METHOD AND APPARATUS FOR FORM NG PATTERNED COATED FI LMS BACKGROUND
OF I NVENTION This invention relates to an el ectro-|um nescent device,
such as an organic light emtting diode. Mre particularly, the
invention relates to a nmethod of uniformy patterning an

el ectro-lum nescent |ayer of such el ectro-lum nescent devices.
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A fourth aspect of the invention is to provide a |light source
conprising a plurality of electro-lum nescent devices. Each

el ectro-lum nescent device conprises at | east one el ectrode; an
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DETAI LED DESCRI PTION OF THE I NVENTION In the follow ng description,
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hi gh work function material capable of form ng ohinic contact with
t he upper adjacent |ayer (conductive |ayer 140). Electrode 110
conprises at least one of: indiumtin oxide; tin oxide; zinc oxide;
fluorinated zinc oxide; tiri doped zinc oxide;, cadm umtin oxide;
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el ectro- | yggm@scent device 100. The el ectro-lum nescent |ayer 120
conprises an electro-lum nescent polyneric material. The
el ectro-lum nescent |ayer 120 is patterned _and ngs a subst.antial |
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according to any of the sequences shown in Table 1. Table 1:
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vari ous process methods in, PE filmapplication and patterning. In
the tabl ecoatmetromn papeagok 3 WOSERE %8t i on of el ectro- | uni nescent
film Si. Step 1 Step 2 Step 3 Step 4 Step 5 Step 6

FIGURE 7B is a second schematic view of a method of selectively removing at least

one coating from a surface of a substrate.



Step 7 1. apply PEDOT pattern PEDOT dry bake apply EL pattern EL dry
2. apply PEDOT pattern PEDOT dry bake apply EL dry

DETAILED DESCRIPTION OF THE INVENTION

- In the following description, like reference characters designate like or corresponding
parts throughout the several views shown in the figures. It is also understood that
terms such as "top", "bottom”, "outward”, "inward”, and the like are words of

convenience and are not to be construed as limiting terms.

Referring to the drawings in general and to Figure 1 in particular, it will be
undersiood that the illustrations are for the purpose of describing a p;eferred

embodiment of the invention and are not intended to limit the invention thereto.

Visible light sources produce light in different ways. Such devices may comprise
different components and mechaﬁisms for producing light and some sources may
produce light more efficiently than others. Many light sources are made of electro-
luminescent materials arranged as coatings or films upon an electro-active substrate
(often called an electrode). Consequently, the film may. be patterned or textured to

suif design requirements.

Common methods of film patterning, such as ink jet printing, deposit the cﬁating one
drop at a time, by creating polyimide wells to position the drop on the film surface.
This method is commonly used in pixels for displays. Films may also be patterned or
textured using methods such as, but not limited to, screen printing, gravure pﬁp}ing,
'ﬂexographic printing, offset lithographic printing, spin coating, spray coalting,
meniscus coating, and dip coating. However, it is difficult to dispose and pattern
coating layers of uniform thickness using such methods with subscﬁuent solvent
deposition in which the solvent creates a créter or channel upon drying. One
embodiment of the present invention discloses a patterning method applicable to large
area devices with coatings of uniform thickness. A common approach to producing
patterned electro-luminescent film i3 to selectively remove portioﬁs of the electro-
luminescent coating from a continuous film of the electro-luminescent material, "This
* is conventionally done using laser ablation, plasma etching, scratching the film
surface, tape lifting, and lifting off under high temperature or pressure using a die or

stamp. However, there are certain disadvantages associated with each of these




pattern EL 3. apply PEDOT dry pattern PEDOT bake apply EL pattern EL
dry. 4. apply PEDOT dry pattern PEDOT bake apply EL dry

methods. For instance, laser ablation and plasma efching focus on small working
areas of the specimen, and the cost for scaling up the process can be very high.
Scratching requires plowing through the continuous cbatiﬂg with a stiff stylus, which
can potentially damage the underlying layers or substrates. Stamping and lifting with
a rubbery die offer an affordable but qualitatively unacceptable solution. The liftoff
process can be uniquely related to the materials of construction of the die and may
result in incomplete coating removal with residues dep(‘)sited on the stamped area.
The residues can also affect the final properties and performance of the electro-

luminescent device.

The present invention provides a process to sclectively remove a portion of a
coritinuous electro-luminescent film and to produce a sharply patterned electro-

{uminescent film.

The invention also provides a process to remove coating material from a continuous
electro-luminescent film via wiping with a ‘moistened’ soft head. In another
embodiment, the wiping head contains solvents that solvate (or moisten, using
aqueous Or non-agueous solvents) the electz'o-iuminescent film. A tangential wiping

action using the wiping head assists in removing the solvated area.

Tn another embodiment, the invention also provides a solvent system that enables
removal of portions of multiple layers of film in a single step. The muliiple layers

may either be identical or distinct from each other.

