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 third aspect of the invention is to provide an el ectro-|um nescent
device. The el ectro-lum nescent device conprises at |east one

el ectrode; an electro-lum nescent |ayer; and at | east one conductive
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FIGURE 7B is a second schematic view of a nethod of selectively
removi ng at | east one coating froma surface of a substrate.
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In the enbodi nent shown in Figure 4, electro-lum nescent |ayer 120 is
di sposed on one of conductive |ayer 140 and conprises a first pattern
130. First pattern 130 conprises at | east one coated portion 160
having a coated surface area and at | east one uncoated portion 170

havi ng an uncoat ed surface_area, .wherein.the. a . :
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conductive |layer 140. Electro-lum nescent |ayer 120 possesses a
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of the plurality of walls 190 has a boundary wi dth 220 of | ess than



Step 3 Step 4 Step 5 Step 6 Step 7 1. apply PEDOT pattern PEDOT dry
bake apply EL pattern EL dry 2. apply PEDOT

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
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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



apply PEDOT dry pattern PEDOT bake apply EL dry pattern EL 5. apply
PEDOT dry bake - pattern PEDOT apply EL pattern 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



6.

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

apply PEDOT dry bake apply EL pattern EL

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

8




dry pattern PEDOT 8. apply PEDOT dry bake apply EL dry pattern EL
pattern PEDOT 9. apply PEDOT dry, bake apply EL

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




dry. pattern EL and PEDOT simnultaneously 10. apply PEDOT dry apply

dry

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

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



pattern EL pattern PEDOT bake 12. apply PEDOT dry apply EL dry
pattern EL and PEDOT sinul taneously bake 13. apply PEDOT dry apply
EL pattern EL

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 w1p1ng For example, an electro-luminescent film in a two-
layer structure can be patterned usmg 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



dry bake pattern PEDOT 14. apply PEDOT dry apply EL dry bake pattern
EL pattern PEDOT 15. apply PEDOT thy apply EL

Solvent 250 may be ecither polar or non-polar. For each polymer coating material,
there are usually three solubility parameters that account for the non-polar, polar, and
hydrogen bonding strength of the polymer. Similarly, there are three corresponding
solubility parameters for each solvent. The best solvent for a polymer is one having

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

12



dry bake pattern EL and PEDOT sinultaneously To facilitate film
renoval over a selected area of the electro-lumnescent film a
portion of the continuous polynmer sheet 115 is sol vated by at .| gast
one of water, nethanol, ethanol, isopropanol, acetone, toluene,

xyl ene, and conbinations thereof. The surface of the solvated portion
of continuous pol yner| sAteete 11%51i s wi ped by wi pi nglhead 230 renoye a
portion of at least one film thereby patterning the film or filns.
W pi ng head 230 conpri°%s at—east—one—of—a—sponge, —etastoner;
t her nopl astic, ther myse?'¥ 45 bed °nat, porous mater L pol yur et hane
rubber, synthetic rubber, natufal 10 rubber, sil|cones,

pol ydi met hyl si | oxane (‘fﬁl}!@ téxtured materral's, apd conbi nations -
t hereof In one enbodinent of tlre i nvention, the splvating specie$ are
selected for renoving_ a singlellayer of filmw.ithleach w ping acfion

wi t hout damagi ng underlying layers. |In another enbodinent, the
sol vating species are selected to facilitate renoval of nultiple

| ayers with each w,ping., For exanple .an electro-lum nescent fj (,n
2o | ayiRgHs g BT obeofiiH priza R ROV hEThE “SAERF selypid

wi t hout dapRgidagies FEDMith A& dneesoeRlify. pakfndtek). anot her embodi ment,
two polyner |ayers can also be renoved in one step with a sol vent

system contai ni ng water and xylene. In this particular_enbodi nent,
i sopr oparf@bod solusrtd indudesithert ereecombangrf Bstapi Baving gokhilidy darunsfeg| d

a hoanergt%gtuaosse 3'( lrJr}aitc%nfhe solubility parameters of the polymer film (or films), or multi-

component solvent systems having effective solubility parameters that match the
solubility parameters of the polymer. The solvents in the multi-component system do
not necessarily have to be a good solvent for the polymer. For example, neither CCly
nor ethanol are good individual solvents for polymethylmethacrylate (PMMA), but a
binary mixture of CCly and ethanol is a good solvent for PMMA because the effective
solubility parameter of the mixture matches that of PMMA, o

Example 3: Wiping Example - Selective removal of top coating without damaging

underlying layer.

