1 Integrated Mask FIELD OF | NVENTION 5 The present
invention relates broadly to an integrated nmask
structure for a substrate, tdl a nethod of fabricating
an integrated mask structure for a substrate, and to
a multi-layered device structure. 10 BACKGROUND
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patterning or wet chem stry steps are not required

after t hﬁheoﬁﬂgcm gtrigé‘ are typically formed by using conventional photolithography

and wet etching processes. The organic layers are then deposited on top of the anode

strips. However, the cathode strips cannot be patterned using the same methods for the

anode strips due to the fact that the developer and etching solutions, used for patterning

25 the anode strips, would cause damage to the underlying organic compounds if used for
patterning the cathode strips.

To avoid the damage to the organic compounds, instead of "external” masks,
integrated masks may be utilised during fabrication of an OLED. The integrated mask
typically allows the organic and electrode layers to be automatically patterned.

30 A simple implementation of an integrated mask utilises a series of parallel walls
formed by photolithography prior to deposition of an organic EL layer such that



| ayer has been deposited. To achieve a deposition
pattern of cathode strips, the deposition surface is
posi tioned such that each of the parallel walls is
di sposed between the source of netal to be deposited.
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ot npaiofiolo i, AREmPlo it ofigfiln) Ghoe 1L KRG e organic EL
shatrysr rigaSefOBentdepgﬂ@dl T o aq!mavara @I_ﬁmsﬁtuos maécmpfqgaiw& strips, the
t haﬁeé&‘ﬁao tesﬁﬁgc%' iél Es.ﬁ&ﬁep %Qéﬂdi‘x?tr éaa%lH'sof R |6.'%FEII8N:§II§'?cllsposed between

of f-a 03|t| n an It1o
def theesspurge Qf@pﬂidﬂo be niemsdad nideeaforal infsuoham prientgfion, metal deposition

Her BEALK .%Hh/%n Re R SMBSH \%If whe%\%éson b StHef SRYA! S&ach wall no
IS not via or nmss roduc 1 oNn ere novi ng

conﬂepqaitiomccls"s due tola shaﬂomngreffeat eOrte lirgitation bf/thisdechnique is that the
P S4B AR T i S0 B GUER i, s ceposion
des dgfmedfaaadanoatieg oha euatm iromoan angleirst pgrpendicularcto thé substrate.

ID: : E s? élglé@ét:hﬁ?ﬁﬁ% ﬁcit vl% fo\NI 3 ?%@%3’%‘%@ Frgaung%ﬁn\jve?ror belts or
1@ e psatatorsare fresuentlytusadt i c pat t erni ng of cathode | ayers,

106 and 108. The insul ating base layer 110 is 15

Ir qu'r ;ed %l% \.@'ﬁ%ﬂ’oi’nn%f tﬁg %[lj'ﬁ%% gaagrﬁ'@ﬁgfbr{ Q%E{é@d?&%asks using paraliel

Whewellst, adymaj design pfaafentggrateﬁ mesda‘rﬁﬂ wiligiogia saries of piltars, for example

typyga (Xg Q&CFO&ABF iled L%' ﬂ%sﬁrat%ﬁ fr‘?‘r iggé’ E)ﬂ?rf‘l ndgfser\wes as a separator

unavol
depfs automtl@ibatlenmg ercg@nd@ IaNetye‘rQﬁ aﬂdowseimmstdatméhase layer 110 is

45 he LI
19 et Bl et Bt otheth B oot B o P GEphd anode layer
and 112 recwes whete thearganicdaysirsl dor exarmplef 1Q4herqoﬂyplbdiy absent (or thin)
for [ I »

o B AeReedifite SEchabihils Eidun 8) 6 ABP 15 BLE WdBsiton of tre
mub@aehmrsafqrawmleﬂ@@\s of fabricated strips of

cat hode | ayers, 106 and 108. The reqU|red profile of

the pill LS typi.cal : ' i
P11 B YA IR Bk 8 e o
26 ubsathadeelaydrs, 10ehand:1108, eioeambhomag fhet Hide0 514 ot the guillarl 402 forming a

pi l [a%r é‘giz Jff?%( nﬁ? ‘tmél?&HH EO%U? Uﬁ%( 'e?ecg%gl&?obbgﬁ gr%ﬁolsaéhe pillar 102,

ron Te previ ous
| s whichlwalishshmieadjacent tdve efdpwisatedatripsny|cathotie ddyers, 106 and 108.