Tn one embodiment of the present invention, shown in Figure 1, a light source 50
comprises several different electro-luminescent devices 100, 102, 104, and 106
mounted on an optical panel 75. The electro-luminescent devices may differ from
each other in geometry, processing, spatial assembly, and function. A cross-sectional
view of one such electro-luminescent device 100 is schematically shown in Figure 2.
Electro-luminescent device 100 includes electrode 110 and an electro—luminescént
layer 120 disposed thereon. The electro-luminescent layer 120 has a first pattern 130
disposed on a surface adjacent to electrode 110. Electro-luminescent. layer 120 is

made from an electro-luminescent polymeric material and has a substantially uniform
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EL dry 6.

apply PEDOT dry bake pattern PEDOT apply EL dry-

thickness. In another embodiment, shown in Figure 3, the electro-luminescent device
100 further comprises a conductive layer 140 disposed between the electrode 110 and
the electro-lurﬁinescent layer 120. The conductive layer 140 Has a second pattern 150
disposed on a surface adjacent to electro-luminescent layer 120. In yet ~an(;thcr
embodiment, the first pattern 130 is identical to the second pattern 150. Conductive’
layer 140 comprises at least one of poly (3,4-cthylenedioxythiophene) (also referred
to hereinafter as “PEDOT”), poly (3,4-propylenedioxythiophene) (also referred to
hereinafter as “PProDOT”), polystyrenesulfonate (PSS), polyvinylcarbazole (also
referred to hereinafter as “PVK?), combinations thereof, and the like. Electréde 110

comprises at least one of a metal, indium tin oxide, silicon, and combinations thereof.

In the embodiment shown in Figure 4, electro-luminescent layer 120 is disposed on
one of conductive layer 140 and comprises a first pattern 130. First pattern 130
comprises at least one coated portion 160 having a coated surface area and at least one
uncoated portion 170 having an uncoated surface area, wherein the at least one
uncoated portion 170 intersects the coated portion 160 to form a first coated area 162
and a second coated area 164. Coated surface area 160 is frequently greater than the
uncoated suiface area 170. Additionally, the uncoated portion 170 comprises at least
one channel 180 that cuts through coated portion 160 such that the channel 180 has a
plurality pf walls 190. Bach of the plurality of walls 190 has a boundary width 220
of less than 20% of the width of channel 180. Coated portion 160 has a thickness,in a

range from about 50 mn to about 150 nm.

The electro-luminescent layer 120 comprises a polymeric material such as, bui not
limited to, conjugated polymers, such as polyﬂﬁorenes, polyphenylenes (PPPs), and
poly para—(phenylenevinylenes)'(PPVs). The conductive layer 140 comprises at least
one of -poly (3,4-ethylenedioxythiophene) (commonly known as “PEDOT”), poly
(3,4-propylenedioxythiophene) (also - referred to Therein as “PProDQOT™),
polystyrenesulfonate (also referred to herein as "PSS"), polyvinylcarbazole {also
referred to herein as “PVK?™), and combinations thereof. In other embodiments of the
invention, electro-luminescent device 100 further comprises at least one additional
polymer layer that performs conductive, emissive, charge injection, and charge
blocking functions in the electro-luminescent device 100. Electrode 110 comprises a
7



pattern EL 7. apply PEDOT dry bake apply EL pattern EL dry pattern

PEDOT 8.

apply PEDOT dry bake apply EL dry

high work function material capable of forming ohmic contact with the upper adjacent

* layer (conductive layer 140). Electrode 110 comprises at least one of: indium tin

oxide; tin oxide; zinc oxide; fluorinated zinc oxide; tin doped zinc oxide; cadmium tin
oxide; gold; a conductive polymer comprising at least one of PEDOT, PProDOT,
PSS, PVK; and combinations thereof. In other embodiments of the invention,
electrode 110 is supported by a subsirate material such as, but not limited lo, a
polycarbonate, a polyolefin, a polyester, a polyimide, a po‘lysulfone, an acrylate, glass,

metal foil, and combinations thereof.

In another embodiment of the present invention, an electro-luminescent layer 120 is
disclosed for an electro-luminescent device 100. The electro-luminescent layer 120
comprises an electro-luminescent polymeric material. The electro-luminescent layer
120 is patterned and has a substantially uniform thickness 200, and is formed by
forming a continuous layer 115 of the clectro-luminescent polymeric material and
removing a portion of .’she continuous layer 115 by wiping a surface 118 of the
continuous layer 115 in a direction that is tangential 210 to the surface, as shown in

Figure 5.

Electro-luminescent layer 120 is disposed adjacent to at least one conductive layer

140, Electro-luminescent layer 120 possesses a pattern 130 comprising at least one ‘

coated portion 160 having a coated surface area and at least one uncoated portion 170
having an uncoated surface area, wherein the at least one uncoated portion intersects
the coated portion to form a first coated area 162 and a second coated area 164.
Typically, the coated surface area is greater than the uncoated surface area.
Additionally, the uncoated portion. 170 comprises at least one channel 180 that cuts
through coated portion 160 such that channel 180 has a plurality of walls 190 each of
the plurality of walls 190 has a boundary width 220 of less than 20% of the width of
channel 180. Coated surface area 160 has a thickness in a range from about 50 nm to

about 150 nim.