In thié example, a PEDOT layer is spin coated onto an indium tin oxide (ITO) éc;ated
glass substrate and baked at 200°C for 1 hour. A layer of light emitting plastic (i.e.,
electro-luminescent layer) is then spin-coated on top of the PEDOT layer. The
patterned arca is wiped by solvent assisted wiping (SAW) in which xylene was the

- only solvent used to remove poftions of the electro-luminescent layer.
Example 4: Wiping Example Simulta{ngous removal of both coating layers

The PEDOT layer is spin coated onto an indium tin oxide (ITO) coated glass substrate
and baked at 200°C for 1 hour. A layer of light emitting plastic (or electro-

luminescent layer) is spin-coated on top of the PEDOT layer. The paiterned area is
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I n anot her enbodi nent of the clained invention, a nmethod of

sel ectively renoving at |east one coating froma surface of a
substrate is disclosed and generally shown in Figures 7A and 7B. The
met hod conprises the steps of: providing substrate 410 having at

| east one t fiR& t hexiarebsinEiotig: dl@ater,
t angent i aINIi%%I Hf%lg%l?r?gglip‘gwn%?@wgq&t@cggﬁm 420 with Wl@pl ng head
230; and isbpiopandijvendnoitrican ad &Dreniavi bt Big Ofcmd chagorhmanegeanb lrypisn
210 that is tangential to the surface to renove a portlon of coating

420 from gubst r.at 0. Coati be eithep vet '

dry coati ﬁgpm&lh‘a@&ﬂg&CI}@PWeS%getaF GZ%)(Ii HEVEP A % ela ﬁﬁ%%bgﬁoI
regions. fj.QR&: eandl BA! 2 Fa8hd Ritd2A, p@lyaae}ﬁmeqabben h@ntﬁe&d megf
substrate 410. W pi ng head 2 is at | east one of a dry wi pi ng head

and a w pnatgmeaadbemﬂweweaDm Hexwiod epaterdan andepypbinationpthesah ncws

I f I
oL o5t one Gl ca, BB SRLNEDL . L RI0PTRGH a9l e il OO Bk

met hanol , o@bh@nkh:, lvﬁﬁﬂﬁolﬁhéﬁtDIB(BC@t PMBableo | wigin erespedt e e, subsithte  110.
conbi nati ons t her eof e choi ce of solvent 250 dep er&ds enti relgwytt?1

the coati Aé}temﬁb@w*émheadl%{)cﬁﬂé subhtsds hEhay e pRos I?é‘éﬂéll agopst

noi st ened_Db n

nead 230 Bt SR e db YO Gt byt WARGS R U miolieBlin o

Wi pi ng heggdik38mbadifehs eipiad hpad 230 @ ralapibigwhyelat | east one of

di ppi ng wiping head 230 into a bath containing solvent 250, soaki ng
wi ping head 230 in a bath containing solve S it

Wi pi ng heale 350 of I%PWIB(I)IH oPtRCling K B‘E)‘II\?Bn‘IgOZ%gMSrFPé)héI III%ké fefktone

Sol vent 25{? ﬁﬁ%yﬁi%ewﬁlﬁ @1@5@53@%&?1‘?36@%%{&&15@5 pBAfh 100 YIMBE at least

coating mater ere are usual l'y three solubility paraneters that

account f ofe t:baimgo@()pm] aataﬁgq:miahmre‘am Wﬁ@mcm isnidacst ofevriping kgad

t he pol yner, t here, are .th corre pon sol ubi | i

par anet er £39- oﬁst\ aEgICWFftgem?ﬁ%I Hey© %38? %’II? Br aﬁe %{) Ileadt 30p1S

havi ng SOFIIII%I{]I it Flgﬂ?@r 8eh 8hS eﬁIB@@mIEﬁI% CsIﬁoIVHQ§QT1@Iret6h@nep@InYd&Eurf@émI e

