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Method of Releasing High Temperature Films and/or Devices from Metallic Substrates

FIELD OF THE INVENTION

[0001] This invention is directed to methods to easily release a high temperature

polymeric film and/or devices on the film, from a metallic or other substrate. In one

particular application, polyimide films are released from a stainless steel foil. Precious

metal films such as gold can also be released from the metallic substrate.

BACKGROUND OF THE INVENTION

[0002] The fabrication of traditional photovoltaic devices (PV cells), as well as

displays and other optoelectronic devices, require numerous high temperature

processes. Most of the common such devices are built on glass substrates. Recent

advances though on flexible photovoltaic devices include the utilization of metallic

substrates such as stainless steel, for the efficient fabrication of flexible solar cells over

large areas. These photovoltaic devices are used in numerous terrestrial applications as

alternatives to the conventional rigid cells built on glass substrates. Similarly, flexible

displays have started to be fabricated on stainless steel substrates. Other technologies

such as thin film batteries also can be developed on stainless steel substrates. Metallic

substrates such as stainless steel offer numerous advantages. They are commercially

available as rolls of various thickness down to 25 µm, and therefore can be processed in

a continuous mode that is usually more cost effective than the batch mode. They can

retain their dimensional stability with minimum change during the high processing

temperatures needed for device fabrication. They can be made to be magnetic, and thus

are amenable to continuous processing enabled by magnetic fields. The following

publications may be referred to on the uses of stainless steel substrates in

optoelectronics, energy and other fields: (i) Cannella, et.al., "Flexible Stainless- Steel

Substrates" Information Display June 2005, page 24; (ii) Kessler, etal.,

"Monolithically Integrated Cu(IN, Ga)Se2 Thin-Film Solar Modules on Flexible

Polymer and Metal Foils", 19 n European Photovoltaic Solar Energy Conference, June

7-11, 2004, Paris, France, page 1702: (iii) Baojie, Y., et.al. "High Efficiency Triple-

Junction Solar Cells with Hydrogenated Nanocrystalline Silicon Bottom Cell",

Conference Record of the IEEE Photovoltaic Specialists Conference (2005), 31st,



pages 1456-1459; and (iv) Beernink, et.al, "Ultralight amorphous silicon alloy

photovoltaic modules for space applications", Materials Research Society Symposium

Proceedings (2002), 730 (Materials for Energy Storage Generation and Transport),

Pages 193-198.

[0003] Some of the disadvantages of stainless steel are its high specific gravity over

that of plastic substrates, its non-transparency, and its low surface roughness unless it is

polished by expensive chemical-mechanical polishing (CMP) techniques. For space

photovoltaic applications, it is desirable to have as a substrate a high temperature

plastic film with low specific gravity, good transparency, and a smooth surface. In

display applications, it is desirable to have optical transparency and smooth surfaces.

The following publications may be referred to on the use of polyimide substrates for

flexible PV devices: (i) Beernink, K.J., et.al., "High specific power amorphous silicon

alloy photovoltaic modules", Conference Record of the IEEE Photovoltaic Specialists

Conference (2002), 29t h pages 998-1001; (ii) Guha, S., etal., "Amorphous silicon

alloy solar cells for space applications.", European Commission, [Report] EUR (1998),

(EUR 18656, 2n d World Conference on Photovoltaic Solar Energy Conversion, 1988,

Volume III, pages 3609-3613; and (iii) US Patent 6,3001,158 (October 9, 2001) on

methods of fabricating thin film solar cells and thin film flexible circuit boards. In

addition to their lightweight, common polymeric substrates are amenable to monolithic

integration of the devices since they are insulating.

[0004] One variation of the current process that has been considered by those in the

industry is a photovoltaic cell on a polyimide film that is cast onto a stainless steel foil.

The polyimide film with the photovoltaic cell is then peeled off of the stainless steel

foil at the end of the process. This strategy offers two advantages. First, the presence of

stainless steel as an intimate support of the polymeric substrate has the potential to

confine in part the deformations of the polymer during high temperature processing.

Also the stainless steel substrate, if magnetic, can allow the use of a magnetic field for

continuous roll-to-roll processing. In other words, it allows the use of the same

equipment and process that are used for the fabrication of devices on stainless steel

substrate alone. Second, the use of the dielectric polyimide film allows the subsequent

monolithic integration of the devices in a cost effective manner. A third economic

advantage is the potential recycling of the stainless steel.



