WO 03/014828 PCT/ EP02/ 08783 1 Resol uti on Enhancenent for Alternating Phase
Shift Masks TECHN CAL FI ELD The present invention relates generally to
masks use d3vidsaki ng sem conductors devices, and nore padivERrebasisy to
phase shift masks. BACKGROUND | n semiconductor device manufacturing,
features and eanetric tterns are_created on sem gonductor er usi ng
convent i onal 5%%?Egﬁlﬁﬂu§§h§7?ﬁﬂﬁ%éhﬁ?rTé%F%E??§}ngo%gFESI%gﬁgggPFFESQraphy
i nvol ves projecting or transmtting light through a pattern made of
optically omEcuercarasimum optically clear areas on a mask. A prior art

mask 100 used torl;r)attern a sem conductor _wafer is shown in Figure 1. A

transparent subst QﬁeP?ﬁﬁ?n?xﬁRﬁ?%Yh@“sf?%%%ﬁsqﬁ%??%?lﬁﬁrt@x&ﬁﬁ$§, is

provided. Anys&pagiiend ieMef JdfidésSnderestedepyeEst henguhsteate 102. The

opaque | ayer 104 typically conprises chronme, for exanple. The opaque | ayer

104 is patt &add Giiar hdo dsisedsphitePaglSso that |ight may pass through

holes 106 in the opaque |ayer 104 when the nmask is used to pattern a

sem conductor wafer. This type of nask 100 is often referred to as a

bi nary chr oBAGGRAWYES mask. The optically opaque areas 104 of the pattern

bl ock the Iight, - i | d reas, while

the optically cl eIa&r %@%’Oﬁg&a o@vg\?ﬁfgg\srfl%gﬁ%%g@%%ﬂgf ?%é% ?gcrgggti ng

| i ght areas.g@Omettie pdlignnaress andatadkoar sesiaordhotnedyvathey are

proj ect ed : t ' I . u nto a. sem conduct or
gg%bég%%ﬂigﬁ%ﬁgh%% 55@1@?9 %Hgégﬂl@ﬁ%%%?0h¥-de@?%écég

substrate. ecause increéased " sem con 0 Fexity
that.resultqutdaﬁnphnﬂniiqnngmﬂphgohWVQXVQgJnmﬁhémtmgased pattern
packing den%:lrtaynsmoir{:éihneg 1Sgl§1t tt*heréjéésﬁaQCSaPteé}"r’?erﬁ‘aéé"Do?foé@?ogg’i‘?”e areas

opaque areas and optically clear areas on a mask.

A prior art mask 100 used to pattern a semiconductor
wafer is shown in Figure 1. A transparent substrate 102
comprising silicon quartz, for example, is provided. An
opaque layer 104 is deposited over the substrate 102.

The opagque layer 104 typically comprises chrome, for
example. The opaque layer 104 is patterned with the
desired patterned so that 1light may pass through holes
106 in the opaque layer 104 when the mask is used to
pattern a semiconductor wafer. This type of mask 100 is
often referred to as a binary chrome-on-glass mask.

The optically opaque areas 104 of the pattern block
the light, thereby casting shadows and creating dark
areas, while the optically clear areas 106 allow the
light to pass, thereby creating light areas. Once the
light areas and dark areas are formed, they are projected
onto and through a lens and subsequently onto a
semiconductor substrate. However, because of increased
semiconductor device complexity that results in increased
pattern complexity, and increased pattern packing density
on the mask, the distance between two of the opaque areas

104 is continually being decreased.



