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(57) ABSTRACT 

The present invention provides a method for making colored 
contact lenses and an apparatus for implementing the 
method of the invention. The apparatus of the invention 
comprises a securing means for holding a contact lens or a 
portion of a mold for making the contact lens, a printer head, 
Wherein the printer head comprises one or more noZZles 
each of Which is capable of jetting droplets of color liquid 
independent of each other under control of a computer 
system; a positioning means for precisely positioning the 
printer head at each of a plurality of predetermined posi 
tions, one at a time, on a surface of the contact lens or the 
mold portion under control of the computer system. The 
method and apparatus of the invention are useful for pro 
ducing colored contact lenses having high quality color 
images thereon. 
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INK-J ET PRINTING SYSTEM FOR PRINTING 
COLORED IMAGES ON CONTACT LENSES 

[0001] The present invention generally relates to systems 
and methods for making colored contact lenses. More spe 
ci?cally, the present invention relates to a digital printing 
system for printing a color image on curved surfaces of 
contact lenses or molds for making contact lenses. In addi 
tion, the present invention provides a manufacturing system 
and method for printing color images on curved surfaces of 
contact lenses or molds for making contact lenses. 

BACKGROUND 

[0002] For cosmetic purposes, contact lenses having one 
or more colorants dispersed in the lens or printed on the lens 
are in high demand. These colored contact lenses enhance 
the natural beauty of the eye, or provide unique patterns on 
the iris of the Wearer, or provide non cosmetic patterns or 
marks, such as rotation marks, inversion marks, product/ 
brand codes, lot numbers, “DEMO” lenses, and the like, 
Which are of bene?ts to Wearers, eye-care practitioners and 
manufacturers. 

[0003] Presently, methods of printing inks onto contact 
lenses involve cliché ink transfer printing. Atypical eXample 
of this printing folloWs. An image is etched into metal to 
form a cliché. The cliché is placed in a printer. Once in the 
printer, the cliché is inked by either an open inkWell doc 
toring system or by a closed ink cup sliding across the 
image. Then, a silicone pad picks up the inked image from 
the cliché and transfers the image to the contact lens. The 
silicone pads are made of a material comprising silicon that 
can vary in elasticity. The properties of the silicone material 
permit the inks to stick to the pad temporarily and fully 
release from the pad When it contacts the contact lens. 

[0004] There are several disadvantages associated With 
using cliché ink transfer printing to color contact lenses. 
This method lacks consistency. Slight differences in the 
silicone pad can cause Wide variation in image quality, 
effecting dot resolution and color reproducibility. Further, 
multiple color layering is difficult and time consuming. 
Further still, the design and printing process using this 
method is sloW. After an image is fully designed, it can take 
about tWo Weeks before that image is etched onto a cliché. 
The set-up is painstakingly detailed and lengthy When more 
than one color is going to be printed on the lens using this 
method. The difficulty and sloWness of this printing method 
inhibits business strategies, making it difficult to offer con 
sumers a chance to design and print their oWn contact lenses 
at the point of purchase. 

[0005] Ink-jet printing method may be used to replace the 
above-mentioned methods for printing colored images With 
high quality on a contact lens. HoWever, current ink-jet 
printing technologies and systems are designed to print 
colored images on a ?at object such as papers by moving an 
ink jet head (or a part) in a simple X-y-Z translation (Car 
tesian) motion. These systems and methods in the prior art 
are not suitable for printing colored images With high quality 
on objects With curved surfaces to be printed, such as 
hemispherical contact lenses or molds for making contact 
lenses, especially in an industrial setting for high-throughput 
production of colored contact lenses. Therefore, there are 
needs for ink-jet printing methods and systems capable of 
printing colored images on curved articles. There are also 
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needs for printing methods and systems that can be used in 
the high-throughput production of colored contact lenses. 

SUMMARY OF THE INVENTION 

[0006] The systems and methods of the present invention 
address at least some of the difficulties in the prior art. 

[0007] In one aspect of the invention, a method for print 
ing a color image on a curved surface of an article comprises 
under control of a computer system: (a) positioning pre 
cisely a printer head at each of a plurality of predetermined 
positions, one at a time, on the curved surface of the article 
While keeping a relatively constant distance betWeen the 
printer head and the curved surface of the article, Wherein 
the printer head comprises one or more noZZles each of 
Which is capable of jetting droplets of color liquid indepen 
dent of each other; and (b) dispensing one or more drops of 
color liquid from the printer head, one drop from one noZZle, 
on the curved surface of the article at each of the predeter 
mined positions so as to produce the color image on the 
curved surface of the article. 

[0008] In another aspect of the invention, a printing appa 
ratus for making colored contact lenses comprises: a secur 
ing means for holding a contact lens or a portion of a mold 
for making the contact lens; a printer head, Wherein the 
printer head comprises one or more noZZles each of Which 
is capable of jetting droplets of color liquid independent of 
each other under control of a computer system; a positioning 
means for precisely positioning the printer head at each of a 
plurality of predetermined positions, one at a time, on a 
surface of the contact lens or the mold portion under control 
of the computer system. 

[0009] In still another aspect of the invention, a method for 
automatically printing color images on articles comprises: 
(1) continuously transporting the articles along a predeter 
mined path to transport each of the articles, one at a time, 
into a printing station comprising a printer head having one 
or more noZZles for jetting droplets of color liquid; (2) each 
time one of the curved articles moves into the digital printing 
system, (a) activating a positioning means to position pre 
cisely the printer head at each of a plurality of predetermined 
positions, one at a time, on the curved surface of the article, 
and (b) dispensing one or more drops of color liquid, one 
drop from one noZZle, on the curved surface of the article at 
each of the predetermined positions so as to print a color 
image on each of the articles. 

[0010] In a further aspect of the invention, a system for 
automatically printing color images on articles each having 
a curved surface comprises: at least one printing station 
comprising a printer head having one or more noZZles each 
of Which is capable of ejecting droplets of colored liquid 
independent of each other, a positioning means to precisely 
position the printer head at each of a plurality of predeter 
mined positions, one at a time, on the curved surface of each 
of the articles; transporting means to continuously move the 
articles along a predetermined path to transport each of the 
articles, one at a time, into the printing station; and a 
computer system for controlling operation of the printing 
station and the transporting means. 

[0011] The present invention provides the foregoing and 
other features, and the advantages of the invention Will 
become further apparent from the folloWing detailed 
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description of the presently preferred embodiments, read in 
conjunction With the accompanying ?gures. The detailed 
description and ?gures are merely illustrative of the inven 
tion and do not limit the scope of the invention, Which is 
de?ned by the appended claims and equivalents thereof. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0012] FIG. 1 schematically depicts a printing apparatus 
for making colored contact lenses according to a preferred 
embodiment of the invention. 

[0013] FIG. 2 is a schematic ?oW diagram of electronic 
signals in a printing apparatus for making colored contact 
lenses shoWn in FIG. 1. 

[0014] FIG. 3 is a schematic ?oW diagram of operation of 
the printing apparatus according to a preferred embodiment 
of the invention. 

[0015] FIG. 4 is a schematic ?oW diagram of a manufac 
turing process line for mass-production of FreshLookTM 
(CIBA Vision) contact lenses according to a preferred 
embodiment of the invention. 

[0016] FIG. 5 schematically depicts operation of a print 
ing station incorporated in the manufacturing process sche 
matically shoWn in FIG. 4. 

[0017] FIG. 6 schematically illustrates an inkjet printing 
system according to a preferred embodiment of the inven 
tion. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0018] In general, the present invention is directed to 
methods and systems for making colored contact lenses. “A 
colored contact lens” refers to a contact lens (hard or soft) 
having a color image printed thereon. A color image can be 
a cosmetic pattern, for example, iris-like patterns, WILD 
EYETM patterns, made-to-order (MTO) patterns, and the 
like; an inversion mark that alloWs a user to handle and 
insert easily a contact lens, for example, a FRESHLOOKTM 
contact lens (CIBA Vision); or contact lenses stock keeping 
units (SKUs), for example, either in forms of numbers or as 
bar codes. A color image can be a single color image or a 
multi-color image. A color image is preferably a digital 
image, but it can also be an analog image. 

[0019] A colored contact lens can be produced by printing 
a high-quality color image directly on a contact lens using 
methods and systems of the invention. Acontact lens can be 
clear before it is printed upon. Alternatively, a contact lens 
can be tinted prior to being printed upon. That is, a colorant 
may have been added to that lens using methods that are Well 
knoWn in the art before that lens is printed upon using a 
printing method of the invention. 

[0020] “Colorant” means either a dye or a pigment or a 
mixture thereof that is used to print a color image on an 
article. 

