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METHODS OF FORMING MOLDS AND METHODS OF FORMING ARTICLES

USING SAID MOLDS

FIELD

The present disclosure relates to methods of forming and utilizing molds.

BACKGROUND

Molds and molding processes have been extensively used and studied. The

machine tool industry is capable of creating molds having a wide variety of detailed and

useful patterns. Until recently molds were generally made from metal. Machining a metal

mold to a customer's specifications can be a very time consuming process. The extensive

time involved has lead the industry to investigate polymer molds. Polymer molds,

although much quicker to manufacture can suffer from poor durability, poor release

characteristics and transfer of material from the mold to the molded article. Polymer

molds having better durability, release characteristics and minimal or no transfer of

material from the mold are therefore desirable.

BRIEF SUMMARY

Disclosed herein is a method of forming a working mold including placing a

substrate on an electrode in a chamber, the substrate having at least a first structured

surface; providing power to the electrode to create a plasma; introducing vapor of liquid

silicone into the plasma; and depositing a release layer, the release layer including a

silicone containing polymer, the release layer being deposited on at least a portion of the

first structured surface of the substrate to form the working mold.

Also disclosed is a method of forming a molded article including placing an

untreated working mold near an electrode in a chamber, the untreated working mold

having at least a first structured surface; providing power to the electrode to create a

plasma; introducing vapor of liquid silicone into the plasma; depositing a release layer, the

release layer including a silicone containing polymer, the release layer being deposited on

at least a portion of the first structured surface of the untreated working mold to form the

working mold; and contacting a third generation precursor with at least a portion of the



first surface of the working mold to form the molded article that is the inverse of the first

structured surface of the working mold.

Also disclosed is a method of continuously forming a molded article including

placing an untreated working mold near an electrode in a chamber, the untreated working

mold having at least a first structured surface; providing power to the electrode to create a

plasma; introducing vapor of liquid silicone into the plasma; depositing a release layer, the

release layer including a silicone containing polymer, the release layer being deposited on

at least a portion of the first structured surface of the untreated working mold to form the

working mold; forming a continuous tool including the working mold; and continuously

contacting a third generation precursor with at least a portion of the first surface of the

working mold to form a molded article that is the inverse of the first structured surface of

the working mold.

Articles made using methods as disclosed and exemplified herein are also

disclosed.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure may be more completely understood in consideration of the

following detailed description of various embodiments of the disclosure in connection

with the accompanying drawings, in which:

The figures are not necessarily to scale. Like numbers used in the figures refer to

like components. However, it will be understood that the use of a number to refer to a

component in a given figure is not intended to limit the component in another figure

labeled with the same number.

FIG. 1 depicts an embodiment of a method as disclosed herein;

FIGs. 2a and 2b schematically illustrate a relationship between a master mold, a

working mold and a molded article;

FIG. 3 depicts an embodiment of a method as disclosed herein;

FIGs. 4a and 4b schematically illustrate steps of making a working mold from a

master mold; and

FIG. 5 depicts an exemplary working mold.



DETAILED DESCRIPTION

In the following description, reference is made to the accompanying drawings that

form a part hereof, and in which are shown by way of illustration several specific

embodiments. It is to be understood that other embodiments are contemplated and may be

made without departing from the scope or spirit of the present invention. The following

detailed description, therefore, is not to be taken in a limiting sense.

All scientific and technical terms used herein have meanings commonly used in the

art unless otherwise specified. The definitions provided herein are to facilitate

understanding of certain terms used frequently herein and are not meant to limit the scope

of the present disclosure.

Unless otherwise indicated, all numbers expressing feature sizes, amounts, and

physical properties used in the specification and claims are to be understood as being

modified in all instances by the term "about." Accordingly, unless indicated to the

contrary, the numerical parameters set forth in the foregoing specification and attached

claims are approximations that can vary depending upon the desired properties sought to

be obtained by those skilled in the art utilizing the teachings disclosed herein.

The recitation of numerical ranges by endpoints includes all numbers subsumed

within that range (e.g. 1 to 5 includes 1, 1.5, 2, 2.75, 3, 3.80, 4, and 5) and any range

within that range.

As used in this specification and the appended claims, the singular forms "a", "an",

and "the" encompass embodiments having plural referents, unless the content clearly

dictates otherwise. As used in this specification and the appended claims, the term "or" is

generally employed in its sense including "and/or" unless the content clearly dictates

otherwise.

As used in this specification, the term "alkyl" refers to a monovalent group that is a

radical of an alkane, which is a saturated hydrocarbon. The alkyl can be linear, branched,

cyclic, or combinations thereof and typically has 1 to 20 carbon atoms. In some

embodiments, the alkyl group contains 1 to 18, 1 to 12, 1 to 10, 1 to 8, 1 to 6, or 1 to 4

carbon atoms. Examples of alkyl groups include, but are not limited to, methyl, ethyl, n-

propyl, isopropyl, n-butyl, isobutyl, tert-butyl, n-pentyl, n-hexyl, cyclohexyl, n-heptyl, n-

octyl, and ethylhexyl. The term "alkyl" also includes both substituted and unsubstituted

groups.



As used in this specification, the term "alkoxy" refers to a monovalent group of

formula —OR where R is an alkyl group.

Disclosed herein are methods of forming a working mold. In an embodiment, a

method of forming a working mold includes depositing a release layer on at least a portion

of a substrate. Generally, chemical vapor deposition processes can be utilized to deposit a

release layer on a substrate. In an embodiment, plasma enhanced chemical vapor

deposition (PECVD), remote plasma enhanced chemical vapor deposition (RPECVD) or

ion-enhanced plasma chemical deposition (IEPCD) can be utilized to deposit a release

layer on a substrate. Generally, PECVD processes form a plasma using alternating current

(AC) or direct current (DC) discharge between two electrodes, with the space between the

two electrodes being filled with a reacting gas or gases from which the release layer is

ultimately deposited. Any generally utilized system for carrying out PECVD can be

utilized herein.

An exemplary PECVD system includes a chamber, also referred to as a reaction

chamber. In an embodiment, the chamber can be evacuable, can have means for

generating a plasma throughout at least a portion of the chamber and can be capable of

maintaining conditions that produce a plasma. That is, the chamber can provide an

environment which allows for the control of various conditions, including, but not limited

to pressure, the flow rate of one or more gases, the voltage supplied to the powered

electrode, the strength of the electric field, formation of a plasma containing reactive

species, intensity of ion bombardment and the rate of deposition of a release layer from the

reactive species.

In an embodiment, the chamber can be made of aluminum; aluminum has a low

sputter yield, therefore very little contamination will generally occur from the surfaces of

the chamber. However, other suitable materials, such as copper, glass or stainless steel,

may also be used for the chamber. The chamber can have any suitable volume. In an

embodiment, the chamber can have a volume of about 3 feet3. The chamber can have any

type of configuration generally utilized. An exemplary PECVD system also includes a

powered electrode and a grounded electrode. The two electrodes may be symmetric or

asymmetric. In an embodiment one or both electrodes may be cooled, for example, by

water. An exemplary, commercially available, system that can be modified to be utilized

or can be utilized to coat substrates using methods as disclosed herein includes a



Plasmatherm PE 3032 (Plasmatherm, Inc., St. Petersburg, FL). Alternatively, a system as

described in United States Patent Publication No. 20080196664, entitled "MOISTURE

BARRIER COATINGS FOR ORGANIC LIGHT EMITTING DIODE DEVICES", filed

on February 21, 2007 (the disclosure of which is incorporated herein by reference) could

be utilized to coat substrates using methods as disclosed herein.

An exemplary method as disclosed herein is schematically depicted in FIG. 1. The

method includes step 110, placing a substrate near an electrode; step 120 providing power

to the electrode to create a plasma; step 130, introducing vapor of liquid silicone into the

plasma; and step 140, depositing a release layer on at least a portion of the substrate. One

of skill in the art, having read this specification, will understand that other steps (some

disclosed herein, some not disclosed herein, or both) can occur before, after, simultaneous

with, or in between (or any combination thereof) the steps disclosed in FIG. 1.