1. Renova coating conprising of polyners having extrene

sol ubi | i t pacharaicteemisdi tsicire, or geomeltysthemoe emboﬁunwt,v@ﬁwl%ream&#d

I t I
o POl a1 STRUSE Ghbhies SRR eSS b EAGh PRl Bab IS EERS,
whi ch i s ﬁ?éd)éteﬁﬁh@{i aﬁ@l@ Z@US%E\é{%ﬁeaﬁme& prﬁlﬂ%ﬂlﬂgeﬂgé@mmg‘oﬁm, vuht
| i ke water, and (ii). ight emtting polyner coating

non- pol ar apwint@dmmﬁé%@ tﬁé@ saway PIQﬁlhwﬁW‘alﬁlaIs@Pﬁ@ﬂ%OW@@\ PI%@I? 81 tiene
or Xyl ene oty g 10 AR St dl CuROb B8 %égﬁlepgvéoﬂgmses a

extrerrely |tycarac’ter| trcs in a
sui tabl e pRirv@R toff pfn@ﬁls egohwhekinmbe phureligi (quﬁs&fscaﬂmam stiperated giohy eavh
to produce a hormgeneous solution. The third er? nﬁt,yo& ol vent
i s select eﬂlef bara Bredefsmained pitely BY@nmssshowigcii l’gguw §tPIPrARY B PGS
al cohol s o he€

ket ones ( éI gfé%g Si%%eﬁﬁﬂnlgé el %I}IIII%IIO%%’F Igg?%@ tIIEgt Pﬁﬁ%ﬁ#q}mm%,
acet at es, aghh@#isin él’ﬁieh)&I ﬁn&ommlo;ﬁne&merrmnechmgu‘ml ordm fawhe gmbodiment,

intermediate solubility paraneters vent ratings for a |, cal
li ght - eni pttph]é%ma@@v Oamtfrqﬂﬁoﬁﬁflpa%gélqag%?%a? P SHAEYE CYMPREEE S PI‘I/IQIIW

Sol vent § p@y.{s% PRICKITRY fqr(e%?mg O YRRl tBIIFﬁTI ﬂs}‘nsoﬁsd %%Q?I (%;;cél'nﬁted

hi gh solu I ng stic
Met hanol Ior&a to portlon 460 so as to remove portion 460 and pattem the film. Wlplng head

protrusions are separated by indentations for carrying solvent to the film surface. The
film 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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Et hanol

3 1 Isopropanol 3 Acetone 1 1 Toluene 5 Xyl ene

In one embodiment of the claimed method, the contact surface further includes at least
one sidewall 260 disposed on af least one edge of the contact surface 240, In another
embodiment, the method further includes the step of prefnoistening portion 460
(Figure 7A) prior to wiping portion 460 with wiping head 230. The step of wipiné the
portion 460 with the wiping head to remove the portion 460 of the at least one coating’
420 from the substrate 410 (Figure 7A) comprises translating the substrate 410 in a
predetermined direction with respect to wiping head 230. In another embodiment,
wiping head 230 wipes the portion 460 in a direction paralle] to the predetermined
direction. In another embodiment, wiping head 230 wipes the portion 460 in a
direction other than parallel to the predetermined direction. In another embodiment,
the step of providing the substrate 410 comprises providing a continuous sheet of the
substrate from a supply roll. In another embodiment the method further includes the

step of collecting the continuous sheet on a take-up roll.

In anothef embodiment of the claimed invention, an apparatus is disclosgd for
selectively removing a portion 460 at least one coating 420 from a surface of a
substrate 410. The apparatus comprises a means for supplying the substrate 410
having the at least one coating 420, a wiping head 230 for removing a portion 460 of
the at least one coating 420, wherein the wiping head 230 contacts the at least one
coating 420 in a tangential direction 210, and a means for collecting the substrate after

removing the portion 460.

In another embodiment of the claimed invention, a wiping head 230 is disclosed for
removing a portion 460 of at least one coating 420 disposed on a surface of a substrate
410. ‘The wiping head 230 comprises a contact surface 240 for contacting and
removing portion 460, wherein ‘ contact surface 240 contacts portion 460 in a
“tangential direction 210, and wherein contact surface 240 has a predetermined

structure.

