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broadly to an integrated shaddw mask and a nethod of
fabrication thereof, and to a nethod of fabricating an
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Fiat panel displays typically include an array of picture elements, or pixels, deposited
and patterned on a substrate. 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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shadow mask. Wth such an apprdach it is, however,
difficult to achieve fine-definition patterns, say
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U. S. Pat No. 6,407,408 (published 18 June 2002) and 6,596,443 (published 22 July
2003) to Weaver et al disclose single layer integrated masks with clear features of
curved profiles of sidewalls and an overhang by using a different photoresist system
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t he undercut. However, the |ar3ge aspect rati o nakes
the pillars very fragile if a fine-definition mask is
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patterning systemw th an ove#dhang and an undercut for
deposition of organic, cathode and protective |ayers.

Ps.rra%nm td)i ok, INGS 6,613,588 {papiRhed (19 LnuaryT2AD) t&SiBNrows et al
'md& i s deposited on tJE substrate with %ﬁgg&t or

sql$qlq§§s ariiayen, RAttgfning SySigra Wity 3L QYPr ﬁ%ﬂgt 8P !

SﬂerpgﬁlﬁonU& Il n@ncﬁﬁﬁdé’ﬁrﬁd pilogechied lgsteirsga\ emnrl]methmhasulatmg layer

anode_ar ea t. em a n t.he .jn t

s‘ﬁ@mg ! 2aﬁ%f?érpquﬁ§'9?hlsl%§? Feg gtr?)tﬁd'i"%' %'l%éldgtslt'{b% The

|ﬁ§it%tm§'l@ef R tﬁi@ﬁ plaﬂem@d UGt %&lpswagoafeahamgnalé netleod to expose

otoresis

e. undercut, of .the i n
athe AR o 1By SR oRFaRY Shire oY gy g Thauatng
_ g&%ﬁ@ Q%h@t@n%@iﬁﬂlb?@aﬁe folllﬂeé\ﬂgﬁd_aﬁemsm Mhe Ioa%nhang of the photore3|st
in rat ed mask was, di osed in ris
s ioh 1S5S 35 eI Y oRoing an
Dﬁl{éﬁlcé!@twud gUshoc&uishecominyt al s 422 (2001) 225- 227
(publ i shed 1 May 2001) usi ng dense Si 02 | ayer,

o S 0 s e Ry P

pmte det Dstair Stapngdorp vane mnatatﬁaumb@ 3yathem Metats 422 (2001) 225-227

tra err ching, t he |ns | &
a1 25 A e Pe SRR ol R Y s, R taver, and
C@&Hp@dj Ib?ll'&sm dpositddalyye PEGY/Ddams pat@n@ byatraditichal plgtolithography
of porous Si02, and an overhang |ayer were '
Bﬁféed by using the different etching rates of the
dense Si @2 (100nm min), porous Si02 (250nm nin), and
Stisd\datierHs trérmsfehed bytetdtingthe stack ¢fhﬁ1lamn§/ ini actallfferad hydrofiuoric acid

ngglmoggé Pva e de I{(%ﬁ!gtésgar%e ! ggg qnﬁe g&fza?@g}{éér&g Iergnr of porous
re @3' éndrwxl d)\)erl’(ﬁn'h@jerf\h/\m pltbdtlctedrbﬁ/cm*(g the niiffedsht Etching ratas of the
idic_so i.n chem ¢ C
BSOS B, SRS R o co
2’&‘1@?' si&ﬁleér, c]ihéhmfdn vaﬁorrt!ypbﬁhdryprbgehsamte {eqmredi dor( falbdbation of
nee er e ovi n eLn "
nese ! aeed hiraI R e Gp R oR L APIGEREILTp pgion e
t Badic SQEtER in Shentied %Sdmr@tpréms tiseaifor thé uhtiercut formation also attacks
oo eaamEen ote laven PhER RRAR ra AN IReR 070

invention there is provided an integrated shadow mask
CAMTlel Hhdtefore SXINS 6 picvideadn hldhstive integrated shaddw mask design and

bt rdod B2 o, LSRR R B, goveorsr

Pakhdvantagésl the overhang portion are forned integrally
and t he over hang

SUMMARY

In accordance with a first aspect of the present invention there is provided an
integrated shadow mask comprising a substrate; at least one pillar structure having a
base portion and an overhang portion supported by the base portion; wherein the
base portion and the overhang portion are formed integrally and the overhang
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substantially parallel to or giverging away froma
surface of the substrate. The undercut surface portion
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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 substrate.
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renovi ng the undercut regul agor to release the
over hang portion of the pillar structure from 35 the
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previously applicable for top electrode deposition, such as CVD, PVD sputtering with
highly off-axis deposition.