The substrate to be coated is placed near an electrode, as depicted in step 110 of

FIG. 1. One of skill in the art will understand, having read this specification that placing a

substrate near an electrode also includes placing a substrate on an electrode, in contact

with an electrode, or in the vicinity of the electrode. Contact of the substrate with an

electrode is not necessary and if contact is made with the electrode, it does not need to be

maintained. In the case of an elongated article, the substrate optionally may be pulled

through the chamber continuously. In an embodiment, the substrate to be coated can be

placed on the powered electrode or the grounded electrode. In an embodiment, the

substrate to be coated is placed on the powered electrode. In an embodiment where a

system having an asymmetric electrode (where the area of the powered electrode is

smaller than the grounded electrode so that a large ion sheath appears across the powered

electrode) the substrate can be located on the powered electrode, in order to cause ion

bombardment of the substrate. Ion bombardment can density the deposited release layer,

thereby improving the hardness and durability of the release layer.

Any substrates desired to be coated can be utilized in methods as disclosed herein.

In an embodiment, the substrate is polymeric. The polymeric material used as the

substrate can be either a thermoset polymeric material or a thermoplastic polymeric

material. A thermoset polymeric material is generally one that has undergone a

crosslinking reaction that results in a chemical change and an increase in the hardness of

the material. Generally, thermoset polymeric materials are infusible, insoluble and



resistant to flow upon heating and do not return to their original chemical state upon

cooling. A thermoset polymeric material can be formed from a precursor of a thermoset

polymeric material, a material that includes crosslinkable materials. Crosslinkable

materials need only be crosslinked to form a thermoset polymeric material. The precursor

of the thermoset polymeric material can also be polymerizable. Polymerizable materials

need to be polymerized and crosslinked to form a thermoset polymeric material. A

thermoplastic polymeric material is generally one that undergoes a physical change upon

the application of heat, i.e., the material flows upon bonding and returns to its initial non-

flowing state upon cooling. Specific materials that can be utilized as substrates or can be

utilized to form substrates are exemplified more fully below.

Generally, substrates that are utilized in methods as disclosed herein and formed

using methods disclosed herein can function as a working mold. As used herein, a master

mold, or a first generation mold can be utilized to make a working mold (as described

below). A working mold can also be referred to herein as a second generation mold or

replica of the master mold, which is the first generation mold. A working mold can be

used to make a molded article. A molded article can also be referred to as a third

generation mold, replica of the second generation mold, or replica of the working mold.

Substrates that are utilized herein can generally have at least one structured

surface. The at least one structured surface can generally have a pattern that is the inverse

of a pattern or a portion of a pattern that is desired in a molded article. Features that make

up the at least one structured surface can generally have dimensions of nanometers to

centimeters for example. In an embodiment, features that make up the at least one

structured surface can generally have dimensions of nanometers to micrometers.

In an embodiment, features of the working mold can generally have dimensions of

about 5 nanometer (nm) to about 1 millimeters. In an embodiment, features of the

working mold can generally have dimensions of about 5 nanometers to about 500

micrometers. In an embodiment, features of the working mold can generally have

dimensions of about 100 nanometers to about 500 micrometers. In an embodiment,

features of the working mold can generally have dimensions of about 50 nanometers to

about 200 micrometers. In an embodiment, features of the working mold can generally

have dimensions of about 100 nanometers to about 200 micrometers.



In an embodiment, a working mold can have features that can generally have

aspect ratios (ratio of the height to the width) that are less than about 10. In an

embodiment, a working mold can have features that can generally have aspect ratios that

are less than about 5 . In an embodiment, a working mold can have features that can

generally have aspect ratios that are less than about 3 . In an embodiment, a working mold

can have features that can generally have aspect ratios that are less than about 2 .

A working mold can be formed using methods and techniques as are generally

known to one of skill in the art. One such method includes the use of a master mold or a

first generation mold. A master mold can generally have a structured surface that is the

inverse of the working mold, or is the same as the pattern or portion of a pattern that is

desired to be formed in a molded article. The relationship between a master mold, a

working mold, and a molded article is illustrated in FIGs. 2a and 2b. As seen in FIG. 2a,

the master mold 210 and a related working mold 220 have patterns that are the inverse of

each other. More specifically, the master mold 210 has protrusions 215; and the working

mold 220 has corresponding depressions 225. One of skill in the art will understand that

the master mold could conversely have depressions and the working mold could have

corresponding protrusions. FIG. 2b illustrates the relationship between the working mold

220 and a molded article 230. As seen in FIG. 2b, the working mold 220 has depressions

225 and the molded article 230 has corresponding protrusions 235. One of skill in the art

will understand that the working mold could conversely have protrusions and the molded

article can have depressions. By comparing the master mold 210 and the molded article

230 (in FIGs. 2a and 2b), it can also be seen that the master mold 210 has substantially

the same pattern as the molded article 230.

A master mold can be formed using methods and techniques as are generally

known to one of skill in the art. One such method includes initially forming structures,

such as a structured array, on a substrate to create a master mold. The structures in the

structured array may be designed and arranged using computer aided design and

manufacturing (CAD/CAM) software that is known to those of skill in the art. Once the

pattern is designed, it can be created in a suitable material by any of a number of processes

using commonly utilized techniques, such as, for example, a multiple-photon such as a

two-photon exposure process, chemical or mechanical etching, laser ablation,

photolithography, stereolithography, micromachining, knurling, cutting, scoring,



engraving, diamond turning, and the like. Any process or combination of processes may

be used, as long as it can flexibly and controllably provide patterns with structures of a

variety of sizes, geometric configurations, surface profiles, or combinations thereof.

The patterns are not generally limited, and may include, for example, protruding

structures, recessed structures, continuous and discontinuous grooves, and combinations

thereof. The patterns formed by the structures may be regular or irregular, and the

individual structures in these patterns may be the same or different in one or more shapes,

angles, dimensions or combinations thereof.

The material used to make the master mold can vary widely. In some cases, any

material that is sufficiently rigid, flat and stable to allow accurate creation of the structures

can be used. In general, a material that is used is one that allows accurate formation and

transfer of such structures. Suitable substrate materials include, but are not limited to,

metals, silicon , glasses, quartz, ceramic materials, or polymeric materials. In an

embodiment where the master mold is formed of a polymeric material, a first generation

precursor may be used to form the polymeric material.

Another exemplary method of fabricating a master mold can be found in

commonly assigned PCT Publication No. WO 2007137102, entitled PROCESS FOR

MAKING LIGHT GUIDES WITH EXTRACTION STRUCTURES AND LIGHT

GUIDES PRODUCED THEREBY, filed on May 17, 2007, which is incorporated by

reference herein in its entirety.

Once a master mold is formed, it can then be used to form a working mold.

Commonly utilized methods for creating working molds from master molds can be

utilized herein. The particular method that is used can depend at least in part, on the

material that the working mold is made of. In an embodiment where the working mold is

to be polymeric, an exemplary method of forming a working mold from a master mold

includes contacting a second generation precursor with at least a portion of the master

mold. Generally, contacting the second generation precursor with at least a portion of the

master mold can function to cover, fill up, or both, at least a portion of the pattern on the

master mold. The second generation precursor can then be removed from the master mold

by for example, peeling to form a working mold. The working mold will have the reverse

image of at least a portion of the pattern on the master mold. The working mold can be,

but need not be, self supporting, flexible, or both.



As used herein, a flexible working mold can refer to a working mold that can be

removed by peeling it away from the master mold at an angle of at least about 30° (in

another embodiment at an angle of at least about 45-70°), measured with respect to a

planar surface of the master mold, without significant damage, such as cracking,

deformation or altering the structured pattern replicated therein. It should also be noted

that the working mold can be removed from the master mold in a parallel fashion, for

example if a rigid substrate was attached to the working mold. The working mold may be

removed from the master mold by, for example, lifting the working mold around its

perimeter or by peeling up one leading edge thereof. The peel rate may vary widely

depending on the second generation precursor, the master mold material (in an

embodiment formed from the first generation precursor), the density of structures in the

master mold as well as other factors. Generally, the higher the density of structures in the

master mold, the more slowly the working mold should be removed from the master mold.