104 is continually being decreased. WO 03/014828 PCT/ EP02/ 08783 2 By
decreasing the distances between the opaque areas 104, snmall apertures are
formed whwolos@idsts act the |ight that passes through the @paripoz/ess3 The
diffracted light results in effects that tend to spread or to bend the 5

light as it passes t roqgh f he mask 100 so that the sggce bet ween the two
opaque areas is nof STt Hap e oPRANGAR| RECUFFRr 58Ei BR2GUSPEFES

limting fact@f, faraoptdsattupdot 91it BeghalhyniMr i parkieukakl ¥4 ghagi ng
i s degraded because light fromclear areas 106 on the mask 100_is 10
di ffracted itha: RAFVIS HHRUIHENE yaRpLFdrde- corpretlefyragher. 11aet

nom nal |y dards (g o, @@féé@@ttﬁé{f{;éﬁaeeo LPL@ it ofr e bBgaseaee on

ei ther side. A conventional nmethod of dealing with diffraction effects in
optical photldidhth®f abhyasseghievedabytheingsk150@ phasbashthe srske(PSM ,

whi ch repla [ I I SCu k | [ bei ng
thought of - S anud (RS dodde BEE8s (RS (mal  PELTL ke, (thBrRrlEE PF)
timng or arnstkifrtg idiWemattorem od sevegal dinsthugofdatorpéprepptaoftali ght

waves that pro t h a r terial. TypLcall ase
shifting ispgéﬁﬁﬁgéhﬁi%éﬁﬁgéiﬁégf%g§€§€§%§g%ﬁf2fegég%%ng ?%aﬁ%ﬁ%ﬁ%gp

mat eri al of edahere di fdher i figorh he tkamessesasr 10 bronghhe maaski aD6 st h
differe refractive |ndexes, thereb hangi t he e or the riodic
pat tor nibr | e ianhed Jatayied PRAS Yunf 1 FORA LRy UFe BHpEE, SopbigeBEY

di ffracti on deefi.ectThdyharoirs hi wgddok hrdyfbn acdedl i bt dapdrpbase- shifted
| ight so that constg$ctiv and destructiyve intgéference takes pl ace. The

desired resdRtOR Ui &% PRASe ¥Mi FithHaEkS+€ethat a sunmation of the
constructive andg desivdretiogal nhethiedentedé@sihd Swithi APESY&Etion

effects in optical photolithography is achieved by using

15 a phase shift mask (PSM), which replaces the previously
discussed mask. Generally, with light being thought of
as a wave, the term “phase shifting” refers to a change
in timing or a shift in waveform of a regular sinusoidal
pattern of light waves that propagate through a

20 transparent material. Typically, phase shifting is
achieved by passing light through areas of a transparent
material of either differing thicknesses or through
materials with different refractive indexes, thereby
changing the phase or the periodic pattern of the light

25 wave.

Phase shift masks attempt to reduce diffraction
effects by combining both diffracted light and phase-
shifted light so that constructive and destructive
interference takes place. The desired result of using a

30 phase shift mask is that a summation of the constructive
and destructive interference results in improved
resolution and improved depth of focus.

One particular type of phase shift mask is an
alternating phase shift mask. An example of an

35 alternating phase shift mask 200 is shown in Figure 2. A



resol ution and inproved depth of focus. One particular type of phase shift
mask is an alternating phase shift nmask. An exanple of an 35 alternating
phase shiwD i@s482200 is shown in Figure 2. A WO 03/ 014828 PRCHPEROZ8O8783 3
transparent substrate 102 conprising 8ilicon quartz, for exanple, is

provi ded. An t?%acgje | ayer Jé)4 is deposited over the substrate 102. The
opaque | ayer TOAIRAFTH ISHP e sk@2 ceprameising ekbhpbe. aThctopadoe | ayer
104 is 5 patteafangd oy tis oepided. p ;E&gl hgh t hr ough
hol es 106 in the oéglque Fpayer 1%%{ vﬁért}le(% e ni?kg}b% %%gdi?gg%gggg?ﬁda

seni conduct oY% é'e AyRisatent92 i nglhrmtepaaite 20D8yes Heposypedadier the

opaque | ayer cokifistie diyasee shidti teri 08.1 alterne and 10

portions are renoved to | eave tra.ns%gar ntee'r eglllhogns@%%%uegnaay?‘?aﬂgf)ajrﬁnt