A method for fabrication of an integrated mask is also described, which is specifically
suitable for high yield mass production of high resolution OLED devices, which is

difficult to be realized with previous masks.

A method of using the integrated mask to fabricate a passive matrix OLED device is also

described.

FIG. 1a and 1b schematically show the cross sectional views of "™ shaped masks
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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avai |l abl e geonetri c shape, suZh as square, rectangle,
triangle, curve, etc. Depending on the mask design,
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In the following, one specific example of fabricating an integrated mask using a positive

30 photoresist as undercut regulator material and a negative photoresist as pillar material

will be described.
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un ercut regul ator from damage urln t he fol{og5 9 ask pill

pr’ﬂ‘@e@@dtﬁnt chelaﬁerqatqt%&itn%i%méﬁ gp un ﬁ&‘f@? regulatop, 1oy, a mask piilar
Qedhpate Iy broad band ul tra-vi ol et

2@9\’2&?' on oraa(?sr% sectg’r?ds t hrough a phot o- nmask, such

that only the portions of hotoreS|st that are t% toct th

reqcmtnerafegeuveompérpr@wtr@ffarr levewsa@a MR4{L 15390 BeP p‘8rPé? ect the

RPBEribA ohE lat6tanal tRe Rlllowiflg pRited@es bre the same
eaiggggﬂ&\gggat |BveI gyerigﬁlAZZOM 40 positive

pmloE&@hsM S then spin-coated at 2000 rpm for about

30 seconds. The followi ng steps are the sane as for

t r‘\?w %@mdm&gﬂrcﬁ %D%teé#ﬁf%@ réhBS&N ARk @ah Wecupyi agmdller space and

di Ferent hot he resul tant two-I ayer

phsatnebleécrrﬁchlegmﬂ@ higheecempaniediiomAgt aibegul ator for a

mask pillar 15 with groove (conpare FIG 1(b)).

Aﬁ%%scﬁﬁ&ﬁﬁw‘e%d@ het @Br‘?&a‘t@ﬁ obéiﬁ frﬂégrbﬁaderhaguéﬁe @%cnﬁdéﬂﬁ)swtable
again used to protect the &/6% Ior@.}é{ masks.

pdqarthlgihyl@d mase pfOé!getloatoéPL%lH devitgs, WB!CP grityrith oY stisting

are the sane as in Exanple 1. The descri bed desi gn of

anlglen(%éasgﬁl?éoeﬂt YPREP YRS KreCateceCiop vaidingRldcicalsgioeting between
I's viable for achieving a higher conpared to

prﬁlQﬂtfod@& The described methods for fabrication of an
integrated nask are specifically suitable for high

yi Iﬂrﬁ# PeQYEiHeRntBdratddiRh ke \Hat praciidiilg ho limitation to deposition

di W th by existing masks
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
improvements compared to e.g. undercut techniques relying on etching techniques

such as wet-etching formation of undercuts.



The described integrated nmasks are effective for
avoi ding electrical shorting between electrodes. 25

wo-ovhesndr e, the described integrated masks he@ESG2006/000148
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practically no limtation to d&position angle, and
are thus nore suitable to mass production than

eﬁ{eséésglgodﬂqaléératéa‘@I’né&%ﬂ’h&é’é%ﬁmﬂ“ etvyehaindse fabritdted in a single

descri S can be accurately re ul at eg t hr ough
drestedal, rather thgn oy auiElyerpd sucivas s P%ﬁ\?ﬁ ‘ors
descrlbed This can provide 30 inprovenents conpared

t eh Cae Bl Hedsk Wrub B WHsPi&SicaIR Inol iR Gatn t@tdébbﬁl@n angle, materials
ec

gques such as wet-etching formatio

lindes siopesieHORRb 0 7Par 2600 DT PRESSDAAOBOTHS Srpblofnfpe use of
dﬁ%gééggg%ét Wik %?ev?&@Q phiEsbies fonitdph efettrodehagpositiam such as

ricated in ngl e rmterlal rat her than by
nQvPj Pvayemttqmngwtb@ﬁw&dep?ﬁ“&@r sting masks. The
descri bed mask structure has practically no |imtation
to deposition angle, materials to be deposited, and

vapor deposition process, and thus W?BI es the use s and/or
51t iilbbe spprecietask byva mersast skilled jn &?s?'g AIUMELRYS "%‘Fm"