[0005] However this modification has yet to become a viable commercial reality

because (i) peeling of polyimide films from an unreleased stainless steel substrate

requires a peeling force on the order of 170 g/cm, which will damage fragile

photovoltaic devices on top of the film. In addition, the current release coating

materials used in the industry such as polytetrafluoroethylene (PTFE), polyethylene

adipate (PEA), and silicones of low crosslink density, cannot sustain a temperature of

425 °C that is the highest temperature polyimide films are subjected to during the

process. This temperature is mandatory to obtain an acceptable efficiency measured

from CIGS (Copper Indium Gallium Diselenide) cells on polyimide film. Similarly,

CdTe-based PV cells require temperatures of the same magnitude for their fabrication.

Devices that use polycrystalline silicon (e.g. thin film transistors), microcrystalline

silicon, and amorphous silicon (PV-cells) require a range of high temperature

processing from 280 0C and above. The present invention is a solution to these

problems enabling the above mentioned process modifications to become a viable

commercial reality for the electronic device manufacturing industry.

BRIEF SUMMARY OF THE INVENTION

[0006] The invention is directed to a method comprising:

(i) applying a coating of a polysilsesquioxane resin to a metallic substrate,

(ii) heating the coated metallic substrate to a temperature sufficient to cure the

polysilsesquioxane resin,

(iii) applying a polymeric film to the cured coating on the metallic substrate,

(iv) further heating the coated metallic substrate to a temperature sufficient to cure the

polymeric film, optionally

(v) fabricating electronic devices on the polymeric film, and

(vi) releasing the polymeric film from the metallic substrate.

[0007] The invention is also directed to a method comprising:

(i) applying a coating of a polysilsesquioxane resin between an electronic device and a

metallic substrate,

(ii) heating the coated metallic substrate to a temperature sufficient to cure the

polysilsesquioxane resin, and

(iii) releasing the electronic device from the metallic substrate.



[0008] The invention is further directed to a method comprising:

(i) applying a coating of a polysilsesquioxane resin to a metallic substrate,

(ii) heating the coated metallic substrate to a temperature sufficient to cure the

polysilsesquioxane resin,

(iii) applying a precious metal film to the cured coating on the metallic substrate, and

(iv) releasing the precious metal film from the metallic substrate.

[0009] In each of the methods, the film or the device can be released from the

metallic substrate chemically using an acid or a base. In the first method, the polymeric

film can also be released from the metallic substrate mechanically by cutting the coated

metallic substrate, and then applying a peeling force to the metallic substrate to separate

the metallic substrate from the polymeric film. These and other features of the

invention will become apparent from a consideration of the detailed description.

DETAILED DESCRIPTION OF THE INVENTION

[0010] The invention is directed to a method of releasing a high temperature

polymeric film such as a polyimide film and/or devices on the film, from a metallic

substrate such as stainless steel foil hi one embodiment, a hydrogen silsesquioxane

(HSQ) resin is used as a release coating between the polymeric film and the metallic

substrate. The release mechanism is triggered by generating hydrogen by maintaining a

small amount of an aqueous base solution at the crack tip. No peeling force is required

to release the polymeric film, although a small force can help speed the process. With

minimum or no peeling force, the polymeric film readily releases from the metallic

substrate. In a second embodiment, a methylphenylsilsesquioxane (MPSQ) resin is used

as the release coating between the polymeric film and the metallic substrate. When

applied and cured on the metallic substrate, etching with an acid at the interface of the

polymeric film and the metallic substrate allowed the polymeric film to be peeled off

the metallic substrate. In a third embodiment, a methylphenylsilsesquioxane resin is

used as the release coating between the polymeric film and the metallic substrate, and

when it is applied and cured on the metallic substrate, mechanical means can be used to

enable the polymeric film to be released from both the methylphenylsilsesquioxane

resin release coating and the metallic substrate



[0011] The polysilsesquioxane resin release coatings of the present invention differ

from current and previous release coatings in that the polysilsesquioxane resins are

capable of sustaining temperatures required for amorphous silicon (α-Si),

microcrystalline silicon (µ-Si), Cadmium telluride (CdTe), and CIGS, processing on

polymeric films such as polyimide films. They are also capable of effecting release

with little or no peeling force. This minimizes the danger of mechanically damaging

delicate devices such as photovoltaic cells supported on polymeric substrates.