In one embodiment, electro-luminescent layer 120 is made from a continuous polymer
sheet 115. The continuous polymer sheet 115 is formed by depositing a polymeric

film, such as PEDOT or the like, on a continuous sheet of a substrate, patterning the
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pattern EL pattern PEDOT 9. apply PEDOT dry, bake apply EL dry.
pattern EL and PEDOT sinultaneously 10. apply PEDOT dry apply EL
pattern EL dry pattern PEDOT :
polymeric film, and baking the polymeric film at a temperature between about 50°C
and about 200."(3. The actual baking temperature depends upon fhe polymer substrate
v that is used to support thé continuous polymer sheet 115. Th'e polymeric film is then
coated with an electro-luminescent material to form electro-luminescent léyer 120 on
the polymer film, and the electro-luminescent layer 120 is then patternéd. The steps
of patterning the polymeric film, paiterning electro-luminescent layer 120, and baking
may be pérformed in any sequential order. For example, application of polymeric and
electro-liminescent films, patterning, and baking may proceed according to any of the

sequences shown in Table 1.

Table 1: Different, nop-limiting embodiments of the present invention showing
various process methods in PEDOT film application and patterning. In the table,

“R1” refers to the application of electro-luniinescent film.

SL |Stepl |[Step2 |Step3 |Stepd4 |Step$S Step 6 Step 7

1. | apply pattern | dry bake apply EL pattern EL | dry
PEDOT | PEDOT |

2. |apply | pattern - | dry bake apply EL. | dry pattern EL
PEDOT | PEDOT

3. |apply |dry pattern | bake apply EL | pattem EL | dry 7'
PEDOT PEDOT

4, | apply dry pattern | bake apply EL dry pattern EL
PEDOT PEDOT

5. [apply |dry ~ |bake |pattern |apply EL | pattern EL | dry

PEDOT PEDOT
6. | apply dry bake pattern | apply EL. | dry’ pattern EL

PEDOT PEDOT




bake 11. apply PEDOT dry apply EL dry pattern EL pattern PEDOT bake

ézk apply PEDOT dry apply EL dry pattern EL and PEDOT sinmultaneously
ake

7. Japply |[dry bake apply | pattern EL | dry pattern
PEDOT EL | PEDOT

8. lapply |{dry. bake apply | dry pattern EL | pattern
PEDOT EL : PEDOT

19. japply |dry - |bake apply |dry . . |pattern EL and PEDOT

PEDOT ‘ EL simultaneously

10, | apply | dry apply | pattern | dry pattern | bake
PEDOT EL. EL PEDOT -

11. {apply |dry apply | dry pattern EL | pattein bake
PEDOT EL _ PEDOT

12. |apply |dry 1 apply dry pattern EL and PEDOT | bake
PEDOT EL simultaneously

13. {apply |[dry apply | pattern | dry | bake pattern
PEDOT EL EL | - | PEDOT

14, | apply | dry apply |dry bake pattern EL | pattern
PEDOT EL | PEDOT

15, |apply | dry apply | dry bake | pattern EL and PEDOT
PEDOT EL simultaneously

To facilitate film removal over a selected area of the g:lectro-lumineséent film, a
portion of the continuous polymer sheet 115 is solvated by at least one of water,
methanol, ethanol, isopropanol, acetone, toluene, xylene, and combinations thereof.
The surface of the solvated portion of continuous polymer sheet 115 is wiped by
wiping head 230 remove a portion of at least one film, thereby patterning the film, or
films. Wiping head 230 comprises at least one of a sponge, elastomer, thermoplastic,
thermoset, fiber mat, porous material, polyurethane rubber, synthetic rubber, natural
10



13. apply PEDOT dry apply EL pattern EL dry bake pattern PEDOT 14.
apply PEDOT dry apply EL dry bake pattern EL pattern PEDOT

rubber, silicones, polydimethylsiloxane (PDMS), textured materials, and

combinations thereof,

In one embodiment of the invention, the solvating species are selected for removing a
single layer of film with each wiping action witﬁout damaging underlying la};eré. In
another embodiment, the solvating species are selected to facilitate removal of
multiple layers with each wiping. For example, an electro-luminescent film in a two-
layer structure can be patterned ﬁsing xylene as a solvent without damaging a PEDOT
layer underneath. In yet another embodiment, two polymer layers can also be
removed in one step with a solvent system containing water and xylene. In this
particular embodiment, isopropanol is used to facilitate mixing of water and xylene to

yield a homogeneous solution.