t{ﬁBHﬁ&?fi@hé GHSy gféoﬁﬁdb' fb”thesflfé%eﬁts invéMidn BYDsisoput tre thengpecific

axl s osi tion reciated.b
embotimers) Wi ARG oM e SPi SEFOREE P ADYEDHEH =8 broadly
agd Abed. 'ﬂg'ﬁré&a‘?ﬁ RO diRAtDaeMMefbre, toise poresidenéd in all respects
i nvention as shown in the speC|f|c 10 enbodi nents
wiot heolistigyrannd hef replHRiMehe spirit or scope of the
i nvention as broadly descri bed. The present

eFRoi TR, Sit R & bd hﬁa&fs@b@ ,thattQh@epréyens indentioth Ismoalllmlted to the
respects be 1llustrative, and Fi sIrlctJve

exmepfmepasswer@atﬂ@s sleseriRedr 31 Gk oo P varfy of otver
| OySiRLtloRE Fo? Aahplel metrﬁé%ehplnt/élﬂlon mcbe‘ lised to fabricate a number of
passi ve-matrics described and % %ed in arsvm%lg arravs of
v aensemgr grrodcise r incluging it i eage] 2B IOgRIGPiars: ¢ y
Eﬁo?@d?&de’snvent' on may be used to fabricate a nunber of

nsuner products, including flat panel displays,
phot odet ectors, and arrays of _photo

Fauthesmos, 1 teraar Pl P! BT SRS A e Rl n the

b hrasik Ry TRDfgatid, rdfdanichad W@II as R{ieidr o tieen. rFastkermore, the
rmy e organic, |norgan|c as_wel brl% of tcp WS in the
Fapatingrpreeasses Heed' fay' fabrisg |q»rh§f B}eo equlaoss jand pillars

fﬂﬁéqrﬁé&'rﬁ&kofnayh& H@ﬁé’da‘ﬁHé VpoH |d6b6§‘ tonazd well barcembination of

. dmﬂ; %&.ﬁggghqueagmm%‘ﬁ'e,;ép&gﬁﬁn{#gmtﬁf apﬂlcatlons and may

25

Eﬁlafa totah\ﬁude fv%ﬁ@tptof bréut%md @é\ndes With résp”@ct teobttEDsomcpresent
ations, a ied t varie
© Fotentioons bolieied ne patiniar SKpBEES At epprImEpty Serdiipbd

invention is not limted to the partlcular exanpl es
and enbodi nents descri bed.
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i ntegrated shadow nmask conprising: a substrate; 5 at

wo emgti4wne pillar structure having a base portPORS@ME6/000148
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an overhang portion supported4by the base portion;
wherein the base portion and the overhang portion are
formed integrally and the overhang portion includes
an undercut surface portion extending from an edge of
the overhang portion towards the base portion

subst 2@LAMS y parallel to or diverging 10 away froma

S a0k g ligd SHARNG etk cdmplig:Tesk as cl ai red i n

erein the undercut surface portion
conprl%é@osé{at?roove 3. The mask as clained in clains |

or %mséﬁ'dhetﬂ?l%r%%%tlﬁ@hbhﬁ@ al SaseOfdish and ad dveseang portlon
Iayer or on the substrate. 15 4. The nask as

csupipased byithel hasaPertiofher ei n t he base | ayer extends

from t g fﬁ%@ bR bbl@ientaﬂdi%ﬁe beshind@praom bredforibe integrally and
surface o? the substrate where a_surface ormal, from

t the oyarhigg eoitign icusies @n\,urpﬁrquhgur@g:sé)ogpnt ng{f@rfﬁ% gn edge of

pﬂ’l'étd\%Fhané -portith t%%iﬂs%e%a@b%ﬂldn%mwnﬁﬂw wdralldieo or diverging
rece clainms, wherein each pillar structure is

f@W%EfﬂOfa§ swirfaee pithe sLBSIEA®G on the surface of the

sobst r e maAR £z cldifedBinkclam cil, aviBeéini theamydevn sifrfaicheportion
preceding clainms, further conprising a first

eFUBRIISGaE JreQMsr fornmed between the surface of the

sgbst r?ﬁ@m@@ﬂ as Héﬁn@@ﬁﬁclﬂﬁfsﬂ &2, aiherdin tid basar porfion iBifermed on
mask as cl ai ned asMgﬁone of the precedi ng cl ai ns,

wh&pee l@y@rrferm%%the &3ifipri ses a flexible substrate.

