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Flat panel displays typically include an array of picture elements, or pixels, deposited
and patterned on a subsirate. Such a pixel array is typically a matrix of rows and
columns. In passive-matrix OLED displays, the individual pixels are defined by the
overlap of ITO columns (anodes) and metal rows (cathodes). To cause a particular pixel
to illuminate, a sufficient voltage is applied between the column (positively polarized)
and the row (negatively polarized) lines crossing at that particular pixel. The anode
strips can easily be formed by ‘using conventional photolithography and wet etching
- processes before the organic layers are deposited. However, the cathode cannot be
patterned in the same way because the developer and the etching solution would
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surface” of the substrate and the base portion of the
pillar. The substrate may conprise a flexible
substrate. In accordance with a second aspect of the
present invention there is provided a nethod of
fabricating an integrated shadow mask, the nethod
conprising: providing a substrate; form ng at |east



Form ng the pillar structure may conprise form ng an
undercut regul ator on the substrate; depositing a

pillar material over the undercut regul ator; and

renovi ng the undercut regulator to rel ease the
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Povtiors purarein jthey base portion and the asymmetrical overhang portion are formed
integrally and the asymmetrical overhang portion includes an undercut surface portion
extending from an edge of the asymmetrical overhang portion towards the base portion
substantially parallel to or diverging away from a surface of the substrate.

The method may further comprise forming a groove in the undercut surface portion.

The method may further comprise forming a base layer on the substrate, and forming
the base portion on the base layer.

The base layer may extend from the base portion to at least a point on the surface of the
substrate where a surface normal from the surface is aligned with the edge of the
overhang portion. -

Each pillar structure may be formed as a strip extending on the surface of the
substrate.

The method may further comprise forming a first electrode layer between the surface
of the substrate and the base portion of the pillar.

Forming the pillar structure may comprise forming an undercut regulator on the
substrate; depositing a pillar material over the undercut regulator; and removing the
undercut regulator to release the overhang portion of the pillar structure from the

subsfrate.
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FIG. 1a and 1b schematically show the cross sectional views of "™ shaped masks
30 100, 150 respectively. The only difference between design 100 and design 150 is that
the overhang in design 150 has an additional groove 152 on its bottom surface 154.
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Phot or 681 511,35, 4RhL | Bt 8b6.2he integrated mask 300 with "™ shaped
strips or pillar 302 is then fabricated.on the base layer. One or more organic layers
307(not shown) are then deposited through integrated mask 300 such that the organic
layers 307 are electrically connected to the bottom electrodes 304. Organic layers

30 307 may include any conventional OLED organic materials. Organic layers 307 may

be a single layer, or may include the multiple layers of conventional OLED siructures,

such as a single or double heterostructure, or one or more layers containing a mixiure

of OLED organic materials. The organic layers 307 may be formed by spin-casting,

ink-jet printing, vapor deposition, and the like.
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It is to be understood that much larger arrays of organic devices than those spegiﬁcally
described herein may be fabricated. Although FIGs 3a and 3p show a 3x5 array of
devices, much larger arays may be fabripated. Moreover, a mulficolor display may 'be
25 fabricated by depositing various down-conversion layers known fo the art, or .usmg
different organic materials in different devices. A mutfi-color array may al.s? be fabncate.d
by a number other methods, such as using an amay of white-emitting OLEDs In

combination with color filters or a distributed Bragg reflector.

In the following, one specific example of fabricating an integrated mask using a pOSltl\-Ie
30 photoresist as undercut regulator material and a negative photoresist as pillar material

will be dascribed.
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AZ46207 positive photoresist, commercially available, Is spin-coated on to a glass
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15 notwith@edowé (cpinpare FIG. 1(b)). .

Another negative photoresist buffer layer such as MF40 is again used to protect the

positive photoresist portion of the regulator and the following procedures are the same

as in Example 1.

The described design of an integrated shadow mask can‘occupy a smaller space and

90. is viable for achieving a higher compared to prior art.

The described methods for fabrication of an integrated mask are specifically suitable
for high yield mass production of OLED devices, which is difficult with by existing masks.

The described integrated masks are effective for avoiding electrical shorting between

clectrodes. '

25  Furthermore, the described integrated masks have practically no limitation o deposition
angle, and are thus more suitable to mass production than existing masks.

The undercuts and overhangs in the described masks can be accurately regulated
through design, using the deposited undercut regulators described. This can provide
30 improvéments compared to e.g. undercut techniques relying on efching techniques

such as wet-efching formation of undercuts.