In an embodiment, the second generation precursor forms a thermoset polymeric

material. A thermoset polymeric material can be formed from a precursor of the thermoset

polymeric material, which can also be referred to herein as a second generation precursor

in the context of the working mold. The second generation precursor can include

crosslinkable materials. The crosslinkable materials can be polymerized, so they need

only be crosslinked (i.e., cured) to form a thermoset polymeric material; or the

crosslinkable material can be polymerizable so they need to be polymerized and

crosslinked to form a thermoset polymeric material; or the second generation precursor

can contain both crosslinkable and polymerizable materials.

In an embodiment, the glass transition temperature (Tg) of the thermoset polymeric

material can be about 35° C or greater. In an embodiment, the glass transition temperature

(Tg) of the thermoset polymeric material can be about 45° C or greater. In an

embodiment, the glass transition temperature (Tg) of the thermoset polymeric material can

be about 50° C or greater. In an embodiment, the glass transition temperature (Tg) of the

thermoset polymeric material can be about 55° C or greater.

Exemplary second generation precursors include, but are not limited to, epoxies,

melamines, acrylates, alkyd resins, polyurethane precursors, epoxy acrylates and

combinations thereof. Exemplary second generation precursors also include thermoplastic

polyimides (i.e., the thermoplastic polyimides can be crosslinked to form thermoset



polyimides). In an embodiment, the thermoset polymeric material can be derived from

polymerizable materials, e.g., monomers that include acrylate groups, epoxy groups,

urethane groups, or some combination thereof. In an embodiment, the thermoset

polymeric material can be derived from monomers that include hyperbranched acrylates,

urethane acrylates, or a combination thereof.

In an embodiment, the second generation precursor has a viscosity that allows it to

be contacted with the master mold. In an embodiment, a second generation precursor

having a viscosity that does not allow it to be effectively contacted with the master mold

could be contacted with the master mold at a temperature that alters the viscosity in a

desired fashion. For example, a second generation precursor that has a viscosity that is too

high to be easily contacted with the master mold could be contacted at an elevated

temperature where the viscosity is decreased to afford more effective contact.

Exemplary thermoplastic materials include, but are not limited to, polyester,

polyimide, polycarbonates, polyvinyl chloride, polypropylene, polyethylene, polymethyl

methacrylate and combinations thereof.

The working mold can also be metallic, glass, ceramic, or semiconductive for

example. One of skill in the art, having read this specification, would be aware of

methods of making working molds using such materials. Suitable metallic materials that

can be used include, but are not limited to, copper, aluminum, platinum, stainless steel,

gold, nickel, titanium, iron, alloys of any of the metals, or combinations thereof. The

metal can, for example, be in the form of a sheet that is pressed against the master mold to

form the working mold. Suitable ceramic, glass, or semiconductive working molds can be

prepared, for example, by positioning a hardenable composition containing various

inorganic materials in contact with the master mold. The hardenable composition can be

hardened to form the working mold while in contact with the master mold. The formation

of the hardened material often includes the application of heat to and the removal of a

liquid such as water from the hardenable composition. That is, the working mold can be

formed by drying the hardenable composition while positioned adjacent to the master

mold.

The second generation precursor used to form the working mold may optionally be

degassed either before or after it is applied to the master mold and following application

the material may be, for example, polymerized, crosslinked, dried, or any combination



thereof by any suitable technique. For example, in an embodiment the second generation

precursor may be cured by photochemical or thermal processes. In an embodiment, the

second generation precursor may be cured by a source of radiation, such as ultraviolet

(UV) radiation. For example, in an embodiment the second generation precursor may be

cured or dried by a source of heat that heats the material from room temperature (or the

temperature at which it was applied) to a higher temperature. In an embodiment, the

higher temperature is a temperature that does not cause damage to the master mold.

In an embodiment, the working mold can have a thickness that is sufficient to form

a free-standing film in which the structures from the master mold are accurately replicated.

A free-standing film is a film that will retain features formed therein without any

additional support, for example from a backing. The working mold thus includes a second

pattern that is a reverse image of at least a portion of the pattern in the master mold (e.g., if

the master mold includes an array of protruding structures, such as that seen in FIG. 2a,

the working mold will have an array of corresponding depressions or indentations, such as

that seen in FIG. 2a). In an embodiment, the working mold can be a free-standing film

with a thickness of about 2 mm to 1 cm. In an embodiment, the working mold can have a

thickness of about 2 mm to about 8 mm. In an embodiment, the working mold can have a

thickness of about 2 mm to about 3 mm.

Methods as disclosed herein also include depositing a release layer on at least a

portion of the substrate. The step of depositing a release layer on the substrate generally

includes depositing a release layer that includes a silicone containing polymer using

PECVD. Generally, a PECVD process or system forms a plasma and deposits a release

layer from that plasma on a surface (or surfaces) within a chamber that houses the plasma.

The species within the plasma react on the surface of the working mold. The plasma

deposition results in species in the plasma becoming randomly attached to the surfaces of

the working mold via covalent bonds. The deposited release layer usually constitutes a

full layer over the entire exposed working mold, but may constitute less that a full layer

over the entire exposed working mold. The release layer usually includes a polymeric

material, such as a silicone containing polymeric material, formed from the deposited

material.

Depositing a release layer on the substrate or working mold can be carried out by

step 120, providing power to the electrode to form a plasma. Providing power to an



electrode to form a plasma can be carried out by, for example, providing a power supply to

the electrode and activating the power supply to form a plasma. Generally, the step of

providing power to an electrode to form a plasma can occur at any time during the method

as disclosed herein. In an embodiment, the step of providing power to an electrode can

occur before the substrate is placed near the electrode and before introducing vapor of

liquid silicone into the plasma. That is, the step of forming a plasma can occur prior to the

introduction of the substrate, prior to introducing vapor of liquid silicone into the plasma,

or both. In an embodiment, the step of providing power to an electrode can occur before

or simultaneous with the step of introducing vapor of liquid silicone into the plasma . In

an embodiment, the power is applied first in the presence of a non-release layer depositing

gas such as argon or oxygen to prime the working mold before introducing the vapor of

liquid silicone, which is when the release layer begins to be deposited. Such a sequence of

steps can lead to improved adhesion of the release layer to the working mold and overall

durability of the release layer.

As discussed above, methods disclosed herein can be carried out in a PECVD

system. PECVD systems include a source of power, or are configured to be attached to a

source of power. The power that is supplied to the electrode can be an AC or DC source.

In an embodiment, the power source is a RF source, for example. Plasma, containing the

release layer forming gas introduced into the chamber, is generated and sustained by

supplying power.

In an embodiment, the power can be supplied to at least one electrode by an RF

generator operating at a frequency in the range of about 0.001 to 100 MHz. In an

embodiment, the RF power source provides power at a frequency in the range of about

0.01 to 50 MHz. In an embodiment, the RF power source provides power at a frequency

of about 13.56 MHz or any whole number (e.g., 1, 2, or 3) multiple thereof. The RF

power source can be an RF generator such as a 13.56 MHz oscillator. In an embodiment,

the power source, such as an RF generator, can be operated at a power level of between

about 10 W and 5000 W.

The substrate or working mold to be coated may be placed in, or passed through,

the chamber. In some embodiments, a plurality of working molds may be simultaneously

or sequentially exposed to the plasma. In an embodiment, the working mold to be coated

may be, but need not be, pre-cleaned to remove contaminants that could interfere with the



coating. A useful pre-cleaning method is exposure to an oxygen plasma. For this pre-

cleaning, pressures in the reactor can be maintained between about 1.3 Pa (10 mTorr) and

27 Pa (200 mTorr). Plasma is generated with RF power levels of between about 500

Watts (W) and 3000 W. Other gases may be used for pre-cleaning such as, for example,

argon, air, nitrogen, hydrogen or ammonia, or mixtures thereof.

In an embodiment, the release layer can be deposited by pulsing the power that is

supplied to the at least one electrode. Generally, pulsed deposition refers to a process

where the RF generator is cycled on and off. Any suitable duty cycle can be used. In an

embodiment, plasma deposition can be performed with a 90% duty cycle of the RF

generator, with 90% referring to the amount of time that the RF generator is turned on.