The Polysilsesquioxane Resin

[0012] The polysilsesquioxane resin used as a release coating can be any of the resins

known in the art where at least 50 percent of the silicon atoms have a hydrogen

substitution and as such can be homopolymers or copolymers. The structure of the resin

is not specifically limited however hydrogen silsesquioxane resins are preferred. The

resins may contain end groups such as hydroxyl groups, triorganosiloxy groups,

diorganohydrogensiloxy groups, trialkoxy groups, dialkoxy groups, and others groups.

Although not represented by this structure, these resins may also contain up to about 50

percent of silicon atoms which have either 0 or 2 hydrogen atoms attached thereto, or a

small number of SiC groups such as CH3 SiO3 2 or HCH3Siθ 2/2 groups. Useful resins

may be exemplified by, but are not limited to:

(HSiO 3 /2)n ,

(HSiO372 )X(R 1SiO3 /2)y ,

(HSiO 3 2 )X(R 1R2 SiCOy,

(HSiO 3 /2)x (R 1R2 SiO) (SiO2 )Z , and

(HSiO 3/2 )x (H2 SiO)y

[0013] In the formulas, R 1 is a substituent which is not removed by heating at

temperatures up to about 600 0C. R 1 is exemplified by, but not limited to, alkyl groups

such as methyl, ethyl, and propyl; aryl groups such as phenyl; unsaturated hydrocarbon

groups such as vinyl and allyl; and substituted groups thereof including aralkyl groups

such as phenylethyl; alkaryl groups such as tolyl; and halohydrocarbon groups such as

chloromethyl. R2 can be R 1 or hydrogen, n is greater than or equal to 8, the mole



fractions, x, y, and z total one in each of the above copolymers, and x is at least 0.5 of

the sum of x, y, and z. A preferred weight average molecular weight for the resin is

between 1,000-150,00O5with a preferred range between 20,000-100,000.

[0014] The above resins and methods for their production are known in the art. For

example, US Patent 3,615,272 (October 26, 1971) describes the production of a nearly

fully condensed hydridosiloxane resin which may contain up to 100-300 ppm silanol, by a

process of hydrolyzing trichlorosilane in a benzene sulfonic acid hydrate hydrolysis

medium, and then washing the resultant resin with water or aqueous sulfuric acid.

Similarly, US Patent 5,010,159 (April 23, 1991) describes an alternative method of

hydrolyzing hydridosilanes in an arylsulfonic acid hydrate hydrolysis medium to form a

resin which is then contacted with a neutralizing agent. Other resins can be used herein

such as (i) those described in US Patent 4,999,397 (March 12, 1991); (ii) those produced

by hydrolyzing an alkoxy or acyloxy silane in an acidic or alcoholic hydrolysis medium;

(iii) the alkoxyhydridosiloxane resins described in US Patent 6,399,210 (June 4, 2002);

and (iv) the phenyl containing resins described in US Patent 6,924,346 (August 2, 2005).

The alkoxyhydridosiloxane resin in (iii) consists of ROSiθ 3/2 siloxane units and

HSiθ 3/2 siloxane units, wherein R is an alkyl group having 10-28 carbon atoms,

wherein the alkoxyhydridosiloxane resin contains an average from 5-40 mole percent

silicon bonded alkoxy groups, and wherein the alkoxyhydridosiloxane resin contains an

average of at least 45 mole percent silicon bonded hydrogen atoms. The resin in (iv)

consists of 5-50 mole percent of (PhSiO)π -χ)/2(OH)χ units and 50-95 mole percent of

(HSiO(3_x y2(OH) x units, where Ph is a phenyl group and x has a value from 1 to 2.

The Acid and Base Release Agents

[0015] A release agent is used to enable removal of the polymeric film from the

metallic substrate. The release agent can be an acid or base. Generally, it is an aqueous

solution containing common acids such as hydrochloric acid, sulfuric acid, or nitric

acid; or solutions containing common bases such as sodium hydroxide, calcium

hydroxide, ammonium hydroxide, or potassium hydroxide. Organic acids and bases can

also function as release agents, either used by themselves in a solvent, or in mixtures

with the inorganic counterparts, when the solubility parameters allow it. Some



examples of organic acids are acetic acid, formic acid, and trifluoro acetic acid. Some

examples of organic bases are tetramethyl ammonium hydroxide, tetraethyl ammonium

tetrabutyl ammonium hydroxide, and primary, secondary, and tertiary amines. These

examples are not exhaustive however.