For exanple, it is to be understood that the present
invention is not limted to the specific

passive-matrics descri bed and may be used in a w de

vari et f other 15 applications. For exanplpersich®enoo1as
Wﬂﬁg@g‘ﬁ}t&“?nventi on may be usedsto fabricate a nunber

of consuner products, including fiat panel displays,
photodetectors, and arrays of..bhotediQdR%be fabricated in a single
Fline ﬂ%ﬂcﬁliﬁdé?teﬂrﬁ?drﬁg'ﬁg?"?’ ﬁgksfq&"frp?g%[ ication of
URERFSIUatHEEBEh BY MUR-layetkdrtrastunss i @deling Fad!se ,

i ntegrated mask may be organic, inorganic, as well as

Eﬁg% ngqc%edfng%ﬁsgg IARTS FBtEtﬁgllyt heimBidaatdepiton angs seaterials

i'on ol the undercut requl at f
Pitd bardepbeket,hand vapqr densgitipmuosRsy AR v@%s ceé‘gg?’%é‘ﬁ@%z °
vapor deposi.ti SvBLN asiSicaneirtad leciranie depesivon) pUCH as

5 ad C??S&ﬁ?ﬁ%r‘{‘téfé"%?‘é’%gnt" | n%/eﬁ?i on is not linmted to
OlD, Bgplspettering wih ofads ARRPSEY - appl i ed to a wi de
variety of electronic devices Wth respect to CLEDs,
the present invention is not limted to the

parti cul ar exanpl es and eppodi | JPs- varBtiond dndfor
Cliiawilse BPrRieciaiRddyr APEFOR ﬁgg%qe\}n@géﬁéonpﬁﬂﬂsi TN

a .
, SLfﬁ&ﬁffcﬁﬁcﬁis may be: Aiadbetasthe qwesept linventiaft A IoMe 'Ha\r/’fansgoecﬁc
a base portign and ar Y&y biathg ipentidnoas broadly
10 sﬁwpmf%‘vgmgg%%a?@hﬁré i oné;ﬁl&éﬁr s er eigr:mt@gbqngﬂ?gspeds
P ek édbad AT reserdsyivndimenis are. SRR bov%% PRSI e
for int.e e asymetri cal h
b B R e oy e porton

s an undercut surface portion

extending fr ol den edge of t as A \; & to th
oo emmpoyiio b iDL L0 e BRCLL LR 8 AR to the
Pa%;,%[;ih@' AL eOhaiby ieaibed amaymby dia BsasUirt gcwidgrvapiphy of other
supbs 2. Th

rate. 2. e sk as cl {ﬁpl I Yabrishe agiumber of
15 t happlicadiense Gier LEMP5e eﬁ’é‘?sfeptd?}\%borrpr%@gihiéﬂ?oove. )

The,ndRa podedtai meldding fiok aianel tispays2, P tectors, (pnd’ amays o

base portion is formed on a base |ayer forned on the
s uBtgdipdes. : |

Furthermore, the materials for fabrication of undercut regulators and mask pillars in the

integrated mask may be organic, inorganic, as well as hybrid of them. Furthennor.e, the

20" coaling processes used’ for fabrication of the undercut regulators and pilisitrs fn the

- integrated mask may be wet-coating, vapor deposition, as well as combinafion of
them. In addition, the present invention is not limited to QLED applications, and may
be applied to a wide varietir of electronic devices. With ‘respec_t to OLEDs, the present
invention is not fimited to the particular examples and embodiments described.

25



4. The mask as clainmed in claim3, wherein the base

| ayer extends fromthe base portion to at |east a
poi nt on the surface of the substrate where a surface
normal fromthe surface is aligned with the edge of
the asymmetrical overhang portion. 5. The nmsk as
clainmed in any one of the preceding clains, wherein
each pillar structure is fqpned as a strip extending
on the surface of the substrate. 6. The mask as
claimed in any one of the preceding clains, further
conprising a first electrode. | ayer forned between the
surface of the substrate and the base portion of the
pillar. e mask as clainmed in any one of the
precedi ng ik ms, wherein the substrate conprises a
flexi M e dobdeuated ehad@y mask pamprigig: of fabricating an

i nt egrat egd aﬁﬁﬁQM/nask t he mét hod conprising

provi di ng for one

bst r as
P Plar oy piet oae B suctis hapd ed a2 esiiiia
st r ucevermendaition gupporsd bthpease basfenand an asynmetri cal

