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ABSTRACT 

The present invention relates to a process for transferring at 
least one coating onto at least one geometrically de?ned 
surface of a lens substrate. 
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PROCESS FOR TRANSFERRING COATINGS 
ONTO A SURFACE OF A LENS SUBSTRATE WITH 

MOST PRECISE OPTICAL QUALITY 

BACKGROUND OF THE INVENTION 

[0001] 1. Field of the Invention 

[0002] The present invention relates to an improved pro 
cess or method for transferring at least one coating onto at 
least one geometrically de?ned surface of a lens substrate, 
Which can be implemented in a short period of time Without 
any risk of deformation of the lens substrate, Which avoids 
the use of a liquid curable adhesive composition for adhe 
sion of the coating to the lens substrate and results in the 
coating adhering to the lens substrate through an adhesive 
layer of uniform thickness. 

[0003] 2. Description of Related Art 

[0004] It is a common practice in the art to coat at least one 
main surface of a lens substrate, such as an ophthalmic lens 
or lens blank, With several coatings for imparting to the 
?nished lens additional or improved optical or mechanical 
properties. These coatings are designated in general as 
functional coatings. 

[0005] Thus, it is usual practice to coat at least one main 
surface of a lens substrate, typically made of an organic glass 
material, With successively, starting from the surface of the 
lens substrate, an impact-resistant coating (impact resistant 
primer), an abrasion- and/or scratch-resistant coating (hard 
coat), an anti-re?ection coating and, optionally, an anti 
fouling top coat. Other coatings such as a polariZed coating, 
a photochromic or a dyeing coating may also be applied onto 
one or both surfaces of the lens substrate. 

[0006] Numerous processes and methods have been pro 
posed for coating a surface of an ophthalmic lens and are 
disclosed. 

[0007] US. Pat. No. 6,562,466 describes one process or 
method for transferring a coating from at least one mold part 
onto at least a geometrically de?ned surface of a lens blank 
comprising: 

[0008] providing a lens blank having at least one geo 
metrically de?ned surface; 

[0009] providing a support or mold part having an 
internal surface bearing a coating and an external 
surface; 

[0010] depositing on said geometrically de?ned surface 
of said lens blank or on said coating a pre-measured 
amount of a curable adhesive composition; 

[0011] moving relatively to each other the lens blank 
and the support to either bring the coating into contact 
With curable adhesive composition or bring the curable 
adhesive composition into contact With the geometri 
cally de?ned surface of the lens blank; 

[0012] applying a suf?cient pressure onto the external 
surface of the support so that the thickness of a ?nal 
adhesive layer once the curable composition cured is 
less than 100 micrometers; 

[0013] curing the layer of adhesive composition; and 
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[0014] WithdraWing the support or mold part to recover 
the lens blank With the coating adhered onto the geo 
metrically de?ned surface of said lens blank. 

[0015] US. Pat. No. 6,562,466 uses a liquid light or 
thermal curable adhesive composition to transfer the coating 
layers from the carrier to the surface of the lens substrate. 
The liquid curable adhesive composition is required to stick 
both to the exposed coating on the carrier and the geometri 
cally de?ned surface of the lens substrate. The process 
requires to precisely dropping the liquid adhesive composi 
tion, either too much or too less of the liquid adhesive needs 
to be avoided, Which renders the process more complicated 
and less cost effective. Furthermore, this process may cause 
optical distortions When the liquid adhesive composition is 
not spread out very evenly on the lens curved surface. In 
particular, When the liquid adhesive composition is spread 
using air pressure (in?atable membrane apparatus) applied 
on a ?exible coating carrier, the applied pressure may not 
usually be uniform over the Whole carrier surface, resulting 
in an uneven spreading of the liquid adhesive composition 
and a ?nal cured adhesive layer having some variations in 
thickness. 

SUMMARY OF THE INVENTION 

[0016] Therefore, one object of the invention is to provide 
a process or method for transferring at least one coating from 
a carrier onto a geometrically de?ned surface of a lens 
substrate, Which avoids the drawbacks of the prior art 
processes and in particular avoids the use of a ?oWable 
liquid curable adhesive composition. 

[0017] A further object of the invention is to provide a 
process or method as above, Which results in a coated lens 
substrate in Which the coating(s) adhere(s) to the lens 
substrate surface through an adhesive layer of very uniform 
thickness. 

[0018] According to the invention, there is provided a 
process for transferring at least one coating onto at least one 
geometrically de?ned surface of a lens substrate, Which 
comprises the steps of: 

[0019] (a) obtaining a carrier having a main surface 
bearing at least one functional coating; 

[0020] (b) obtaining a lens substrate having at least one 
geometrically de?ned surface; 

[0021] (c) depositing, either on said at least one func 
tional coating or said at least one geometrically de?ned 
surface of the lens substrate, a layer of a transparent 
adhesive composition; 

[0022] (d) bringing said layer of transparent adhesive 
composition to a state at Which the layer becomes 
un?oWable under the process conditions if said layer is 
not already in such a state at the end of step (c); 

[0023] (e) moving the carrier and the lens substrate 
relatively to each other to bring the layer of transparent 
adhesive composition into direct contact With either 
said at least one geometrically de?ned surface of the 
lens substrate or said at least one functional coating; 

[0024] (f) pressing together the layer of transparent 
adhesive composition and either said at least one func 
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tional coating or said at least one geometrically de?ned 
surface of the lens substrate; 

[0025] (g) optionally, applying heat during pressing step 

[0026] (h) stopping pressing step (f); and 

[0027] (i) WithdraWing the carrier to recover the lens 
substrate coated With said at least one functional coat 
ing adhering to said at least one geometrically de?ned 
surface through the layer of transparent adhesive com 
position. 

[0028] In one embodiment of the process of the invention, 
the main surface of the carrier, preferably a ?exible carrier, 
bears a stack of several functional coatings. Of course, the 
coatings are then applied on the surface of the carrier in the 
reverse order With regard to the desired order of the coating 
stack on the lens substrate. 

[0029] Preferably, the at least one functional coating is 
transferred on a geometrically de?ned surface of the rear 
surface of the lens substrate. In such a case, the coating 
transfer process is referred to as a BST (back side transfer) 
process. Of course, geometrically de?ned surfaces of front 
surface or both rear and front surface of the lens substrate 
can be coated using the process of the invention. The rear 
surface (generally the concave surface) of the lens substrate 
is the surface of the lens substrate Which, in use, is the 
closest to the Wearer’s eye. The front surface (generally the 
convex surface) of the lens substrate is the surface of the lens 
substrate Which, in use, is the farthest from the Wearer’s eye. 

[0030] The ophthalmic articles Which can be treated by the 
process of the invention are ?nished or semi-?nished articles 
preferably comprising a transparent polymer substrate. 

[0031] The geometrically de?ned surface of the lens sub 
strate to be coated in this invention may be a spherical, toric 
or progressive surface, provided that an adequate spherical 
?exible carrier is employed. 

[0032] The present invention also encompasses the case in 
Which the transparent adhesive composition layer is pre 
deposited and brought to a state at Which the layer is unable 
to How, either on a functional coating borne by a carrier or 
on a geometrically de?ned surface of a lens substrate, Which 
may be stored and later used in the process steps e) to i) of 
the invention. 

[0033] In a preferred embodiment of the process of the 
invention, the transparent adhesive composition is selected 
from the group consisting of pressure-sensitive adhesives 
(PSA) and hot-melt adhesives (HMA). 

[0034] Other objects, features and advantages of the 
present invention Will become apparent from the folloWing 
detailed description. It should be understood, hoWever, that 
the detailed description and the speci?c examples, While 
indicating speci?c embodiments of the invention, are given 
by Way of illustration only, since various changes and 
modi?cations Within the spirit and scope of the invention 
Will become apparent to those skilled in the art from this 
detailed description. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0035] The foregoing and other objects, features and 
advantages of the present invention Will become readily 
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apparent to those skilled in the art from a reading of the 
detailed description hereafter When considered in conjunc 
tion With the accompanying draWings Wherein: 

[0036] FIGS. 1A to 1C are schematic vieWs of the main 
steps of a ?rst embodiment of the process of the invention 
for transferring at least one coating onto at least one geo 

metrically de?ned surface of a lens substrate, in Which the 
layer of a transparent adhesive composition is deposited on 
at least one functional coating; 

[0037] FIGS. 2A to 2C are schematic vieWs of the main 
steps of a second embodiment of the process of the invention 
Wherein the layer of a transparent adhesive composition is 
deposited on at least one geometrically de?ned surface of 

the lens substrate; 

[0038] FIG. 3 is a map of thickness irregularities of a layer 
of a transparent adhesive composition in a lens substrate 
coated With a stack of functional coatings adhering to said 
lens substrate through said layer of transparent adhesive 
composition, Which has been deposited on a carrier having 
a main surface bearing said stack of functional coatings, said 
coating stack having been transferred onto the surface of 
said lens substrate according to the process of the invention. 
FIG. 3 is related to example 1; 

[0039] FIG. 4 is a map of thickness irregularities of a layer 
of adhesive in a lens substrate coated With a stack of 
functional coatings adhering to said lens substrate through 
said layer of adhesive, obtained from a liquid curable 
adhesive composition according to a prior art process. FIG. 
4 is related to comparative example 1; and 

[0040] FIG. 5 is related to a method of thickness mea 
surement of the layer of transparent adhesive composition 
according to the invention, When deposited on the surface of 
the entire lens substrate. This measurement method is used 
in example 1 and comparative example 1. 

