "nold" or "nolds" is used it is intended
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or at least greatly reduces exposure of the plastic sleeve to plasma, thus avoiding the

adverse effects on the plastic sleeves caused by their exposure to plasma.

In one embodiment of the apparatus according to the invention, the first and second metal
plates of the carrier are dimensioned such that when the carrier is arranged within the
treatment chamber at least one of the first and second metal plates is in contact with the
wall or walls of the treatment chamber. This embodiment allows to apply the desired electric
potential to the metal plates of the carrier by applying this electric potential to the wall or
walls of the treatment chamber which is then transferred to the metal plates through the
contact between the wall or walls of the treatment chamber and the metal plates of the

carrier. Due to the fact that there is no difference in the electric potential (zero voltage)



pl ates of the carrier are dinmensioned such that when
the carrier is arranged within the treatnent chanber
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and second metal plates and the molds are arranged congruent to the holes in the first
metal plate. This embodiment of the apparatus is particularly advantageous when separate
holders for the molds are used during production of the contact lenses, since the molds or
their molding surfaces, respectively, can then be exposed to plasma treatment with the
molds already arranged in the respective holders which may be made from plastics and are

shielded from exposure to plasma as already discussed above.

The first and second metal plates can be made from aluminum or any other suitable
electrically conductive material. In case there is no mold arranged in some of the holes of
the first metal plate, in accordance with a further embodiment of the apparatus according to

the invention metal plugs may be arranged in these holes so as to shield any plastic parts
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Still a further aspect of the invention relates to a method for plasma treatment of molds, in
particular for contact lens molds, comprising in one embodiment the steps of:

- arranging the molds to be treated in a plasma treatment chamber

- providing means for shielding parts of the molds other than the molding surfaces from
being exposed to plasma, and

- exposing the shielded molds arranged in the plasma treatment chamber to a plasma.

The advantages of the method in accordance with the invention have already been
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 In a further specific enbodi nent of the nethod
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Fig. P e PP sk 1f oF R Rer b1 S ERrach e WHERE to be
enboskriesinntoaf helaef therfirstenetatpatedi ng to the i nventi on,
Fig. 2 shows the first enbodi nent of the carrier
according to the invention in an assenbl ed state but

Fig. #M tdhouts th® bidphragngof RBg.shiavisside bietvt om vi ew of an
enbodi nent of a diaphragminsert which is to be

Fig. 5 shows an embodiment of a male mold that can be plasma treated using the first

embodiment of the carrier according to the invention,

Fig. 6 shows the first embodiment of the carrier according to the invention in an
assembled state with molds being arranged between the first and second metal

plates and with diaphragms inserted,

Fig. 7 shows the first and second metal plates of a second embodiment of the carrier

according to the invention,

Fig. 8 shows the second embodiment of the carrier according to the invention in an

assembled state but without molds,



inserted into a hole of the first netal plate, Fig. 4
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the molds have been arranged between the first and second plates 10,11 and after the first
and second plates 10,11 have been fixed to one another with the aid of screws 13. The
diaphragm inserts 14 comprise a cylindrical portion 140 and a laterally extending collar 141,
and are provided with a diaphragm opening 142 having a diameter which is adapted to the

diameter (size) of the molding surface of the respective mold.

By way of example, let us assume that the molds are male molds and look essentially like
mold 2 represented in Fig. 6. Mold 2 comprises a mount 20 to which a molding member 21
is mounted having a molding surface 210. The molding member is made of glass, for
example quartz glass or BK7. At a peripheral portion 211 of molding member 21 a mask
212 has been applied, for example a chromium mask. Mold 2 further comprises a sleeve 22
that helps in centering the molds as male mold 2 and a corresponding female mold are
closed to form a contact lens. Sleeve 22 is typically made from plastics so as to allow a

smooth closing of male mold 2 and the corresponding female mold.
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the aid of the screws 13 hol di n_& the first second

secon@p@talmla&e isarranged ré thalpyar sige-ddedigphragrgdperts 14, which are

madé B?h@%@t#@ﬁew |rese$t%8%t§ttr?e febwgro3 dmyolke 181 akiid&dainst the upper
a nunber of nolds 2 at a di stance from one

Surfasﬂ@t ﬁré?nwtﬂl @hate oP-repaiogioabpertien dfQ thensbidds thedmer wall of
slee (ﬁﬁ@rﬂtbe 0dPtd ﬂa§rﬁ§}/v§|lé 8{)@”&2 Mo DA rﬂxgthose gortlons of

wever , C separate ers e typlca
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r, Wt h t he arra
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secoitd ingetal plates 10,11 and with diaphragm inserts 14 inserted as described above.