\% er han gt RAdrith B b%é%ﬂé:{ afhd ﬂ*é)és}nhﬁtrbﬁﬁﬁérlﬁﬁﬁ 5omarmare formed
ereln

over ARG P i, A B PR Py b (et sutec
asynmisttion exiéndioy &oth am gdge of the esymimedical deshapmpattivd éves the

surf aﬁse Peib SbsBXaMNgirae! ff San2RIg g8y Bm bNRirface of the
asynne I cal overhang portion towards the 15 base

port i ﬁbstantlally paral l el to or diverging away
from2a sufheanssk @b claimed Sudsitn tawbersindhe Unbercyhstifagd perion
claimm$@ég4&@wg18 further conprising formng a

groovye in_the und urf orti 10. .The
met had agr SI"@F’?R? ‘iﬁ o g “F"?FF?%?@'%"“ i fned on
conpﬁhﬁmﬁﬁ#mmﬁﬂn@mambaﬁﬁ Iayer on the substrate, and

for m4ng t7as nlaa@ss dMhdd .@ e:am tvhae.h @ﬁ%aéeaas@.remnésifmmme

met h as _cl t he base er
ot oftre Pertin R At B P strech LS Fls BT WS
t he sumfidon thefsutfdve isiigned withtiee agteridheasynerion eferimgnal
fro &mﬁ surface is aligned with the edge of the

o el S AR P o U g

pi | | ghucigreisfoimed aé sstiimexnadngan the mqepffheaumﬁﬂﬁng on the’

surf@ce ghe tdask & RRinalia. any one of the preceding claims, further
comprising a first elec;tmde layer formed between the surface of the substrate and
the base pottion of the piflar.

7. The mask as claimed in any one of the preceding claims, wherein the

substrate comprises a flexible substrate.

8 A method of fabricating an integrafed shadow mask, the method comptising:
providing a substrate; -
forming at least one pillar structure on the substrate, the pillar étructure

having a base portion and an asymmetrical overhang porﬁon supparted by the base

portion; :

wherein the base portion and the asymmetncai overhang portion are formed
integrally and the asymmetrical overhang portion includes an undercut surface
portion extending from an edge of the asyminefrical overhang porfion fowards the



13. The nmethod as clained in any one of clains 8 to
12, further conprising formng a first el ectrode

| ayer between the surface of the substrate and the
base portion of the pillar. 14. The method as
clainmed in any one of clainms 8 to 13, wherein form ng
the pillar structure conprisesg: formng an undercut
regulator on the substrate; depositing a pillar
material over the undercut regulator and renoving the
undercut regulator to release the a

over RaTigPopien tsiizstaniiatly pRiglsh 19 Py Tj"’eé?‘rl‘gu%‘%/aﬁ é’"’f?g\!ﬁgﬁ] gl the
Subs titire. 15. The method as clainmed in any one of

cl al g5 810 dfls URFEH B oo, RS L BheiaOHNRG b 568 the

flexible substra nmet hod of fabricating an

orgaHW“’@mF‘isﬁ‘Fﬁce@?FPCt“tl ng deV| ce utilising the mask as
cl ai ned The R&todReiabdieddl ddimss drofurfher comprising forming a base

layer on the substrate, and forming the base porfion on the base layer.
11.  The method as daimed in caim 10, wherein the bass layer extends from the
base portion to at least a point on the surface of the substrate where a surface _
normal from the surface 'is aligned with the edge of the asymmetrical overhang
portion. :
12. The method as claimed in any one of claims 8 to 11, ‘whetein each plilar
structure is formed as a strip extending on the surface of the substrate.

13.  The method as claimed in any one of claims 8 fo 12, further comprising
forming a first electrode layer between the surface of the substraie and the base
porfion of the pillar. - _ -
14.  The method as daimed in any one of claims 8 to 13, wherein formirg the

' pillar structure comprises:
forming an undercut regulator on the substrate; depositing a pillar material over the
undercut regulator; and removing the undercut regulator o release the
asymmetrical overhang portion of the pillar struciure from the substrate.
15.  The method as daimed in any one of claims 8 fo 14, wherein the substrafe
comprzses a flexible subsirate. ’
16. A method of fabricating an organic hght emltﬁng device utilising the mask

as claimed in @ny one of claims 1o 7.