phase shi?t e®atégiraes 209h i clrphi whi grettighted cam tess hgbtighay Opass

illum nate apg RAHEHR 1R j G ctor wafer. In | ternating phase

shift mask 200,r a}g:hernat isngSjL%l qgf%ha(ar TG Shs BEF ?a%‘gew}??fé W%H’E‘%’é be

phase- shi f t eds18§eddégr ed tegm tehateniqghtdutitfdnr actfdt i nto ghwesgoni nal |y
will interfere

dark area fr o r..ar az%%%tothe.lef
destructi vel ?ﬂvq\nﬁtgﬁlgi g t%e(fiqta’felr &cted T FERIHES gecItd s orae 2Jourer This
destructive HLRA#erf&henpbacke dififfitacicetha2@ dilaght2 oBesy tom ddb B OVEeh | mage

contrast,, as in_ Figure 3. Figure 3 illustrates a conparison of the
light int en&g??f\f’?% 61 © eh V& iT6nai® s E TEHGPAFER tad SHE TN 2 0 s Fowh i

a conv

Figure 1 withrahepkirght phheesishy f2EQ ofgabn5 28ldt @hirkighd WBhase %}ﬁé mask
200 shown in_Figure 2. The _higher slqpe of the light intensity 2l curve
of the altefR3tPAGSpHELZEUSRI £ HdK™I0tenancaPastemmi gher resol ution and

i nproved i nagemtoahdastogowpdeed to the
In an alternating phase shift mask 200, alternating
15 clear regions 209 cause the light to be phase-shifted 180
degrees, so that light diffracted into the nominally dark
area from the clear area 209L to the left will interfere
destructively with light diffracted from the right clear
area 209R. This destructive interference of diffracted
20 light results in improved image contrast, as shown in
Figure 3.

Figure 3 illustrates a comparison of the light
intensity 110 of a conventional mask 100 such as the one
shown in Figure 1 with the light intensity 210 of an

25 alternating phase shift mask 200 shown in Figure 2. The
higher slope of the light intensity 210 curve of the
alternating phase shift mask 200 indicates a higher
resolution and improved image contrast compared to the
light intensity 110 curve of a conventional mask 100..

30 The alternating phase shift mask 200 includes clear
area 206 (0 degrees) adjacent clear area 209 (shifted by
180 degrees). These phase shifted clear areas 206/209
may interfere destructively, resulting in the light
intensity distribution profile shown in Figure 4 at 212.

35 This optical image may change the topology of the resist



light intensity 110 curve of a conventional nmask 100. 30 The alternating
phase shift mask 200 includes clear area 206 (0 degrees) adjacent clear
area 209 wyelwii4aads by 180 degrees). These phase shifted clpearepraz/asigs 206/ 209
may interfere destructively, resulting in the light intensity distribution
profile shown ir)tregrisqgure 4 at, 212, 35 This optical inmage may change the

t opol ogy of tHfe stt S D31 A 4828t Ire/ R0 8 78BePE pat defAererquiri ng

furt her procespat e arcdiiiderentond ypes, of: ahieknad ngsphass hLiL psks
be used to prevent = or minimze this effect. For exanple, éxces Fesl&t
resul ting frdth FHASE It e Bfett ne Bomisexample, Seseessondstsor waf er
are often trigagd +a fiﬂbnap}gpéqﬂdc QSul e, .St Prior art_alternating
phase shift masks ﬁl ize one p asoersafe(l ge raegijgﬁi%\hée#%s tRaf 8rea 206
abuts phase SSHiCOSGUOteR wafer 208) aft gatteimned faedyren 40s SEBMARY OF
THE | NVENTI O¥ e jice st i nusnt | chi.eves techni cal advantages as an

al ternating pﬁys&e-usﬁi ft rask andjr%%ocr}ll§emr?atrﬁﬁgdcﬁq?ﬁ§%gs}f ¥ 83 Shavi ng