[0021] “Dye” means a substance that is soluble in a 
solvent and that is used to impart color. Dyes are typically 
translucent and absorb but do not scatter light. Dyes can 
cover both optical regions of contact lenses and non-optical 
regions of contact lenses. Nearly any dye can be used in the 
present invention, so long as it can be used in an apparatus 
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as described beloW. These dyes include ?uorescent dyes, 
phosphorescent dyes, pearlescent dyes, and conventional 
dyes. 

[0022] “Fluorescence” means luminescence caused by 
absorption of visible light or ultraviolet radiation at one 
Wavelength folloWed by nearly immediate emission at a 
longer Wavelength. Fluorescent emission ceases almost 
immediately When the light or incident ultraviolet radiation 
stops. 

[0023] “Phosphorescence” is luminescence caused by the 
absorption of radiation at one Wavelength folloWed by 
delayed emission at a different Wavelength. Phosphorescent 
emission continues for a prolonged time after the incident 
radiation stops. 

[0024] “Pearlescence” means having a pearly luster; 
resembling a pearl in physical appearance; or having a 
nearly neutral slightly bluish medium gray color. 

[0025] “Pigment” means a poWdered substance that is 
suspended in a liquid in Which it is relatively insoluble. 
Pigments are used to impart color by re?ecting light. 

[0026] Nearly any pigment can be used in the present 
invention, so long as it can be used in an apparatus as 
described beloW. Preferred pigments include ?uorescent 
pigments, phosphorescent pigments, pearlescent pigments, 
and conventional pigments. Pigments can include any colo 
rant permitted in medical devices and approved by the FDA, 
such as D&C Blue No. 6, D&C Green No. 6, D&C Violet 
No. 2, carbaZole violet, certain copper complexes, certain 
chromium oxides, various iron oxides, phthalocyanine 
green, titanium dioxides, etc. See Marmiom DM Handbook 
of US. Colorants for a list of colorants that may be used With 
the present invention. 

[0027] Alternatively, a colored contact lens can be pro 
duced by ?rst printing a high-quality color image on an 
optical surface of a mold to be used for molding a contact 
lens, using methods and systems of the invention, and then 
curing a polymeriZable mixture in the mold containing the 
color image so as to transfer the color image onto the contact 
lens made in that mold. For example, methods for making a 
colored contact lens, disclosed in US. Pat. No. 5,116,112 
and US. Pat. No. 6,284,161 (herein incorporated by refer 
ence in their entireties), involve coating a colored liquid in 
a mold for making a contact lens onto a surface thereof 
Where the iris portion of the lens is formed to produce a 
colored ?lm providing a pattern thereon Which ?lm contains 
a surface exposed to the interior of the mold and a surface 
in contact With the mold; and charging the mold With the 
lens-forming liquid used to form the body of the lens While 
maintaining the colored ?lm in the iris portion and con?g 
uring the lens-forming liquid about the colored ?lm Whereby 
the surface of the ?lm becomes integral With the body of the 
lens and surface of the ?lm becomes part of the outer surface 
of the lens When the molded lens is removed from the mold. 

[0028] Methods of manufacturing mold sections for cast 
molding a contact lens are generally Well knoWn to those of 
ordinary skill in the art. The process of the present invention 
is not limited to any particular method of forming a mold. In 
fact, any method of forming a mold can be used in the 
present invention. HoWever, for illustrative purposes, the 
folloWing discussion has been provided as one embodiment 
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of forming a mold on Which a color image can be printed in 
accordance With the present invention. 

[0029] In general, a mold comprises at least tWo mold 
sections (or portions) or mold halves, i.e. ?rst and second 
mold halves. The ?rst mold half de?nes a ?rst optical surface 
and the second mold half de?nes a second optical surface. 
The ?rst and second mold halves are con?gured to receive 
each other such that a lens forming cavity is formed betWeen 
the ?rst optical surface and the second optical surface. The 
?rst and second mold halves can be formed through various 
techniques, such as injection molding. These half sections 
can later be joined together such that a cavity forms ther 
ebetWeen. Thereafter, a contact lens can be formed Within 
the cavity of the mold sections using various processing 
techniques, such as ultraviolet curing. 

[0030] Examples of suitable processes for forming the 
mold halves are disclosed in US. Pat. No. 4,444,711 to 
Schad; U.S. Pat. No. 4,460,534 to Boehm et al.; U.S. Pat. 
No. 5,843,346 to Morrill; and US. Pat. No. 5,894,002 to 
Boneberger et al., Which are also incorporated herein by 
reference. 

[0031] Virtually all materials knoWn in the art for making 
molds can be used to make molds for making contact lenses. 
For example, polymeric materials, such as polyethylene, 
polypropylene, and PMMAcan be used. Other materials that 
alloW UV light transmission could be used, such as quartZ 
glass. 

[0032] Once a mold is formed, a color image can be 
printed on the inner surface of one or both mold portions by 
using methods and systems of the invention. The inner 
surface of a mold portion is the cavity-forming surface of the 
mold and in direct contact With lens-forming material. A 
color image can be printed on the mold portion de?ning the 
posterior (concave) surface of a contact lens or on the mold 
section de?ning the anterior surface of a contact lens or on 
both mold portions. 

[0033] Once a color image is printed on one or both mold 
portions, a lens material can then be dispensed into a cavity 
formed by the connection of the mold halves. In general, a 
lens material of the present invention can be made from any 
polymeriZable material. In particular, When forming a con 
tact lens, the lens material may be an oxygen-permeable 
material, such as ?ourine- or siloxane-containing polymer. 
For example, some examples of suitable substrate materials 
include, but are not limited to, the polymeric materials 
disclosed in US. Pat. No. 5,760,100 to Nicolson et al., 
Which is incorporated herein by reference. The lens material 
can then be cured, i.e. polymeriZed, to form a contact lens. 
One embodiment of such a process is disclosed in Us. Pat. 
No. 5,894,002 to Boneberger et al., Which is herein incor 
porated by reference. 

[0034] One embodiment of the invention is a method for 
printing a color image on a curved article comprises under 
control of a computer system: (a) positioning precisely a 
printer head at each of a plurality of predetermined posi 
tions, one at a time, on the curved surface of the article While 
keeping a relatively constant distance betWeen the printer 
head and the curved surface of the article, Wherein the 
printer head comprises one or more noZZles each of Which 
is capable of jetting droplets of color liquid independent of 
each other; and (b) dispensing one or more drops of color 
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liquid from the printer head, one drop from one noZZle, on 
the curved surface of the article at each of the predetermined 
positions so as to produce the color image on the curved 
surface of the article. 

[0035] As used herein, “an article” refers to any article 
having a curved surface. Preferably, an article is a contact 
lens (hard or soft) or a mold for making a contact lens. 

[0036] “A color liquid” refers to a liquid that comprises at 
least one colorant. When an ink jet is used, the color liquid 
is an ink. 

[0037] Preferably, a color liquid comprises at least one 
pigment. Pigment(s) should be much smaller than a noZZle 
of a printer head to prevent clogging during the printing 
process. Generally, this means that preferred pigments are 3 
microns or smaller. Larger pigments can be ground into 
smaller particles to reduce potential clogging. Preferred 
methods of reducing a pigment’s particle siZe include high 
speed mixers, Kady Mills, colloid mills, homogeniZers, 
micro?uidiZers, sonalators, ultrasonic mills, roll mills, ball 
mills, roller mills, vibrating ball mills, attritors, sand mills, 
varikinetic dispensers, three-roll mills, Banbury mixers, or 
other methods Well knoWn to those of skill in the art. 

[0038] A color liquid can also comprises one or more 
components selected from the group consisting of solvents, 
surfactants, dispersants, monomers, polymers, thickeners, 
diluents, polymeriZation initiators, binders, humectants, 
antimicrobial agents, antioxidant agents, anti-kogating 
agents, and other additives knoWn in the art. 

[0039] A solvent can be Water or any appropriate organic 
or inorganic solvent such as isopropanol, acetone, methanol, 
glycols, ketones, esters, cyclopentanone and the like. Acolor 
liquid can contain many solvents. 

[0040] “A dispersant” refers to a dispersant, as that term is 
knoWn in the art, that is a surface active agent added to a 
suspending medium to promote the distribution and sepa 
ration of ?ne or extremely ?ne solid particles. Examples of 
dispersants include, but are not limited to, Tergitol series 
from Union Carbide, polyxylated alkyl ethers, alkyl diamino 
quarternary salts, and the like. 