The frequency of pulsing may be varied from about 1 Hz to about 100 Hz. In an

embodiment, the frequency of pulsing is about 10 Hz. Pulsed plasma deposition can

function to decrease or eliminate particle formation that can (but doesn't always) occur

during plasma deposition of the release layer, can reduce compressive force of the release

layer or a combination thereof.

Methods as disclosed herein also include introducing vapor of liquid silicone into

the plasma, step 130 in FIG. 1. Generally, the liquid silicone molecules can be introduced

into the chamber before they are vaporized for introduction into the plasma. Within the

chamber, the vaporized liquid silicone molecules become part of a plasma generated from

an inert gas such as argon or helium. As discussed above, PECVD systems that can be

utilized herein generally include a chamber, a grounded electrode and a powered

electrode. The chamber is generally configured so that gases can be controllably

introduced into the chamber. Generally, the gas (or gases) and liquid (or vaporized

liquids) that are present during the coating of a substrate and that deposit on the substrate

are referred to herein as the release layer forming gas.

In an embodiment, the chamber can, but need not, be evacuated before introducing

the materials, to an extent desired, to remove air and any impurities. This may be

accomplished by vacuum pumps, which can be located at a pumping stack connected to

the chamber. Inert gases (such as argon) may be introduced into the chamber to alter the

pressure with the chamber. Once the chamber is evacuated, the materials can be admitted

into the chamber via an inlet tube.



The liquid silicone molecules can be introduced into the chamber by introducing

the liquid using known liquid transfer techniques. In an embodiment the liquid silicone

molecules can simply be placed into the chamber, and in an embodiment, the liquid

silicone molecules can be pumped into the chamber via a liquid pumping system. The

liquid silicone molecules can be provided into the chamber through any useful means. In

one embodiment, the liquid silicone molecules can be disposed on graphite or carbon cloth

that is electrically connected to a power source and can therefore be vaporized (by heating

the carbon cloth via passing current through the carbon cloth) within the chamber while

being shielded from the plasma with a Faraday cage. In an embodiment, a current up to

several Amperes (A) can be applied to such carbon heating cloths in order to vaporize the

liquid silicone molecules. In an embodiment utilizing a one inch wide carbon cloth, a

current of between 1 and 2 Amperes can be maintained, for example a current of 1.7 A .

In an embodiment, a liquid silicone molecule is a molecule that contains silicon, is

a liquid at atmospheric conditions, can be vaporized and is capable of being polymerized.

In an embodiment, a liquid silicone molecule has a backbone of repeating

monomer units that include at least one silicon atom. In an embodiment, the liquid

silicone molecule is of formula I :

where Ra are independently H, OH, alkyl, aryl or alkoxy; X is H, alkyl, -Si(Ra)3, -Si(Ra)2-

Y, or X and Y together form a single bond; Y is H, -OH, Cl, F, Br, I, -NH2, aryl, -

OSi(Ra)3, or X and Y together form a single bond; and n is an integer from 3 to 13,000. In

an embodiment where X and Y together form a single bond, the molecule is cyclic in

nature.

As stated above, n can be an integer from 3 to 13,000. In an embodiment, n is an

integer from 3 to 3000. In an embodiment, n is an integer from 3 to 2000. In an

embodiment, n is an integer from 3 to 1000. In an embodiment, n is an integer from 3 to

500, from 3 to 100, from 5 to 100, or from 10 to 100.

Generally, the molecular weight (Mn) of liquid silicone molecules that can be used

herein can range from about 100 to about 1,000,000. In an embodiment, the molecular



weight (Mn) of liquid silicone molecules that can be used herein can range from about 200

to 300,000. In an embodiment, the molecular weight (Mn) of liquid silicone molecules

that can be used herein can range from about 200 to 100,000. In an embodiment, the

molecular weight (Mn) of liquid silicone molecules that can be used herein can range from

about 500 to 10,000.

In an embodiment, the liquid silicone molecule is of formula II:

where Ra are independently H, OH, alkyl, aryl, or alkoxy; and n is an integer from 1 to

13,000. Generally, compounds of formula II are commonly referred to as "silicone oils".

In an embodiment where the liquid silicone oligomer is of formula II, n can be an integer

from 3 to 3000. Formula II is a subset of formula I .

In an embodiment, the liquid silicone oligomer is of formula III:

where n is an integer from 3 to 3000. An exemplary compound of formula III

includes polydimethylsiloxane. Commonly utilized polydimethylsiloxanes generally have

molecular weights from about 1 to about 100. Formula III is a subset of formula I and

formula II.

A secondary reactant may also be added to the chamber in combination with the

liquid silicone molecule. In an embodiment, the secondary reactant can be added to the

chamber at substantially the same time as the liquid silicone molecule or at a different time

as the liquid silicone molecule. In an embodiment, the secondary reactant can be added to

the chamber before the liquid silicone molecule or after the liquid silicone molecule.

In an embodiment, the secondary reactant is a gas. The secondary reactant gas can

be added to the chamber at a desired flow rate, which can depend at least in part, on the

size of the reactor, the surface area of the electrodes, the porosity of the articles to be



treated, the desired thickness of the release layer, and other factors. The flow rate can

generally be chosen as sufficient to establish a suitable pressure at which to carry out the

coating, typically 0.13 Pa to 130 Pa (0.001 Torr to 1.0 Torr). For a square reactor that has

inner dimensions of 45 cm x 45 cm x 7.5 cm, the flow rates are typically from about 50 to

about 250 standard cubic centimeters per minute (SCCM). At the pressures and

temperatures of coating (typically 0.13 to 133 Pa (0.001 to 1.0 Torr) (all pressures stated

herein are absolute pressures) and a temperature less than 5 O0C), the release layer forming

gases generally remain in their original form without any polymerization.

In an embodiment, the secondary reactant gas can include a silicon containing gas,

oxygen or an hydrocarbon such as an alkane or alkene. Different and varying amounts of

such components can be utilized in combination with the liquid silicone molecules. The

amount of secondary reactant can affect the properties of the release layer formed thereby.

In an embodiment, oxygen is utilized as a secondary reactant gas. Utilizing

oxygen as a secondary reactant can contribute to advantageous properties of the film. In

an embodiment, including oxygen gas as a secondary reactant can provide films having

higher surface energies. Generally, inclusion of O as a secondary reactant can increase

the surface tension of the film (when compared with a film from a liquid silicone oligomer

only). Generally, the O can function to increase the surface tension by forming hydroxyl

groups on the surface of the film which will increase the surface tension. Films having

higher surface energies can be advantageous because it enhances wetting of the working

mold surface by the third generation precursor. Better wetting of the mold surface can

generally provide higher fidelity molded articles.

In an embodiment, the secondary reactant is a silicon containing gas. The addition

of a silicon containing gas can function to enhance the degree of crosslinking of the

silicone containing polymer included in the release layer. Silicon containing gas can also

function to increase the surface tension of the release layer. In an embodiment, the

secondary reactant is a silicon containing gas having the formula: Si(Ra)sRb wherein Ra is

independently H, alkyl, or alkoxy; and Rb is independently H, alkyl, alkoxy, -OSi(Ra)3, or

-Si(R a)3. In an embodiment, all Ra substituents within a single silicon containing gas are

the same; and in an embodiment, at least one Ra substituent in a single silicon containing

gas is different. In an embodiment, Ra and Rb are the same; and in an embodiment, Ra and

Rb are different. In an embodiment, the silicon containing gas is tetramethylsilane (also



referred to as "TMS"), Si(CH3)4; tetraethylorthosilicate (also referred to as "TEOS")

Si(OCH2CH3)4; hexamethyldisiloxane, Si(CHs)3-O-Si(CHs)3; hexamethyldisilane

(CH3)sSi-Si(CHs)3; silane SiH4; or a combination thereof. In an embodiment, the, silicon

containing gas is tetramethylsilane, Si(CH3)4.

In an embodiment, hydrocarbon compounds can be utilized in combination with

the liquid silicone molecule. In an embodiment, the hydrocarbon compound can be an

alkane or alkene compound that is a gas at the coating conditions. In an embodiment, any

alkane or alkene gas that can be introduced into the chamber as a gas can be utilized. In

an embodiment, the hydrocarbon compound is a C 5 or lower alkane or alkene compound.