The Solvent

[0016] Polysilsesquioxane resins are generally manufactured and commercially

available and applied as solvent solutions containing the resins. Many organic or

silicone solvents are used. The solvent may be present generally in amounts varying

from 10-75 percent by weight, based on weight of the solvent and the resin. Some

organic solvents include saturated aliphatics such as n-pentane, hexane, n-heptane, and

isooctane; cycloaliphatics such as cyclopentane and cyclohexane; aromatics such as

benzene, toluene, xylene, mesitylene; ethers such as tetrahydrofuran, dioxane, ethylene

glycol dietheyl ether, ethylene glycol dimethyl ether; ketones such as methyl isobutyl

ketone (MIBK) and cyclohexanone; halogen substituted alkanes such as

trichloroethane; halogenated aromatics such as bromobenzene and chlorobenzene; and

esters such as isobutyl isobutyrate and propyl propronate. Useful silicone solvents

include cyclic siloxanes such as octamethylcyclotetrasiloxane, and

decamethylcyclopentasiloxane. A single solvent may be used or a mixture of solvents

may be used.

Application

[0017] Specific methods for applying the polysilsesquioxane resin to the metallic

substrate include spin-coating, dip-coating, spray-coating, flow-coating, and screen-

printing. The preferred method for applying the resin to the metallic substrate is spin-

coating. A thin, generally less than 2.5 micrometer (µm) coating, is applied to the metallic

substrate. Preferably, the coating has a thickness of 0.3 to 1.2 micrometer.

[0018] After being applied, the solvent can be removed from the metallic substrate.

Any suitable means for removal may be used such as drying, application of a vacuum,

and/or the application of heat generated by passing a coated substrate over one or more

hot plates. When spin coating is used, additional drying is minimized since the spinning

drives off most of the solvent.



[0019] Following application to the metallic substrate, the polysilsesquioxane resin

coated substrate is heated to a suitable temperature to cure the resin. Typically, the

coated metallic substrate is heated to a temperature in the range of 100-600 0C to cure

the resin, preferably 100-450 0C.

[0020] The atmosphere used during the curing of the resin is not limited. Some useful

atmospheres include oxygen containing atmospheres such as air, and inert atmospheres

such as nitrogen and argon. By inert it is meant that the environment contains less than

50 ppm, preferably less than 10 ppm of oxygen. The pressure at which the curing is

carried out is not critical. The curing is typically carried out at atmospheric pressure,

however, sub-atmospheric or super-atmospheric pressures may also be used.

[0021] Any method of heating may be used to cure the resin. For example, the

metallic substrate may be placed in a quartz tube furnace, a convection oven, a rapid

thermal processing device, or allowed to stand on a hot plate. Furnaces are commonly

used in the industry to produce cured resin films on substrates.

[0022] While the invention is described in the following examples using polyimide

films and stainless steel foils, the methods herein are applicable to other polymeric

films and metallic substrates. The method can also be used for polymeric films intended

as supports for electronic devices other than photovoltaic cells, such as batteries and

electronic displays. Additionally, in carrying out the method, the polymeric film

supporting a device can be applied to the resin release coating, or only the device can

be directly applied to the resin release coating.

EXAMPLES

[0023] The following examples are included to demonstrate the preferred

embodiments of the invention. It should be appreciated by those of skill in the art that

the techniques disclosed in the examples which follow represent techniques discovered

by the inventor to function well in the practice of the invention, and thus can be

considered to constitute preferred modes for its practice. However, those of skill in the

art should, in light of the present disclosure, appreciate that many changes can be made

in the specific embodiments which are disclosed and still obtain a like or similar result,

without departing from the spirit and scope of the invention. AUpercentages are in

weight percent unless otherwise indicated. In addition, unless otherwise indicated, the



polysilsesquioxane resins used in the Examples were commercially available products

of the Dow Corning Corporation, Midland, Michigan.

Example 1 - Preparation of Hydrogen Silsesquioxane Resin Coated Stainless Steel Foil

[0024] A 25 micrometer thick stainless steel foil was cleaned with isopropyl alcohol

and then with acetone. A solid hydrogen silsesquioxane (HSQ) resin was dissolved in

methyl isobutyl ketone (MIBK) to provide a 20 percent by weight solution. The

solution was used to coat the stainless steel foil by spin coating. The spin coating

conditions were 1,000 rpm, 30 seconds, uncontrolled acceleration. The coated stainless

steel foil was stored at room temperature for 1-24 hours and then moved to an air

circulating oven to cure. The curing conditions were 3 °C per minute to 100°C, 100 0C

for 30 minutes, 3 °C per minute to 150 °C, 150 0C for 30 minutes, 3 0C per minute to

200°C, and 200 0C for 60 minutes.