[0041] “A monomer” means a loW molecular Weight com 
pound that can be polymeriZed. LoW molecular Weight 
typically means average molecular Weights less than 700 
Daltons. Examples of monomers include, but are not limited 
to, HEMA (2-hydroxyethyl methacrylate), chlorosilanes, 
methoxysilanes, methacryloxyethyltrimethoxylsilane, meth 
acryoxyethylmethyldimethoxysilane, methacryloxyeth 
yldimethylethoxysilane, methacryloxypropylmethyldi 
chlorosilane, methacryloxypropyltrichlorosilane, and 
3-methacryloxypropyldimethylchlorosilane. 

[0042] A “macromer” refers to medium and high molecu 
lar Weight compounds or polymers that contain functional 
groups capable of further polymeriZation. Medium and high 
molecular Weight typically means average molecular 
Weights greater than 700 Daltons. 

[0043] “Polymer” means a material formed by polymer 
iZing one or more monomers. 

[0044] “A thickener” refers to a chemical that is used to 
increase the viscosity of a liquid or a partial liquid mixture 
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or a solution such as that term is known in the art. Examples 
of a thickener are polyvinyl alcohols, polysaccharides, and 
the like. 

[0045] “A binder” refers to a binding polymer that inter 
acts With crosslinkers to trap or bind colorants onto or into 
a lens such as that term is knoWn in the art. Examples of 
binders include polymers containing functional groups 
selected from at least one of acrylate, —COOH, —OH, and 
—NH—R (R=H, or C1 to C8 alkyl). 

[0046] “A humectant” refers to a compound that removes 
Water (or humidity) from ink such as that term is knoWn in 
the art. Examples of humectant include ethylene glycol, 
diethylene glycerol and 1,3-dioZane-5,5-dimethanol. 
[0047] “A polymeriZation initiator” refers to a chemical 
that can start a polymeriZation reaction. A polymeriZation 
initiator can be a photoinitiator or a thermal initiator. A 
photoinitiator is a chemical that initiates polymeriZation 
reaction by the use of light. Suitable photoinitiators are 
benZoin methyl ether, diethoxyacetophenone, a ben 
Zoylphosphine oxide, 1-hydroxycyclohexyl phenyl ketone 
and Darocur and Irgacur types, preferably Darocur 
1173.RTM., Darocur 2959.RTM., and CIBA IRGACURE 
2959. A thermal initiator is a chemical that initiates poly 
meriZation reaction by the use of heat energy. 

[0048] “A anti-kogating agent” refers to a chemical that 
can reduce deposits knoWn as “kogation” being formed on 
the exposed surface of the heater element (resistor element) 
in thermal ink-jet printers. “Kogation” is commonly de?ned 
as the build-up of residue (koga) on the resistor surface. 

[0049] “A crosslinking agent” refers to a crosslinkers as 
they are knoWn in the art, such as, ethylene glycol 
dimethacrylate (EGDMA), diethylene glycol dimethacry 
late, ethyleneglycol diacrylate, allyl methacrylates, allyl 
acrylates, 1,3-propanediol dimethacrylate, 1,6-hexanediol 
dimethacrylate, 1,4-butanediol dimethacrylate, polyethyl 
eneoxide mono- and diacrylates, ethyleneglycol dimethacry 
late (EGDMA) and 1,4-butanediol diacrylate (BDDA). 
[0050] Some suitable antimicrobial materials include 
polyquaternary ammonium compounds, such as those 
described in US. Pat. No. 3,931,319 to Green et al. (e.g. 
“POLYQUAT”), Which is incorporated herein by reference. 
Other antimicrobial or antibacterials that can be utiliZed in 
the present invention are peptides, other polyquats, mucin, 
mucin mimics, glycopeptides, glycoproteins, silk proteins, 
cellulose, dextran or other anti-microbial or anti-bacterial 
entities. Still other examples of such anti-bacterials or ant 
microbials are disclosed in US. Pat. No. 5,866,113 to 
Hendriks et al. and US. Pat. No. 5,891,506 to Keogh, Which 
are incorporated herein by reference. 

[0051] Any ink jet printer can be used as a printer head 
With the present invention so long as it can be con?gured 
according to the systems and methods of the invention to 
print the inks on articles that have curved surfaces. A 
preferred ink jet printer is either drop-on-demand (DOD) or 
continuous-jet. Many continuous ink jet printers that could 
be used are commercially available from companies such as 
Domino-Amjet, Videojet, Scitex Digital Printing, Willet, 
Linx, Iris Graphics, Stork, and Dupont. Many DOD printers 
that could be used are commercially available from compa 
nies such as Epson, Xaar, Hitachi, Spectra, Tektronix, 
Canon, HeWlett-Packard, Lexmark, Olivetti, Xerox, Pana 
sonic, VUTEk, and NEC. 
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[0052] A preferred ink jet printer can print pixels of less 
than 150 microns in diameter, preferably less than 100 
microns in diameter, more preferably less than 75 microns. 
Pixel siZe is measured using standard microscopy tech 
niques, Which are Well knoWn to those of skill in the art. A 
preferred ink jet printer can space the pixels less than 80 
microns from each other, preferably less than 50 microns 
from each other. To achieve this result, it is preferred that the 
drops of ink that are emitted from the noZZle have a volume 
of less than 100 picoliters, preferably less than 50 picoliters, 
and more preferably, less than 10 picoliters. Aperson skilled 
in the art Will understand that an ink jet noZZle of ink printer 
head is siZed to form drops of the preferred volume given the 
ink viscosity and thermal forces. 

[0053] Aprinter head preferably comprises one column of 
noZZles, more preferably tWo columns of noZZles, even more 
preferably three columns of noZZles, each of the columns of 
noZZles dispensing a single color liquid. Such printer With 
tWo or more columns of noZZles can be used to print a color 
image having tWo or more colors. The color used in the 
image can be derived from a mixture of separate colors, such 
as tWo or more separate color, three or more separate color, 
or four or more separate colors. A person skilled in the art 
Will knoW hoW to producing a Wide range of colors on an 
image from a set of three or more separate colors. For 
example, in the color printing industry, process coloring is 
often used, in Which separate colors are placed next to each 
other or overlaid on top of each other. When perceived by 
eye from a distance, the re?ected light re?ected Would be 
mixed to form the appearance of neW colors. Alternatively, 
separate colors, e.g., cyan, magenta and yelloW, can be used 
to generate a Wide array of different colors by physically 
mixing them in different proportions. 

[0054] Preferably, each of columns of noZZles is con?g 
ured to cover at least the Width of an annulus Zone that 
comprises a printing area on a contact lens or a mold portion. 
The center of the annulus Zone is the apical center of the 
surface of the contact lens or the mold portion. 

[0055] More preferably, each of columns of noZZles is 
con?gured to cover at least the Width of a circular Zone that 
comprises a printing area on a contact lens or a mold portion. 
The center of the annulus Zone is the apical center of the 
surface of the contact lens or the mold portion. 

[0056] Aprinter head used in the invention preferably has 
a printing surface having a curvature that can accommodate 
the curvature of a surface to be printed thereon. “A printing 
surface of a printer head” refers to the surface comprising 
noZZles. 

[0057] Positioning of a printer head on a curved surface of 
an article (e.g., a contact lens or a mold portion) can be 
carried out by moving the printer head or the article or both, 
according to one of the beloW-described methodologies and 
the like. The choice of one methodology for positioning 
generally depends on one or more factors such as the 
printing quality of a color image, printing efficiency, and the 
column siZe and/or con?guration of a printer (namely the 
printing area Which can be covered by a printer head). 