Although the examples described hereinabove are for an electroluminescent device, it
is understood that the invention can be used in manufacturing features of other articles

and devices, such as, but not limited to, microelectronic devices, photovoltaics, thin
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5 1 Exanple 2: Renoval of coating conprising polyners having simlar
solubility characteristics (i. e., with internediate solubility
paraneters). Good solvents include either one-conponent systens
havi ng solubility paranmeters that closely match the solubility

par anet ergPf y4RRide] Bkofit | Parepr add | di¥playsprpHitdié - daviqeenevtvegatiog nt
systens having effective sol ubilit araneters that naaﬁglshe

sol ubi | i tyicpesl eatesreckandéal syrsempo(WRMS), misotiwice degces, and,ihe like.

mul ti - component system do not necessarily have to be a good sol vent
for the r.. kFor_€ex l.e, I T, L .

i vi dunt gy SRS nalRHE SRS, RPIERITRR figagon b
m xture obrégohtp andripidinfaild sonbgdodnsdly bata finitatRidVBbn ke augpe afhibe.

effective solubility paraneter of t£§ m xt ur natcheig%gﬁt of. PMVA.
Exanpl e 3nveRtisiing AR, - Vasiobe FpoY sy afanAtongpa PIRGH VRSt Bt
damagi ng ' : t bt X EROI | {fNthe
coat ed oﬁ#%9§%£¥%§%5ﬂ§?ﬁ%‘%é?ﬂéa??%%S@%%gﬁghﬁgﬁassE?E§Z?$E?§p§ﬁgm
baked at pA0&mt frventlohour. A layer of light emtting plastic (i.e.,

el ectro-lum nescent layer) is then spin-coated on top of the PEDOT

| ayer. The patterned area is w ped by sol vent assisted w ping (SAW
in which xylene was the only solvent used to renove portions of the
el ectro-lum nescent | ayer. Exanple 4: Wping Exanple - Sinultaneous
removal of both coating |ayers The PEDOT |ayer is spin coated onto an
indiumtin oxide (I TO coated glass substrate and baked at 200C for 1
hour. A layer of light emtting plastic (or electro- |um nescent

| ayer) is spin-coated on top of the PEDOT | ayer. The patterned area
is wped by solvent assisted wiping (SAW with a. solvent m xture
consi sting of water, isopropanol, and xylene so as to renove, both
PEDOT and el ectro-lum nescent |ayers. Wping head 230 conpri ses at

| east one of a sponge, an el astoner, a thernoplastic, a thernoset, a
fiber mat, a porous material, polyurethane rubber, synthetic rubber,
nat ural rubber, silicones, PDMS, textured naterials, and conbinations
thereof. In one enbodi nent of the invention, w ping head 230 is a -

fi xed head. In another enbodi ment, w ping head 230 is novable with
respect to substrate 110. Alternatively, w ping head 230 and
substrate 110 nmay be noved sinmultaneously with respect to each other.
In still another enbodi ment, w ping head 230 is rotatable. In a
further enbodi ment, w ping head 230 is a rotatable wheel. The step of
tangentially contacting a portion 460 (Figure 7B) of the at |east -one
coating 420 with wi ping head 230 conprises contacting a portion 460
of the at |east one coating 420 in a tangential direction 210 with a
contact surface of w ping head 230. A schematic cross-sectional view
of the contact surface of w ping head 230 is shown in Figure 6. In
one enbodi nent, shown in Figure 6, the contact surface 240 has a

- predeterm ned structure, or geonetry. In one enbodi nent, the
predeterm ned structure conprises at |east one prism280, with the at
| east one prism 280 having a predeterm ned angle 290. The at | east
one prism 280 has a geonetric profile, such as a pointed profileée or
tip, a square profile, a trapezoidal profile, a rounded profile or
tip, and the like. In another enbodi nent, the predeterm ned geonetry
conprises a plurality of prisnms 280, wherein the plurality of prisns
280 are separated from each other by a predeterm ned pitch 300, as
shown in Figure 6. The plurality of prisns may include prisns having
the sane profile, or prisns having different profiles, arranged in
either a random or predetermined regular order. In one enbodi nent,
pitch 300 is about 50 m crons. Wping head 230 has a structure
conprising a plurality of protrusions, such as, for exanple,
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I n one enbodi ment of the clained nethod, the contact surface further
i ncludes at | east one sidewall 260 di sposed on at |east one edge of
the contact surface 240. In another enbodi nent, the nethod further

i ncl udes the step of prenpistening portion 460 (Figure 7A) prior to
Wi ping portion 460 with wi ping head 230. The step of w ping the
portion 460 with the wi ping head to renove the portion 460 of the at
| east one adainishg 420 from the substrate 410 (Figure 7A) conprises
translating the substrate 410 in a predeternmined direction with
respect to w ping head 230. In another enbodiment, w ping head 230