Example 2-Preparation of Methylphenylsilsesquioxane Resin Coated Stainless Steel

Foil

[0025] A methylphenylsilsesquioxane (MPSQ) resin was used in this example as a

xylene solution containing 60 percent by weight of the resin. The resin solution was

further diluted with MIBK to provide a solution containing 18 percent by weight of the

resin. The stainless steel foil was coated with the resin solution under the same coating

and curing conditions used in Example 1.

Example 3 - Preparation of Stainless Steel Foil Coated with a Blend of Resins

[0026] 3 gram of the methylphenylsilsesquioxane resin solution used in Example 2,

and 3 gram of a solid hydrogen silsesquioxane resin as a MIBK solution containing 60

percent by weight of the resin were mixed, and the 6 gram of MIBK was added. The

mixture was applied to a stainless steel foil under the same coating and curing

conditions used in Example 1.

Example 4 - Preparation of Stainless Steel Foil Coated with a Blend of Resins

[0027] Two gram of a methylphenylsilsesquioxane flaked resin was dissolved in 4

gram of MIBK. Two gram of a solid hydrogen silsesquioxane resin was dissolved in 4



gram of MIBK, and mixed in thoroughly with the flaked resin MIBK solution. The

mixture was applied to a stainless steel foil under the same coating and curing

conditions used in Example 1.

Example 5 - Preparation of a Flake Resin Coated Stainless Steel Foil

[0028] A methylphenylsilsesquioxane flaked resin was dissolved in MIBK to provide

a solution containing 20 percent by weight of the flaked resin. The resin solution was

filtered through a 0.2 micrometer filter, and spin coated onto a 4 x 4 inch stainless steel

foil. The coated stainless steel foil was stored at room temperature for 1-24 hours, and

then moved to an infrared oven to cure. The infrared oven had four heating zones open

to air, each having a length of 1.5 feet. The temperature settings for these zones from

the entrance of the sample to the exit were 140 °C, 180 °C, 200 °C , and 240 °C,

respectively. The speed of the conveying belt was controlled so that the residence time

was approximately 40 minutes. The coating thickness was approximately 1 micrometer.

Example 6 - Preparation of Stainless Steel Foil Coated with a Blend of Resins

[0029] A soluble methylsilsesquioxane resin was prepared by hydrolyzing

methyltrichlorosilane, condensing the hydrolyzate, and then vacuum drying the resin.

0.5 gram of the methylsilsesquioxane resin, and 2 gram of a solid hydrogen

silsesquioxane resin dissolved in MIBK to provide a 60 percent by weight solution,

were mixed and then dissolved in 6 gram of MIBK. The blended silsesquioxane resin

solution was used to coat stainless steel foil. The coating and curing conditions were

used in Example 1.

Example 7 - Preparation ofPolyimide Film on HSQ Resin Coated Stainless Steel Foil

[0030] A polyimide precursor commercially available from HD Microsystems, Parlin,

New Jersey, under their trade name PYRALIN, was coated onto the hydrogen

silsesquioxane resin coated stainless steel foil prepared in Example 1. The polyimide

resin precursor was applied by a pipette and spread by a drawdown number 16 coating

bar. The coated stainless steel foil was baked on a hot plate at 150-160 0C for 20

minutes, and cured in an air circulating oven at 300 °C for one hour.



Example 8 - Preparation ofPolyimide Film on MPSQ Resin Coated Stainless Steel Foil

[0031] The polyimide precursor used in Example 7 was applied to the

methylphenylsilsesquioxane resin coated stainless steel foil prepared in Example 2 in a

similar fashion and then cured under the same conditions used in Example 7.

Example 9 - Preparation ofPolyimide Film on Resin Blend Coated Stainless Steel Foil

[0032] The same polyimide precursor used in Example 7 was applied to the stainless

steel foil prepared in Example 3 in a similar fashion and cured under the same

conditions used in Example 7. The blend contained a methylphenylsilsesquioxane resin

and a solid hydrogen silsesquioxane resin.