[0058] One preferred positioning methodology is to keep 
a printer head (or a contact lens or mold portion) stationary 
While moving linearly an article (e.g., a contact lens or a 
mold) along a translational axis, rotating the printer head (or 
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the contact lens or mold portion) around a rotational axis that 
passes through the apical center of the curved surface of the 
article, and tilting the rotational axis at various positions. By 
keeping the printer head stationary in this positioning meth 
odology, one can minimize adverse effects of vibrational or 
kinetic noise upon the ink jet meniscus or ?uid reservoir. 
This preferred positioning methodology may be applicable 
to any printer head regardless of the column siZe and/or 
con?guration of a printer head and may be able to maintain 
relatively-constant jetting path lengths of color liquid 
(namely the distance betWeen a noZZle and the surface of the 
article to be printed). A high quality color image can be 
produced on a curved surface by using this methodology. 
Another preferred positioning methodology is one dimen 
sional moving of an article or printer head While dispensing 
drops of color liquid in a timed sequence. As used herein, 
“one dimensional moving of an article or a printer head” 
refers to a movement Where an article (or a printer head) is 
slid at a constant velocity in one direction directly under a 
printer head (or directly above an article to be printed 
thereon). “Dispensing drops of color liquid in a timed 
sequence” refers to that a plurality of sets of drops of color 
liquid are dispensed in a timed sequence, one set of drops at 
a time and having constant or variable time intervals 
betWeen tWo sets of drops of color liquid. Such positioning 
methodology can be further illustrated by the folloWing 
example. An article, Which is properly aligned so that the 
printing area on the surface of the article can pass directly 
under a printer head, is moved at a constant velocity under 
the printer head. A position sensor transmits a signal to a 
computer system to set up a time Zero and initiate dispensing 
of drops of color liquid in a timed sequence once it detects 
that the article has entered the printing area. The computer 
system may alloW a certain time to elapse before beginning 
printing in the printing area on the article and then controls 
the printer head to dispense a ?rst column of droplets of 
color liquid in a controlled pattern at a ?rst position. After 
a time delay, the second roW of droplets of color liquid is 
dispensed at a second different position of the constantly 
moving article. This process continues With a constant or 
variable time delay betWeen roWs until the last roW of 
droplets of color liquid is dispensed at the last position of the 
constantly moving article, so that an entire color image 
pattern is reproduced on the article. In this preferred posi 
tioning methodology, a plurality of predetermined positions 
on the article is precisely determined by the time Zero, time 
delay and moving velocity of the article. Such positioning 
methodology may have relatively high printing ef?ciency, 
may produce relatively high quality color images, and may 
be easily and preferably implemented in a mass production 
environment. HoWever, such printing methodology may 
require that a printer head comprises one or more columns 
of noZZles, each column of noZZles that cover at least the 
Width of a printing area on an article, for example, at least 
the Width of a circular Zone that comprises a printing area on 
a contact lens or a mold portion. 

[0059] Another preferred positioning methodology is to 
rotate an article (or a printer head) around a rotational axis 
0 that passes through the apical center of the curved surface 
of the article in a direction normal to the curved surface. 
Such positioning methodology is applicable to a printer that 
comprises one or more columns of noZZles that cover at least 
half the Width of a printing area on an article, for example, 
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at least the Width of an annulus Zone that comprises a 
printing area on a contact lens or a mold portion. 

[0060] For example, a printer head, Which comprises one 
or more columns of noZZles, is used to print an iris pattern 
in a non-optical annul Zone of the posterior surface of a 
contact lens. The column siZe of the printer is big enough to 
cover only the Width of the annulus Zone to be printed 
thereon. The printer head is kept stationary at a tilt angle 
With respect to the optical axis of the contact lens (i.e., 
rotational axis), so that the printing surface of the printer 
head is in parallel With a surface tangent to the annulus Zone. 
Each of noZZles can have a relatively constant jetting path 
length of color liquid. Positioning of such printer head on the 
posterior surface of the contact lens can be carried out by 
rotating the contact lens around the rotational axis 0 While 
keeping the printer head stationary. Similarly, such method 
ology can be more easily adapted When using a printer head 
having a column siZe that is equal or larger than the diameter 
of the outmost ring of the annulus Zone (i.e., Whole Width of 
a printing area or a circular Zone). Preferably, the printer 
head has a printing surface With a curvature accommodating 
the curvature of the surface to be printed thereon of the 
article. With this preferred feature of the printer head, the 
jetting path length of color liquid can be kept almost 
constant among all noZZles. 

[0061] The above-described method of the invention for 
printing a color image on an article may preferably further 
comprise a step of converting a tWo dimensional color image 
into a set of control signals for printing the color image on 
a curved surface of the article. 

[0062] It is knoWn in the art that any tWo dimensional 
color image can be represented by a matrix of discrete and/or 
blended color dots in a Cartesian coordinate system (x,y). A 
tWo-dimensional color image can be converted into a three 
dimensional color image, for example, by simply projecting 
the tWo-dimensional color image onto a curvature surface. 
Alternatively, a x-y Cartesian coordinate system can be 
converted into a spherical coordinate system or the like, for 
example, a ( 0, 4), Z) coordinate system. 0 is a rotational axis 
that passes through the apical center of the surface to be 
printed on; 4) is a tilting axis; Z is a translational axis. 
Conversion can be performed approximately on the basis of 
hemispherical system. 

[0063] Preferably, the density of dots is kept constant 
When converting a tWo-dimensional color image into a three 
dimensional color image, by adding and/or deleting dots in 
the dot matrix of the three-dimensional color image. For 
example, addition and deletion of dots in the conversion of 
a tWo-dimensional image into a three-dimensional image 
can be performed by using integration of softWare and a 
print head, Which has a curvature printing surface accom 
modating a surface curvature of a contact lens or a mold 
portion and comprises at least a column of noZZles that are 
separated by a ?xed space and con?gured to cover Whole 
Width of a printing area on a contact lens or a mold portion. 

[0064] Another embodiment of the invention is a printing 
apparatus for making colored contact lenses. A printing 
apparatus of the invention comprises: a securing means for 
holding a contact lens or a portion of a mold for making the 
contact lens; a printer head Which comprises one or more 
noZZles each of Which is capable of jetting droplets of color 
liquid independent of each other; a positioning means for 
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precisely positioning the printer head at each of a plurality 
of predetermined positions, one at a time, on a surface of the 
contact lens or the mold portion; and a computer system for 
controlling operation of the printer head and the positioning 
means. 

[0065] FIG. 1 schematically depicts a printing apparatus 
for making colored contact lenses according to a preferred 
embodiment of the invention. Referring to FIG. 1, a contact 
lens or a mold portion is secured With a securing device 110 
and can be moved along three aXes by a moving assembly, 
Which comprises a slide motor 122, a tilt motor 124 and a 
rotary motor 126. An ink jet head 140 is secured to a 
platform, Which is stationary during printing process. The 
moving assembly and the ink jet head are controlled by a 
computer system, as shoWn schematically in FIG. 2. 
Optionally, a printing apparatus can comprise a microscope 
assembly 170 that is used in the calibration of the apparatus 
and QC. 

[0066] Referring to FIG. 2, ejecting drops of liquid (?r 
ing) from an ink jet head such as a pieZoelectric ink jet head 
260 is controlled by a ampli?er board 250 connected to an 
independent dual tracking :60V-poWer supply 240. The 
ampli?er board 250 is controlled by a multi-channel analog 
output board 230 connected to a Pentium III PC 210 via an 
interface 220. The PC 210 is also connected to a multi-aXis 
controller 270, Which controls the stepper motors 290 With 
the help of an electronic signal ampli?er 280 and encoder 
feedback. This system alloWs direct computer control of the 
3-aXis stepper motor lens presentation system, complete 
With encoder feedback. 

[0067] In a preferred embodiment, the printing apparatus 
comprises a printer head Which comprises at least one 
column of noZZles that are con?gured to cover at least half 
Width of a printing area, for eXample, an annulus Zone, on a 
contact lens or a mold portion. In this preferred embodiment, 
the printer head can be tilted at an angle relative to a 
rotational aXis 0 that passes through the apical center of a 
curved surface of a contact lens or a mold portion in a 
direction normal to the curved surface, so that the printing 
surface of the printer head is in parallel With a surface 
tangent to the annulus Zone. Positioning of such printer head 
on a surface of an article (a contact lens or a mold portion) 
can be carried out by rotating the article around the rota 
tional aXis 0 While keeping the printer head stationary and 
constant distance betWeen the surface of the article and each 
of the noZZles during printing. In a more preferred embodi 
ment, the printer head further has a printing surface With a 
curvature accommodating the curvature of the surface to be 
printed thereon of the contact lens or the mold portion. 

[0068] In another preferred embodiment, the printing 
apparatus comprises a printer head Which comprises at least 
one column of noZZles that are con?gured to cover at least 
Whole Width of a printing area, for eXample, a circular Zone, 
on a contact lens or a mold. In this preferred embodiment, 
the printer head can be placed horiZontally (perpendicular to 
a rotational aXis 0 that passes through in normal direction the 
apical center of a curvature surface of a contact lens or a 
mold portion). Positioning of such printer head on a surface 
of an article (a contact lens or a mold portion) can be carried 
out by rotating the article around the rotational aXis 0 While 
keeping the printer head stationary and constant distance 
betWeen the surface of the article and each of the noZZles 
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during printing. More preferably, the printer head further has 
a surface With a curvature accommodating the curvature of 
the surface to be printed thereon of the contact lens or the 
mold portion. 

[0069] In another preferred embodiment, the printing 
apparatus comprises a printer head Which comprises at least 
one column of noZZles that are con?gured to cover at least 
Whole Width of a printing area, for eXample, a circular Zone, 
on a contact lens or a mold. In this preferred embodiment, 
the printer head can be placed horiZontally (perpendicular to 
a rotational aXis 0 that passes through in normal direction the 
apical center of a curvature surface of a contact lens or a 
mold portion). Positioning of such printer head on a surface 
of an article (a contact lens or a mold portion) can be one 
dimensional moving an article or printer head While dis 
pensing drops of color liquid in a timed sequence. More 
preferably, the printer head further has a surface With a 
curvature accommodating the curvature of the surface to be 
printed thereon of the contact lens or the mold portion. 