SOURRE {écLJ}ES Hrcfffé’be&n‘gcggrgﬁlaﬂ l')i {% t{(;{lé&l@;a%génﬂ?ﬁ? 5$ tﬁ({'leelatlve orientation

deposi ause sho jacen
of ofatﬂllﬂ)d:athodq edeposili®® sante 198thel subsitdiet il th, Tlnéreibree although the
ep r ter
24 e okl P 16 ol 8 Al B 558 Pen iR SLineighed i fhe previous
| aytecbnigas, the pt!!hreﬂlﬁ id still @€pehdidntain thia depoditioarang@2of sy source since

bec e

PECHER, SM) RURHS AR e dehBToT e e RS SPn88F G cent srps

an ef athodedayers HE6 tandd $8.do @ddition, if the deposition process produces excess
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30 114 of the pillar 102 may become continuous and be electrically connected across
the integrated mask 100 via top layer 118. Therefore, an electrical short may occur
between cathode layers, 106 and 108, due to deposition processes that are not
sufficiently unidirectional. To avoid shorting problems with typical integrated masks,
materials and deposition processes are typically limited to those producing relatively



bet ween cat hode | ayers, 106 and 108, due to deposition
processes that are not sufficiently unidirectional.
To avoi d shorting problens with typical integrated
masks, materials and deposition processes are
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smal f
oxi 8*\1% eT%%?[érﬁé eﬁ%? Ffo?:é%a?rt'nplg qﬁdn?rﬁ %H%L(ﬁe &tl’@%g&l@rﬁlha in top-emitting
t y pit&EPsys typicalyyhapdiy IﬁQIfOﬂ‘Beﬂ w:tln m@ummmmms asl Cvistrssputtering is
as %@ir@cﬁ sputtering is required. 5 SUMMARY In
accordance with a first aspect of the present
[ nventi on there is provided an integrated nmask
F’ Wor a substrate, the structure conprising a
p|| ar s ructure fornmed on the substrate, and at
| east one gap structure extending along the pillar
structur f
gap. st r bt aeiarieriol ittt 3e offd Beberh el fHer %S*W*ded an
of integratad reaskusttugtuse fcsraa substratd, dre sifudiyre osedprisimgref pitlar structure
e;(t ﬁolgl?lhgg)n f'ﬂle@u%st%}s Qﬁ& g?fea@f {)H& égﬁ %frrj&nfe Fxtle#uﬁ{g along the pillar
14 or stputton, wherelm5 peﬂubstof atvall sw‘ahe pf tacivgagl grustire is not in a line of
havLR fim{RSke OF thd G4 QRLAAR, SRERGHIE] BF frelhf AR extending
al on e firs I rection; one’or re barrier
el eatong thef pHarstructiure. he subst r at e, each barrier
el enent being adj acent one of the retrograde side
surfaces of one pillar elenment, wherein the gap
st r Tice willer i rughifre maay isompeies ariee obamargepillay] elements famched on the
he e [
f{r suﬁs‘ﬁ%ﬂef r%é%li(ﬁlrltgrdﬁa%ggf l’tleEe i 9@5?&%@ ?ﬁ egsrgﬂé Qﬁ&%urf%é?e extending
el ealeng theafirat tﬂlre@tlommmnme bad]em@anment@fqrmgd @déhssu@trate each
surgﬁ,ﬁgis efe?ne%t %é'irfnqggﬁﬁgéﬂttdn%nop he Fé?ro?%%t igd %urf; of one pillar
barrier elenments y ‘hav cross-sectional shape
oneeleMmeat, grheogin dungas strugiureds defineg l@éweemthectbaemeraelements and the
Par foBhore doRREn Afiadal SEE ARG The et r oor ade
SUe T 6% pective cross-sectional shapes of
2Cbne of a group consisting of an inverted sem -circle,

SR T e N e —

S ubadjamré rétrognadd side surtacep éo psndaccmptahon of the eubstrate

The barrier elements may have a cross-sectional shape of one of a group consisting

25 of a semi-circle, a partial ellipse, and a rectangle.