In another embodiment of the claimed invention, a method of selectively removing at
least one coaling from a surface of a substrate is disclosed and generally shown in
Figures 7A and 7B. The method comprises the steps oft providing substrate 410
having at least one coating 420 disposed on a surface of the substrate 410; tangentially
contacting a portion 460 of coating 420 with wiping head 230; and wiping the portion
460 with wiping head 230 in a direction 210 that is tangential to the surface to remove
a portion of coating 420 from substrate 410. Coating 420 may be either a wet coating
or a dry coating. Alternatively, coating 420 may include both wet and dry regions. In
one embodiment, coating 420 is baked onto the surface of substrate 410. Wiping head
230 is at least one of a dry wiping head and a wiping head moistened with solvent
250. Solvent 250 comprises at least one of a polar solvent, a nonpolar solvent, and
combinations thereof, Non-limiting examples of solvent 250 include water, methanol,
ethanol, isopropanol, acetone, toluene, xylene, and combinations thereof. The choice
‘of solvent 250 depends entirely on the coating to be removed. In one embodiinent,
wiping head 230 is moistened by injecting;f solvent 250 into the head 230 while wiping
head 230 wipes portion 460 of coating 120. In another embodiment, wiping head 230
is moistened prior to wiping by at least one of dipping wiping head 230 into a bath
containing solvent 250, soaking wiping head 230 in a bath containing solvent 250,

spraying either wiping head 230 or portion 460 with solvent 250, or the like.

11



15.

apply PEDOT thy apply EL dry bake pattern EL and PEDOT

simul taneously To facilitate filmrenmoval over a selected area of
the el ectro-lumnnescent film a portion of the continuous polyner
sheet 115 is solvated by at |east one of water, nethanol, ethanol,

oD oPanOh R 8y LS Solar ¥l BOiEpoRRC 1ORRNBUL BRE cblESALriTe

surface o

portion of continuous pol sheet 115 iIs

\tm'hpedbby mﬂ@ g ukRite ﬁ&%};@ s?l&hﬂi‘fﬁp?‘aﬂﬁf&é thiat afcoant foedstnoonmldr] potpr, and
ereby patterning the film or fi]ms. W.ping. head 230 conprises,.at
a5t SnaNFoRSIE stenEdtofiar PobREE U AB oA JEero FRRITE

mat ,
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solubility parameters that match those of the polymer. '

Example 1: Removal of coating comprising of polymers having extreme solubility

characteristics (i.e. co-existence of both very polar and non-polar materials).

In typical instances, the electro-luminescent layer comprises both (i) @ conductive
polymer coating, such as PEDOT, which is very polar and dissolves only in
hydrogen-bonding solvents like water, and (ii) a light emitting polymer coating that is
non-polar, which dissolves only in non-polar solvents such as toluene or xylene. In
order to remove multiple polymer coatings having extremely divergent solubility
characteristics in a single wipe, suitable solvents for each polymer are dispersed in a
third solvent to produce a homogeneous solution. The third, or dispersing, solvent is
selected from a number of solvents, such as, but not limited to, alcohols (such as
isopropanol, ethanol, methanol, and the like), ketones (such as acetone, methyl ethyl

ketone, and the like), acetates, ethers, methylene chloride, or any solvent having

~ intermediate solubility parameters. The solvent ratings for a typical light-emitting

plastic and PEDOT are listed in Table 1.

Table 1: Solvent rating for polymers (1 = low solubility or insoluble; 5 = high

solubility}.
Solvent Light-emitting plastic PEDOT
Water i 5
Methanol |2 2
Ethanol 3 1
Isopropanol | 3 1
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rubber, silicones, polydinethylsiloxane (PDV5S), textured materials,
and conbi nations thereof In one enbodi nent of the invention, the
sol vating species are selected for renoving a single layer of fjlm
wi th each w ping action wthout damagi ng underlying |ayers. In
anot her enbodi ment, the solvating species are selected to facilitate
renoval of nmultiple |jagestenen tthleach wiping. For ekanple, an '
el ectro-lum nescent flilmin a §fwo-layer structurejcan be patt-erngd
usi ng xyl ene as a sol pept—wthéogt—damaging—aPEDSF tayer—undermeat h.
In yet another enbodi rfgﬂf“?netv\o ol ymer |ayers can L1 so be removed in
one step with a solvent systemjicontaining water apd xylene.. In this
particul ar enbodi nment ,X%,%Q@rongol 'S used to facffitate m xing of
i e

wat er and xyl ene to Vi a hofrogeneous sol ution. !l n another :
enbodi ment of the clained invemtion, a nethod of Selectively rembving
at | east one coating froma surface of a substrate is disclosed and
generally shown in Figures 7A and 7B. The nethod conprises the steps
of : provigding.substrate 410 having at |east .one coat.ing.420 di d
on a”sur 1R 4 Bodinal Ph et boRlersRT bafigr BRVLE R, d5ABARS,

460 of C%i‘d&ﬂari@ﬁ@s%ﬁé.,hw% RitétehIpadlsc2aQlityaiaeéigdsng t he portion 460
with wiping head 230 in a direction 210 that is tangential to the

surface to renove a portion of coating 420 from substrate 410.
Coat i ng 42@odraglvies dielkide ehereenecenmmnongniopysiemy haviemsplyhility parameters