[0070] The positioning means either can be a motor 
assembly that is capable of moving an article or a printer 
head along three aXis (e.g., along a translational aXis, around 
a rotational aXis and around a tilting aXis) or capable of 
moving an article or a printer head moving close to each 
other along a translational aXis and then rotating it around a 
rotational aXis or can be a moving means that can move 

linearly the contact lens or the mold portion (or the printer 
head) at a constant velocity along one aXis under the printer 
head (or above the contact lens or the mold portion) and a 
jetting-controlling means for controlling each of the noZZles 
to dispense drops of color liquid in a timed sequence, 
Wherein time intervals betWeen tWo drops from each of the 
noZZles are constant or variable. The jetting-control means 
can comprise electronic hardWare and softWare knoWn to a 
person skilled in the art. 

[0071] In another preferred embodiment, the printing 
apparatus of the invention can further comprise at least one 
additional printer head. The additional printer head can 
comprise the above-described preferred features of a printer 
head. Positioning of the additional printer head is controlled 
by the computer system in coherence With the positioning of 
the ?rst printer head to cover all printing area. For eXample, 
the printing apparatus comprises tWo identical printer heads. 
Each printer head comprises at least one column of noZZles 
that are con?gured to cover an annulus Zone on a contact 

lens or a mold portion. Both the printer heads can be tilted 
at an angle relative to a rotational aXis 0 that passes through 
the apical center of a curved surface of a contact lens or a 
mold portion, so that the printing surface of each of the 
printer heads is in parallel With a surface tangent to the 
annulus Zone. Positioning of such printer head on a surface 
of an article (a contact lens or a mold portion) can be carried 
out by rotating the article around the rotational aXis 0 While 
keeping the printer head stationary and constant distance 
betWeen the surface of the article and each of the noZZles 
during printing. In a more preferred embodiment, both the 
printer heads further have printing surfaces With curvatures 
accommodating the curvature of the surface to be printed 
thereon of the contact lens or the mold portion. 

[0072] The computer system can control each of noZZles 
in a printer head to independently eject droplets of color 
liquid and control the positioning means to precisely posi 
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tion the printer head at each of a plurality of predetermined 
positions, one at a time, on a surface of a contact lens or a 

mold portion. 

[0073] Another embodiment of the invention is a method 
of making colored contact lenses in a mass production 
environment. More speci?cally, the invention provides a 
method of automatically printing color images on articles 
(contact lenses or mold portions), the method comprising: 
(1) continuously transporting the articles along a predeter 
mined path to transport each of the articles, one at a time, 
into a printing station comprising a printer head having one 
or more noZZles for jetting droplets of color liquid; (2) each 
time one of the curved articles moves into the digital printing 
system, (a) activating a positioning means to position pre 
cisely the printer head at each of a plurality of predetermined 
positions, one at a time, on the curved surface of the article, 
and (b) dispensing one or more drops of color liquid, one 
drop from one noZZle, on the curved surface of the article at 
each of the predetermined positions so as to print a color 
image on each of the articles. 

[0074] Preferably, the transporting step can include the 
steps of: positioning each of the articles in a respective 
location in a carrier and continuously moving the carrier 
along the predetermined path. 

[0075] Preferably, the activating step can include the steps 
of: generating a start signal each time one of the articles 
moves into the printing station and transmitting the start 
signal to a computer system to activate the positioning 
means to precisely position the printer head over the curved 
surface of the article. 

[0076] As described above, the printer head preferably 
comprises at least one of the folloWing features: one or more 
column of noZZles; each of the columns of noZZles dispens 
ing a single color liquid; each of columns of noZZles Which 
are con?gured to cover at least half the Width of a printing 
area on a contact lens or a mold; each of columns of noZZles 
Which are con?gured to cover at least Whole Width of a 
printing area on a contact lens or a mold; and the surface of 
the print head having a curvature that can accommodate the 
curvature of a surface to be printed thereon. 

[0077] The above-described positioning methodology can 
also used in the method of the invention for automatically 
printing color images on articles. 

[0078] The printing station can comprise multiple printer 
heads. Such printing station With multiple printer heads can 
?nd particular use in batch processing to print many contact 
lenses in parallel in rapid succession. For eXample, a batch 
of eight lenses (one carrier) could be sent to eight printer 
heads. Lifts push the lens cup to put it in the vicinity of the 
printer heads. The cups could be rotated in a controlled 
fashion. The print heads Would jet on and off based upon 
instructions sent from the computer system. The lifts Would 
then loWer the lenses back on their carrier. Then, the carrier 
Would be sent through a system to print or spray the binding 
solution over the lenses. The lenses Would then be sent to a 
curing process to heat and dry the lenses. 

[0079] Another embodiment of the invention is a system 
for implementing the method of automatically printing color 
images on articles, the system comprising: at least one 
printing station comprising a printer head having one or 
more noZZles each of Which is capable of ejecting droplets 
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of colored liquid independent of each other, a positioning 
means to precisely position the printer head at each of a 
plurality of predetermined positions, one at a time, on the 
curved surface of each of the articles; transporting means to 
continuously move the articles along a predetermined path 
to transport each of the articles, one at a time, into the 
printing station; and a computer system for controlling 
operation of the printing station and the transporting means. 

[0080] In a preferred embodiment, the printing station 
comprises a printer head Which comprises at least one 
column of noZZles that are con?gured to cover at least half 
Width of a printing area, for eXample, an annulus Zone, on a 
contact lens or a mold portion. In this preferred embodiment, 
the printer head can be tilted at an angle relative to a 
rotational aXis 0 that passes through the apical center of a 
curved surface of a contact lens or a mold portion, so that the 
printing surface of the printer head is in parallel With a 
surface tangent to the annulus Zone. 

[0081] In another preferred embodiment, the printing sta 
tion comprises a printer head Which comprises at least one 
column of noZZles that are con?gured to cover at least Whole 
Width of a printing area, for example, a circular Zone, on a 
contact lens or a mold. In this preferred embodiment, the 
printer head can be placed horiZontally (perpendicular to a 
rotational aXis 0 that passes through the apical center of a 
curved surface of a contact lens or a mold portion in a 

direction normal to the curved surface). 

[0082] Preferably, the transporting means can include a 
carrier that comprises one or more locations, each for 
holding one article. 

[0083] Preferably, the printing station can further com 
prise an activating means such as a sensor for generating a 
start signal each time one of the articles moves into the 
printing station and transmitting the start signal to a com 
puter system to activate the moving means to precisely 
position the printer head over the curved surface of the 
article. The sensor can detect if an article enters into the 
printing station. 

[0084] More preferably, the system can further comprise 
tWo or more printing stations, each station comprising the 
above-described features. Such system With multiple print 
ing stations can ?nd particular use in batch processing to 
print many contact lenses in parallel in rapid succession. 

[0085] The positioning means either can be a motor 
assembly that is capable of moving an article or a printer 
head along three aXis (e. g., along a translational aXis, around 
a rotational aXis and around a tilting aXis) or capable of 
moving an article or a printer head moving close to each 
other along a translational and then rotating it around a 
rotational aXis or can be a motor that moves the article or the 

printer head at a constant velocity along one direction and a 
jetting-controlling means for controlling a timed sequence of 
dispensing of drops of color liquid. The jetting-control 
means can comprise electronic hardWare and softWare 
knoWn to a person skilled in the art. 

[0086] The previous disclosure Will enable one having 
ordinary skill in the art to practice the invention. In order to 
better enable the reader to understand speci?c embodiments 
and the advantages thereof, reference to the folloWing non 
limiting examples is suggested. HoWever, the folloWing 
eXamples should not be read to limit the scope of the 
invention. 
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EXAMPLE 1 

[0087] This example provides method for making a col 
ored contact lens by ?rst printing a color image on a mold 
portion (male mold) de?ning the posterior surface of a 
contact lens. 

[0088] An apparatus, as depicted schematically in FIGS. 
1 and 2, is designed to produce FreshLookTM (CIBA Vision) 
contact lenses by printing iris patterns onto male FreshLook 
polypropylene molds With recently developed inkj et inks for 
contact lenses, Which are disclosed and claimed in a co 
pending patent application, US. patent application Ser. No. 

, “Ink Formulations and Uses Thereof”, herein incor 
porated by reference in its entirety. 

[0089] The apparatus comprises a Micro Fab print head 
(50 pm diameter). It has been discovered that heating the ink 
to ~60° C. for 30 minutes folloWed by cooling may improve 
ink stability. Ink may shoW a sign of drying after a stagnation 
of about 20 minutes. The dried ink is easily removed by 
rinsing the tip of the head With Water. 