The retrograde surfaces may have respective cross-sectional shapes of one of a
group consisting of an inverted semi-circle, an inverted partial ellipse, and an
inverted rectangle.

30
The pillar structure may extend on the substrate in a direction perpendicular to one
or more contact stripes to be formed on the substrate.

A width of the gap structure may be in a range from about 1 to 8um. The width of the

35 gap structure may be in a range from about 2 fo 5pm.



or nore contact stripes to be formed on the substrate.
A wdth of the gap structure may be in a range from
about 1 to 8m The width of tHe 35 gap structure may
be in a range fromabout 2 to 5m 4 In accordance with
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25
The pillar structure may extend on the substrate in a direction perpendicular to one

or more contact stripes to be formed on the substrate.

A width of the gap structure may be in a range from about 1 to 8um. The width of the

30 gap structure may be in a range from about 2 to 5um.
The pillar structures may bere formed utilising photolithography techniques.

The pillar structures may be formed utilising wet etching and lift-off techniques.
35 '



The pillar structures may be fornmed utilising wet

etching and lift-off techniques. 35 5 In accordance

with a third aspect of the prdsent invention there is

provided a nulti- |ayered device structure conprising

an integrated mask as defined in the first aspect. 5
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FIG. 1 is a schematic cross-sectional view of a section of a typical
20  integrated mask.

FIG. 2 is a schematic cross-sectional view of a section of an integrated

mask in accordance with an example embodiment.

25 FIGs. 3(a) to (d) are schematic cross-sectional drawings illustrating a
fabrication process for an integrated mask in accordance with an example

embodiment.

FIGs. 4(a) to (e) are schematic cross-sectional drawings illustrating a
30 fabrication process for an integrated mask in accordance with an example

embodiment.

FIG. 5 is a schematic perspective view of a section of an integrated mask
in accordance with an example embodiment. -
35



mask utilised in a fabrication process in accordance
Wi th an exanple enbodinent. 5 DETAILED DESCRI PTION In
an exanpl e enbodinent, with réference to FIG 2, an

i ntegrated nmask 200 conprising a pillar 202 and
barrier elenments in the formof hunps 204a, b di sposed
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the bottom electrode. in the example embodiment, the humps 204a, b partially
25 extend beyond a vertical line from the corners of the over hangs 2083, b, as
indicated as hump portions 2263, b.

In the following, one fabrication process for fabricating an integrated mask in
accordance with the example embodiment is described with reference to FIG. 3(a)
to {(d).

30 With reference to FIG. 3(a), a commercially available positive photoresist
AZ4820, is spin coated onto electrode layer 303 on a glass substrate 302 at about 1400
revolutions per minute (rpm) for about 20 seconds. The photoresist layer is baked at about



7 100 C for about 5 mnutes, and exposed to
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of the hﬁ%ps e.g. SOélées&gced, t hereby "opening" a
gap PErEXReEd 28 Yrowey en the pillars e.g. 316 and
the hunps e.g. 306, as 25 illustrated in FIG 3(d).

20Thi s may be caused by an inter diffusion between the
positive photoresist material of the hurrps, e.g. 304,
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photoresist material of the humps, e.g. 304, and the negative photoresist layer 308
(compare FIG. 3(b)). As a result, during the developing in the agueous solution at room
temperature to form the pillars structures 312, an outer inter diffusion layer of the humps
e.9. 304, is removed to create the gap channels, e.g. 320. The size of the interdiffusion
30 region and the resulting gap structure can be varied depending on the fabrication
conditions. After being rinsed and dried, the substrate 302 with dry-film pillars, for
example 316, is flood-exposed under the same conditions as the previous exposure for
about 60 seconds for further strengthening. The substrate 302 with the resultant



30 region and the resulting gap structure can be

vari ed depending on the fabrication conditions. After
being rinsed and dried, the substrate 302 with
dry-filmpillars, for exanple 316, is flood-exposed
under the sane conditions as the previous exposure for
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remaining positive photoresist layer 410 of about 3 to 4 um, as shown in FIG 4(c). The
substrate 400 is post baked at about 110 °C for at least 2.5 minutes for further

strengthening.