Exemplary alkane and alkene compounds that can be added include, but are not limited to,

butane, propane, pentane, pentene, pentadiene, butane, butadiene, or combinations thereof.

The addition of hydrocarbon compound can, but need not, be utilized to provide the

release layer on the working mold with diamond like carbon (DLC) properties.

Hydrocarbon compounds if added can be added in amounts that make the volume percent

of silicon containing gas to alkane compound about 10% to about 90%.

The release layer that is formed on the substrate, or more specifically working

mold, generally includes a silicone containing polymer. In an embodiment, the film can

also contain other components. In an embodiment, other components introduced into the

chamber (such as secondary reactant gases), decomposition products of the liquid silicone

molecules (or secondary reactant gases), or a combination thereof can also be included in

the release layer.

In an embodiment, the release layer has a generally substantially uniform coating

thickness over at least a portion of the surface of the working mold. A release layer with a

substantially uniform thickness can afford a more uniform molded article. Generally, as

release layers become thicker, they can be affected by compression of the release layer

itself. Compressive forces on a release layer that is too thick can cause wrinkling in

molded articles after extended use of the working mold. In an embodiment, a wrinkled

surface of a molded article could provide advantageous properties, for example gain

diffusers could benefit from such random substructures. Release layers that are thinner

generally don't provide as much benefit as thicker release layers. For example, as the

thickness of a release layer is decreased, the durability that is afforded by that release layer

can be minimized.



In an embodiment, the release layer is formed on at least a portion of the structured

surface of the working mold. In an embodiment, the release layer is formed on

substantially the entire surface of the working mold. Generally, larger coverage of the

surface of the working mold affords greater advantages from the release layer.

The thickness of a release layer can be estimated by calculation, measurement or

both. Generally, the thickness of a release layer is dependent, at least in part, on the

deposition rate of the release layer. The deposition rate can be determined using a flat

silicon (Si) wafer as a control sample. The thickness on the flat Si wafer can then be

determined using, for example, thin film white light interferometry. Once the thickness of

the release layer on the Si wafer is determined, the thickness of the release layer on the

patterned substrate can be determined by considering the geometry of the pattern. In an

embodiment where the working mold has random or complicated structures, calculation of

the thickness of the release layer on the patterned surface may be difficult. The thickness

of the release layer on the Si wafer in such a situation can provide a usable estimate of the

thickness of the release layer on the patterned surface.

In an embodiment, a release layer is generally about 1 nm to about 1000 nm thick.

In an embodiment, the release layer is generally about 5 nm to about 300 nm thick. In an

embodiment, the release layer is generally about 5 nm to about 100 nm thick. In an

embodiment, the release layer is generally about 5 nm to about 50 nm thick. The

thickness of the release layer can be controlled, at least in part, by the power supplied to

the electrode, the amount of release layer forming gas introduced into the chamber, the

time that the working mold is exposed to the plasma, as well as other factors. Generally,

the time of deposition is related, often in a linear fashion, to the thickness of the release

layer. One of skill in the art, having read this specification, would know the parameters to

be controlled, and how to control them in order to obtain the desired release layer

thicknesses.

Another exemplary method such as this includes placing a substrate near (e.g., on)

an electrode in a chamber, the substrate having at least a first structured surface; providing

power to the electrode to create a plasma; vaporizing liquid silicone molecules in the

chamber; depositing a release layer, the release layer including a silicone containing

polymer, the release layer being deposited on at least a portion of the first structured

surface of the substrate to form the working mold. Another exemplary method includes a



method of forming a molded article including: placing an untreated working mold near

(e.g., on) an electrode in a chamber, the untreated working mold having at least a first

structured surface; providing power to the electrode to create a plasma; vaporizing liquid

silicone monomers in the chamber; depositing a release layer, the release layer including a

silicone containing polymer, the release layer being deposited on at least a portion of the

first structured surface of the substrate to form the working mold; and contacting a third

generation precursor with at least a portion of the first surface of the working mold to form

a molded article that is the inverse of the first structured surface of the working mold.

Methods as disclosed herein can also be done in a continuous fashion. A method

that is stated as continuous generally means that the contacting process may be

substantially continuous (which means that the process does not stop during the contacting

steps used to make the molded articles) or stepwise continuous (their can be pauses during,

before or after contact steps). In an embodiment, substantially continuous methods are

utilized.

Examples of stepwise continuous processes include injection molding, resin

transfer molding, compression molding and the like. Examples of substantially continuous

processes include roll-to-roll processes. In a substantially continuous process, the working

mold may be utilized to form a continuous tool. An example of a continuous tool includes

a working mold that has been mounted on a rotating drum to create molded articles on a

carrier film using a roll-to-roll process. The working mold may also be converted before

being placed on a rotating drum (for example) as desired by, for example, cutting to size or

shape.

An exemplary method as disclosed herein includes a method as disclosed in FIG.

3 . Such a method includes step 410, placing the working mold near an electrode; step 420,

providing power to the electrode to form a plasma, step 430, vaporizing liquid silicone

molecules; step 440, depositing a release layer on the working mold; step 450 forming a

tool including the working mold; step 460, contacting the third generation precursor with

the working mold and if more molded article is to be formed; step 470 removing the

molded article from the working mold; and carrying out step 460 again; and if no more

molded article is to be made, completing the method.

Working molds that are formed using methods as described herein can be utilized

to create molded articles. Molded articles formed using working molds as described



herein can also be referred to herein as replicas. Methods of forming molded articles

include a step of contacting a third generation precursor, in an embodiment a polymeric

precursor, with at least a portion of a first surface of the working mold to form a molded

article.

Generally, any material that can be used to form a molded article using a working

mold, as described herein, can be brought into contact with at least a portion of the

working mold. In an embodiment, the third generation precursor can be a material that

can be contacted with the working mold and will or can be hardened. In an embodiment,

the third generation precursor can be a material that has a viscosity that allows it to be

coated, spread, or contacted with the working mold and will or can be subsequently

hardened to form a molded article. In an embodiment, the third generation precursor can

be a material that can be contacted with the working mold and will or can be hardened. In

an embodiment, the third generation precursor can be a material that has a viscosity that

allows it to be coated, spread, or contacted with the working mold and will or can be

subsequently hardened to form a molded article. In an embodiment, the material that is

contacted, or a third generation precursor can include polymerizable material, polymerized

material, or both. The third generation precursor can be one that will form a thermoset

polymeric material, a polymerized and crosslinked material; or one that will form a

thermoplastic material, polymerized but not crosslinked.

The third generation precursor can be brought into contact with the working mold

in any fashion generally utilized. In an embodiment, a third generation precursor can be

deposited on at least a portion of the working mold. FIG. 4a illustrates such a step. As

seen in FIG. 4a, a third generation precursor 540 is applied to at least a portion of the

working mold 520. Once the third generation precursor 540 is removed from the working

mold 520, as designated by the arrow in FIG. 4a, the third generation precursor forms a

molded article 550

In an embodiment, the third generation precursor can be deposited on at least a

portion of a backing and the third generation precursor and the working mold can be

brought into contact with one another. FIG. 4b illustrates such a step. As seen in FIG.

4b, a third generation precursor 540 is applied to at least a portion of a backing 530. The

backing 530 with the third generation precursor 540 disposed thereon is then brought into

contact with the working mold 520, as designated by the double arrows in FIG. 4b, and as



shown in the second pane of FIG. 4b. The working mold 520 is then peeled away from

the third generation precursor 540, as designated by the single arrow in FIG. 4b, to create

a molded article 550 disposed on the backing 530. The backing 530 can either remain in

contact with molded article 550 (as shown in FIG. 4b) or can be separated therefrom (not

depicted in the figures).

Polymeric precursors (for example a first generation precursor, a second generation

precursor or a third generation precursor) as utilized herein can include polymers or

monomers. In an embodiment, a third generation precursor can include polymerized

material. In an embodiment, the third generation precursor can include polymerizable

materials, e.g. monomers or oligomers. In an embodiment, the third generation precursor

can include a combination of polymerized and polymerizable material. In an embodiment

where the third generation precursor includes monomer, the third generation precursor can

be polymerized once contacted with the working mold. In an embodiment where the third

generation precursor includes only polymer, the third generation precursor does not need

to be polymerized once contacted with the working mold (but in the case of a precursor to

a thermoset polymeric material, does need to be crosslinked). The third generation

precursor can be, but need not be crosslinkable.