[0090] Piezoelectric ?ring is controlled by a custom 
ampli?er board connected to an independent dual tracking 
:60V-poWer supply. The ampli?er board is controlled by a 
multi-channel analog output board connected to a Pentium 
III PC. This device alloWs the LabVieW softWare to directly 
control drop formation. 

[0091] The PC is also connected to a multi-aXis controller, 
Which controls the stepper motors. This system alloWs direct 
computer control of the 3-aXis stepper motor assembly With 
encoder feedback. 

[0092] This apparatus has a print resolution identical to 
that for the current FreshLookTM product and comprise a 
three-axis stepper motor control for positioning. The printer 
head is kept stationary during printing to eliminate mechani 
cal shock that Would in?uence ink jetting. The printed 
patterns can be transferred to a DailiesTM lens or a 
FreshLookTM lens during polymeriZation to form colored 
contact lenses. 

[0093] FIG. 3 schematically depicts a How diagram of 
operation of the printing apparatus. All softWare is devel 
oped on a LabVieW platform. First, an optimiZed Waveform 
is developed for the print and prime Waveform using a 
program called “Pulse Waveform generator single shot.vi”. A 
square Wave generator is manipulated by the user to obtain 
optimal jetting conditions. This Waveform is then saved to 
the hard disk for later use. The print and prime Waveforms 
are tested back-to-back in a program called “Output print 
prime Waveform.vi” to verify jet control. Various print 
Waveforms can be used, depending upon the noZZle siZe. 
One preferred Waveform for the 50 pm noZZle is a bipolar 
Waveform (+30 V, —30 V @ 39 psec, 0 V @ 84 ysec). Note 
the sign usage to compensate for the inverting operational 
ampli?er). Typically, each Waveform is triggered at 40 msec 
intervals to ensure softWare control. To minimiZe tip drying, 
a priming Waveform is applied over unprinted piXels, essen 
tially a print Waveform of loW magnitude or long ramp 
times. 

[0094] Images 311, Which are created or scanned in a 
bitmap format, are manipulated to obtain the proper format 
for inkjet printing using a program called “BMP to H1 
?les.vi”. For eXample, a 300x50 piXel image is draWn in a 
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program such as Microsoft Paint and saved as a mono 
chrome bitmap. The LabVieW program loads this image, 
converts it in step 312 to an array of voltage outputs 310, and 
stores it on disk. The voltage output array 310 can be read 
by the program “1J1 ?le to OUTPUT.vi” to produce a 
voltage output at a certain frequency. The voltage output 
controls the time When the jet Will ?re. This system alloWs 
print speeds over 300 HZ, and is only limited by the speed 
of the PC. 

[0095] The three stages are also controlled by the program 
“1J1 ?le to OUTPUT.vi”. The position and velocities of all 
stages are controlled to alloW complex motion patterns to be 
performed. Tests are performed at 1190 rpm rotation speed, 
80 rpm tilt speed. Still referring to FIG. 4, When a male mold 
is moved into start position in step 401, Whole printing 
system is activated 302. The male mold is ?rst moved 
linearly toWard the printer head step 303 until the printing 
start position 304. Then, the male mold is tilted in (I) 
direction step 305. The computer retrieves data from a 
look-up table (voltage output array) 310 and checks if an 
image has been completed printed on the male mold in step 
413. If the ansWer is no, the computer transmits the control 
signals 316, 317 and 318 that control the printer head in step 
319 to eject drops of ink. The male mold is then moved to 
neXt 0 position in step 320 and folloWed by tilting in (I) 
direction step 305. If in step 413 the ansWer is yes, in step 
414 the male mold having a printed pattern thereon is 
assembled With a female mold (de?ning the anterior surface 
of a contact lens), Which is ?lled With a polymeriZable lens 
material. Polymerization is initiated and a colored contact 
lens is produced in step 315. After making one colored 
contact lens, a neW male mold can be inserted into the 
printing apparatus in step 416 to restart a printing process as 
described above. 

EXAMPLE 2 

[0096] This eXample illustrates the mass production of 
colored contact lens, FreshlookTM, in an industrial setting 
according to a preferred embodiment of the invention. 

[0097] FIG. 4 is a schematic ?oW diagram of a manufac 
turing process line for mass-production of FreshLookTM 
(CIBA Vision) contact lenses. Molds 410 for making contact 
lenses are transported into a hopper 420 Which separates and 
places the male and female mold portions onto separate 
carrier pallets (male 432 and female 433) for rapid transport 
of multiple mold portions to the subsequent staging areas in 
the manufacturing line. Each of female mold portions is 
?lled in a Filler 435 With enough lens material to make a 
contact lens and sent to the closing area 440. Each of male 
mold portions is sent to the ink jet printing station 434 
(described beloW), Where an inversion or iris pattern or both 
are jetted onto each of the male mold portions. Each of the 
male mold portions is then assembled tightly With one 
female mold portion containing lens material. PolymeriZa 
tion of the lens material is initiated With an energy source, 
such as UV, thermal, or e-beam energy, to form a contact 
lens in a curing station 450. The polymeriZed contact lenses 
are then demolded, hydrated, packaged, and autoclaved 
prior to distribution and shipping of the ?nished part in step 
460. 

[0098] FIG. 5 schematically shoWs operation of a printing 
station used in the above-described manufacturing process 
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line for producing FreshLookTM (CIBA Vision) contact 
lenses. A multi-noZZle inkjet head 510 is positioned over the 
male mold portion to allow jetting of inks compatible with 
this lens material (see co-pending US. patent application 
Ser. No. , “Ink Formulations and Uses Thereof”, 
herein incorporated by reference in its entirety). As a male 
mold portion is passed under the ink jet head, a timed 
sequence of pulses is applied to the ink jet head. This timed 
sequence is generated from a computer using commercial 
ink jet software, which is subsequently ampli?ed to allow 
?ring of the pieZoelectric noZZles. Since the mold is moving 
under the head at a constant velocity, the series of “jet” and 
“no-jet” pulses allow complex patterns to be reproduced 
onto the contact lens mold. 

[0099] The quality of the image depends upon many 
parameters that are a property of the ink jet head, such as the 
ink jet noZZle diameter, pulse sequence, and ink jet channel 
distance. Some image quality features can be controlled by 
orientation and positioning of the ink jet head. The head 
must be brought as close as possible to the mold or lens 
surface to reduce effects from any possible satellites and 
ligaments formed. This distance can be minimiZed by ?xing 
the head tangent to the contact lens surface by tilting the 
head at some angle 4) with respect to the center axis of the 
lens, as shown in the front view of FIG. 5. In some cases, 
as when printing a complete iris pattern, this angle is kept at 
90° to allow printing of the entire contact lens. 

[0100] The resolution and print height of the print is 
adjusted by controlling the print angle 0 (see FIG. 5, side 
view), as well known by those known in the art. At maxi 
mum print angle (0=90°), the print height is maximal and 
equal to the print head width. The drop spacing is equal to 
the noZZle pitch. As the print angle decreases, the resolution 
(drops per inch) increases, but the print height decreases. 
[0101] Alens or mold portion is slid at a constant velocity 
under the print head. A position sensor indicates when the 
mold has entered the printing area, and a certain time is 
allowed to elapse to begin printing in the iris area of the lens. 
The individual pieZoelectric heads ?re in a controlled pattern 
to form the ?rst column of print. After another constant 
delay, the second column of print is ?red. This process 
continues with a constant time delay between rows until the 
entire print pattern is reproduced. A speci?c example of a 
possible inversion mark is shown in FIG. 5. 

[0102] Alternatively, a lens or mold portion is slid under 
the print head at a variable velocity. A position sensor 
indicates when the mold has entered the printing area, and 
molds are allowed to slide a certain distance before printing 
the ?rst column of the image, as measured by a digital shaft 
encoder (i.e. Accu-coder). After another constant slide dis 
tance, the second column of print is ?red. The process 
continues with a constant distance between rows until the 
entire print pattern is reproduced. 

EXAMPLE 3 

[0103] This example illustrates an inkjet printing system 
according to a preferred embodiment of the invention. 