DETAILED DESCRIPTION OF THE 
INVENTION AND PREFERRED 

EMBODIMENTS 

[0041] In this patent application, When one refers to the 
base curvature of the carrier, one means the base curvature 
of the Working surface of the carrier, that is to say the surface 
Which bears the coatings to be transferred to the geometri 
cally de?ned surface of the lens substrate, after WithdraWal 
of the carrier. 

[0042] In the same Way, base curvature of the lens sub 
strate means the base curvature of the surface Which bears 
the coatings that are going to be transferred. In this appli 
cation, the base curvature has the folloWing de?nition: 

[0043] For a spherical surface, having a radius of curva 
ture R, base curvature (or base)=530/R(R in mm). Such a 
de?nition is quite classical in the art. For a toric surface: a 
toric surface has tWo principal meridians, of radii R and r 
With R>r, and it is possible to calculate tWo base curvatures 
BLR and BLr (BLR<BLr) corresponding respectively to 
radii of curvature R and r de?ning the toric surface. 
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[0044] The base curvature (or base) is de?ned as the ratio 
530/radius of curvature (in mm). Thus, 

530 530 
BLR: — and BLr: — 

R r 

With R and r in mm. 

[0045] Preferably, the carrier used in the present invention 
has a spherical shape and has a base curvature BC. 

[0046] Base curvatures BLR and BLr of the above toric 
surface and the base curvature of the carrier BC preferably 
shall satisfy the following relationships: 

[0047] When using a rigid carrier, preferably the base 
curvature of the carrier is the same as the base curvature of 
the lens substrate. 

[0048] Preferably, When moving relatively to each other 
the carrier and the lens substrate, the pressure is applied ?rst 
on the center part of the carrier and in a second step the 
pressure is radially increased toWards the periphery of the 
lens substrate. 

[0049] In the case of a ?exible carrier and a coating 
transfer on the back surface of the lens substrate, the convex 
front face of the carrier may have a shorter radius of 
curvature than the concave surface of the lens substrate to be 
coated. 

[0050] The pressure is applied at the center and the carrier 
is then deformed to conform to the geometrically de?ned 
surface of the lens substrate. 

[0051] The diameter of the carrier could be either higher 
than the diameter of the lens blank or smaller than the 
diameter of the lens blank. 

[0052] The lens substrate for use in the present process can 
be any transparent substrate, preferably any plastic material 
transparent substrate commonly used in the optical ?eld. The 
lens substrate is generally a lens or lens blank, preferably an 
ophthalmic lens or lens blank, more preferably a lens blank. 
The main faces of an ophthalmic lens blank, such as a lens 
blank made of a transparent plastic material, are classically 
subjected to a surface mechanical treatment. 

[0053] This mechanical treatment comprises a group of 
operations leading to the production of a lens blank, the 
main faces of Which are perfectly polished and have the 
desired curvatures (optical poWers). 

[0054] The mechanical treatment typically comprises 
three successive steps: grinding, ?ne grinding (also called 
?ning) and polishing. 

[0055] Grinding is a mechanical processing step intended 
to create the curvature on the face of the lens blank. 
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[0056] Fine grinding (?ning), performed after grinding 
further changes the geometry of the treated face of the lens 
blank but can lead to a translucent lens blank, the treated 
face of Which still shoWs signi?cant surface roughness. 

[0057] Finally, the polishing, a relatively long mechanical 
processing step, Which usually does not change the geom 
etry of the treated face, removes the remaining roughness as 
far as possible to give the ?nal transparent lens blank. The 
lens substrate used in the present invention may be polished 
or only ?ned Without being polished. 

[0058] The lens blank used in the present invention can be 
a ?nished lens, i.e. a lens obtained in its de?nitive shape, 
having both of its main faces surfaced or cast to the required 
geometry. It is generally produced by pouring polymeriZable 
compositions betWeen tWo molds exhibiting required sur 
face geometries and then polymerizing. The lens blank can 
also be a semi-?nished lens, i.e. a lens Which comprises after 
molding only one of its main faces surfaced or cast to the 
required geometry, and Wherein preferably one face of the 
lens, preferably the front face of the lens, has previously 
been treated With an appropriate coating (anti-re?ection, 
hard coat, primer coating, impact resistant coating, etc. . . . 

) and the remaining face, preferably the rear face of the lens, 
is coated using the process of the invention. Its second face 
has then to be surface-?nished as required. The lens blank 
can also be a polariZed lens or a photochromic lens. 

[0059] The geometrically de?ned surface of the lens sub 
strate (preferably the rear (concave) surface) on Which the 
coatings are to be transferred may be a spherical, toric or 
progressive surface. By geometrically de?ned surface of the 
lens substrate there is meant either an optical surface, that is 
a surface of required geometry and smoothness or a surface 
having a required geometry but that still exhibits some 
roughness, such as a surface that has been grinded and ?ned, 
but not polished. 

[0060] The state of the surface of a lens substrate being 
?ned Without being polished can also be expressed in terms 
of Rq. Typically, the Rq of the ?ned face is above 0.01 pm, 
and preferably ranges from 0.01 pm to 0.5 pm, more 
preferably from 0.05 to 0.25 um. Typically, the surface 
roughness Rq of the polished face of a lens blank is under 
0.01 pm, preferably around 0.005 um. Rq is determined as 
folloWs: 

[0061] A TAYLOR HOBSON FTS (From Talysurf Series 
2) pro?lometer/roughness measuring systems is advanta 
geously used to determine the root-mean-square pro?le 
height Rq (2DRq) of the surface (also referred as roughness 
Rq before). The system includes a laser head (product 
reference 112/2033-541, for example) and a 70 mm long 
feeler (product reference 112/ 1836) having a 2 mm radius 
spherical/conical head. The system measures a tWo-dimen 
sional pro?le in the chosen section plane to obtain a curve 
Z=f(x). The pro?le is acquired over a distance of 20 mm. 
Various surface characteristics can be extracted from this 
pro?le, in particular its shape, undulation and roughness. 

[0062] Accordingly, to determine Rq, the pro?le is subject 
to tWo different processes, namely shape extraction and 
?ltering, Which corresponds to mean line extraction. 
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[0063] The various steps for determining a parameter Rq 
of this kind are as follows: 

[0064] 
[0065] 

acquisition of the pro?le Z=f(x), 

shape extraction, 

[0066] ?ltering (mean line extraction), and 

[0067] determination of parameter Rq. 

[0068] The pro?le acquisition step consists in moving the 
stylus of the aforementioned system over the surface of the 
lens in question, to store the altitudes Z of the surface as a 
function of the displacement x. In the shape extraction step, 
the pro?le obtained in the previous step is related to an ideal 
sphere, i.e. a sphere With minimum pro?le differences rela 
tive to that sphere. The mode chosen here is the LS arc mode 
(best circular arc extraction). This provides a curve repre 
sentative of the characteristics of the pro?le of the surface in 
terms of undulation and roughness. The ?ltering step retains 
only defects corresponding to certain Wavelengths. The aim 
is to exclude undulations, a form of defect With Wavelengths 
higher than the Wavelengths of defects due to roughness. 
Here the ?lter is of the Gaussian type and the cut-off used is 
0.25 mm. 

[0069] Rq is determined from the curve obtained using the 
folloWing equation: 

[0070] Where Zn is, for each point, the algebraic differ 
ence Z relative to the mean line calculated during ?ltering. 

[0071] The surface of the lens substrate can be a naked 
surface, i.e. a surface free of any deposited coating layer, or 
it can be a surface already covered With one or more 
functional coating layers, in particular a primer coating 
layer. 
[0072] Although the lens substrate can be made of mineral 
glass or organic glass, it is preferably made of organic glass. 
The organic glasss can be either thermoplastic materials 
such as polycarbonates and thermoplastic polyurethanes or 
thermosetting (cross-linked) materials such as diethylene 
glycol bis(allylcarbonate) polymers and copolymers (in par 
ticular CR 39® from PPG Industries), thermosetting poly 
urethanes, polythiourethanes, polyepoxides, polyepisul?des, 
poly(meth)acrylates, polythio(meth)acrylates, as Well as 
copolymers thereof and blends thereof. Preferred materials 
for the lens substrate are polycarbonates and diethylene 
glycol bis(allylcarbonate) copolymers, in particular sub 
strates made of polycarbonate. 

[0073] The geometrically de?ned surface of the lens sub 
strate to be coated is preferably pretreated to promote 
adhesion of the transparent adhesive composition layer. Any 
physical or chemical adhesion promoting pretreatment step 
can be used such as a solvent treatment, a NaOH treatment 
or a corona discharge treatment. Preferably the geometri 
cally de?ned surface of the lens substrate to be coated is 
pretreated by corona discharge. 