Fig. 7 shows the first metal plate 40 and second metal plate 41 of a second embodiment of
the carrier according to the invention in an unassembled state, whereas Fig. 8 shows the
first and second plates 40,41 of carrier 4 in an assembled state but without molds being
arranged between the first and second metal plates 40,41. The first and second plates are
provided with holes 400 and are both fixed to one another and connected to one another in
an electrically conductive manner with the aid of screws 43. In this embodiment there are no
additional pins arranged at the corners of the first and second plates 40,41. Also, a
difference of this embodiment of the carrier 4 when compared to the first embodiment of the

carrier 1 is, that no diaphragm inserts are provided. In Fig. 9 carrier 4 with the separate



turned upside down so that first netal plate 10 is now
arranged at the upper side and second netal plate is
wa@eooangpeh at the | ower side. The di aphragm i nsSeCT/BPA9/050651
whi ch are nmade of netal, are now inserted into the
sl eeves 22 until collar 141 _gbuts agai nst the upper
surface of first netal plate 10. The cylindrical
portion 140 then shields the inner wall of sleeve 20
osed to plasma while opening 142 all ows
ho'dedrﬁf?rﬁ}? ?rloéﬂ‘ﬁ‘s of the nolds 2 which are made of
gI ass (or met al portions of the nolds 2) to be exposed
| asma, that is to say only the nol ding surfaces 2
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gg ovided with holes 400 and are both fixed to
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In this enbodi nent there are no additional pins
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carrier 4 when conpared he first enbodi nen
betwgen flrséplegtr@cge 5t ard Smndleéﬁﬂtﬂodgﬁgl nseitable plagmgraggingrygbe oxygen,
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wallsf@‘rtretahaerfnchembenﬁbd' hatistto sy, tdtdeashone efrthé ﬂrsmamevsecqnd metal
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di aphragm inserts are
Since the first and second metal plates 10,11 of carrier 1 are connected to one another in
an electrically conductive manner, it is not possible for plasma ignition to occur between the
first and second metal plates 10,11. However, it may nevertheless be possible for plasma to
leak into the space below the second metal plate 11 due to suction which is continuosly
applied to treatment chamber 50. Second metal plate 11, therefore, has not only the
function of a support for the molds but in addition it forms a barrier for plasma that has

leaked into the space below second metal plate 11.

Also, in case no mold is present in one or more of the holes of the first metal plate 10 or 40,



needed for shielding any plastic conponent (such as

the sleeve 22 in the first enbodi nent of the carrier
waoobpmreexposure to plasma. In Fig. 10 there PCI/EPD050651

in a very schematic representati on an enbodi nent of

the apparatus 5 according togthe invention. The

apparatus conprises a treatnent chanber 50, which is

cylindrically shaped. Apparatus 5 of this enbodinent

further conprises a first electrode 5 1 and a seco

respeGtiuglyy %6’@@?'“%?1& Re iserted puhpkh e tcg%n@fi v ,q@mgomargg REanged
betwB&h W Bnd sESIndah&sal p19€s 19,14 fﬂﬂﬁ b&iRg @RPof] ee tlRfe add/oto

suitabl e plasma gas may be oxygen, for exanple. The

preverd @b aHleapleeribredsee P'§Sm6r’??é‘d‘9d9t0éh% sPaGepetysen ﬁheﬁ%t and

secoR§ GbAIGHAES 96413y Q1 Jeebe&m@rgml e by carrier 1 (or by
carrier 4, respectively). I's schematically shown in
Fig. 10, the second electrode 52 is in electrlcally

. (0] .
tis (F RN G Mgt A el o e BoEoment such as
metal hlatefsi, disphzagoh |seerm1@|ugetrahs,mt<atbesnaﬁe ﬁ:@m rthleesarne (raterial, e.g. from
|er spectively), is in contact with the wall

mekﬁ%ﬁ{ aIf}'inl'rw%}ptreatnem chanmber 50. The wall 500,
which is also made fromnetal, e.g. fromalum num may
have ground potential. Since the first and second
netal plates 10,1 1 of carrier 1 are connected to one
another in an electrically conductive manner, it is
not possible for plasma ignition to occur between the
first and second netal plates 10,1 1. However, it nay
nevert hel ess be possible for plasna to |l eak into the
space bel ow the second netal plate 11 due to suction
which is continuosly applied to treatnent chanber 50.
Second netal plate 11, therefore, has not only the
function of a support for the nolds but in addition it
fornms a barrier for plasma that has | eaked into the
space bel ow second netal plate 11. Also, in case no
nmold is present in one or nore of the holes of the
first netal plate 10 or 40, respectively, a netal plug
may be inserted in that hole to shield any conponents
arranged between first and second netal plates 10,1 1
from bei ng exposed to plasnma and/or to prevent or at
| east greatly reduce plasma | eaking into the space
between the first and second netal plates 10,1 1 or
40,41 , respectively.