Example 10 - Preparation ofPolyimide Film on Resin Blend Coated Stainless Steel

Foil

[0033] The same polyimide precursor used in Example 7 was applied to the stainless

steel foil prepared in Example 4 in a similar fashion and cured under the same

conditions used in Example 7. The blend contained a flaked

methylphenylsilsesquioxane resin and a solid hydrogen silsesquioxane resin.

Example 11 - Preparation ofPolyimide Film Flaked MPSQ Coated Stainless Steel Foil

[0034] The same polyimide precursor used in Example 7 was applied to the stainless

steel foil prepared in Example 5 in a similar fashion and cured under the same

conditions used in Example 7.

Example 12 - Preparation ofPolyimide Film on Resin Blend Coated Stainless Steel

Foil

[0035] The same polyimide precursor used in Example 7 was applied to the stainless

steel foil prepared in Example 6 in a similar fashion and cured under the same

conditions used in Example 7. The blend contained a methylsilsesquioxane resin and a

solid hydrogen silsesquioxane resin.



Example 13 - Preparation ofPolyimide Film on Uncoated Stainless Steel Foil

[0036] A polyimide films was prepared on the uncoated stainless steel foil using the

process described in Examples 7-12 for comparison.

Example 14 - Preparation of Gold Film on HSQ Coated Stainless Steel Foil

[0037] A gold film was prepared by placing the coated stainless steel foil used in

Example 1 in a sputtering chamber, and plasma sputtering gold onto it from a gold

target. Time and conditions of sputtering were adjusted so that a 0.15 micrometer thick

gold film was formed on top of the hydrogen silsesquioxane resin coated stainless steel

foil.

Example 15 - Process to Release Coatings using Aqueous HCl

[0038] The polyimide films prepared in Examples 7-13 were immersed in a 5 or 10

percent by weight HCl aqueous solution. The time for the polyimide films to the lifted

off the stainless steel foil without applying external forces was recorded. The results are

shown in Table 1. The release mechanism in the case of an acid is that the acid release

agent etches the interface between the polysilsesquioxane resin coating and the

polyimide film. This allows the polyimide film to be released from the stainless steel

foil. The polysilsesquioxane resin coating remains on the surface of the polyimide film.

Example 16 - Process to Release Coatings using Aqueous HCl

[0039] The polyimide films prepared in Examples 7-13 were immersed in a 20

percent by weight HCl aqueous solution. The time for the polyimide films to the lifted

off the stainless steel foil without applying external forces was recorded. The results are

shown in Table 1. The release mechanism is the same as noted in Example 15.

Example 17 - Process to Release Coatings using Aqueous H2SO4

[0040] The polyimide films prepared in Examples 7-13 were immersed in a 7.7

volume percent H2SO4 aqueous solution. The time for the polyimide films to the lifted

off the stainless steel foil without applying external forces was recorded. The results are

shown in Table 1. The release mechanism is the same as noted in Example 15.



Example 18 - Process to Release Coatings using Aqueous HNO3

[0041] The polyimide films prepared in Examples 7-13 were immersed in a 17.4

volume percent HNO3 aqueous solution. The time for the polyimide films to the lifted

off the stainless steel foil without applying external forces was recorded. The results are

shown in Table 1. The release mechanism is the same as noted in Example 15.

Example 19 - Process to Release Coatings using NaOH

[0042] The polyimide films and the gold film prepared in Examples 7-14 were

immersed in a 10 percent by weight aqueous NaOH solution. The time for the

polyimide films to be lifted off the stainless steel foil without applying external forces

was recorded. The results are shown in Table 1.

[0043] In an alternate process for obtaining release between the polyimide film and

the stainless steel foil, the release was initiated by mechanically rubbing a cross-

sectional cut of the stack with a small amount of a 10 percent by weight aqueous NaOH

solution so as to introduce it into the wedge area. The polyimide film was peeled off

with the aqueous NaOH solution maintained at the tip of the wedge area between the

polyimide film and the stainless steel foil. The results are shown in Table 1.

[0044] The release mechanism in the case of a base is a sacrificial release. Thus, the

base reacts with the hydrogen silsesquioxane resin to generate hydrogen gas. The

hydrogen gas functions to push the polyimide film off the stainless steel foil. The

polysilsesquioxane resin becomes a powder residue that can easily be washed off the

polyimide film and the stainless steel foil. The polysilsesquioxane resin coating

therefore is a sacrificial coating between the polyimide film and the stainless steel foil.