[0074] The layer of transparent adhesive composition is 
either formed on the coating or stack of coatings borne by 
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the carrier, or on the geometrically de?ned surface of the 
lens substrate on Which the coatings are transferred, prefer 
ably on the coating or stack of coatings of the carrier. 

[0075] An important feature of the process of the inven 
tion is that the layer of a transparent adhesive composition 
is brought to a state at Which the layer becomes un?oWable 
under the process conditions, if it is not already in such an 
un?oWable state at the end of deposition step (c). This means 
that, at least before moving step (e) and pressing step (f), the 
transparent adhesive composition layer, if necessary, has 
been pre-cured or dried to a hardened state such that the 
layer Will not be signi?cantly spreadable, in particular under 
the pressing and optional heating steps of the invention 
process. Although the thickness of the transparent adhesive 
composition layer in the (?nal) recovered coated lens sub 
strate may be very slightly different from the thickness of the 
dry transparent adhesive composition layer as initially 
deposited on the functional coating or the geometrically 
de?ned surface of the lens substrate, the hardened (un?oW 
able) state of the adhesive layer is such that the layer, When 
pressed and optionally heated during the process, cannot 
?oW over the lens substrate surface. 

[0076] Another important feature is that there is a direct 
contact betWeen the layer of transparent adhesive composi 
tion and the surface that Will come into contact With the 
adhesive layer. In particular, there is no liquid layer, espe 
cially no Water based liquid betWeen the layer of transparent 
adhesive composition and the surface that Will come into 
contact With the adhesive layer. 

[0077] In a preferred embodiment, the process of the 
invention provides a recovered coated lens substrate, in 
Which the layer of transparent adhesive composition is of 
uniform thickness. By uniform thickness, it is meant a 
substantially constant thickness over the entire layer area, 
such that variation of thickness of the layer has no conse 
quence on the optical poWer of the ?nal lens. 

[0078] More precisely, thickness of a layer can be consid 
ered as uniform, When the thickness difference between the 
maximum thickness and the minimum thickness of the layer 
is not more than 2.0 um, preferably not more than 1.0 pm 
and more preferably not more than 0.65 pm Whatever the 
lens curve is spheric, toric or has a progressive shape. 
Thanks to the evenly pre-applied layer of adhesive, the risk 
of optical distortion induced by the coating transfer process 
is greatly reduced. Thus, it is possible to transfer coatings on 
all kind of optical poWer lenses including lenses having a 
progressive surface With a very precise optical quality. 

[0079] Generally, the thickness of the layer of the trans 
parent adhesive composition ranges from 0.5 to 20 um, 
preferably 1 to 20 pm, more preferably 1 to 5 um and even 
better 1 to 3 pm once brought to a state at Which the layer 
becomes un?oWable under the process conditions. Deposi 
tion of the transparent adhesive composition layer can be 
performed by any of the techniques knoWn in the art, such 
as dip coating, ?oW coating, spin coating or dry transfer, 
preferably spin coating. The transparent adhesive composi 
tion can be of any kind, provided that it can be applied by 
the above coating methods and brought to a state at Which 
the layer becomes un?oWable under the process conditions. 
The transparent adhesive composition is preferably selected 
from the group consisting of pressure-sensitive adhesives 
(PSA) and hot-melt adhesives (HMA). 



US 2006/0219347 A1 

[0080] By “pressure-sensitive adhesive” (or sometimes 
“self-adhesive material”), it is meant a distinct category of 
adhesives. PSAs are aggressively and permanently tacky in 
dry form (solvent-free) at room temperature or at tempera 
ture of use. They are characterized by their ability to ?rmly 
adhere to a variety of dissimilar surfaces under a slight 
pressure by forming Van der Waals bonds With said surfaces. 
In any case, no other external energy (such as temperature, 
solvent, UV . . . ) but pressure is compulsory to form the 

adhesive joint. HoWever, other external energy may be used 
to enhance the adhesive performance. Another requirement 
is that PSAs should have a su?icient cohesive strength to be 
removed by peeling Without leaving residues to said sur 
faces. PSAs are available into three forms: solvent borne, 
Water borne (latex) and the form obtained by hot melt 
process. The dry and un?oWable PSA layers according to the 
invention may be formed by evenly applying a liquid form 
or by transferring a dry layer previously formed on either a 
geometrically de?ned surface of the lens substrate or a 
functional coating. Thereafter, if liquid, the deposited layer 
is dried to an un?oWable state by heating. Usually, heating 
Will be performed at a temperature ranging from 400 C. to 
1300 C. 

[0081] By “hot-melt adhesive”, it is intended to mean a 
room temperature solid but ?exible adhesive, Which melts or 
drops in viscosity upon heating, and rapidly sets With 
cooling to create a bond. Preferably, the HMA used in the 
present invention Will not be ?oWable even after heating of 
step g) because it is laminated ?rstly in very tight conditions. 
So the variation of thickness of the adhesive layer in the ?nal 
lens, When coatings are transferred, Will typically be less 
than 2 microns. 

[0082] HMAs can be repeatedly softened by heat and 
hardened or set by cooling (thermoplastic HMAs), except 
for reactive HMAs, Which are applied like conventional 
HMAs but cross-link forming permanent, non-remelting 
bonds. Additives such as siloxanes or Water can be used to 
form the cross-linked bonds. An important property of 
HMAs is the ability to solidify or congeal or “set” very 
rapidly under normal ambient conditions, preferably almost 
instantaneously, When cooling doWn from the application 
temperature. They are available in dry form, or in solvent 
and latex based forms. The dry and un?oWable layers 
according to the invention may be formed by evenly apply 
ing a liquid form on either a geometrically de?ned surface 
of the lens substrate or a functional coating. Thereafter, the 
deposited liquid latex layer is dried to an un?oWable state by 
heating. Usually, heating Will be performed at a temperature 
ranging from 400 C. to 1300 C. When a dry form is used, it 
is heated to the temperature Where it Will ?oW readily, and 
then it is applied to either a geometrically de?ned surface of 
the lens substrate or a functional coating. It can also be 
extruded into place by using a hot-melt extruder or die face. 

[0083] Step (g), consists in applying heat during pressing 
step (f). Applied heat preferably ranges from 50 to 1200 C. 
(“tacky temperature”). Heating condition and time are very 
important to obtain a good adhesion in the case of HMAs. 

[0084] As is knoWn in the art, if a polymer or polymer 
blend does not have the properties of a PSA or a HMA per 
se Within the meaning of these terms as used herein, it can 
function as a PSA or a HMA by admixture With small 

quantities of additives. In some embodiments, the transpar 
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ent adhesive composition of the invention may comprise, 
apart from the polymer material, tacki?ers, preferably tacki 
?er resins, plasticizers, diluents, Waxes, liquid oils and 
various other components for adjusting the tack, rheology 
characteristics (including viscosity, thixotropy, and the like), 
adhesive bond strength characteristics, rate of “set”, loW 
temperature ?exibility, color, odor, etc. Such plasticizers or 
tackifying agents are preferably compatible With the blend 
of polymers, and include: aliphatic hydrocarbons, mixed 
aliphatic and aromatic hydrocarbons, aromatic hydrocar 
bons, hydrogenated esters and polyterpenes. 

[0085] In a preferred embodiment, the transparent adhe 
sive composition may also include an effective amount of a 
coupling agent (as de?ned hereinafter) in order to promote 
its adhesion With the geometrically de?ned surface of the 
lens substrate and/or the functional coating to be transferred, 
in particular an abrasion and/or scratch-resistant coating 
layer. The transparent adhesive composition may also com 
prise a classical dye or a photochromic dye. 

[0086] The families of PSAs are classi?ed according to the 
main elastomer used in the adhesive formulation. The main 
families are: natural rubber based PSAs, polyacrylates based 
PSAs (such as polyethylhexyl acrylate, poly n-butyl acry 
late), styrenic block copolymers based PSAs [such as Sty 
rene-Isoprene (SI), Styrene-Isoprene-Styrene (SIS), Sty 
rene-Butadiene (SB), Styrene-Butadiene-Styrene (SBS)], 
and mixtures thereof. Styrene-butadiene random copoly 
mers, butyl rubber, polyisobutylene, silicon polymers, syn 
thetic polyisoprene, polyurethanes, polyvinyl ethyl ethers, 
polyvinyl pyrrolidone, and mixtures thereof, may also be 
used as bases for PSA formulations. For examples, see 
Sobieski et al., Handbook of Pressure-Sensitive Adhesive 
Technology, 2nd ed., pp. 508-517 (D. Satas, ed.), Van 
Nostrand Reinhold, NeW York (1989), incorporated by ref 
erence in its entirety. 

[0087] The PSAs used in this invention are preferably 
selected from polyacrylate based PSAs and styrenic block 
copolymers based PSAs. 