In the example embodiment, the substrate 400 is then coated with another
30  negative dry film 412 photoresist by a lamination machine at a temperature of about 110
°C and a speed of about 20 mm/s, as shown in FIG. 4(d). in the example embodiment,

the dry film 412 is about 25 pm thick and commercially available. The laminated dry film -



remai ni ng positive photoresist |ayer 410 of about 3 to
4 pm as shown in FIG 4(c). The substrate 400 is post
baked at about 110 C for at |léhst 2.5 mnutes for

further strengthening. In the exanpl e enbodi nent, the
substrate 400 is then coated with another 30 negative
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In the example embodiment, the width at the top of pillar 202 may vary according

to the resolution requirements of the display panel to be fabricated. The height of pillar

202 depends on the material and the fabricating process. In the example embodiment,

the height of pillar 202 is less than the width at the top of pillar 202. The width at the

30 base of pillar 202, and the width at the top of pillar 202, are both larger than the height

of pillar 202. In the example embodiment, the thickness of the overhangs 208a, b is

determined by the height of pillar 202, the height of humps 204a, b and the width of gap

channels 206a, b. The thickness of the overhangs 208a, b is more than 1 pm in the



hunps 204a, b may influence the functionality of the
mask 200. To bal ance the functionalities of the hunps
204a, b, the ratio of the baselOM dth of hunp portions
226a, b 25 to hunp portions 222a, b is about 1:4 to
1:2 in the exanpl e enbodinent. In the exanple
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prev ously described, the gap channels, 206a, each

i ncP what is terned herein as "dead coners" 207a,
b at |locations near to the bottom el ectrode 210 and

substrat Ehébfﬂarsl'rﬁmﬁﬁumﬂ@aﬁhwgempéﬂ odehéamtegraarpmauf stRtPé. In such
epos t materla ur i .
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gﬁﬁt encg':jI P t}e exa enbodi nents, the 10
hunﬁ@y ungeriying, fayer (Gmpais b‘gorretry in profile, such

as sem circle, partial ellipse or rectangle, as |ong
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electrodes, for example 504, and top electrode strips (not shown). These pixel areas are

defined by a span 508. As described previously, each mask strip, for example 502,
comprises of a pillar strip 510 with a retrograde profile and two humps, for example
512, defining two gap channels, for example 514.

30 With reference to FIG. 6, a process of fabricating an OLED device 500
incorporating an integrated mask 602 is described.



passi ve-matri x OLED device in the exanpl e enbodi nent.
In the exanpl e enbodi nent, 20 the integrated nask 500
is fabricated such that the subdsequent deposition of
organic EL layers and netallic top electrode |ayer
are automatical ly patterned. A pI urality of mask
strips, t .
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pl ace r| ca
conamh mjcdmlucthng polymers and ITO, and non-transparent in the case of top-emitting

devices, such as metals. In the example embodiment, insulating humps, for example

810, are fabricated using conventional techniques, such as photolithography, vapour

deposition, wet-coating and combinations of such techniques. Humps, for example 610,

30  may be made of any suitable non-electrically conducting material, such as photoresists,
polyimides, oxides and nitrides.

in the example embodiment, organic EL layers 616 may include any

conventional OLED organic materials. Organic EL layers 616 may comprise of a single



organic EL layers 616. In the exanpl e enmbodi nent,

device 600 emts light when a current is passed

bet ween the bottom el ectrode 6@4 and the top

el ectrodes 618, through organic EL |ayers 616. 20 In

t he exanpl e enbodinment, it is noted that the bottom :
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embodiments without departing from the spirit or scope of the invention as broadly
described. The present embodiments are, therefore, to be considered in all respects

to be illustrative and not restrictive.