Example 20 - Process to Release Coatings using Only Mechanical Force

[0045] No release agent was used in this example. The polyimide coated stainless

steel foils prepared in Examples 7-13 were freshly cut with a pair of scissors.

Separation of the polyimide film from the coated stainless steel foil was initiated by

rubbing perpendicularly to the film at the cross-sectional cut. A peeling force was then

applied in an effort to release the polyimide film from the stainless steel foil. In this

embodiment, the polyimide film is peeled off the polysilsesquioxane resin coating that

remains on the stainless steel foil. The results are shown in Table 1.



[0046] In Table 1, nJa indicates that the Example was not performed. The asterisks **

indicate that the polyimide film was of poor quality or that the acid and base release

agents degraded the polyimide film excessively, and therefore the procedure was not

useful.
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[0047] Other variations may be made in compounds, compositions, and methods

described herein without departing from the essential features of the invention. The

embodiments of the invention specifically illustrated herein are exemplary only and not

intended as limitations on their scope except as defined in the appended claims.



That which is claimed is:

1. A method comprising:

(i) applying a coating of a polysilsesquioxane resin to a metallic substrate,

(ii) heating the coated metallic substrate to a temperature sufficient to cure the

polysilsesquioxane resin,

(iii) applying a polymeric film to the cured coating on the metallic substrate,

(iv) further heating the coated metallic substrate to a temperature sufficient to cure the

polymeric film,

(v) optionally fabricating electronic devices on the polymeric film, and

(vi) releasing the polymeric film from the metallic substrate.

2. The method according to Claim 1 in which the polymeric film is released from the

metallic substrate by contacting the coated metallic substrate with an acid, and

removing the metallic substrate from the polymeric film.

3. The method according to Claim 1 in which the polymeric film is released from the

metallic substrate by contacting the coated metallic substrate with a base, and removing

the metallic substrate from the polymeric film.

4. The method according to Claim 1 in which the polymeric film is released from the

metallic substrate by cutting the coated metallic substrate, and then applying a peeling

force to the metallic substrate to separate the metallic substrate from the polymeric

film.

5. The method according to Claim 1 in which the polysilsesquioxane resin has the

formula:

(HSiO3/2 )n ,

(HSiO3 /2)x (RlSi θ 3/2 )y ,

(HSiO3 2)X(R1R2 SiO) ,

(HSiO3/2 )x (RlR2SiO) y (SiO2 )z , or



(HSiO3 /2)χ(H2 SiO)y ,

where R s an alkyl group, an aryl group, an unsaturated hydrocarbon group, an

aralkyl group, an alkaryl group, or a halohydrocarbon group; R is the same as R or

hydrogen; n is greater than or equal to 8; the mole fractions x, y, and z total one in each

formula; and x is at least 0.5 of the sum of x, y, and z.

6. The method according to Claim 1 in which the electronic device is a photovoltaic

cell, a battery, or an electronic display.

7. An electronic device prepared by the method according to Claim 1.

8. A method comprising:

(i) applying a coating of a polysilsesquioxane resin between an electronic device and a

metallic substrate,

(ii) heating the coated metallic substrate to a temperature sufficient to cure the

polysilsesquioxane resin, and

(iii) releasing the electronic device from the metallic substrate.

9. The method according to Claim 8 in which the electronic device is released from the

metallic substrate by contacting the coated metallic substrate with an acid, and

removing the metallic substrate from the electronic device.

10. The method according to Claim 8 in which the electronic device is released from

the metallic substrate by contacting the coated metallic substrate with a base, and

removing the metallic substrate from the electronic device.

11. The method according to Claim 8 in which the electronic device is a photovoltaic

cell, a battery, or an electronic display.

12. An electronic device prepared by the method according to Claim 8.

13. A method comprising:



(i) applying a coating of a polysilsesquioxane resin to a metallic substrate,

(ii) heating the coated metallic substrate to a temperature sufficient to cure the

polysilsesquioxane resin,

(iii) applying a precious metal film to the cured coating on the metallic substrate, and

(iv) releasing the precious metal film from the metallic substrate.

14. The method according to Claim 13 in which the precious metal film is released

from the metallic substrate by contacting the coated metallic substrate with an acid, and

removing the precious metal film from the metallic substrate.

15. The method according to Claim 13 in which the precious metal film is released

from the metallic substrate by contacting the coated metallic substrate with a base, and

removing the precious metal film from the metallic substrate.

16. A precious metal film prepared according to Claim 13.
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