[0104] FIG. 6 schematically shows an inkjet printing 
system according to a preferred embodiment of the inven 
tion. The system comprises an inkjet printer head 602, which 
is connected to one or more ink reservoirs (not shown). Ink 
supply, pressure and How are controlled by a computer 
system. 
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[0105] The inkjet printer head 602 (e.g., a XJ126 200 dpi 
inkjet head from Xaar) is mounted by mechanical ?xtures 
known to a person skilled in the art onto a positioning 
system, which includes 2 rotary ?xtures 604 and 606 (e.g., 
two 2‘ rotary stages from Parker/Edmund Industrial), up 
down linearly moving ?xture 608 (e.g., a metric micrometer 
from Parker/Edmund Industrial), a ?rst linear actuator 612 
(e.g., a linear actuator, 300 mm stage from Intelligent 
Actuator) and a second linear actuator 614 (e.g., a linear 
actuator, 300 mm stage from Intelligent Actuator). The ?rst 
and second linear actuators 612 and 614 are perpendicular to 
each other and are mounted onto a frame 620. 

[0106] Positioning of the inkj et printer head 602 is 
achieved by the rotary ?xtures 604 and 606, up-down 
linearly moving ?xture 608 (e.g., a metric micrometer from 
Parker/Edmund Industrial) and the linear actuators 612 and 
614 under control of the computer system. The rotary ?xture 
604 controls tilting angle of the printer head 602. The rotary 
?xture 606 controls the rotation of the printer head 602. The 
up-down linearly moving ?xture 608 controls the movement 
of the printer head 602 linearly in the vertical axis (Z-axis). 
The x-y position in a horiZontal plane of the printer head 602 
is controlled by the ?rst and second linear actuators. Position 
can be further monitored through use of a shaft encoder (not 

shown). 
[0107] A mold 630 to be printed is placed in a transport 
means 632 which hold one or more molds. The transport 
means is placed on a support 624 which ?xed onto the frame 
620. 

[0108] The system comprises one or more product detect 
ing systems (not shown) which detect if a mold is ready to 
be printed and provide feedback to the computer system to 
initiate sequential operation of the printing system. 

[0109] The system also comprises a maintenance sub 
system 640 which wipes the printer head 602 whenever dry 
ink needs to be removed. This system is controlled by 
pneumatic actuators. For example, a maintenance subsystem 
can include wipe blades (e.g., from McMaster Carr), wiper 
box, pneumatic swivel (e.g., from Festo). The printer head 
ejects any dried ink and primes the ink ?ow, then is wiped 
by the wiper blades or cloth to leave a clean surface. The 
wiper blades would be wiped in the wiper box when the 
wiper blades are rotated out of the printing box by the 
pneumatic swivel. 

[0110] Operation of the system is controlled by the com 
puter system (not shown). An inkjet pattern is controlled by, 
for example, the Xaar UIE (universal image engine) plus 
software included with the evaluation kit. The inkjet pattern 
is downloaded to the inkjet printer head prior to running. 
This software also controls the timing between the product 
detect (PD) signal and the actual start of ?ring. The print 
head can also be accessed using the Print head Commander 
software to measure print head temperature and to change 
the ef?ciency factor. 

[0111] The motion control and maintenance is controlled 
by, for example, SEL Win controller, which programs the IA 
Super SEL controller E. The Super SEL controller is a 32 bit 
RISC CPU with CMOS RAM battery backup memory. 

[0112] Once the Xaar print head and the Super SEL 
controller are activated, the system runs nearly automati 
cally. The Super SEL tells the linear actuators to move over 
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molds at a constant velocity. The PD triggers the Xaar 
printer head once a mold is detected. After the programmed 
delay, the Xaar printer head begins ?ring the ?rst column of 
drops. The image is printed at a programmed frequency 
(typically about 1000 HZ). The X-directional spacing of the 
image is controlled by the ?ring frequency and the printer 
head velocity, While the y-directional spacing is controlled 
by the noZZle pitch (e.g., 126 pm betWeen each noZZle) and 
the tilt of the print head. Each image is printed after every 
PD is observed. 

[0113] After all molds are printed, neW molds can be 
placed under the printer head to be printed. It should be 
understood that molds can be automatically transported into 
the inkj et printing system by using a transport means knoWn 
to a person skilled in the art. 

[0114] Alternately, the system can be actuated to move the 
linear actuators over the molds. The PD triggers the Xaar 
printer head once a mold is detected. The linear actuator 
moves a certain distance, as determined by the shaft encoder, 
Where the Xaar printer head begins ?ring the ?rst column of 
drops. Subsequent columns of drops are in the X-direction is 
controlled by the shaft encoder. The y-directional spacing is 
controlled by the noZZle pitch and the tilt of the print head. 
The print image is repeated after every PD. 

[0115] About a certain number of printing actions (for 
eXample, after 30 prints), the printer head needs to be purged 
of any dried ink and Wiped. The printer head Would have to 
go by the maintenance station. The printer head Would move 
over a spittoon, Where 15 psi pressure Would force the ink 
out of the noZZles. The Wiping system Would rotate into the 
printer head path, and the printer head Would be Wiped using 
Wiper blades or cloth. The printer head is noW ready for 
subsequent printings. The Wiper or cloth could be reused by 
passing under a Wiper blade or cloth or simply discarded. 
Optionally, the Wiping system could be ?ushed With Water. 

What is claimed is: 
1. Aprinting apparatus for making colored contact lenses, 

comprising: 
(1) a securing means for holding a contact lens or a 

portion of a mold for making the contact lens; 

(2) a printer head, Wherein the printer head comprises one 
or more noZZles each of Which is capable of jetting 
droplets of color liquid independent of each other under 
control of a computer system; 

(3) a positioning means for precisely positioning the 
printer head at each of a plurality of predetermined 
positions, one at a time, on a surface of the contact lens 
or the mold portion under control of the computer 
system. 

2. A printing apparatus of claim 1, further comprising at 
least one additional printer head having one or more noZZles, 
Wherein each noZZle is capable of jetting droplets of color 
liquid independent of each other under control of the com 
puter system. 

3. A printing apparatus of claim 1, Wherein the printer 
head comprise at least one column of noZZles 

4. Aprinting apparatus of claim 3, Wherein the positioning 
means is a motor assembly, Wherein the motor assembly 
moves the contact lens or the mold portion or the printer 
head along a translational aXis, rotates the contact lens or the 
mold portion or the printer head around a rotational aXis that 
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passes through the apical center of the surface of the contact 
lens or the mold portion in a direction normal to the surface 
of the contact lens or the mold portion, and tilts the contact 
lens or the mold portion or the printer head With respect to 
the rotational aXis. 

5. Aprinting apparatus of claim 3, Wherein the positioning 
means is a motor assembly that can move the contact lens or 

the mold portion (or the printer head) toWard to or aWay 
from the printer head (or the contact lens or the mold 
portion) and can rotate the contact lens or the mold portion 
(or the printer head) around a rotational aXis that passes 
through the apical center of the surface of the contact lens or 
the mold portion in a direction normal to the surface of the 
contact lens or the mold portion. 

6. Aprinting apparatus of claim 5, Wherein the column of 
noZZles covers at least Width of an annulus Zone on the 
surface of the contact lens or the mold portion, Wherein the 
center of the annulus Zone is the apical center of the surface 
of the contact lens or the mold portion, Wherein a printing 
area is located Within the annulus Zone. 

7. A printing apparatus of claim 6, Wherein the printer 
head is tilted at an angle With respect to the rotational aXis 
so that the printing surface of the printer head is in parallel 
With a surface tangent to the annulus Zone. 

8. An apparatus of claim 7, Wherein the printing surface 
of the printer head has a curvature accommodating the 
curvature of the surface of the contact lens or the mold 
portion. 

9. An apparatus of claim 5, Wherein the printer head is 
placed perpendicular to the rotational axis, Wherein the 
column of noZZles covers at least the diameter of a circular 
Zone on the surface of the contact lens or the mold portion, 
Wherein the center of the circular Zone is the apical center of 
the surface of the contact lens or the mold portion, Wherein 
a printing area is located Within the circular Zone. 

10. An apparatus of claim 9, Wherein the printing surface 
of the printer head has a curvature accommodating the 
curvature of the surface of the contact lens or the mold 
portion. 

11. Aprinting apparatus of claim 3, Wherein the position 
ing means comprises: 

a moving means, Wherein the moving means can move the 
contact lens or the mold portion (or the printer head) at 
a constant velocity under the printer head (or over the 
contact lens or the mold portion); and 

a jetting-controlling means for controlling each of the 
noZZles to dispense drops of color liquid in a timed 
sequence, Wherein time intervals betWeen tWo drops 
from each of the noZZles are constant or variable. 

12. An apparatus of claim 11, Wherein the printer head is 
placed perpendicular to a rotational aXis that passes through 
the apical center of the surface of the contact lens or the 
mold portion, Wherein the column of noZZles covers at least 
the diameter of a circular Zone on the surface of the contact 
lens or the mold portion, Wherein the center of the circular 
Zone is the apical center of the surface of the contact lens or 
the mold portion, Wherein a printing area is located Within 
the circular Zone. 