i mproved resdititliig®. oAssipdtasks quives el mdgem arteeqEosiIdonet-on £ 4 hasysi de of

a phase edge e t |.timate olution of an alternating
phase-shi ft ﬁgéﬁé %hg?g%grngégﬂ%ﬁﬁﬁnéﬁﬁoﬁxéRégqﬁﬁP(ﬁ IRAHERturing a
phase shift mask includes providing a transparent 20 substrate, patterning
the substyate with a geometric pattern, the geometric pattern including a
phase edge and at |east one assist edge proxi mate the phase edge, wherein
t he assist efiMMABYadapTed tovieMmIowe the resolution of the phase edge. 25

Anot her preferred gnbodi ment of a phase shift mask includes a substrate
that permts IighF Fop5§§§ hﬂ&d&ﬁﬁlon achieves technical advantages

as an alternating phase-shift mask and method of

manufacturing thereof having improved resolution. Assist

15 phase edges are positioned on either side of a phase edge
to enhance the ultimate resolution of an alternating
phase-shift mask.

A preferred embodiment of a method of manufacturing
a phase shift mask includes providing a transparent

20 substrate, patterning the substrate with a geometric
pattern, the geometric pattern including a phase edge and
at least one assist edge proximate the phase edge,
wherein the assist edge is adapted to improve the
resolution of the phase edge.

25 Another preferred embodiment of a phase shift mask
includes a substrate that permits light to pass through,
the substrate comprising a geometric pattern, the
geometric pattern including a phase edge and at least one
assist edge proximate the phase edge.

30 Further disclosed is a preferred embodiment of a
method of manufacturing a semiconductor device,
comprising providing a semiconductor wafer, depositing a
resist layer on the semiconductor wafer, illuminating
portions of the resist layer to leave at least a first

35 illuminated resist portion, a first non-illuminated



the substrate conprising a geonetric pattern, the geonetric pattern

i ncl udi ng a phase edge and at | east one assist edge proxinate the phase
edge. 30 worasfess2¢li scl osed is a preferred enbodi nent of aPOTEiPonds78s

manuf acturi ng a sem conduct or device, 5 conprising providing a sem conduct or

waf er, depositi nga I Si st IC?. er on the Eem' confl ctor wafer, illumnating
portions of tife resiR 1 errtRTeavetie o538t & r'i“FJs’Pa%%di FeahPhat ed
resist porti gortaidn,r st dwdond |1 qiad ©o: VD O34 D4 828r PCIAERQ2408483thé

resi st portion asgltjt acent, the first illumnated resist portion, a second
i |l uminated riddist POt ohidiaic@dtrehest PPl ofon-# | FeAPRAL BE T esi st

portion, a sqGORthiMRited |AdyH NAlSL ¢ £5h SEdPAELA O 1RE S6Bhgt he second 5
illumnated resist portion, and a third ilTum nated resist portion

adj acent ?he dddBHA G 19U R, ¥¥si sand porihbrd Thbumbeabedi ncl udes
removing at leastsd by rdildrslaa R4 apd §éps<5rqj'xlxém1‘ﬂﬁx§gn%§§¢[i?%%9%£' ons,

and renoving at least the first non-illumnated resist
Advant ages ofootd cenbodintemeshefd tiec rdsemendrivientad tonl st udlee enhanci ng

the resol uti f. a r i.ng: L j S T, | st _edges . are
posi ti oned a?frla]t%ﬁr’e?L g?(ﬁrdreﬁajrﬁ% %?ls@;?\lzglwo'{réttﬁ l!r<r%1$|lnglti551%?51%‘;115(gense‘blg%n n
order to inpreweving adr ilaasthdge chiMstaston-iSnpinerafedt teei st zes may be
manuf act%ed Q. %onsem' conductor wafer than with prior art phase shift
masks in ac or&ance‘ wi th enbodi nents of the present invention. 20 BRI EF

DESCRI PTI ON OF THRdDRANNES e Edowendehingress aff elﬂ’m)d;i»fﬁéﬁt_ of t he
Phe ol | o ng HESEAR 1Na T GBIt Th Ehg 13t Sectrisnyg o aw ngs i n
whi ch: alternating phase shift mask. The assist edges are
positioned at a pre-determined distance from the main
15 phase edge in order to improve the aerial image contrast.
Smaller feature sizes may be manufactured on a
semiconductor wafer than with prior art phase shift masks

in accordance with embodiments of the present invention.