Specific types of third generation precursors that can be utilized can depend, at

least in part, on the final molded article that is being made. The third generation precursor

can include polymerized, polymerizable or both materials. The molded article can be

polymerized only (a thermoplastic molded article), or can be polymerized and crosslinked

(a thermoset molded article). Exemplary third generation precursors that can be utilized

include, but are not limited to, polycarbonates; polyacrylates such as urethane acrylates

and polymethyl methacrylate; polystyrene; silicone polymers, polyolefms, polyimides, and

thermoplastic urethanes.

In an embodiment, other components can be added to the third generation

precursors before they are brought into contact with the working mold. Generally, such

optional components can be added to the third generation precursor to modify one or more

properties of the third generation precursor to enhance the formation of a molded article

from the working mold. An example of such an optional component includes, but is not

limited to, a material that could improve the wetting of the third generation precursor on

the working mold. An exemplary material that could be utilized to improve wetting



includes a material that could decrease the surface tension of the third generation

precursor. Exemplary materials include silicone containing acrylate monomers (at an

amount from about 0.3 to 5% by weight of the third generation precursor) and surfactants,

such as fluorine containing surfactants for example (e.g. FC4430 (3M Co., St. Paul, MN))

(at an amount from about 0.1 to 1% by weight of the third generation precursor; and in an

embodiment less than about 0.6% by weight of the third generation precursor).

Typical articles made using methods described herein include, for example,

prismatic structures for light management films, microfluidic devices, sensors, ring

resonators, microneedles for transdermal drug delivery, moth-eye antireflective surfaces

and abrasive articles. In an embodiment, methods as disclosed herein can be utilized to

manufacture optical materials such as light guides. For example, light guides including

microstructures can be fabricated from a wide variety of materials including

polycarbonates; polyacrylates such as urethane acrylates and polymethyl methacrylate;

polystyrene; silicone polymers, polyolefins, and thermoplastic urethanes. In an

embodiment, optically suitable high refractive index materials such as polyacrylates and

polycarbonates can be utilized. The exemplary light guides can be especially useful in

backlit displays (for example, including a light source, a light gating device (for example,

a liquid crystal display (LCD)), and a light guide) and keypads (for example, comprising a

light source, an array of pressure-sensitive switches at least a portion of which transmits

light, and a light guide). The light guides can also be useful as point to area or line to area

back light guides for subminiature or miniature display or keypad devices illuminated with

light emitting diodes (LEDs) powered by small batteries. Suitable display devices include,

but are not limited to, color or monochrome LCD devices for cell phones, pagers, personal

digital assistants, clocks, watches, calculators, laptop computers, vehicular displays, and

the like. Other display devices include flat panel displays such as laptop computer

displays or desktop flat panel displays. Suitable backlit keypad devices include keypads

for cell phones, pagers, personal digital assistants, calculators, vehicular displays, and the

like.

FIG 5 illustrates an exemplary working mold that can be formed using methods

disclosed herein. The working mold 600 seen in FIG 5 includes a mold substrate 610 and

a structured surface 620 formed thereon. Although this exemplary working mold includes

a mold substrate 610 and structured surface 620 that are two separate pieces, one of skill in



the art, having read this specification, will understand that the structured surface could be

formed in the substrate material. The exemplary working mold 600 also includes a release

layer 630 disposed on the structured surface 620. The substrate 610 and structured

surface 620 without the release layer 630 is an example of an untreated working mold.

In an embodiment, a release layer that is deposited on a working mold can function

to provide one or more advantageous properties to the working mold or molded articles

formed using the working mold. In an embodiment, the release layer can provide the

working mold with desired release properties, enhanced durability, the ability to create

molded articles having high fidelity and the ability to create molded articles without

significant transfer of the working mold or release layer material, for example.

In an embodiment a release layer that is deposited on a working mold can function

to provide the working mold with desirable release properties from materials that are

contacted therewith (e.g. a third generation precursor) to form a molded article. Release

and anti-adhesion are generally used interchangeably throughout. Generally, working

molds having good release properties from a molded article are desired. A working mold

with good release properties will generally have a low peel force. Peel force

measurements can be measured as known by one of skill in the art. An exemplary method

of measuring peel force includes use of a Slip/Peel Tester such as a Model SP-2000,

commercially available from IMASS, Inc. (Accord, MA). Specific parameters

surrounding a peel test measurement that can be carried out using a Model SP-2000

Slip/Peel Tester include a peel angle of 180° and a peel rate of 12 inches/minute.

In an embodiment, a working mold has a peel force between the working mold and

a molded article of less than about 300 grams/inch. In an embodiment, a working mold

has a peel force between the working mold and a molded article of less than about 100

grams/inch. In an embodiment a working mold has a peel force between the working

mold and a molded article of less than about 50 grams/inch. In an embodiment, a working

mold has a peel force between the working mold and a molded article of less than about 30

grams/inch. In an embodiment, a working mold has a peel force between the working

mold and a molded article of less than about 10 grams/inch.

In an embodiment, a working mold formed using a method as disclosed herein has

release properties between the working mold and the molded article that do not

significantly degrade over time. For example, a working mold can desirably have



adhesion between the working mold and the molded article that does not increase over

time. This can be an indication of the durability of the working mold. In an embodiment,

the peel force between a working mold and the molded article does not increase more than

50% after forming multiple molded articles. In an embodiment, the peel force between a

working mold and the molded article does not increase more than 20% after forming

multiple molded articles. In an embodiment, the peel force between a working mold and

the molded article does not increase more than 10% after forming multiple molded

articles. In an embodiment, forming multiple molded articles an refer to forming at least

10 molded articles.

In an embodiment, the release layer provides a working mold with enhanced

durability. The durability of a working mold refers to the ability of the working mold to

function to form molded articles and maintain desirable properties with use. Durability of

a working mold can be advantageous in all use of working molds to form molded articles,

but can be especially advantageous when using working molds in continuous methods.

An exemplary method of assessing the durability of a working mold formed using

methods herein includes aging experiments. Aging experiments generally accelerate the

effects of use on a working mold. One method of simulating such accelerated use is to

subject the working mold to elevated temperatures for an extended period of time. For

example, a working mold can be subjected to a temperature of about 55° to 70° C from

about 8 hours to about 24 hours. Once the working mold has been subjected to such

conditions, molded articles can once again be formed using the working mold (i.e.

contacting the working mold with a third generation precursor and curing the third

generation precursor), or further peel testing can be carried out on the working mold in

order to assess the durability of the working mold. This cycle (time in the oven and

formation of a molded article) can be repeated multiple times to simulate aging.

The durability of a working mold can also be monitored in real time, for example,

the number of molded articles produced from a working mold, the number of feet of

molded articles produced from a working mold (in a continuous method), the number of

revolutions the working mold has made (in a continuous method that utilizes the working

mold on a roll), or some combination thereof can be monitored. A working mold can be

said to be durable for a particular amount of molded articles (either length of molded

article produced or revolutions of the working mold, for example) if the working mold,



after having produced that particular amount of molded article, can still be effectively

utilized to form molded articles (e.g. can be released from a molded article), doesn't show

visible signs of fatigue (such as cracking, wrinkling, or transfer to the molded article), or

some combination thereof.

In an embodiment, working molds formed using methods as disclosed herein can

be utilized in continuous methods for at least about 300 revolutions (when the working

mold is used as part of a rotating tool, for example). In an embodiment, working molds

formed using methods as disclosed herein can be utilized in continuous methods for at

least about 1500 revolutions (when the working mold is used as part of a rotating tool for

example). In an embodiment, working molds formed using methods as disclosed herein

can be utilized in continuous methods for at least about 3000 revolutions (when the

working mold is used as part of a rotating tool for example).