Wi pes the porti Qndf@dbPsdecliS Sth Qi@ k! &le ctognﬁ @rfﬁgx%%r‘?&c@%ﬁa
direction. In another enbodi nent, w ping he s the portion
460 in a d|qoe@nuogﬁele@trréumtnhmqntﬁdmﬁli% ttnewqtlkcel q@ne)dl@merthnaﬁ@dof
direction. In another enbodinment, the step of providing the substrate
410 conprises providing a continuous sheet of the substrate froma
supplyfroll Inaanot?&Wx&ﬂbﬁébﬁﬂﬂﬂuﬁh&mﬁﬁtﬂbﬂ@ﬂELUﬁﬁﬂaﬁPFhQHQSuﬁHBE
step of co t he continuous sheet on a take-up roll. In another
enbodinent(6ﬁ%%ﬁ€%%ﬁ&?ﬁ&ﬁ“ﬁﬁ%8%%V@ﬁ4mﬁﬁmaﬁﬁgpéﬂﬁ§“? Qi scl osed for
selectively renoving a portion 460 at | east one coating 420 froma
surface of a substrate 410. The apparatus conprises a neans for

suppl yi ng the sibst r sewading apattiong4ehief tie A kasitono neating 44100 yyith2@:0aténg
Wi pi ng hea ( of the at |east one
coating 42 E%Mﬂ ég%ﬁh e M?%V%a &B3§Q§@§gontacts the at | east one
coating 420 in a tangential direction 210, and a neans for collecting

t he substrate af er renoving the portion 46Q. In .ano odi nent
o he ol ot red he en e FO oSS e e omprics b iBBE BEEH T O HENGR g

a portion 46Qemf f@tsolva@st the BRcE@@hineseA2OntsPasde: AMha sslhfara of a
substrate 410. The w ping head 230 conprises a contact surface 240
for cont actslisgfivehremenigichigass one $asting 680) ovepréesi cont act 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 heﬂﬁh@ﬁbmmﬂkmneﬂﬁhewﬁﬁn@h@ﬂﬁzﬁhmmhdeamemﬂwdevice,

it is understood t tion can be, us facturin
features of “HEH éﬁlt@:@ﬁ 18§m Odré”iﬂ(’(‘%gw PoTHER (gg())og Sthnﬁlc‘f”é‘ggto,
nlcroelectqqnn@UQQﬁbegﬁmmgmgkgygiﬁgﬂ@ﬁo)th|n f|In1tran5|stors,

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

m croel ectronmechani cal systens (MEMS), m crof | ui di cs devi ces, and the
|ike. Wi le typGalnAEROALARDY S\ OAUE 1RER NaSGinecBEHH} | puir Pose
of illustration, hlﬁggregg?ﬁg desérlp?ﬁoﬁgﬁﬁgﬁpérﬁﬁ%gg@{gﬁng d to be
alimtation on the scope of the. invention. Accordingly, various
nodi fi cati gns a . t.ernatives may occur ,to one skilled
'n the art w thﬁﬁ?ﬁlﬁ@ﬁ AP e R I or gt GEGR AGof i pr esent
invention. dains: 1. A nmethod of selectively renoving at | east one
coati ng (420) fron1a surface of a continuous el ectrolum nescent film

(410), t he et hd8c BsHsH O Flaign { Hhesgin e abfeast one coatiyg iphasbeen baked prio

electrolunymgﬁﬁgagﬁﬁ%kqb&éﬁg%cmﬁ g€l ectrolum nescent film (410)
having the at |east one coating (420) disposed on the surface;