13. Aprinting apparatus of claim 12, Wherein the printing 
surface of the printer head has a curvature accommodating 
the curvature of the surface of the contact lens or the mold 
portion. 
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14. A method for printing a color image on an article 
having a curved surface, comprising under control of a 
computer system: 

(a) positioning precisely a printer head at each of a 
plurality of predetermined positions, one at a time, on 
the curved surface of the article While keeping a 
relatively constant distance betWeen the printer head 
and the curved surface of the article, Wherein the printer 
head comprises one or more noZZles each of Which is 
capable of jetting droplets of color liquid independent 
of each other; and 

(b) dispensing one or more drops of color liquid from the 
printer head, one drop from one noZZle, on the curved 
surface of the article at each of the predetermined 
positions so as to produce the color image on the curved 
surface of the article. 

15. A method of claim 14, Wherein the article is a contact 
lens or a portion of a mold for making the contact lens, 
Wherein the mold portion de?nes the anterior or posterior 
surface of the contact lens. 

16. A method of claim 15, Wherein the printer head 
comprise at least one column of noZZles. 

17. A method of claim 16, Wherein the positioning step 
comprising: 

keeping the printer head (or the article) stationary; mov 
ing linearly the article (or the printer head) along a 
translational axis; 

rotating the printer head (or the article) around a rotational 
axis that passes through the apical center of the curved 
surface of the article in a direction normal to the curved 
surface; and 

tilting the rotational axis. 
18. A method of claim 16, Wherein the positioning step 

comprises: 

moving linearly the article (or the printer head) toWard to 
or aWay from the printer head (or the article); and 

rotating the article (or the printer head) around a rotational 
axis that passes through the apical center of the curved 
surface of the article in a direction normal to the curved 
surface. 

19. A method of claim 16, Wherein the positioning step 
comprises: 

moving the article (or the printer head) at a constant 
velocity directly under the printer head (or above the 
article); and 

generating jetting-control signals to control each of the 
noZZles to dispense a plurality of drops of color liquid 
in a timed sequence, one drop at a time and at a constant 
or variable time interval betWeen tWo subsequent 
drops. 

20. A method of claim 16, further comprising a step of 
converting a tWo dimensional color image into a set of 
printing-control signals for printing the color image on the 
curved surface of the article, Wherein the tWo and three 
dimensional color images are represented by a matrix of 
discrete and/or blended color dots. 

21. A method of claim 20, Wherein the density of dots is 
kept constant by adding and/or deleting dots in the dot 
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matrix of the three-dimensional color image in the step of 
converting the tWo-dimensional color image into the three 
dimensional color image. 

22. A method of automatically printing color images on 
articles each having a curved surface, comprising: 

(1) continuously transporting the articles along a prede 
termined path to transport each of the articles, one at a 
time, into a printing station comprising a printer head 
having one or more noZZles for jetting droplets of color 
liquid; 

(2) each time one of the curved articles moves into the 
digital printing system, 

(a) activating a positioning means to position precisely 
the printer head at each of a plurality of predeter 
mined positions, one at a time, on the curved surface 
of the article, and 

(b) dispensing one or more drops of color liquid, one 
drop from one noZZle, on the curved surface of the 
article at each of the predetermined positions so as to 
print a color image on each of the articles. 

23. A method of claim 22, Wherein the transporting step 
includes the steps of: positioning each of the articles in a 
respective location in a carrier and continuously moving the 
carrier along the predetermined path. 

24. A method of claim 23, Wherein the activating step 
includes the steps of: generating a start signal each time one 
of the articles moves into the printing station and transmit 
ting the start signal to a computer system to activate the 
positioning means to precisely position the printer head on 
the curved surface of the article. 

25. Amethod of claim 24, Wherein the articles are contact 
lenses or mold portions for making the contact lenses. 

26. A method of claim 25, Wherein the printer head 
comprise at least one column of noZZles, Wherein each of the 
column of noZZles ejects droplets of color liquid indepen 
dent of each other under control of the computer system. 

27. A method of claim 26, Wherein the step of precisely 
positioning the printer head on the curved surface of the 
article comprising: 

keeping the printer head (or the article) stationary; 

moving linearly the article (or the printer head) along a 
translational axis; 

rotating the printer head (or the article) around a rotational 
axis that passes through the apical center of the curved 
surface of the article in a direction normal to the curved 
surface; and 

tilting the rotational axis. 
28. A method of claim 26, Wherein the step of precisely 

positioning the printer head on the curved surface of the 
article comprising: 

moving linearly the article (or the printer head) toWard to 
or aWay from the printer head (or the article); and 

rotating the article (or the printer head) around a rotational 
axis that passes through the apical center of the curved 
surface of the article in a direction normal to the curved 
surface. 

29. A method of claim 26, Wherein the step of precisely 
positioning the printer head on the curved surface of the 
article comprising: 
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moving linearly the article (or the printer head) at a 
constant velocity directly under the printer head (or 
above the article); and 

generating jetting-control signals to control each of the 
noZZles to dispense a plurality of drops of color liquid 
in a timed sequence, one drop at a time and at a constant 
or variable time interval betWeen tWo subsequent 
drops. 

30. A system for automatically printing color images on 
articles each having a curved surface, comprising: 

(1) at least one printing station comprising a printer head 
having one or more noZZles each of Which is capable of 
ejecting droplets of colored liquid independent of each 
other, a positioning means to precisely position the 
printer head at each of a plurality of predetermined 
positions, one at a time, on the curved surface of each 
of the articles; 

(2) transporting means to move the articles along a 
predetermined path to transport each of the articles, one 
at a time, into the printing station; and 

(3) a computer system for controlling operation of the 
printing station and the transporting means. 

31. A system of claim 30, Wherein the transporting means 
includes a carrier for holding one or more articles. 

32. A system of claim 31, Wherein the transporting means 
further includes an activating means for detecting if one 
article is moved into the printing station and for generating 
and transmitting a start signal to a computer system to 
activate the positioning means to precisely position the 
printer head on the curved surface of the article. 

33. A system of claim 32, Wherein the articles are contact 
lenses or mold portions for making the contact lenses. 

34. A system of claim 33, Wherein the printer head 
comprise at least one column of noZZles. 

35. A system of claim 34, Wherein the positioning means 
is a motor assernbly, Wherein the motor assernbly moves the 
article or the printer head along a translational aXis, rotates 
the article or the printer head around a rotational aXis that 
passes through the apical center of the curved surface of the 
article, and tilts the article or the printer head With respect to 
the rotational aXis. 

36. A system of claim 34, Wherein the positioning means 
is a motor assembly that can move linearly the article (or the 
printer head) toWard to or away from the printer head (or the 
article) and can rotate the article (or the printer head) around 
a rotational aXis that passes through the apical center of the 
curved surface of the article. 
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37. A system of claim 36, Wherein the column of noZZles 
covers at least Width of an annulus Zone on the surface of the 

article, Wherein the center of the annulus Zone is the apical 
center of the curved surface of the article, Wherein a printing 
area is located Within the annulus Zone. 

38. Asystern of claim 37, Wherein the printer head is tilted 
at an angle With respect to the rotational aXis so that the 
printing surface of the printer head is in parallel With a 
surface tangent to the annulus Zone. 

39. A system of claim 38, Wherein the printing surface of 
the printer head has a curvature accommodating the curva 
ture of the curved surface of the article. 

40. A system of claim 36, Wherein the printer head is 
placed perpendicular to the rotational aXis, Wherein the 
column of noZZles covers at least the diameter of a circular 
Zone on the curved surface of the article, Wherein the center 
of the circular Zone is the apical center of the curved surface 
of the article, Wherein a printing area is located Within the 
circular Zone. 

41. A system of claim 40, Wherein the printing surface of 
the printer head has a curvature accommodating the curva 
ture of the curved surface of the article. 

42. A system of claim 34, Wherein the positioning means 
comprises: 

a moving means, wherein the moving means can move the 

article (or the printer head) at a constant velocity under 
the printer head (or above the article); and 

a jetting-controlling means for controlling each of the 
noZZles to dispense drops of color liquid in a timed 
sequence, Wherein time interval betWeen tWo drops 
from each of the noZZles is constant or variable. 

43. A system of claim 42, Wherein the printer head is 
placed perpendicular to a rotational aXis that passes through 
the apical center of the curved surface of the article, Wherein 
the column of noZZles covers at least the diameter of a 
circular Zone on the curved surface of the article, Wherein 
the center of the circular Zone is the apical center of the 
curved surface of the article, Wherein a printing area is 
located Within the circular Zone. 

44. A system of claim 43, Wherein the printing surface of 
the printer head has a curvature accommodating the curva 
ture of the curved surface of the article. 