Al ternatiyel oat | [ ] hO,

one. enpodi s T Bl Fa Ty sl BE Y M B RIS ok AR my?
410. W pi ggnpteset 230eritssydienlsehsting réfeoiveaselnbilivy patageheadh@ncath the
wi pi ng head noistened wth sol vent 250. Sol v,en{H 253_ conprises at

| east  onesolbiktywrametes|of éha Polymabnbe sventy idhe muliipommponsnh sysicn 4o
t her eof . - | 1.m. il jnC [

ot hanol , "SRRG PREEHAAES BioRol I K the BPmIcE kAR Tt CCl
conbi nat i @irtidnel eefgoodHadichinkce!wints fir pehtm&@imdthperytide ERVIMA), pudn
the coating to be renoved. |In one. enbodi nent, . w Dj head 0 ls..
noi st enedBFYiHFEEE Pﬁgciﬁ‘\‘)ié#ﬂan? 5 4 RO sgﬁ(gnﬁq@‘ﬁﬁg%ﬁg %??S&%aﬁ’ ﬁﬁf?%we
head 230 w 1o : j ) ot her enbodi nent,
W pi ng he%%gwg&ﬁn%?rsﬁﬁ%%fl%@%?ht?%es&mggiOr%’ ﬂflloif/mét | east one of

di ppi ng wi pi ng head 230 into a bath containing solvent 250, soaking
Wi pi ng heBxhnzde 3i nWapingtEraomhe aiSelestve oimasiat oD P, castinaywitpue idamaging
W pi ng he%g} ﬁg@ gr eEorti on 460 with solvent 250, or the liKke.

Sol vent 28W°hé{*8&%i t her pol ar or non-polar. For each pol yner
coating material, there are usually three solubility paraneters..that
account fRriish&a Aol REEDOT POl ts span Codtatising an itingi thgodds AT voated
the polyner. Simlarly, there are three corresponding solubilit

] ol Ly .
par anet er glagsowbgieait asbbakadtat 260%C Bush hayw) vadeyer of lightysnijting plagicie.

havi ng sol.ubi Ijty par ters that match, those of .the I | e
1: Renovaf® w—@gﬁp&@rﬁgﬁwﬁilgitﬂ@ 8?1%"&&%9?% ?Pa\?ﬁntge g)%?ﬁr%ﬁlayeﬁxm
sol ubi | i t yyrehanagtetd wiged Dyl dolvont @osif¥d SFAE ESAW)biat Whick xylgpelwds fhed
non-pol ar  materials). I'n typical instances, the electro-|um nescent

| ayer congly selyesostd (o ipmmve oaidiges p{@egicagvmisseenhlgyelsuch as PEDOT,
whi ch is very polar and dissolves only in hydrogen-bondi ng sol vents
i ke wat and (). i em.t i i : i.S _
non- pol a?f?’t%;@s ﬁ' Wlélgglé\fea%?%enT 3g/] nlt"%ltaﬁg%@gjg%ﬁgﬁglsog?%n({agtlé%gdkeﬂgs t ol uene
or xylene. In order to renove nultiple polyner coatings having .
ext r enel yTkd PEDOANky&dh kikih lcbdtyd oh@raadtdninsid edde (ATA) soaied glass pbstrate
suitabl e solvents for each polymer are dispersed in a third solvent

d
to producandabpigdoaeredis feollubpen. Ardaver nel dghiopmiiing lastigglor sdeshent
i | ected .f of _ i .

W conot o Foisea TRkt RELIR I o BUTEICT 1B, A% el e
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2 2 Ethanol 3 1 Isopropanol 3 Acetone 1 1 Tol uene 5

wiped by solvent assisted wiping (SAW) with a solvent mixture consisting of water,

isopropanol, and xylene so as to remove both PEDOT and electro-luminescent layers.

Wiping head 230 comprises at least one of a sponge, an elastomer, a thermoplastic, a
thermoset, a fiber mat, a porous material, polyurethane rubber, synthetic rubber,
natural rubber, silicones, PDMS, textured materials, and combinations thereof. In one
* embodiment of the invention, wiping head 230 is a fixed head. In another
embodiment, wiping head 230 is movable with respect to substrate 110.
Alternatively, wiping head 230 and substrate 110 may be moved simultaneously with
respect to each other. In still another embodiment, wiping head 230 is rotatable. In a

further embodiment, wiping head 230 is a rotatable wheel.

The step of tangentially contacting a portion 460 (Figure 7B) of the at least one
coating 420 with wiping head 230 comprises con’factihg a portion 460 of the at least
one coating 420 in a tangential direction 210 with a contact surface of wiping head
230. A schematic cross-sectional view of the contact surface of wiping head 230 is
shown in Figure 6. In one embodiment, shown in Figure 6, the contact surface 240
has a predetermined structure, or geometry. In one embodiment, the predetermined
structure comprises at least one prism 280, with the at least one prism 280 having a
_ predetermined angle 290. The at least one pdém 280 has a geometric profile, such as
a pointed proﬁlé or tip, a square profile, a trapezoidal profile, a rounded profile or tip,
and the like. In another embodiment, the pi‘edetermined geometry comprises a
plurality of prisms 280, wherein the plurality of prisms 280 are separated from each
other by a predetermined pitch 300; as shown in Figure 6. The plurality -of prisms
may include prisms having the same profile, or prisms having different profiles,
arranged in either a random or predetermined regular order. In one embodiment,
pitch 300 is about 50 microns. Wiping head 230 has a stracture comprising a plurality
of protrusions, such as, for example, plurality of prisms 280, to apply concentrated
force to portion 460 so as to remove portion 460 and pattern the film. Wiping head
protrusions are separated by indentations for carrying solvent to the film surface. The
#1m surface is either moistened or premoistened by solvent in the liquid phase. In
another embodiment, the film surface is moistened or premoistened by solvent in the