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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b) contacting a portion (460) of the at | east one coating (420) with
a coating renoving neans (230); and characterized in that c)
sai d costing renoving neans conprises a w ping head (230) which has
solvents for solvating the electrolum 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 thatyis taResRthaL Iﬂ@ﬂa@)thet&e&lﬁﬁlnﬁ%sf:&ﬁ%hh%F@Wﬁg {8t least
portion (460) of the at | east one coating ( fromt

el ect r ol uni pRssweiie #20k (410). 2. The net hod of claiml, mhereln t he
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
claim1, whereinb}t he atcdnedstreameng Gatremgvinga hasiobeE0) biatked: loast ond he
surface of el ral.um nescent, .fi The, met hod of any precedi ng
o' m whor efTEREEOEDBAE S AP aboaif e ER L TOHES BB T et hang

et hanol , isopropanol, acetone, toluene xylene and conblnations

t hereof 6. An apparatus for selectively renoving at |east on coating
(420) from a sur@ace ovipaedsad (Z30b dud fme selgenindon saleadting the | m (410),

th t
€ appara H@ct&mﬁl%;s%%ﬁg“ 211’60)1‘ r%%(\)/\in}%g P(ﬂ'g T %) 5he g‘HQE@ éfﬂe%ﬁ&tt?@%%

el ectrol um nescent |Im | east one coat1
b) a means Wwbercinghowipiy; Had tmgendiallp (2 18) peridtothe 6Ul6B onf contieg @i20); eadt
one coating racterlzed in that said renoving nmeans

conpri ses ﬁ&éer&éwﬁé AEPRFEUH@IWTS30) , whi ch has sol vents for

sol vating the el ectrolum nescent film for renmoving a portion (460)
of the at |east gne coating (420), wherein the w ping head
tangential ly (219) cm%@gorwﬁ%ecémg F%QC*IQWI%%W ﬁ@n(@@myﬂeraﬁaovmg
further in §bab.Ral d apparatus conprises

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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d) a neans for collecting the el ectrolum nescent film (410) after
removing the portion. 7. The apparatus of claim®6, wherein the
solvents include at | east one of water, methanol, ethanol,

i sopropanol, acetone, toluene xylene and conbi nations thereof. 8.
The apparatus of claim6 or 7, wherein the w ping head is noistened
by injecting the solvents into the w ping head while the w ping head
w pes the portion of the | east onesgoprheg: 9. The apparatus of
claim6, 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

por ous (=1 Vi r

rubber, %Tﬁgﬁ%&%%ﬁn‘g? Ej#ﬂ;ﬁ?ﬁ?ﬁ%ﬁ%ﬁ%?{ﬁgﬁ?&iﬂ%@? éq’(l)zg. hﬁan MS
conbi nati ons t her eof ABSTRACT NETHCD AND APPARATUS FOR FORM NG
PATTERNED COATED FILNB escent . deyi ce uch
e a photovol thl Hexiar mrpesgsyt Apies (ML Bt Povin eisel ant QLETLaTe
(100) COVH?édh%Qﬁmﬁ{esdeﬁﬁﬁéw&ng 08} &ﬁﬁﬁiﬁ%‘é? af ﬂeﬂr&ﬁ)on@%ﬂ:aﬁl?de (110) and an electro-
el ectrol um nescent |a rtgé)se he el ectrode (110). The

el ectrol dmnn@s@ehtayma ) IEB‘O})?d@@ ﬁ@é@océr(1é®)ecfh%elpﬂ'fﬁ1%‘§é@ﬁ@t layer

pol ymeri ¢ E@tc%r ses eiQ& :héf 55116%?%&%?% a’[éﬁ’&l ﬂaﬁﬁé’g?‘?st Qi ¢

surface adj dcent um ne cent ayer
(120) ha&thsmb@tannﬁméh%ammthahaekhmakméﬂﬁ Tkﬂehﬁpﬂnmﬁmsmahﬂyﬂﬁﬂﬁbd
of unlforniy

tter such. el ectro-| um nesc
C1200) " by G0 Bamp MR b 2% apblianfrg Nsh e Torad Bl pine
al so di scyesefetrd-liBMh&ReR 1894 of Bayers (1200) by solvating and wiping in a tangential

direction (210) are also disclosed.

Figures 6 and 7B
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