In an embodiment, a working mold as disclosed herein affords the ability to create

molded articles with high fidelity. Generally, molded articles with high fidelity will be

very accurate representations of the working mold that they were formed with. Molded

articles having high fidelity are advantageous because the purpose of molding an article is

to create an exact replica of the working mold. Generally, high fidelity is affected by the

ability of the third generation precursor to be molded to wet the surface of the working

mold. The better the third generation precursor can wet the surface, the less likely there

are to be air bubbles or voids which can lead to a defect in a molded article. Factors that

can influence the fidelity of molded articles include, but are not limited to, the viscosity of

the third generation precursor, the wetting of the working mold by the third generation

precursor, capillary forces, and combinations thereof. Capillary forces can become

increasingly important as the size of the features in the working mold become smaller, in

an embodiment, as the features of the working mold approach tens of nanometers. Poor

wetting of a working mold by a third generation precursor can, but does not always, lead

to molded articles having a rough surface.

In an embodiment, a working mold as disclosed herein affords creation of a

molded article with minimal, no measurable transfer, or no transfer of material from the

working mold or the release layer deposited on the working mold to the molded article

itself. Transfer of the materials making up the working mold or a release layer deposited

on the working mold is generally considered to be a disadvantage when forming a molded



article. Transferred material can interfere with further processing that can be occurring to

the molded article, can create defects in the molded article, can detrimentally affect

relevant properties of the molded article, can minimize the durability of the working mold,

or a combination thereof.

In an embodiment, a working mold as disclosed herein also generally has good

bonding between the working mold and the release layer deposited thereon. This can be

important for increasing and/or maintaining durability of the working mold, minimizing

transfer from the working mold, or a combination thereof. In general, vapor deposition

processes that produce layers using high energy plasma states afford excellent adhesion

between the substrate and the layer deposited thereon.

In an embodiment, working molds as disclosed and formed herein have

advantageous stability even when exposed to ultraviolet (UV) radiation. In an

embodiment, working molds that are formed as disclosed herein can be used in processes

where the third generation precursor is cured using UV light because the working molds

are generally stable even upon exposure to UV radiation. This can be advantageous to

many processes because the durability of the working mold will not be detrimentally

affected by using UV curable molding materials.

In an embodiment, the release layer formed on the working mold can also provide

a barrier to stop or minimize third generation precursor from reaching the working mold

itself. This can be advantageous because minimizing the amount of third generation

precursor that reaches the working mold can enhance the durability of the working mold.

In an embodiment, the release layer formed on the working mold can provide better barrier

properties than a boundary layer formed on the working mold would. The release layer

also likely has better adhesion to the mold than a boundary layer would, thereby offering

further advantages.



EXAMPLES

Materials and Methods:

Unless otherwise noted, all chemicals were obtained from Aldrich and were used

without further purification.

A number of examples (noted in the particular examples) utilized 3M® Vikuiti™

Brightness Enhancement Film II (BEF-II90/24) as a working mold on which to form

various release layers. The BEF- 1190/24 has prisms with a 90° angle and a 24 micrometer

pitch. The particular Vikuiti™ Brightness Enhancement Film II that were utilized herein

had a 2 mil (referred to herein as "BEF") polyethylene terephthalate (PET) backing .

Unless otherwise indicated herein, the liquid silicone molecules were disposed on

carbon ribbons at both sides of the chamber that were electrically connected to a power

source within the chamber while being shielded from the plasma with a Faraday cage. In

an embodiment, a current of about 1.7 A was utilized, which generally heated the liquid

silicone molecule to about 350° C. The liquid silicone molecule utilized in the examples

was DMS-Tl 1 silicone oil (Gelest, Inc., Morrisville, PA) and is referred to herein simply

as "DMS".

Plasma coating was carried out using a in-house constructed plasma chamber

described in United States Patent Publication No. 20080196664, the disclosure of which is

incorporated herein by reference. Coating thicknesses were measured using Ocean

Optics' USB-2000 equipment (via light interference) with a flat silicon wafer as a

reference substrate. The flat thickness of the film on the BEF is the measurement, and

therefore the thickness of the film (taking into consideration the structure of the BEF) can

be calculated as the flat thickness/V2.

A number of examples (noted in the particular examples) utilized "Resin 1" as the

material which was disposed on the working mold to form a polymeric article. Resin 1

was a 3:1 ratio (wt%) of PHOTOMER® 6210 aliphatic urethane diacrylate (Cognis Corp.,

Ambler PA) and SR238 1,6 hexanediol diacrylate (HDDA) (Sartomer Company, Inc.,

Exton, PA) with 1% IRGACURE® 819 photoinitiator (Ciba Specialty Chemicals, Basel,

SWITZERLAND).

A number of examples (noted in the particular examples) utilize primed PET films.

The primed PET film referred to herein is a 2 mil polyethylene terephthalate (PET) film

available as PET #618 from DuPont (DuPont Wilmington, DE).



The working molds were utilized to form a molded article by applying a resin

(second generation precursor) to the working mold, covering the resin coated working

mold with a primed PET film (as discussed above) and then applying pressure to the

primed PET film to spread the resin and remove any air bubbles. The resin was then cured

(except where noted otherwise) using a Fusion UV Systems, Inc. UV curing system

(Fusion UV Systems, Inc., Gaithersburg, MD). A hydrogen (H) or deuterium (D) bulb

was utilized at 600 W and the web speed was set at 20 feet/minute (fpm).

Aging was simulated by the following protocol. The unitary structure of the

working mold, resin and primed PET film was placed in an oven set at about 550C to

7 O0C for a set amount of time, for example 8 to 24 hours. The resin was then UV cured

(as discussed above) and the molded article was peeled off of the working mold. Carrying

out these steps (placing the unitary structure in the oven, UV curing and removing the

molded article) once is referred to as one cycle. An overall aging time refers to the total

time that unitary structures including a single working mold were in the oven, which was

not necessarily accomplished by multiple similar oven times, but could have been

accomplished by multiple different oven times.

Scanning electron microscopy (SEM) and optical microscopy were used routinely

for determining the quality of the molded articles and the working molds.

Example 1

BEF films (about 5x7 inches) were primed with argon gas at a flow rate of 250

standard cc3/min (SCCM), a pressure of 25 mTorr and RF power of 1000 Watts for 20

seconds. DMS (2 mis) was vaporized as discussed above into the argon plasma and the

plasma was maintained for about 30 seconds. The thickness of the release layer was

determined as discussed above to be about 200 nm. Once coated, the working molds were

washed with ethanol (to remove any residual silicone oil present on the surfaces), dried by

compressed air and then mounted on an Al plate using Teflon tape (3M # 5490). Resin 1

with 0.6% of 3M™ Novec™ FC4430 fluorosurfactant was used to form molded articles.

Easy release when forming the molded articles and good fidelity of the molded articles

was observed.



Example 2 - 5

The working mold in Example 2 was a BEF film and the working mold in Example

3 was a polyimide working mold. The polyimide working mold was a structured

polyimide, which was cut by excimer laser ablation to have a pattern of inverse cones

using a 5 mil polyimide H film (DuPont Wilmington, DE). The cones had an angle of

about 60°, a diameter of about 40 micrometers and a height of about 35 micrometers. The

molds were primed with argon gas at a flow rate of 250 standard cc3/min (SCCM), a

pressure of 25 mTorr and RF power of 600 Watts for 10 seconds. DMS (2 mis) was

vaporized as discussed above and oxygen at a flow rate of 200 SCCM were introduced

into the plasma and the release layer was coated for about 30 seconds. The pressure in the

chamber was 55 mTorr and the RF power was set at 600 Watts. The thickness of the

release layers was determined as discussed above to be about 200 nm.

Once coated, the working molds were first washed with ethanol (to remove any

residual silicone oil present on the surfaces), dried by compressed air and then mounted on

an Al plate using Teflon tape (3M# 5490). Resin 1 was disposed on top of the working

molds and molded articles were formed as discussed above. After UV curing, the molded

articles on the PET films were peeled off of the working molds. Both samples showed an

easy release from the working mold. Good release, good durability, and good replication

fidelity were also observed for both samples after aging for at least 200 hours.

Examples 4 (BEF working mold) and 5 (polyimide working mold) were carried out

in the same way except oxygen flow rate was changed to 100 SCCM. Good release, good

durability, and good replication fidelity (with Resin 1) were observed for both molds after

aging for at least 200 hours.