[0088] Examples of polymers, Which can be used for 
formulating HMAs are solvent-free polyamides, polyethyl 
ene, polypropylene and other ole?n-type polymers, polyure 
thanes, polyvinyl pyrrolidones, polyesters, poly 
(meth)acrylic systems, other copolymers thereof, and 
mixtures thereof. The hot-melt adhesives according to the 
invention are preferably selected from dry poly(meth)acrylic 
latexes, such as the acrylic latex commercialized under the 
name Acrylic latex A-639 by Zeneca, dry polyurethane 
latexes, such as the latexes commercialized under the names 
W-240 and W-234 by Baxenden, dry polyester latexes and 
mixtures thereof. Preferred latexes are polyurethane latexes. 
Other preferred latexes are core/ shell latexes such as those 
described in US. Pat. No. 6,503,631 to Essilor and espe 
cially latexes based on alkyl(meth)acrylates such as butyl 
acrylate or butyl methacrylate. 

[0089] The carrier, Which bears the coating layers to be 
transferred, is a rigid or ?exible carrier, preferably a ?exible 
carrier. The ?exible carrier is a removable carrier, i.e. a 
carrier that is intended to be removed at the end of the 
coating transfer process, so that only the coating or stack of 
coatings are transferred to the geometrically de?ned surface 
of the lens substrate after completion of the process. Pre 
ferred ?exible carrier may be a thin supporting element 
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made of a plastic material especially a thermoplastic mate 
rial. Examples of thermoplastic (co)polymers, Which can be 
used for making the carrier are polysulfones, aliphatic 
poly(meth)acrylates, such as methyl poly(meth)acrylate, 
polyethylene, polypropylene, polystyrene, SBM (styrene 
butadiene-methyl methacrylate) block copolymers, polyphe 
nylene sul?de, arylene polyoxides, polyimides, polyesters, 
polycarbonates such as bisphenol A polycarbonate, PVC, 
polyamides such as the nylons, other copolymers thereof, 
and mixtures thereof. The preferred thermoplastic material 
is polycarbonate. Such a removable ?exible carrier generally 
has a thickness of 0.2 to 5 mm, preferably from 0.5 to 2 mm. 

[0090] Usual functional coatings, as is Well knoWn, com 
prise anti-fouling top coats, anti-re?ection coatings, anti 
abrasion- and/or scratch-resistant coatings, impact-resistant 
coatings, polarized coatings, photochromic coatings, dyed 
coatings, printed layers, microstructured layers. Preferably, 
functional coatings used in the present invention are selected 
from the group consisting of an anti-fouling top coat, an 
anti-re?ection coating, an abrasion- and/or scratch-resistant 
coating and an impact-resistant coating. Generally, the main 
surface of the carrier bears a stack of several functional 
coating layers. Ideally, said stack of several functional 
coatings comprises, starting from the carrier main surface an 
anti-fouling top coat layer, an anti-re?ection coating (AR 
coating) layer, an abrasion- and/or scratch-resistant coating 
(hardcoat) layer and optionally an impact-resistant primer 
coating layer, these layers being deposited in this indicated 
order (reverse from the ?nal order on the optical article). It 
is Worth noting that the transparent adhesive composition 
layer may advantageously act as an impact-resistant primer 
coating. Then, it preferably ful?lls the preferred require 
ments of impact resistant primer coatings, such as a Tg of 
less than 30° C., as described hereinafter. 

[0091] It is also Worth noting, that the coating or the 
outermost coating of the coating stack may be coated With 
a protecting and releasing coating, Which acts to protect it 
and has to be removed before implementing the process of 
the invention. 

[0092] The anti-fouling top coat, Which in the ?nished 
optical article constitutes the outermost coating on the lens 
substrate, is intended for improving dirty mark resistance of 
the ?nished optical article and in particular of the anti 
re?ection coating. 

[0093] As knoWn in the art, an anti-fouling top coat is a 
layer Wherein the stationary contact angle to deioniZed Water 
is at least 60°, preferably at least 75° and more preferably at 
least 90°, and even better more than 100°. The stationary 
contact angle is determined according to the liquid drop 
method in Which a Water drop having a diameter smaller 
than 2 mm is formed on the optical article and the contact 
angle is measured. 

[0094] The anti-fouling top coats preferably used in this 
invention are those Which have a surface energy of less than 
14 m J oules/m2. The invention has a particular interest When 
using anti-fouling top coats having a surface energy of less 
than 13 m Joules/m2 and even better less than 12 m Joules/ 
m . 

[0095] The surface energy values referred just above are 
calculated according to OWens Wendt method described in 
the folloWing document: OWens, D. K.; Wendt, R. G. 
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“Estimation of the surface force energy of polymers”, J. 
Appl. Polym. Sci. 1969, 51, 1741-1747. 

[0096] Such anti-fouling top coats are Well knoWn in the 
art and are usually made of ?uorosilicones or ?uorosilaZanes 
i.e. silicones or silaZanes bearing ?uorine-containing groups, 
Which are both hydrophobic and oleophobic. Example of a 
preferred anti-fouling top coat material is the product com 
mercialiZed by Shin Etsu under the name KP 801M. 

[0097] The top coat may be deposited onto the carrier 
using any typical deposition process, but preferably using 
thermal evaporation technique. 

[0098] Thickness of the anti-fouling top coat usually 
ranges from 1 to 30 nm, preferably 1 to 15 nm, more 
preferably 1 to 5 nm. 

[0099] Anti-re?ection coatings and their methods of mak 
ing are Well knoWn in the art. The anti-re?ection can be any 
layer or stack of layers Which improves the anti-re?ective 
properties of the ?nished optical article. The anti-re?ection 
coating may preferably consist of a mono- or multilayer ?lm 
of dielectric materials such as SiO, SiO2 Si3N4, TiO2, ZrO2, 
A1203, MgF2 or Ta2O5, or mixtures thereof. 

[0100] The anti-re?ection coating can be applied in par 
ticular by vacuum deposition according to one of the fol 
loWing techniques: 

[0101] 
[0102] 2)iby spraying using an ion beam, 

1)iby evaporation, optionally ion beam-assisted; 

[0103] 3)iby cathode sputtering; or 

[0104] 4)iby plasma-assisted vapor-phase chemical 
deposition. 
[0105] The anti-re?ection coating can be applied by apply 
ing liquid solutions, preferably by a spin coating process. 

[0106] In case Where the anti-re?ection coating includes a 
single layer, its optical thickness must be equal to M 4, Where 
7» is a Wavelength of 450 to 650 nm. Preferably, the anti 
re?ection coating is a multilayer ?lm comprising three or 
more dielectric material layers of alternatively high and loW 
refractive indexes. 

[0107] Of course, the dielectric layers of the multilayer 
anti-re?ection coating are deposited on the carrier or the 
anti-fouling top coat in the reverse order they should be 
present on the ?nished optical article. 

[0108] A preferred anti-re?ection coating may comprises a 
stack of four layers formed by vacuum deposition, for 
example a ?rst SiO2 layer having an optical thickness of 
about 100 to 160 nm, a second ZrO2 layer having an optical 
thickness of about 120 to 190 nm, a third SiO2 layer having 
an optical thickness of about 20 to 40 nm and a fourth ZrO2 
layer having an optical thickness of about 35 to 75 nm. 

[0109] Preferably, after deposition of the four-layer anti 
re?ection stack, a thin layer of SiO2 of 1 to 50 nm thick 
(physical thickness) may be deposited. This layer promotes 
the adhesion betWeen the anti-re?ection stack and the abra 
sion- and/or scratch-resistant coating generally subsequently 
deposited, and is not optically active. 

[0110] The next layer to be deposited is the abrasion 
and/or scratch-resistant coating. Any knoWn optical abra 
sion- and/or scratch-resistant coating composition can be 
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used to form the abrasion- and/or scratch-resistant coating. 
Thus, the abrasion- and/or scratch-resistant coating compo 
sition can be a UV and/or a thermal curable composition. 

[0111] By de?nition, an abrasion- and/or scratch-resistant 
coating is a coating Which improves the abrasion- and/or 
scratch-resistance of the ?nished optical article as compared 
to a same optical article but Without the abrasion- and/or 
scratch-resistant coating. 

[0112] Preferred abrasion- and/or scratch-resistant coat 
ings are those made by curing a precursor composition 
including epoxyalkoxysilanes or a hydrolyZate thereof, 
optionally colloidal mineral ?llers and a curing catalyst. 
Examples of such compositions are disclosed in US. Pat. 
No. 4,211,823, WO Pat. No. 94/10230, US. Pat. No. 5,015, 
523, EP Pat. No. 614957. 

[0113] The most preferred abrasion- and/or scratch-resis 
tant coating compositions are those comprising as the main 
constituents an epoxyalkoxysilane such as, for example, 
y-glycidoxypropyl-trimethoxysilane (GLYMO) and a 
dialkyldialkoxysilane such as, for example dimethyldiethox 
ysilane (DMDES), colloidal silica and a catalytic amount of 
a curing catalyst such as aluminum acetylacetonate or a 
hydrolyZate thereof, the remaining of the composition being 
essentially comprised of solvents typically used for formu 
lating these compositions. 