vapor phase.
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Xylene 5 1 Exanple 2: Renoval of coating conprising polynmers having
simlar solubility characteristics (i. e., with internediate
solubility paraneters). Good solvents include either one-conponent
systens having solubility paraneters that closely match the

sol ubi | ity dﬁ%re%fﬁﬁhﬁﬁélt%fftﬂmaiﬁ@ﬁmﬁoi feohect §irfA8 Furtt@r includes at least
mul ti - conmponent sol vent systens having effective solubilit .

par anet erenetdidtwatb2@hdisbesed oh ableasitapepdea abtherconiget Q%@Ci)gﬂ{i i anothgr
solvents in the multi-co s ' Lok e
2 good sotentiegs GhaSaRre dantersehaRR iy akb BEpRIA e 1Y b
are good gﬁ%ﬁ-& vsi? alios @) WBMSpdrtibn PO wiratwipingtiehaes (.| Hhest¢PdMipinptie a .
bi nary m Xture of "CCl4 and ethanol is a _good, solvent for PMVA because

the ef f ecpariien $60 whihl the yipiag haas terrempve Hie pertiandad ordhe deast ARg copting

i thout RGP Ry SRBERTyT 400 Rafare 7R SfkpLes baMmN R Be BRAPA 0 e
E gikgdc g ?t %dé’c%ﬂné@ diregligtimytithregpebd® Fipic) heahedel dhassthsubsbodireenand

OC for 1 hour. A layer of light emtting plastic (j.e.
el ect r o- | wiriing dewh230 ayipes) the Portan el it 2 dygeiep Bfﬁaﬁ?}ptodfw P@ggﬁﬁéﬁd

| ayer. Th tterpe ' i - i Wrmaloly
0 whi o Soflh” S pRbeD sl BolluREE MHIRCKUETDIAARE! B phiRodi>k
el ect-r o- | gimdgtios el thay parallEixanid predeteMitipid dirtotamp| I anotienainbadistus,

renmoval of both coating |ayers The PEDOT, | ayer.js spin.coated on an
| ndi um t | eaHRt Fp OB PRIl CHBEIFATEIRE BARBINRES StSeor 01 1

hour. A | %g{rat%ffrddtl ggﬁlgﬁiﬂ%g' g? aj[? et érﬁb((d’?liheﬁ’tl 186 i Phod MhBeRmeRMEs the

| ayer) is spin-coa e PEDOT | ayer. The patterned area
is W pedsthy ofcdiketihg Brsioatimebusishéangn @ S&efupwiollh a. sol vent ni xture
consi sting of water, isopropanol, and xylene so as to renove both

PEDOT and_ el ectro-|um nescent | ayers.. W pi hea 0Pk at .
east onelbenaihep SHBNH chladtona e it Ruf bt hcppaind FrERAERA for,
fi ber mat g1&{RIOHIRES R AbrtioR 6P Uktelohaneer edabigs 428y fibined isarfiedobera,

nat ural rubber, “silicones,” PDVM5, textured materials,  and conbi.na;éi %ns
t her eof . ubstmie 4kfhodiheeappattust franpisge it GRS {ir pUaBlyHEathe28hstrye 1

fixed head. .In_angther enbodi . W DI | S . i
R e e T
subst r at egb1Q 18RY oRE cORWRH430, Wikdréin dhel sliyingiHehd 086 pontucts dhe acteasit drer .
In still another enbodi nent, w ping head 230 ig)ﬁrot1 at.abl e.

X n a
further entidigrf2Atin avignzcnidal et 0, andya mspny W rRllesting fhe L\@ng‘? afleror
tangential.ly contact irtlil(% 0oorti on 460 (Figure 7B) of the at |east one
coating 4 %l”?%}\ﬁi |8| ng head 230 conprises contacting a portion 460
of the at | east one coating 420 in a tangential direction 210 with a
contact sw h@®Rerofmbidineet dfehed cRRfed Mveotienyat wiping led-236ds idinekdsed ifeny
of the contact surface of w pjng head 230, is,.show in FLqure 6.. LN
one enbodfemeHing 3 ﬁ@ﬁ}r‘?ﬂiﬁolﬂifégieé& @ne crringsP AP0 %ﬂfr’a% i %‘gﬁ Oﬁﬁgwaf‘tmte
predet ermyped ”?{ug %{'}M&%eaﬂ@ﬂ?%gﬁf)ﬁ%s 4 RofAer surbRdi PRNtor édiacting and
predetermned Structufe conprises at |east one prism 280, with the at
| east onergméng A80tita\AGoy ehepeiedednsaati sweticarifile cagacts Tiwation 468ast a
one prism 280 has_a geongtric profile, such as a inted profli .
tip, a sqtfgenti 0¢1rchpna 10, 337 Sihgign F?PBtIaP{]é?r%%cer 2%?13@5 aplpa?cfe#ééﬁ %lsr?é’d
tip, and the.ljike. In another enbodinent, the predeterm ned geonetry
conprises a plurality of prisns 280, wherein the plurality of prisns
280 are separated from each other by a predeterni ned pitch 300, .as.
shown in Riltongh tie cRamppdsuiesdribey hefeipmbpenrarerfayan elestiriempiesesnt deides, iy