22 8. PhdwidiRthsOflaihdl inCakihng, WRereimt mgrlﬁsedaymaedmaa'mds from the
mask, the method conprisin

o]
f bass peftian to @hdeash @epgm pgg(hg tsﬂ[rjg%/qj Ptﬂ%n lﬁgrafc’e WALR a surface
S Hgﬁﬁél by thé B@rfzﬁe' i tél‘grﬁstdr\Mﬂ"I tHe %dgél af/ﬂhé@varriaag @oftiont i on
and an_overh ortion su ase .
wher ei hhe m@sbé§@ 3yaed iHAMA ftﬁge 8{)%9%1@%’ 'B'Ft‘p@?fe'{x'rea"h pillar

f erL'i@Q'e iffoRAEQRbBS ¥ sﬁf&eﬁ@n&ﬁ?o@t’r@dﬂﬁfﬁ% bDlhtelsubstratel udes
an undercut surface _portjon extendi n%‘efrom

t Ae ovéhmamgsthdst |°!ﬂ'f“?‘6v\}§r sy t e Phs pBF%°F§ﬁ9 83fns" urther
SUbRpAditg a'itY eRRtradé Rlyef RrAEd Beiieithg surface of the substrate and

the base portion of the pillar. A
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 integrated shadow mask, the method comprising:
providing a substrate;
forming at least one pillar structure on the substrate, the pillar structure
having a base portion and an overhang portion supported by the base portion;
wherein the base portion and the overhang portion are formed integrally and
the overhang portion includes an undercut surface portion extending from an edge of
the overhang portion towards the base portion substantially parallel to or diverging-
away from a surface of the substrate.
9. The method as claimed in claim 8, further comprising forming a groove in the

undercut surface portion.



away froma surface of the substrate. 9. The nethod as
clainmed in claim8, further conprising formng a

w@e@oneedh the undercut surface portion. WD PCT/SG2006/000148
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2007/ 142603 PCT/ SG2006/ 000148 1515 10. The net hod as
cI ai med in clains 8 or 9, further conprising formng a

ll'fi’é(ﬁ{etlﬁd?i %é“@laﬁr?%}e/hr@élﬁms @Bplgf Qﬁﬁbﬁ&)rﬁ;ﬁ?&lr’@aﬁﬁnmg a base

portl on on t ase he nmet hod, as cI ai med

i hyeﬂ e e BObstugte raad foried B*&s@sp&y@&oné%@tt% 828 1A% t he

e Pohd hRhdd®sAllain@ash cRiRabNivhéerRint the basé fageeexiéndshieom the
)strate where a surface 5 normal fromth

" base Pertienl tiat teash@ erigleoBthe gErfatrePhlifgs L&&—ﬁ?ﬁs Wr‘erfza surface
mﬂ@m‘@ﬁrﬁﬁ’ﬁhﬁ%ur@éc@' iS'BRbricd viHMhe @ag@sf 16k @vEmaly portidd.,

ereln eac l'ar ‘structure is forne

et2.endiThg "@ﬁihQChés Saimad dn Gy (ane %fu‘ﬂé'f‘"lsagéo 118""?'???&? each pillar
hﬁ&e%foﬁ]n@é 213 slrfb SR dPoRtheduadd oftht @uBstrate.

er conprisin formng a first elec I
béw/eeﬁhe m@et@m paclained i any 9p89f afﬂaémarﬁd % ﬁg H@% Copprising

PRYrkbNa ‘ﬂFst El’ﬂ%tr@di'l 296 bditheed e BBtdvRCbfake elistratsland the base

any orie o al ms to 13, wherein forming the pillar
spﬁméﬂ@f@edﬂﬁbrl ses: forming an undercut regul ator on

the sulfbhddifed S8BRTdd Mdary ¢Hd bdlaifktetd €, wheeein tibrening the
undercut regul ator; and 15 renoving the under cut

r@gﬂawﬁwtur?éomem%e&se t he overhang portion of the

pillar f&ﬁﬁd@%dﬁrﬁeﬁd&F@duié%oﬁdrbmtarsabﬁratéﬁ The mst hod as
claimed 1 n any aone of

subst r deeositigiaopiliar é'gatgnql I°¥‘ir| tBFémgﬁrk‘}Q{ rregplg{or,labnd
met hod ré?fm\flﬁdomé? ahddiButaregargiinioCrdldagbtthe rovethiang pletiorcef the
utilising the mask 20 as clainmed in any one of clains
1 pillar structure from the substrate.
15. The method as claimed in any one of claims 8 to 14, wherein the substrate
comprises a flexible substrate.
16. A method of fabricating an organic light emitting device utilising the mask

as claimed in any one of claims 1to 7.