It is preferred although not mandatory, that al
el ectrically conductive conponents such as netal
w@b@bes2729li aphragm i nserts, plugs, pins, etc. PeT/RRPIE9I/050651
fromthe sane material, e.g. fromnetal such as
alum num Cl ai ms 1. Apparatus)gfor the plasma treatnent
of nolds (2), in particular for contact |ens nolds,
conprising a treatnment chanber (50), in which a first
el ectrode (51 ) is arranged facing a carrier ( 1 ;4)
for carrying the nolds (2) to be treated, the carrier
Claiks 1 ;4) forming the second el ectrode (52) and
conprising a first netal plate (10;40) having hol es
(100; 400) therein and a second netal plate ( 1 1;41)

1 oo DRSPS Rl d OB AT R s s

nenagrisfrigedt Ee?{tMMCl)anhberaﬁD)elnemWh g firdt plectyodiei (31) \searranged facing
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second,. met es (10,1 40, 4 of the carrier are,
A o eeted i ab iNE raer bR 19k prg fig Mot (Feéing
a@iﬁ@i@@a@n\&hé beébrfdhﬁetbr@aﬁermmm phmm’mrr rﬁ&@%g%brfb@%s(m 0) facing

irs ond pl at es
4‘@W&'.’L‘33 tf‘% f'fsﬁ ek?@H?%\%fm\)\ﬁf‘% b?'ﬁ‘@ %P?abd%‘@d)'a%?a Wé?tl'%h tge holes

t He0UbeRh RS tirsE RREEIBIatd P@)40)3. Apparatus according to
any one of the preceding clains, further conprising
separate di aphragminserts (14) for the hol es provided
| t t '

2 e oG BB e e Mt and 55 CRe Piles
adaptled, 4‘6 ob fieycagnigyare dinhensinnledistigh $\at ivase the2aaplierdfl;4) is
t I {
SararoBRRREI B yEakler Bhoier (60) S0e8orbaB cb v iEf and spoond meta
Apples4tW$1,4040) diimgontectamih tbaavalf(S@0)eor walis eﬂihagreatment chamber
c&ggns, wherein the wall (500) or walls of the

it mnent chanber (50) is/are nmade of netal and
has/ have ground

3.  Apparatus according to any one of the preceding claims, further comprising separate
diaphragm inserts (14) for the holes provided in the first metal plate (10), with the
diaphragm inserts (14) each having an opening (142) which is adapted to only expose
the molding surface (210) of the respective mold (2) but to shield all other portions of

the mold (2) from exposure to plasma.

4.  Apparatus according to any one of the preceding claims, wherein the wall (500) or
walls of the treatment chamber (50) is/are made of metal and has/have ground

potential.

5.  Apparatus according to any one of the preceding claims, wherein two or more molds
(2) are arranged in a separate holder (3) at a distance from one another which

corresponds to the distance of the holes (100;400) in the first metal plate (10;40), so



potential. 5. Apparatus according to any one of the
precedi ng clainms, wherein two or nore nolds (2) are

wa@eooangeh i n a separate hol der (3) at a di st anPer/EPmN/050651

10.

one anot her which corresponds to the distance of the

hol es (100;400) in the firstyqymetal plate (10;40),

sot hat upon pl acenent of the holder (3) holding the

two or nore nolds (2) ont o the second netal plate (
11;41 t he hol der d between the fjrst
afat &{%C%”ép? e 410 ldse Z%) 1ty8 of Hjorg Mo ?dasr(rzéﬂat@dhe