[0114] In order to improve the adhesion of the abrasion 
and/or scratch-resistant coating to the impact-resistant 
primer coating to be subsequently deposited or to the 
transparent adhesive composition layer, an effective amount 
of at least one coupling agent can be added to the abrasion 
and/or scratch-resistant coating composition. The preferred 
coupling agent is a pre-condensed solution of an epoxy 
alkoxysilane and an unsatured alkoxysilane, preferably com 
prising a terminal ethylenic double bond. 

[0115] Examples of epoxyalkoxysilanes are GLYMO, 
y-glycidoxypropyl-pentamethyldisiloxane, y-glycidoxypro 
pyl-methyl-diisopropenoxysilane, y-glycidoxypropyl-me 
thyl-diethoxysilane, y-glycidoxypropyl-dimethyl-ethoxysi 
lane, y-glycidoxypropyl-diisopropyl-ethoxysilane and 
y-glycidoxypropyl-bis (trimethylsiloxy)methylsilane. The 
preferred epoxyalkoxysilane is GLYMO. 

[0116] The unsatured alkoxysilane can be a vinylsilane, an 
allylsilane, an acrylic silane or a methacrylic silane. 

[0117] Examples of vinylsilanes are vinyltris(2-methoxy 
ethoxy)silane, vinyltrisisobutoxysilane, vinyltri-tert-butox 
ysilane, vinyltriphenoxysilane, vinyltrimethoxysilane, 
vinyltriisopropoxysilane, vinyltriethoxysilane, vinyltriac 
etoxysilane, vinylmethyldiethoxysilane, vinylmethyldiac 
etoxy-silane, vinylbis (trimethylsiloxy)silane and 
vinyldimethoxyethoxysilane. 
[0118] Examples of allylsilanes are allyltrimethoxysilane, 
alkyltriethoxysilane and allyltris(trimethylsiloxy)silane. 

[0119] Examples of acrylic silanes are 3-acryloxypropyl 
tris(trimethylsiloxy) silane, 3-acryloxy-propyl-trimethox 
ysilane, acryloxy-propylmethyldimethoxysilane, 3-acrylox 
ypropyl-methylbis(trimethylsiloxy)silane, 
3-acryloxypropyl-dimethylmethoxysilane, N-(3-acryloxy-2 
hydroxypropyl)-3-aminopropyl-triethoxysilane. 
[0120] Examples of methacrylic silanes are 3-methacry 
loxypropyltris (vinyldimethoxylsiloxy)silane, 3-methacry 
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loxypropyltris (trimethyl siloxy) silane, 3 -methacryloxypro - 
pyltris (methoxyethoxy)silane, 3 -methacryloxy -propyl - 
trimethoxysilane, 3 -methacryloxypropyl-pentamethyl - 
disiloxane, 3-meth-acryloxy-propyl 
methyl dimethoxysilane, 3 -methacryloxy -propylmethyl - 
diethoxy-silane, 3 -methacryloxypropyl-dimethyl - 
methoxysilane, 3-methacryloxy-propyl 
dimethylethoxysilane, 3-methacryloxy-propenyl 
trimethoxy-silane and 3-methacryloxy 
propylbis(trimethylsiloxy)methylsilane. 
[0121] The preferred silane is acryloxypropyl-trimethox 
ysilane. 
[0122] Preferably, the amounts of epoxyalkoxysilane(s) 
and unsaturated alkoxysilane(s) used for the coupling agent 
preparation are such that the Weight ratio: 

Weight of epoxyalkoxysilane 
_ Weight of unsaturated alkoxysilane 

veri?es the condition 082R; 1.2. 

[0123] The coupling agent preferably comprises at least 
50% by Weight of solid material from the epoxyalkoxysi 
lane(s) and unsaturated alkoxysilane(s) and more preferably 
at least 60% by Weight. The coupling agent preferably 
comprises less than 40% by Weight of liquid Water and/or 
organic solvent, more preferably less than 35% by Weight. 

[0124] The expression “Weight of solid material from 
epoxyalkoxy silanes and unsatured alkoxysilanes” means 
the theoretical dry extract from those silanes Which is the 
calculated Weight of unit Qk Si O(4_k)/2 Where Q is the 
organic group that bears the epoxy or unsaturated group and 
Qk Si O(4_k)/2 comes from Qk Si R'O(4_k) Where SiiR' reacts 
to form Si4OH on hydrolysis. 

[0125] k is an integer from 1 to 3 and is preferably equal 
to 1. 

[0126] R' is preferably an alkoxy group such as OCH3. 

[0127] The Water and organic solvents referred to above 
come from those Which have been initially added in the 
coupling agent composition and the Water and alcohol 
resulting from the hydrolysis and condensation of the alkox 
ysilanes present in the coupling agent composition. 

[0128] Preferred preparation methods for the coupling 
agent comprise: 

[0129] 
[0130] 2) hydrolysing the alkoxysilanes, preferably by 
addition of an acid, such a hydrochloric acid 

[0131] 3) stirring the mixture 

1) mixing the alkoxysilanes 

[0132] 4) optionally adding an organic solvent 

[0133] 5) adding one or several catalyst(s) such as alumi 
num acetylacetonate 

[0134] 6) Stirring (typical duration: overnight). 

[0135] Typically, the amount of coupling agent introduced 
in the scratch-resistant coating composition represents 0.1 to 
15% by Weight of the total composition Weight, preferably 
1 to 10% by Weight. 
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[0136] The abrasion- and/or scratch-resistant coating com 
position can be applied on the anti-re?ection coating using 
any classical method such as spin, dip or ?oW coating. 

[0137] The abrasion- and/or scratch-resistant coating com 
position can be simply dried or optionally pre-cured before 
application of the subsequent impact-resistant primer coat 
ing layer (Which may be the transparent adhesive composi 
tion layer) or implementation of the process of the invention. 
Depending upon the nature of the abrasion- and/or scratch 
resistant coating composition, thermal curing, UV-curing or 
a combination of both can be used. 

[0138] Thickness of the abrasion- and/or scratch-resistant 
coating, after curing, usually ranges from 1 to 15 um, 
preferably from 2 to 6 pm, preferably from 3 to 5 microns. 

[0139] Before applying the impact resistant primer on the 
scratch-resistant coating, it is possible to subject the surface 
of the scratch-resistant coating to a corona treatment or a 
vacuum plasma treatment, in order to increase adhesion. 

[0140] The impact-resistant primer coating can be any 
coating typically used for improving impact resistance of a 
?nished optical article. Also, this coating generally enhances 
adhesion of the scratch-resistant coating on the substrate of 
the ?nished optical article. By de?nition, an impact-resistant 
primer coating is a coating Which improves the impact 
resistance of the ?nished optical article as compared With the 
same optical article but Without the impact-resistant primer 
coating. 

[0141] Typical impact-resistance primer coatings are 
(meth)acrylic based coatings and polyurethane based coat 
ings. 

[0142] (Meth)acrylic based impact-resistant coatings are, 
among others, disclosed in Us. Pat. Nos. 5,015,523 and 
6,503,631 Whereas thermoplastic and cross-linked based 
polyurethane resin coatings are disclosed inter alia, in Japa 
nese Pat. Nos. 63-141001 and 63-87223, EP Pat. No. 
0404111 and Us. Pat. No. 5,316,791. 

[0143] In particular, the impact-resistant primer coating 
according to the invention can be made from a latex com 
position such as a poly(meth)acrylic latex, a polyurethane 
latex or a polyester latex. 

[0144] Among the preferred (meth)acrylic based impact 
resistant primer coating compositions there can be cited 
polyethylene glycol(meth)acrylate based compositions such 
as, for example, tetraethylene glycoldiacrylate, polyethylene 
glycol (200) diacrylate, polyethylene glycol (400) diacry 
late, polyethylene glycol (600) di(meth)acrylate, as Well as 
urethane (meth)acrylates and mixtures thereof. 

[0145] Preferably the impact-resistant primer coating has 
a glass transition temperature (Tg) of less than 30° C. 
Among the preferred impact-resistant primer coating com 
positions, there may be cited the acrylic latex commercial 
iZed under the name Acrylic latex A-639 by Zeneca and 
polyurethane latexes commercialized under the names 
W-240 and W-234 by Baxenden. 

[0146] In a preferred embodiment, the impact-resistant 
primer coating may also include an effective amount of a 
coupling agent in order to promote adhesion of the primer 
coating to the optical substrate and/ or to the scratch-resistant 
coating. The same coupling agents, in the same amounts, as 
for the scratch-resistant coating compositions, can be used 
With the impact-resistant coating compositions. 
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[0147] The impact-resistant primer coating composition 
can be applied on the scratch-resistant coating using any 
classical method such as spin, dip, or ?oW coating. 

[0148] The impact-resistant primer coating composition 
can be simply dried or optionally pre-cured before molding 
of the optical substrate. Depending upon the nature of the 
impact-resistant primer coating composition, thermal cur 
ing, UV-curing or a combination of both can be used. 

[0149] Thickness of the impact-resistant primer coating, 
after curing, typically ranges from 0.05 to 30 um, preferably 
0.5 to 20 um and more particularly from 0.6 to 15 um, and 
even better 0.6 to 5 um. 