20 BRIEF DESCRIPTION OF THE DRAWINGS

The above features of embodiments of the present
invention will be more clearly understood from
consideration of the following descriptions in connection
with accompanying drawings in which:

25 | Figure 1 illustrates a cross-sectional view of a
prior art lithography mask;

Figure 2 illustrates a cross-sectional view of a
prior art alternating phase shift mask;

Figure 3 illustrates a graph of the light intensity

30 of the prior art phase shift mask and the prior
alternating phase shift mask;

Figure 4 shows the light intensity distribution
profile resulting from an alternating phase shift mask,

which requires trimming of the excess resist;



25 Figure 1 illustrates a cross-sectional viewof a prior art |ithography
mask; Figure 2 illustrates a cross-sectional view of a prior art

al ter nat iwg jphamses shi ft mask; Figure 3 illustrates a graprcafEPoives7ss ght
intensity 30 of the prior art phase shift mask and the prior alternating

phase shift mask; _Fiqure ows the |i intensity .distribution profile
resul ting fronlanFéP E?néé ﬁgoﬁﬁa§e9§ﬂ Sﬁ§§%ona&h%' id &F¥9% i ng of

the excess regstshlt¥6n084a§48288 sBRCEHERR2 A& Ravl nlg @ursqr@ﬁe'%fmws@

Cross- sectlonal view of a prior art alternating phase shitt mask having a
singl e phase®d88¢e; Figure 5B shows a top view of the prior art 5

al ternating phasepshitt ggsghgaglggtg@evgggs%fe@g% priidurg-oC il lustrates
a graph of a light intensity profile prior art alternating phase

shift mask ofltfrpatéBgsmphang SBiffi g@rséc b@vmlgumeap@w@ &dsss- sect i onal
view of 10 reSISFlgar@ 5@%6}9{19%&%#@ f gt W@ﬂt beraed; ?Att he, ASQJ art

al ternating phase shift mask; Figure 6 a Cross- t|on éﬁ/of an
al ternating Bha§e1§hpftthﬁeraéﬁoﬁ@ﬁnglﬁﬁraﬁtenbo@hﬁ§@tShﬁfurmaqkeﬁbnt

i nvention ha e Lnsphase edge and 15 two assi st phase edges; Figure
6B shows a t%%ggfgalgga%ﬂd th?fernatlng phase shift mask according to an
enbodi nent of theFpgesendbD mh&eﬁtmemehaalngosﬂeseatmophas@deﬂgenhnd t wo

ool ot BIASersg09SL, 70 ENMLEAC DL VeLRALeR PR B e L
and art alternating phase shift mask;

Figure 6A shows a cross-sectional view of an
alternating phase shift mask according to an embodiment
of the present invention having one main phase edge and

15 two assist phase edges;

Figure 6B shows a top view of the alternating phase
shift mask according to an embodiment of the present
invention having one main phase edge and two assist phase
edges;

20 Figure 6C illustrates a graph of the light intensity
profile of an embodiment of the alternating phase shift
mask; and

Figure 6D illustrates a cross-sectional view of a
semiconductor wafer having a resist patterﬁed by the

25 present alternating phase shift mask in accordance with
an embodiment of the present invention. ,

Corresponding numerals and symbols in the different
figures refer to corresponding parts unless otherwise
indicated. The figures are drawn to clearly illustrate