CEHRRY! Qrfettaliﬂaté e th%ﬁé hél@@p(ﬂﬁoérrdd@eb rE)@tvﬁéernsﬂhe 'ﬂ%‘t @hd second

pl ate aratus according to ané
t’ﬁ@tabp'ét?éleﬁ‘& the H]OI'%( \)/\ﬁ"@r%felﬁ‘gﬁﬁéoﬁgr%@t tadiee ‘@%ﬁ@o 400) in the

nﬁgﬁhem Abes(1640).1 1;40,41 ) are made from al umi num
. Appar at us accordl ng to any one of the preceding

cI aims, wherein netal plugs are arranged in hol es of

t

s b i Bod A AGk MY 3, PR B s second

t meahplatasd 10 1140 1p pecmdie froml aimmumaher ei n t he plasna

is an oxygen plasma. 9. Carrier ( 1;4) for carrying

nolds (2) during plasma treatnent, conprising a first
ep@ratpb ab@)rdlnﬁ;@o 40y ohawgi thg phedeemg(clair&@ Whégint hetaeplogs are

and a ichis arr

it Bp s PEbR e Rl fade widte 20 R Pafgd in e hote

whnooaoos connected to the first nmetal plate (10;40) in

an electrically conductive manner (12,1 3;43), so that

the nolds (2) can be arranged on the second netal

pA;%a‘?at(rs %@c&ralnb t&"aﬁ;ﬂoﬁ@@f the('gﬁ%de'dﬂ'@ Mh@%ﬁ@re@ﬂr@blasma is an

aci ng towards the hol es 0;400) in the first netal
dP@@@”PE@F@O), t he carrier further conprrsrng separate
di aphragminserts (14) for the holes provided in the
first netal plate, with the diaphragminserts (14)
e@aiehdvd)rigr canryaygenoldg (3)4Eng wheisota trestradetp cadprisingafisst metal

SAPETOIOFTRLEAIR: BRIPT g’ HEE FRRTERY By wicn
(&yarfged rspe(xepbmaremm the frstmaetal PlateCaOr4d0¢ andedhahds ngnte@ted to the
Criggtarpgﬁagplmp (r‘IS 46) In'an e ectrlcall?/ conducsflvg aan%rer ﬁ'}gﬁ;%é) SO that the
molds (2) can be arranged on the second metal plate (11;41) with their molding
surfaces (210) facing towards the holes (100;400) in the first metal plate (10;40), the
carrier further comprising separate diaphragm inserts (14) for the holes provided in the
first metal plate, with the diaphragm inserts (14) each having an opening (142) which
is adapted to only expose the molding surface (210) of the respective mold (2) but to

shield all other portions of the mold (2) from exposure to plasma.

Carrier according to claim 9, wherein two or more molds (2) arranged in a separate
holder (3) at a distance from one another corresponding to the distance of the holes
(100;400) in the first metal plate (110;40) can be placed onto the second metal plate
(11;41) such that the holder (3) is arranged between the first and second metal plates
(10,11;40,41) and the molds (2) are arranged congruent to the holes (100;400) in the
first metal plate (10;40).



hol der (3) at a distance from one anot her
corresponding to the distance of the holes (100;400)

w0 noodlog2709 r st netal plate ( 1 10;40) can be pleCEPEPDN®/050651

11.

12.

13.

14.

the second netal plate ( 11;41 ) such that the hol der

(3) is arranged between the {hirst and second netal

plates (10,1 1;40,41 ) and the nolds (2) are arranged
congruent to the holes (100;400) in the first netal

plate 510 4%% 11. Carrrer according to any one
c@%(”ﬁ& eeoBing 9 anyHEt £ laime OfqrriGy W ﬁr&'%t@éé'fﬁd aﬁEtSEPO”d metal
épgaregsm 10.48,41) 4@ fdde frémalumdemf rom al um num 12

rrier according to any one of claims 9 to 11,
wherein netal plugs are arranged in holes ( 100; 400)

OfarkiBFad ohﬁﬁ% ?&rﬁJ ?r@ (ﬁtc?air%sg 4@%&/%%}}9@ ?Ebgaresarranged in

arrange 100; 400 pl asma
t hades (WAt408) ontbk disst rmerralyjmte i(thﬂ%r)rwherre neaneldés arranged in the hole

mgbgao gonprising the steps of: arranging the nolds
(2) 'to be treated in a plasma treatnent chanmber (50)

prOV|d|ng neans (10,1 1, 14;40,41 ) for shielding
p S er. th n surfaces ..
(5o gt Rt et uBoRs i PABRa B ek lEns feldieEomerisin

ahe@kﬂsdﬁnnlds (2) arranged in the pl asma treat nent

chanber 5 thh d accordi to

C1'af s ap S A R hien 8 ARSR AR BPAghaber (50)
providing means (10,11,14;40,41) for shielding parts of the molds (2) other than
the molding surfaces (210) from being exposed to plasma, and
exposing the shielded molds (2) arranged in the plasma treatment chamber (50)

to a plasma.

Method according to claim 13, wherein the plasma is an oxygen plasma.