[0150] Given that the ?exible carrier of the functional 
coating layers is intended to be WithdraWn at the completion 
of the process, it may be ?rst coated With a layer of release 
agent, Which may optionally be removed at the end of the 
process of the invention. In one embodiment, the anti 
fouling top coat de?ned above advantageously acts as a 
non-removable release agent layer. 

[0151] The force applied in pressing step (f) of the inven 
tive process can be obtained by applying pressure, in par 
ticular air pressure, or vacuum to the carrier. The applied 
pressure Will typically range from 0.35 to 4.2 bar (5 to 60 
psi), preferably 0.35 to 3 bar and better 0.35 to 2.1 bar (5 to 
30 psi). When vacuum is used for creating the application 
force, the typically applied force may be above 5 NeWtons, 
preferably above 10 NeWtons, more preferably above 15 
NeWtons. Air pressure may be applied using an in?atable 
membrane apparatus as disclosed in international patent 
application WO 03/004255. A general description of a 
vacuum structure alloWing transferring the coatings can be 
found in Us. Pat. No. 4,242,162. 

[0152] In order to improve the conformation of the carrier 
to the surface of the lens substrate on Which the coatings 
have to be transferred, especially if the transfer is imple 
mented on the front face of the lens substrate, one can use 
an additional means to increase the pressure on the carrier. 
Typically, one can use a pad, optionally deformable, Which 
can conform to the general shape of the carrier and increase 
the pressure applied to the carrier. 

[0153] Referring noW to the draWings and in particular to 
FIGS. 1A to 1C, a lens substrate 1 having a concave surface 
2 is placed on a supporting element (not represented) With its 
concave (rear) surface 2 facing upWardly. A ?exible carrier 
3, a main surface of Which has been previously coated With 
at least one functional coating 4 and a layer of a transparent 
adhesive composition 5 according to the invention, brought 
to a state at Which the layer becomes un?oWable under the 
process conditions, is placed onto a supporting element (not 
represented) With the transparent adhesive composition 
layer facing doWnWardly. 

[0154] Deposition of the at least one functional coating 4 
and transparent adhesive composition layer 5 on the surface 
of the ?exible carrier 3 can be done through any usual 
deposition process employed in the optical ?eld, such as 
vacuum deposition, spin coating, ?oW coating, dip coating 
etc . . . . Of course, the deposition process Will depend on the 

nature of the coating layer or layers and of the transparent 
adhesive composition layer deposited on the surface of the 
?exible carrier 3. 

[0155] Thereafter, the supporting elements are moved 
relatively to each other to bring into direct contact transpar 
ent adhesive composition layer 5 and the surface of the lens 
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substrate 2, Which are then pressed together in such a 
manner that the exerted pressure shall be insufficient to 
impart any deformation to the lens substrate 1. Heat is 
applied during pressing step (f) if the transparent adhesive 
composition is selected from the group consisting of hot 
melt adhesives (HMA) compositions. In general, if the 
transparent adhesive composition is selected from the group 
consisting of pressure-sensitive adhesive compositions, no 
heat is applied during pressing step (f), although heat may be 
used if desired. 

[0156] The heating source in that particular case of the 
present invention could be an air oven With temperature 
from 70 to 1200 C., or a hot Water bath from 70° C. to 1000 
C., IR heat source or microWave source. Heating time could 
be from feW minutes to 30 minutes, for example heat is 
applied for 3 to 30 minutes. 

[0157] As shoWn in FIG. 1B, the assembly formed by the 
lens substrate 1, the transparent adhesive composition layer 
5, the at least one functional coating 4, and the ?exible 
carrier 3 is then placed in the particular case of HMA into a 
device for heating. After this optional heating step, the 
pressure is released, the ?exible carrier 3 is WithdraWn and 
the lens substrate 1 having at least one functional coating 4 
adhering to its concave surface 2 through the layer of 
transparent adhesive composition 5 is recovered as shoWn in 
FIG. 1C. 

[0158] FIGS. 2A to 2C represent the main steps of a 
similar process as disclosed in connection With FIGS. 1A to 
1C except that the transparent adhesive composition layer 5 
is formed on the concave (rear) surface 2 of the lens 
substrate 1. 

[0159] The folloWing examples illustrate the present 
invention. 

EXAMPLES 

[0160] General Considerations 

[0161] In examples 1 to 3, the carrier is a polycarbonate 
(PC) carrier (Spherical: 5.80 base) bearing on its convex 
surface a coating stack including, starting from the carrier, 
an anti-fouling top coat, an anti-re?ection coating and an 
abrasion and/or scratch-resistant coating. A transparent 
adhesive composition layer also acting as an impact resistant 
primer composition is formed on the abrasion- and/or 
scratch-resistant coating. The assembly of the coating stack 
and the transparent adhesive composition layer is called the 
“HMC coating”. 

[0162] The PC carrier bearing the HMC coating is called 
the “HMC carrier”. 

[0163] STEP 1: Deposition of a Protecting and Releasing 
Coating 

[0164] The composition of the protecting and releasing 
coating is as folloWs: 

TABLE 1 

Component Parts by Weight 

PETA LQ (acrylic ester of pentaerythritol) 5.00 
DoWanol PnP 5.00 
DoWanol PM 5.00 
n-propanol 5.00 
1360 (Silicone Hexa-acrylate, Radcure) 0.10 

Oct. 5, 2006 

TABLE 1-continued 

Component Parts by Weight 

Coat-O-Sil 3503 (reactive ?ow additive) 0.06 
Photoinitiator 0.20 

[0165] The PC carrier is cleaned using soapy Water and 
dried With compressed air. The carrier convex surface is then 
coated With the above protecting coating composition via 
spin coating With application speed of 600 rpm for 3 seconds 
and dry speed of 1200 rpm for 6 seconds. The coating is 
cured using Fusion System H+ bulb at a rate of 1.524 
m/minute (5 feet per minute). 

[0166] This protecting and releasing coating Will not be 
transferred and Will stay on the carrier after transferring the 
HMC coating. 

[0167] STEP 2: Deposition of an Anti-Fouling Top Coat 
and Anti-Re?ection (AR) Coating 

[0168] The PC carrier after deposition of the protecting 
coating is vacuum coated as folloWs: 

[0169] A/ Standard Vacuum AR Treatment: The Vacuum 
AR treatment is accomplished in a standard box coater using 
Well knoWn vacuum evaporation practices. The folloWing is 
one procedure for obtaining the VAR on the carrier: 

[0170] 1. The carrier having the protective coating already 
applied on the surface is loaded into a standard box coater 
and the chamber is pumped to a high vacuum level. 

[0171] 2. Anti-fouling coating (Chemical=Shin Etsu KP 
801M) is deposited onto the surface of the carrier using a 
thermal evaporation technique, to a thickness in the range of 
2-15 nm. 

[0172] 3. The dielectric multilayer AR coating, consisting 
of a stack of sub-layers of high and loW refractive index 
materials is then deposited, in reverse of the normal order. 
Details of this deposition are as such: 

[0173] The optical thicknesses of the alternating loW and 
high refractive index layers are presented in the table (They 
are deposited in the indicated order, from the carrier sur 

face): 

TABLE 2 

LoW index 103*162 nm 

High index 124?190 nm 
LoW index 19*37 nm 
High index 37*74 nm 

[0174] A preferred stack, Which is deposited in the 
examples, is a stack Wherein the loW index material is SiO2 
and the high index material is ZrO2. 

[0175] B/ At the completion of the deposition of the 
four-layer anti-re?ection stack, a thin layer of SiO2, com 
prising ofa physical thickness of 1-50 nm, is deposited. This 
layer is intended to promote adhesion betWeen the oxide 
anti-re?ection stack and a lacquer hard-coating Which Will 
be deposited on the coated carrier at a later time. 
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[0176] STEP 3: Deposition of a Hard Coat (HC) & Latex 
Primer Coating 

[0177] The composition of the hard coating is as follows: 

TABLE 3 

Component Parts by Weight 

GLYMO 21.42 
0.1N HCl 4.89 
Colloidal silica 30.50 
Methanol 29.90 
Diacetone alcohol 3.24 
Aluminium acetylacetonate 0.45 
Coupling agent 9.00 
Surfactant FC-430 (3M company) 0.60 

[0178] The composition of the adhesive and impact resis 
tant primer coating is as folloWs: 

TABLE 4 

Component Parts by Weight 

Polyurethane latex W-234 35.0 
Deionized Water 50.0 
2-Butoxy ethanol 15.0 
Coupling agent 5.0 

[0179] This primer coating composition is used as a hot 
melt adhesive composition in the following examples. 

[0180] The PC carrier after deposition of protecting coat 
ing, anti-fouling coating, and AR coating in steps 1 and 2 is 
then spin coated by a HC solution at 600 rpm/ 1200 rpm, and 
pre-cured 10 minutes at 80° C., and again spin coated by the 
adhesive and impact resistant primer composition solution at 
the same speed and post-cured for 1 hour at 80° C. (This 
provides a dry latex layer having a thickness of about 1.8 to 
2 microns). 