the sane profjle, i.snms_having differen Y . ' '
ci'thor 2 rarissK BB TERR AL Egtrar O Pt B AR drd s
pitch 300448 qabeed s8éh B3, WuPnst 1iMited B HrasticiBOnibakvies tphottvaligics, thin
conprising a plurality of protrusions, such as, for exanple,

- 15




I n one enbodi nent of the clainmed nmethod, the contact surface further
i ncludes at | east one sidewall 260 di sposed on at |east one edge of
the contact surface 240. I n another enbodi nent, the nethod further

i ncludes the step of prenpistening portion 460 (Figure 7A) prior to
Wi pi NG POfiili ORarffifhri efkcibmlt NgaReashd 3spldihe SHoemiof deviqesngviveguides,
portion 460 with the wi ping head to renmpve the portion 460 of the at
| east onentoedléatipmezharticad gysteves IBMD amicraflwdicsidgyiees. o t 5ﬁfﬁri ses
translating the substrate 410 in a predeternmined direction with
respect t i_pi ng_.he it | ogli LDl :

W pes théﬁ%g%tV%%ﬂigﬁgﬁﬁ%gmﬁﬁ@g€$?%£§%é$% Ig#qﬁﬁb¥ﬂﬁkﬁpgg@?§?ﬁ$ﬁ2§e
di r ect i onfordgignaésbgpti@nitagidiet be deaned théac Radatdrpes thhecqperdfi ba.

460 in a direction other than:parallel to the predeterm ned .
di r ect i orinNVEnRHioan otAFEPTIEIENY dYHIOHE ,m?fhgcgt%]ﬁ, égap&t@&l?»dﬁ%g]ﬂﬂﬁfé‘a%{?ﬁs?’%t e

410 COMPI {36F t(pﬂ)ﬂgisii’{gféﬂ ift 0 @Hﬂgﬂ&ﬁ &&%ﬁinr%gﬁoﬁqh&eﬁ%ﬁ%ﬂ 5RE Scopb YD e

supply ro I'n another e t the'method thither includes the
step of cabiemectdvegtidhe continuous sheet on a take-up roll. In another
enbodi rent of the claimed invention, an apparatus is disclosed for
selectively renoving a portion 460 at | east one coating 420 froma
surface of a substrate 410. The apparatus conprises a neans for
supplying the substrate 410 having the at | east one coating 420, a

wi pi ng head 230 for renobving a portion 460 of the at |east one
coating 420, wherein the w ping head 230 contacts the at |east one

coating 420 in a tangential directioon 210, and a neans for collecting

the substrate after renoving the portion 460. In another enbodi nent
of the clainmed invention, a w ping head 230 is disclosed for renoving
a portion 460 of at |east one coating 420 di sposed on a surface of a
substrate 410. The wi ping head 230 conprises a contact surface 240
for contacting and renoving portion 460, wherein contact surface 240
contacts portion 460 in a tangential direction 210, and wherein
contact surface 240 has a predeterm ned structure. Although the
exanpl es descri bed herei nabove are for an el ectrol um nescent: devi ce,
it is understood that the invention can be used in nmanufacturing
features of other articles and deVices, such as, but not |limted to,
m croel ectroni c devices, photovoltaics, thin filmtransistors,

el ectroni c paper and displays, photonic devices, wavegui des;

m croel ectronmechani cal systenms (MEMS), mcrofluidics devices, and the
i ke. Wile typical enbodi ments have been set forth for the purpose
of illustration, the foregoing description should not be deened to be
alimtation on the scope of the. invention. Accordingly, various
nodi fications, adaptations, and alternatives may occur to one skilled
in the art without departing fromthe spirit and scope of the present
invention. dains: 1. A nmethod of selectively renoving at | east one

- coating (420) froma surface of a continuous el ectrolum nescent film
(410), the method conprising the steps of a) providing the

el ectrol um nescent film (410), the el ectrol um nescent film (410) .
having the at |east one coating (420) disposed on the surface;

b) contacting a portion (460) of the at |east one coating (420) with
a coating renoving neans (230); and characterized in that
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c) said costing renoving neans conprises a w ping head (230) which
has solvents for solvating the el ectrolum nescent film and further
in that said nethod of selectively renoving at |east one coating
(420) conpri ses: d) wiping the portion with the w ping head
(230) in a direction that is tangential (210) to the surface to
renove the portion (460) of the at |east one coating (420) fromthe
el ectrol umaiessent film (410). 2. The nethod of claiml, wherein the
at | east one coating is a wet coating. 3.The nethod of claima1,
wherein the at | east one coating is a dry coating. 4. The nethod of
claim1l, er ei &Q@' i - hake e
surface o:‘mlél ec?}%]:aﬁl%atggéseggﬁgelg ?“T%nm é}ﬁ%s@(e%%tugﬁﬁ@gogy prgggﬁcggw
cl ai m wher eontinuepgs slottyawninesoant ilog(449), theastthwhwmptisingtlarstepyef:hanol |
et hanol , isopropanol, acetone, toluene xylene and conbi nations