For example, it is understood that the integrated mask according to example

30 embodiments may be used to fabricate larger arrays of organic devices than those
specifically described. A multi-color display may be fabricated by depositing various
down-conversion layers known to the art, or using different organic materials in different
devices. For example, a multi-color array may also be fabricated by a number of other



through top el ectrodes 618. The integrated nmask 602
fabricated in the exanple enbodinent is nore suitable

to be adopted for mass productid3on than typical masks

as the integrated mask 602 is | ess 15 dependent on

the deposition angle of the el ectrode netal source.
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be considered in all respects to be illustrative and
not restrictive. For exanple, it is understood that
the integrated nask according to exanple 30
enbodi nents may be used to fabricate |larger arrays of
organi ¢ devices than those specifically described. A
mul ti-col or display nay be fabricated by depositing
vari ous down-conversion |layers known to the art, or
using different organic materials in different
devi ces. For exanple, a nmulti-color array may al so be
fabricated by a nunber of other 13 nethods and
utilising an integrated mask according to an exanple
enbodi nent, such as wusing an array of white-emtting
OLEDs in conmbination with color filters or a
di stributed Bragg reflector. Furthernore, the
materials for fabricating the hunps and pillars in the
i ntegrated nmask may be organic, inorganic as well as a
hybrid of both. Furthernore, the 5 coating processes
used for fabrication of the hunps and pillars in the
integrated nmask in exanple enbodi nents may incl ude
wet - coati ng, vapour deposition as well as a
conbi nation of both. In addition, the present
invention is not limted to OLED applications and nay
be simlarly applied to a wide variety of electronic,
mechani cal




or el ectro-nechanical devices including flat pane

di spl ays, photo-detectors arrays of 10 phot odi odes,
and mcro el ectro nechani cal sistem (MEMS) devices. 14
CLAIMS 1. An integrated mask structure for a
substrate, the structure conprising: a pillar
Strehune formed on the substrate, and 5 at |east one
gap strucCture extending along the pillar structure,
wherein a portion of a wall surface of each gap

stryctureg_i.g n i n l,i S| r.om Q jde of . .
thegap A0 iTe0died Pads s BlrPrors disyals” fierSte i prising:
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EhetF: e “BehEt: SHE”BHSh o BHc W T EP S LA RRIRL Hoho the il
f or gtegbtee. t he substrate, each barrier element 15

bei ng adj acent one of the retrograde side surfaces of

one pillar elenent, wherein the gap structure is
1@lef 2ned Dk¢ vimask strectber \s eclaieledniintlrirant] tvherein the pillar structure
res g"ﬁé’iisl\f/j .adjacent retrograde side surfaces. 3. The

t

mas ure as clainmed in claim2, wherein the gap
st ruct ur enexr emate pilkh demhestsrfotrhed barthe eubstraieepaach pilldr element

LD ABRP IR P ERRle R BRI B i A e i
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pil]ar lﬂ_ﬁatcr yet.ure fiﬁd erb%fr Qn t he substrate in a
di r &ct SQPBEHGQ U H°5t8%ne or nore
4, The mask structure as claimed in claims 2 or 3, wherein the barrier elements

have a cross-sectional shape of one of a group consisting of a semi-circle, a partial
25 ellipse, and a rectangle.

5. The mask structure as claimed in any one of claims 2 to 4, wherein the
retrograde surfaces have respective cross-sectional shapes of one of a group
consisting of an inverted semi-circle, an inverted partial ellipse, and an inverted

30 rectangle.

8. The mask structure as claimed in any one of claims 1 to 5, wherein the pillar
structure extends on the substrate in a direction perpendicular to one or more
contact stripes to be formed on the substrate.

35



contact stripes to be forned on the substrate. 35 15
7. The mask structure as clainmed in any one of clains
1to 6, wherein a width of thé gap structure is in a
range fromabout 1 to 8m 8. The mask structure as
claimed in claim?7, wherein the width of the gap 5
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el enent s faEmingRPiia trictuse P the sUbsBRte; ARA subst r at e,

1each bar fdr@dinge be et dmei §8p %ﬂﬂu@ﬁﬁé‘tex@tﬂrg al”dﬁ@ the pillar structure,
retrograde side surfaces of one Il ar 0 e

sucWhefielt a padion 45 a ¥l seifare.of %acaeeqprﬁéw%? We'eﬁ in ﬂ@”e of sight from

bar pitsie dfane ARturd esaid ?&ﬂ%ﬁt df\ifle gHIIRS@THce extending along the
retrograde side surf aces. The nmethod as clained in

cl aPArsuCli@rei n the gap structure extends between
the barrier elenents and the respective adjacent
retrograde side surfaces 25 to a surface portion of