[0181] The coupling agent is a pre-condensed solution of: 

TABLE 5 

Component Parts by Weight 

GLYMO (Glycidoxypropyltrimethoxysilane) 10.0 
Acryloxypropyl-trimethoxysilane 10. 0 
0.1 N HCl 0.5 
Aluminum acetylacetonate 0.5 
Diacetone alcohol 1.0 

Testing and Inspection Procedures: 

[0182] Dry adhesion is measured using the cross-hatch 
adhesion test according to ISTM 02010, using 3M 
SCOTCH® no 600 transparent tape. 25 squares are formed. 
Adhesion is rated as folloWs: 

TABLE 6 

Adhesion score Squares removed Area % left intact 

0 0 100 
1 <1 96 
2 1 to 4 96484 
3 >4 to 9 83464 
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TABLE 6-continued 

Adhesion score Squares removed Area % left intact 

4 >9 to 16 
5 >16 

63436 
<36 

[0183] Wet adhesion test: same test method as dry adhe 
sion test except the sample is boiling in hot Water at 1000 C. 
for 30 minutes before implementing the test. 

[0184] Carrier Preparation: 

[0185] 0.5 mm PC carrier made by injection With 5.8 and 
6.4 base are coated on their convex surface With HMC 
coating as disclosed above. 

[0186] B&L Vertometer: 

[0187] It is a lensometer made by Bausch & Lomb Co. The 
Vertometer is a centered optical system consisting of a light 
source, a movable, rotatable target, a standard lens, a tele 
scope, means for holding a spectacle lens at the standard lens 
anterior principle focus, means for rotating and shifting 
target position, and a mechanical coaxial marking device. 
With a spectacle lens centered in position for measuring, the 
target is positioned to be imaged, by the standard lens, at the 
focus of the spectacle lens. In this position the target is 
imaged on the telescope reticle by the spectacle lens, and can 
be vieWed through the telescope eyepiece. The B&L Ver 
tometer enables to inspect lenses and identify lenses With or 
Without any optical distortion or deformation. 

Example 1 

[0188] One uses the HMC carrier described above i.e. the 
PC carrier With the HMC coating comprising an impact 
resistant primer adhesive coating composition comprising a 
HMA polyurethane latex material (W-234, from Baxenden). 
This HMA latex becomes tacky When heated above 600 C. 
The tacky behavior can be repeated With heating and cool 
mg. 

[0189] Then the HMC coating on the carrier Was applied 
at room temperature to the back surface of a polycarbonate 
lens (—2.00, spherical, back curve 5.0) in the manner 
described in connection With FIGS. 1A to 1C: after applying 
an external air membrane pressure (12 psi-0.83 bar), the 
assembly of coated carrier and lens Was heated at 110° C. for 
20 minutes in air oven under the same pressure. Then it Was 
cooled doWn and the carrier Was removed With the HMC 
layer transferred to the lens surface. The transferred coating 
layer has very good adhesion on lens surface With a dry 
adhesion score of 0. There is no AR cracking during this 
transfer. The obtained lens Was checked by B&L Vertometer 
and there Was no any optical distortion or deformation. The 
maximum coating thickness of this polyurethane latex layer 
seen over the entire lens surface is 1.94 um. The minimum 
coating thickness seen over the entire lens surface is 1.38 
um. FIG. 3 is a map of thickness irregularities of the HMA 
layer in the recovered lens substrate obtained in this 
example. As can be seen, thickness is essentially uniform 
over the Whole lens surface. (The latex thickness of the 
sample Was measured on the entire lens (east, West, north 
and south as shoWn in FIG. 5. In FIGS. 3 and 4, y axis is 
the thickness of the polyurethane latex layer in microns and 
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x is the position of measurement on each part of the sample). 
Three lenses made in this process have the same good 
optical results, as seen by B&L Vertometer. 

[0190] It Was also checked that nearly the same HMA 
thickness is obtained When the layer is initially deposited by 
spin-coating and in the ?nal product after the pressing step. 

Comparative Example 1 

Use of a Liquid Curable Adhesive Composition 

[0191] The same procedure as example 1 Was applied, 
except 5 drops (~015 g) of UV acrylic adhesive solution 
Were used instead of a HMA according to the invention. 
Then, the same assembly of carrier and lens Was UV cured 
for 40 seconds. After that, the carrier Was removed With the 
HMC layer transferred to the lens surface. The obtained lens 
has the same coating performance as example 1. Its poWer 
range is Within the Z801 standard (+/—013 Diopt). HoW 
ever, after checked With B&L Vertometer, the lens Was seen 
some optical distortion or optical deformation, Which is due 
to the uneven liquid adhesive layer on the backside of the 
lens. The maximum coating thickness of this acrylic adhe 
sive layer seen over the entire lens surface is 9.80 pm. The 
minimum coating thickness seen over the entire lens surface 
is 1.57 pm. FIG. 4 is a map of thickness irregularities of the 
adhesive layer in the recovered lens substrate obtained in 
this example. As can be seen, there are some areas of the lens 
Where there is more thickness irregularities. Three lenses 
made in this process have the same feW optical distortion/ 
Wave seen in B&L Vertometer. 

[0192] This comparative example shoWs that a better 
optical quality is obtained When using the transfer process 
according to the invention, rather than the traditional liquid 
glue process. The process of the invention delivers a coated 
lens substrate in Which the coating adheres to the lens 
substrate surface through an adhesive layer of uniform 
thickness (1.4 to 1.9 pm, example 1). The traditional liquid 
glue process is inferior in terms of thickness uniformity 
(thickness range: 1.6 to 9.8 um, comparative example 1). 
The present coating transfer process is greatly simpli?ed 
When compared to the traditional one, since no liquid 
adhesive is involved and there is no need to Worry about 
adhesive distribution, amount of the adhesive used and the 
viscosity of the adhesive. Moreover, neither an expensive 
adhesive dispensing device nor an UV curing system is 
required. 

[0193] HMA, PSA can be applied in advance by spin 
coating With a very precise thickness. Adhesive thickness is 
not affected by lamination conditions as in the previous art, 
such as pressure, adhesive amount, adhesive dispense, vis 
cosity of the adhesive, lens and carrier curve, etc: the 
adhesive thickness in this invention can be controlled very 
Well in the entire lens surface Whatever the lens curve or 
carrier curve. On the contrary, adhesive thickness is affected 
by the carrier base and lens curve When using a liquid glue 
process, since this process requires most often a mismatch of 
carrier vs. lens back curve. This means that the carrier base 
is higher than the lens base so that the liquid glue can be 
spread out during the carrier deformation during the pressing 
step. A different carrier base causes a different spreading 
pressure or pattern against the liquid glue When the applied 
pressure is kept constant. As a result, the glue thickness Will 
be slightly different for each type of lens poWer. 
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Example 2 

[0194] Same procedure as example 1, except a UV cross 
linkable PSA formulation Was used. PSA # US02008, Rahn 
Inc. Was diluted in MEK (30/70 W/W) and spin-coated onto 
an HMC carrier (5.80 base). The resulting layer Was then 
exposed to UV radiation for 30 seconds in an inert atmo 
sphere. After exposure, the layer Was dry, yet tacky to the 
touch. The HMC coating on the carrier Was then transferred 
to the back surface of a polycarbonate lens (—2.00 D, back 
curve 5.0) in the manner described in connection With FIGS. 
1A to 1C. An external air pressure (14 psi-0.98 bar) Was 
applied for 30 seconds to the carrier/lens assembly, Without 
UV or heat. After releasing the pressure, the carrier Was 
removed from the back of the lens, With the coating stack 
and PSA layer remaining on the lens. 

Example 3 

[0195] 2.1 g of EscoreZ 5380 resin from Exxon Mobil and 
0.9 g of Vector 4100 block copolymer Were added to 20 g of 
toluene and stirred until both had completely dissolved. This 
Was the starting PSA solution and it contained 13% solids. 
Then it Was prepared by diluting 5 g of starting solution With 
5 g of toluene, resulting in a solution With 6.5% solids to get 
a ?nal PSA solution. After that, it Was spin coated onto the 
convex surface of a 5.8 base HMC pre-coated carrier at the 
folloWing spin coating conditions: 

Spin Coating Parameters 

SloW speed: 500 rpm for 2 seconds 

East speed: 200 rpm for 5 seconds 

[0196] After PSA coating of the PSA layer, the carrier Was 
alloWed to air dry until the odor of toluene Was no longer 
detectable. The convex side of the carrier Was then placed 
onto the concave side of a —2.00 D polycarbonate lens With 
the back curve of 5.0 base, and subjected to the BST 
lamination process using the same procedure as example 1 
except that the applied pressure is 16 psi for the membrane 
pressure, 1 minute holding time at that pressure and no heat 
is applied. After removal of the carrier, the HMC stack Was 
transferred to the backside of the lens. There is no AR 
cracking during this transfer. The obtained lens has very 
good optics and there is no any optical distortion seen in 
B&L Vertometer. 