Examples 6 and 7

A BEF working mold (Example 6) and a polyimide working mold (Example 7)

(both about 5 x 7 inches) were plasma coated to form a two layered coating using DMS-

TI l and tetramethylsilane (TMS) under the following conditions. The molds were primed

with argon gas at a flow rate of 250 standard cc3/min (SCCM), a pressure of 25 mTorr and

RF power of 600 Watts for 10 seconds. The first layer was formed by vaporizing 2 mis of

DMS as discussed above with an TMS flow rate of about 130 SCCM and was coated for

about 30 seconds. The second layer was formed by introducing tetramethylsilane (TMS)



at a flow rate of 130 SCCM at 600 Watts for 10 seconds. The thickness of the

silicone/TMS layer was about 200 nm; and the thickness of the TMS top layer was about

30 nm.

Resin 1 was disposed on top of the working mold and a molded article was formed

as discussed above. Good release, good durability, and good replication fidelity were

observed after aging for at least 200 hours

Example 8

A nickel (Ni) master mold having hexagonally close packed convex structures with

a diameter of about 100 micrometers and a height of about 25 micrometers was utilized to

form a working mold. Resin 1 was applied to the 5 mil PET backing and UV cured

against the Ni master mold. After peeling off from the Ni mold, the working mold was

formed. The working mold had hexagonally close packed concave structures with a

diameter of about 100 micrometers and a height of about 25 micrometers.

A 5 x 6 inch working mold (as discussed above) was plasma coated using the same

conditions as used in Example 5 . Once coated, the working molds were washed with

ethanol (to remove any residual silicone oil present on the surfaces), and dried by

compressed air.

The working mold was mounted on a 12 inch diameter Cr finish metal roll using

3M® #8403 tape. The metal roll was pre-heated to a temperature of 550C. Resin 1 was

utilized for replication and a primed PET film (DuPont #618) was used as a backing. The

web speed was changed from 40 ft/min to 80 ft/min. A total of 15,600 feet was run

(-5,000 revolutions). The used working mold, once washed with isopropanol alcohol

(IPA) was still in excellent condition. High durability and easy release (with good

wetting of monomers) were observed when using this working mold.

After 5000 revolutions the mold showed 18% Si (and 0.9% Sn) on the surface as

determined by x-ray Photoelectron Spectroscopy (XPS or ESCA) analysis. The surface

originally showed 35% Si (and 0% Sn) on the surface (before any molded article had been

formed). There was no Si detected by XPS on samples of the molded article taken at 3000

ft, 9000 ft, 12,000 ft and 15,600 ft (detection limit of Si: <0.5 atomic%).



Example 9

A 2x2 inch Cu coupon with a diamond turned (DT) pattern similar to the BEF film

( 90 degree prism angle and 24 micrometer pitch) was utilized as the working mold in this

example. The working mold was primed with argon gas at a flow rate of 250 standard

cc3/min (SCCM), a pressure of 25 mTorr and RF power of 1000 Watts for 10 seconds.

DMS (2 mis) was vaporized as discussed above and oxygen at a flow rate of 100 SCCM

was introduced into the plasma and the release layer was coated for about 30 seconds.

Once coated, the working mold was washed with ethanol (to remove any residual silicone

oil present on the surfaces) and dried by compressed air.

Resin 1 was disposed on top of the working mold and a molded article was formed

as discussed above. After UV curing, the PET film (with molded article attached) was

peeled off easily. The molded article showed high fidelity as evidenced by SEM.

The working mold was aged and used to form molded articles discussed above.

The working mold showed good release after total aging of at least 200 hours.

Thus, embodiments of methods of forming molds and methods of forming articles

using said molds are disclosed. One skilled in the art will appreciate that the present

disclosure can be practiced with embodiments other than those disclosed. The disclosed

embodiments are presented for purposes of illustration and not limitation, and the present

disclosure is limited only by the claims that follow.



What is claimed is:

1. A method of forming a working mold comprising:

placing a substrate near an electrode in a chamber, the substrate having at least a

first structured surface;

providing power to the electrode to create a plasma;

introducing vapor of liquid silicone molecules into the plasma;

depositing a release layer, the release layer comprising a silicone containing

polymer, the release layer being deposited on at least a portion of the first structured

surface of the substrate to form the working mold.

2 . The method according to claim 1, wherein the substrate is polymeric,

metal, glass, ceramic, or semiconductive.

3 . The method according to claim 1, wherein the substrate is polymeric.

4 . The method according to claim 1, wherein the liquid silicone molecule is of

formula I :

wherein Ra are independently H, -OH, alkyl, aryl, or alkoxy;

X is H, alkyl, -Si(Ra)3, -Si(Ra)2-Y, or X and Y together form a single bond;

Y is H, -OH, Cl, F, Br, I, -NH2, aryl -OSi(R a)3, or X and Y together form a single

bond; and

n is an integer from 3 to 13000.



5 . The method according to claim 1, wherein the liquid silicone molecule is of

formula II:

wherein Ra are independently H, -OH, alkyl, aryl, or alkoxy; and

n is an integer from 1 to 13000.

6 . The method according to claim 1, wherein the liquid silicone molecule is of

formula III:

wherein n is an integer from 3 to 13000.

7 . The method according to claim 1 further comprising introducing a

secondary reactant into the chamber before or at substantially the same time as the liquid

silicone vapor is introduced.

8. The method according to claim 7 wherein the secondary reactant comprises

oxygen gas, Si(Ra)sRb wherein Ra is independently H, alkyl, or alkoxy; and Rb is

independently H, alkyl, alkoxy, -OSi(Ra)3, or -Si(R a)3, where Ra is as defined above, or a

combination thereof.

9 . The method according to claim 7, wherein the secondary reactant

comprises oxygen gas or a hydrocarbon having 1 to 5 carbon atoms.



10. A method of forming a molded article comprising:

placing an untreated working mold near an electrode in a chamber, the untreated

working mold having at least a first structured surface;

providing power to the electrode to create a plasma;

introducing vapor of liquid silicone molecules into the plasma;

depositing a release layer, the release layer comprising a silicone containing

polymer, the release layer being deposited on at least a portion of the first structured

surface of the substrate to form the working mold; and

contacting a third generation precursor with at least a portion of the first surface of

the working mold to form a molded article that is the inverse of the first structured surface

of the working mold.

11. The method according to claim 10, wherein the third generation precursor

comprises monomers.

12. The method according to claim 11, wherein the third generation precursor

further comprises surfactant.

13. The method according to claim 11 further comprising polymerizing and

crosslinking the monomers to form the molded article.

14. The method according to claim 11, wherein depositing the third generation

precursor on at least the first structured surface of the working mold is done in a

continuous fashion.

15. The method according to claim 10 further comprising forming a continuous

tool comprising the working mold.

16. The method according to claim 15, wherein depositing the third generation

precursor on at least the first structured surface of the working mold is done in a

continuous fashion.



17. A method of continuously forming a molded article comprising:

placing an untreated working mold near an electrode in a chamber, the untreated

working mold having at least a first structured surface;

providing power to the electrode to create a plasma;

introducing vapor of liquid silicone molecules into the plasma;

depositing a release layer, the release layer comprising a silicone containing

polymer, the release layer being deposited on at least a portion of the first structured

surface of the substrate to form the working mold;

forming a continuous tool comprising the working mold; and

continuously contacting a third generation precursor with at least a portion of the

first surface of the working mold to form a molded article that is the inverse of the first

structured surface of the working mold.

18. The method according to claim 17, wherein the liquid silicone molecule is

of formula I :

wherein Ra are independently H, -OH, alkyl, aryl, or alkoxy;

X is H, alkyl, -Si(Ra)3, -Si(Ra)2-Y, or X and Y together form a single bond;

Y is H, -OH, Cl, F, Br, I, -NH2, aryl -OSi(R a)3, or X and Y together form a single

bond; and

n is an integer from 3 to 13000.

19. The method according to claim 17 further comprising continuously curing

the third generation precursor.

20. The method according to claim 17 wherein the continuous tool comprises

the working mold mounted on a drum.
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