1§ he1Qubsthamethohas dameddn FGHN AsCAMRIISA in cl ai ns 10

or 11, whehfighodesr ﬁ’réfé Rar Qbﬁ:’éﬂ&tﬁ thE PWRr 8tructure on the substrate,
Cr oss- sectlonal shaFE one of 9rou p. consi sting of

a se#ih Rilgrenembey haying;ad jeaskpng i%‘"é’g adepide $WdCENgl e. 30

13. The R orSorGhaieBiridrelém¥nte e tH?sf piffdradtritietutd of the substrate,
12, wherein the retrograde surfaces have a

cr o%@%%’f'@&l%’ﬂ“v‘%‘t&?ﬂ@ lacant ope ogthgrr SW"E% §'F’§tsf-’ﬁ§°§§f°f one pillar
28N &iBNRhE 8dch that the gap structure is defined between the barrier elements and the

respective adjacent retrograde side surfaces.

11. The method as claimed in claim 10, wherein the gap structure extends
between the barrier elements and the respective adjacent retrograde side surfaces
25 to a surface portion of the substrate.

12. The method és claimed in claims 10 or 11, wherein the barrier elements
have a cross-sectional shape of one of a group consisting of a semi-circle, a partial
ellipse, and a rectangle.

30
13. The method as claimed in any one of claims 10 to 12, wherein the retrograde
surfaces have a cross-sectional shape of one of a group consisting of an inveried
semi-circle, an inverted partial ellipse, and an inverted rectangle. |



sem -circle, an inverted partial ellipse, and an
inverted rectangle. 16 14. The nethod as clained in
any one of clainms 9 to 13, whetéein the pillar
structure extends on the substrate in a direction
perpendicular to one or nDre contact stripes to be

f or t he st rg The t hod l,ai

o T8y ono® JReBd e Bafes iy dhy, A8F STOAR G gt Wiktein the pillr
gapstsmtunet extendss ohntha smgmef inoan diteeotitn petpen8iculal Go one or more
The Ial 1 wherein the width
of F?]%g‘g Srtpe?rtﬁ%?u%ed en sgﬂ%trqi%e fromabout 2 to
5m 10 17. The method as clained in any one of clains

t nthe stru r.es e, forned

Bt 1Pst nd BRI o ogPagsP sl G e £, S gopictn of the
as ghﬂbﬁ@duﬂens iy ramge frofn shait Mo Suind 16, wherein the
pillar 15 structures are forned utilising wet etching

and lift-off techniques. 19. A multi-layered device

St r 46t ur Fhe aigiiddadgaitied iRlofhaltse dhhBRAK theswigihcdfiRel gap structure is
any_one of claims 1 to 8. 20 20. The device as cl ai med

in (Y 37an0e FonyaRqus 210 PHE- devi ce conpri ses one or nore
1®f a group consisting of an electronic, a nechanical,
and an el ectro-nmechani cal  device. 21. The device as

cl aflfred iThe cnethad 26, claimadeinnamh engl &l 4ame oTnte i 1§e vhsrrin the pillar

Or  stAfotifek aréforfed URisgCRHbtbIMddPab Y teahridudls. Panel
di spl ay, a photo-detector array of = photodi odes, and a

m cro el ectro-nechani cal system (MEMS) devi ce.
18. The method as claimed in any one of claims 9 to 16, wherein the pillar

15  structures are formed utilising wet etching and lift-off techniques.

19. A multi-layered device structure comprising an integrated mask as claimed in

any one of claims 1 to 8.

20 20. The device as claimed in claim 19, wherein the device comprises one or
more of a group consisting of an electronic, a mechanical, and an electro-mechanical
device.

21. The device as claimed in claim 20, wherein the device comprises one or
25 more of a group consisting of a flat panel display, a photo-detector amray of

photodiodes, and a micro electro-mechanical system (MEMS) device.