Example 4 

[0197] To simulate the adhesive thicknesses that Would be 
observed using a transfer process under vacuum, several 
ORMA® lenses Were coated With the W-234 latex (HMA), 
heated, and their surfaces Were then pressed With a poly 
ole?n ?lm (Without coatings) using the vacuum module 
described in US. Pat. No. 4,242,162. 

[0198] The latex coated lenses Were heated to 900 C. and 
the pressure applied Was 10 psi. 

[0199] The thickness of the latex coating Was studied in 
detail over the lens and Was measured optically by the SMR 
instrument. 

[0200] Tables 7-9 shoW latex thickness measurements (in 
pm) at four locations before and after the pressing step With 
the polyole?n ?lm. These tables reveal uniform thickness at 
said four points across the lens surface and minimal thick 
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ness change after the simulated transfer process, Whatever 
the spin-coating rate. Remarkably, similar results are 
obtained in the center and in the periphery of the lens. 

TABLE 7 
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measured from a cross-section part. Epoxy pucks Were 
marked on north side. The specimen Was Washed thoroughly 
after each polishing step. 

Spin-coating at 500 rpm. 

0 deg 90 deg 180 deg 270 deg 

before after before after before after before after 

1 1.32 1.24 1.16 1.13 1.07 1.06 1.13 1.13 
2 1.17 1.32 1.12 1.09 1.18 1.15 1.24 1.23 
3 1.15 1.12 1.17 1.15 1.17 1.15 1.15 1.14 
4 1.12 1.12 1.15 1.17 1.15 1.16 1.11 1.11 
5 1.14 1.15 1.11 1.11 1.24 1.26 1.24 1.22 

Average 1.18 1.19 1.142 1.13 1.162 1.156 1.174 1.166 
Standard 0.0803119 0.0877496 0.0258844 0.0316228 0.0614003 0.0709225 0.061887 0.0550454 
deviation 

[0201] 

TABLE 8 

Spin-coating at 750 rpm. 

0 deg 90 deg 180 deg 270 deg 

before after before after before after before after 

6 0.87 0.85 0.84 0.85 0.88 0.89 0.84 0.85 
7 0.79 0.79 0.83 0.82 0.84 0.83 0.81 0.79 
8 0.79 0.79 0.81 0.82 0.86 0.84 0.79 0.81 
9 0.81 0.81 0.81 0.81 0.82 0.81 0.84 0.85 

10 0.79 0.81 0.8 0.8 0.81 0.8 0.79 0.8 
Average 0.81 0.81 0.818 0.82 0.842 0.834 0.814 0.82 
ST DEV 0.034641 0.0244949 0.0164317 0.0187083 0.0286356 0.0350714 0.0250998 0.0282843 

[0202] 

TABLE 9 

Spin-coating at 1000 rpm. 

0 deg 90 deg 180 deg 270 deg 

before after before after before after before after 

11 0.63 0.63 0.63 0.61 0.63 0.64 0.65 0.68 
12 0.64 0.65 0.64 0.64 0.63 0.63 0.63 0.65 
13 0.61 0.6 0.6 0.61 0.63 0.61 0.63 0.64 
14 0.63 0.5 0.63 0.63 0.62 0.59 0.64 0.63 
15 0.63 0.65 0.64 0.65 0.65 0.65 0.68 0.67 

Average 0.628 0.606 0.628 0.628 0.632 0.624 0.646 0.654 
ST DEV 0.0109545 0.0626897 0.0164317 0.0178885 0.0109545 0.0240832 0.0207364 0.0207364 

(ST DEV is the standard deviation). 

Method of Thickness Measurement of the Entire Lens 
(Example 1 and Comparative Example 1): 

[0203] A) Sample preparing: The lens sample Was cut in 
four small parts as shoWn in FIG. 5 and then it Was 
blocked/?xed by an epoxy resin so that it could be seen 
easily under microscopy. It Was placed in order NWES all 
CX sides pointing north. Take Was cared to get them close 
together and parallel after pouring liquid epoxy around the 
sample piece such that it becomes a disc shape to be 

[0204] B) Thickness measuring With light microscope: 
Nikon Optiphot 2 With brighf?eld and dark?eld illumina 
tion, phase illumination. Objectives 5><40><60><100><150><, 
Q-imaging Micropublisher Cooled CCD Camera 3.3 MPix, 
Diagnostic imaging T60C coupler, various ?lters, Nomarski 
Prisms for differential interference color contrast micros 
copy. PolariZer and analyZer. Episcopic ?uorescence attach 
ment using high pressure Xenon or super high pressure 
mercury arc lamp. 
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1. A process for transferring at least one coating onto at 
least one geometrically de?ned surface of a lens substrate, 
Which comprises the steps of: 

(a) obtaining a carrier having a main surface bearing at 
least one functional coating; 

(b) obtaining a lens substrate having at least one geo 
metrically de?ned surface; 

(c) depositing, either on said at least one functional 
coating or said at least one geometrically de?ned 
surface of the lens substrate, a layer of a transparent 
adhesive composition; 

(d) bringing said layer of transparent adhesive composi 
tion to a state at Which the layer becomes un?oWable 
under the process conditions if said layer is not already 
in such a state at the end of step (c); 

(e) moving the carrier and the lens substrate relatively to 
each other to bring the layer of transparent adhesive 
composition into direct contact With either said at least 
one geometrically de?ned surface of the lens substrate 
or said at least one functional coating; 

(f) pressing together the layer of transparent adhesive 
composition and either said at least one functional 
coating or said at least one geometrically de?ned 
surface of the lens substrate; 

(g) optionally, applying heat during pressing step (f); 

(h) stopping pressing step (f); and 

(i) WithdraWing the carrier to recover the lens substrate 
coated With said at least one functional coating adher 
ing to said at least one geometrically de?ned surface 
through the layer of transparent adhesive composition. 

2. The process of claim 1, Wherein in the recovered coated 
lens substrate, the layer of transparent adhesive composition 
is of uniform thickness. 

3. The process of claim 2, Wherein the thickness of the 
layer of the transparent adhesive composition ranges from 
0.5 to 20 um. 

4. The process of claim 1, Wherein the transparent adhe 
sive composition is selected from the group consisting of 
pressure-sensitive adhesives (PSA) and hot-melt adhesives 
(HMA). 

5. The process of claim 4, Wherein the PSAs are selected 
from polyacrylate based PSAs and styrenic block copoly 
mers based PSAs. 

6. The process of claim 4, Wherein the hot-melt adhesives 
are selected from dry poly(meth)acrylic latexes, polyure 
thane latexes, polyester latex and mixtures thereof. 

7. The process of claim 1, Wherein the layer of transparent 
adhesive composition is deposited by spin coating. 

8. The process of claim 1, Wherein said at least one 
functional coating is selected from the group consisting of 
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an anti-fouling top coat, an anti-re?ection coating, an abra 
sion- and/or scratch-resistant coating and an impact-resistant 
coating. 

9. The process of claim 1, Wherein the main surface of the 
carrier bears a stack of several functional coatings. 

10. The process of claim 9, Wherein the stack of several 
functional coatings comprises, starting from the carrier main 
surface an anti-fouling top coat layer, an anti-re?ection 
coating layer, an abrasion- and/or scratch-resistant coating 
layer and optionally an impact-resistant primer coating 
layer. 

11. The process of claim 10, Wherein the impact resistant 
primer coating layer is the transparent adhesive composition 
layer. 

12. The process of claim 1, Wherein the transparent 
adhesive composition layer acts as an impact-resistant coat 
ing. 

13. The process of claim 1, Wherein the carrier is a ?exible 
carrier. 

14. The process of claim 13, Wherein the ?exible carrier 
is made of a thermoplastic material. 

15. The process of claim 14, Wherein the thermoplastic 
material is polycarbonate. 

16. The process of claim 13, Wherein the ?exible carrier 
has a thickness of 0.2 to 5 mm. 

17. The process of claim 1, Wherein pressing step (f) is 
performed by applying an air pressure to the carrier. 

18. The process of claim 1, Wherein pressing step (f) is 
performed by application of vacuum. 

19. The process of claim 1, Wherein the transparent 
adhesive composition is a pressure-sensitive adhesive com 
position and no heat is applied during pressing step (f). 

20. The process of claim 1, Wherein the transparent 
adhesive composition is a hot-melt adhesive composition 
and heat is applied during pressing step (f). 

21. The process of claim 20, Wherein applied heat ranges 
from 50 to 1200 C. 

22. The process of claim 20, Wherein heat is applied for 
3 to 30 minutes. 

23. The process of claim 13, Wherein the carrier has a 
spherical shape and the lens substrate geometrically de?ned 
surface is a spherical, toric or progressive surface. 

24. The process of claim 1, Wherein the lens substrate is 
made of polycarbonate, thermoplastic or thermosetting poly 
urethanes, polythiourethanes, polyepoxides, polyepisul?des, 
poly(meh)acrylates, diethylene glycol bis(allylcarbonate 
)copolymers, copolymers thereof and blends thereof. 

25. The process of claim 24, Wherein the geometrically 
de?ned surface is pre-treated by a corona discharge treat 
ment. 