t hereof 6. An apparatus for selectively renoving at |east on coating
(420) from a surj ace pafvidinghaticoudusirebe@at filo Wy escdatrofuniMsthl Bm

t he appar at onpri si ng: , .means for supplying the
el ectrol um(%i@if@%gth aﬁ%@%ﬂﬁ‘i’ C?%Wﬁgzq)%égp%%egloéé}é‘is%ﬁ%%@coati ng (420);
b) a neans for renoving for renoving a portion (460) of the at |east

one coating (420%; characterized in that said renoving neans .
conpri ses b)c) &owipgsinag prdiwa ((GBOY thowhlcest dnasoatinl (&3 svithgreoating
solvating t. | g0 ..Lm. f.or renoving a portion (460)
of the at Itl%ﬁg\t%%ﬁ]tgﬁ%o(gﬂ)hgﬁi(%}g‘%f{ehz er gl%rtl the wi pi ng head
tangentially (210) contacts the at | east one coating (420); and

further in that said apparatus conprises : d). a nme for
ol | 6cting < he & ect FOl B RELCRIE TP camayscs roUP e SRBURY Hieh hes
portion.  %olvERe fRRBFEMAIUSe OkctedidhMefeniWNE]; @hd kA8r BN QA Snekidalopde
at | east one of water, nethanol, ethanol, isopropanol, acetone,

t ol uene xylsel§elivahdremenbE fhlcpsaae eqnting 6120) comprises:

d) wiping the portion with the wiping head (230) in a direction that is
tangential (210) to the surface to remove the portion (460) of the at least one coating

(420) from the electroluminescent fitm (410).

2. The method of claim !, wherein the at least one coating is a wet coating.
3. The method of claim 1, wherein the at least one coating is a dry coating,.
4. The method of claim 1, wherein the at least one coating is has been baked onto

the surface of electroluminescent filim,

5. The method of any preceding claim wherein the solvents include at least one of

water, methanol, ethanol, isopropanol, acetone, toluene xylene and combinations thereof.

6. An apparatus for selectively removing at least on coating (420) from a surface of

a continuous electroluminescent film (410), the apparatus comprising:
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8. The apparatus of claim6 or 7, wherein the wiping head is

noi stened by injecting the solvents into the w ping head while the

W pi ng head w pes the portion of the |least one coating. 9. The
apparatus of claim®6, 7 or 8 wherein the w ping head conprises at

| east one of a sponge, an el astoner, a thernoplastic, a thernoset, a
fiber mat, a porous material, polyurethane rubber, synthetic rubber,
natural rubber, gilicongms fm%@g&m&@dtﬂo%ﬂ%ce&%h% fogh!m%ge% Rast
and conbi nations thereof ABS METHOD AND APPARATUS FOR M NG
PATTERNED COySTERfLF ¢RE); An el ectro-|um nescent device (100) such
as a photovoltaic cell or an OLED. The el ectro-lum nescent device
(100) conprises at |east one electrode (110) and an

el ect rol um nescebit | ayieeans IAGmdvisp bsecmoring hportbe ¢da0pdiethé 1116)st odde
el ectrol um nescent, | ayer (12Q). conprises an el ectro-|um nescent

ol yreri o nieane B0k RSrabt ks FOl B Ry Rk i) Cittted on a
surface adjacent to the electrode (110). The el ectrol um nescent | ayer
(120) has a substantially uniformthickness. An apparatus and net hod

of unifornly pat@er ninyjipsigdisad(Z861 mduthhvs selsesnior selyatingdke | ayer s
(1200) by saleeéaﬁl}iﬂlﬂe&@ﬁ fgﬁg%ogg%&iﬁg&aaa&maj ofth 8GEsPOh 2 @B6),

al so di scl ose I gures
wherein the wiping head tangentially (210} contacts the at least one coating (420); and

further in that said apparatus comprises

d) a means for collecting the electroluminescent film (410) after removing
the portion.
7. The apparatus of claim 6, wherein the solvents include at least one of water,

methanol, ethanol, isopropanol, acetone, toluene xylene and combinations thereof,

8. The apparatus of claim 6 or 7, wherein the wiping head is moistened by injecting
the solvents into the wiping head while the wiping head wipes the portion of the least one

coating.

9. The apparatus of claim 6, 7 or 8, wherein the wiping head comprises at least one
of a sponge, an elastomer, a thermoplastic, a thermoset, a fiber mat, a porous material,
polyurethane rubber, synthetic rubber, natural rubber, silicones, polydimethylsiloxane,

textured materials and combinations thereof.
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