30 the relevant aspects of the preferred embodiments and are

not necessarily drawn to scale.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

A description of a prior art alternating phase shift

35 mask and preferred embodiments of the present invention



Figure 6D illustrates a cross-sectional view of a sem conductor wafer
havi ng a resist patterned by the 25 present alternating phase shift mask in
accor dancwowsbus2an enbodi nent of the present invention. EGQIIEPSPSTES ng
nuneral s and synbols in the different7 figures refer to corresponding parts
unl ess ot herw, i ndj.cated. The. figures are drawn to. cleagly illustrate 30
t he reIevantw&ige@Fsd&ﬁ%ﬁi?ﬁﬂﬂﬁ%ﬂ%kﬂy (ﬁ§n§&§9%ﬁﬁﬁ%ﬁe°£r%ém%ecessariIy
drawn to scabevabitbhlkelsER fDERERIAT AN O PRERERRER MBGDI MENTS A descri ption
of a prior art alternating _phase shift 35 mask and preferred enbodi nents
of the present in¥éftir6? \%‘\6 G%‘/WQBSQDG'WIEWZWS% PIAQ¥ |13The di scussed,

fol  owed by a16es6d$snen phhseons i Advaiag® ofn eipadi nentsa s $hert
invention. Figures 5A through 5D illustrate a prior art alternating phase

shift mask 386 CASAfEehby pPREYEEAT 2 Bst ratent IR By privwi ali YRy ving
substrate 302hhavhRgsa VaLBisRGtdd cdesns RSt ALS 304 Nase & gF egter

thickness X1 in transparent region 316 than at transparent region 318
havi ng a smaktirensphireRiessIxen PHé difarermdndeanspantrdk messiesn XAl&nd X2

typi cal Iy COﬂabpf,gﬁtaaema@@!éqprahﬁtc%%sfrﬂgvnt ThU! b el olg produce a 180

phase shift iIn passi ng throug ransparent "réegions 3 and 318. A
si ngl e phasetbdg&ngd2Beiss Xcr @ated: atyphea bl pacovpreses ranspapeopriegeons 316

o o1 T e RRILS 9005, 204 et el ca ot of oy cpate
phase shi ft praskng00hirauighg ta aplsgse eedge e3d@riss Xownd 31K .gure  5B. A
shown | n i giBeT8APHAGS 30585 3ED SRoRt ST i ¢ MO S RN | ncl udes
| obes 322 transparent regions 316 and 318 meet. Opaque regions 304
are typically comprised of an opaque material such as
15 chrome, for example. A top view of the alternating phase
shift mask 300 having a phase edge 320 is shown in Figure
5B. )
A light intensity profile of the prior art
alternating phase shift mask 300 shown in Figures 5A and
20 5B is shown in Figure 5C. The curve includes lobes 322
and a lobe 324 comprising a main edge that is produced by
phase edge 320 on the mask 300.
Figure 5D shows a cross-sectional view of a
semiconductor wafer 330 patterned by the prior art
25 valternating phase shift mask 300 shown in Figures 5A and
5B. Wafer 330 comprises a substrate 332. The substrate
332 may comprise single-crystal silicon, and may include
oxide layers, conductive layers or other semiconductor
elements, é.g., transistors or diodes, for example.
30 A resist layer 334 is deposited over the substrate
332. The resist layer 334 preferably comprises an
organic polymer and may comprise a photoresist, for
example.
The pattern on the alternating phase shift mask 300
35 1is transferred to the wafer 330 resist layer 334 by



and a | obe 324 conprising a main edge that is produced by phase edge 320
on the mask 300. Figure 5D shows a cross-sectional view of a sem conductor
waf er 330wpaswesrsned by the prior art 25 alternating phase pehidpo2/osr8k 300
shown in Figures 5A and 5B. Wafer 338 conprises a substrate 332. The

substrate 33 . CONPrise sin -crystal,silicon, and_may include oxide

| ayers, condféﬁq%%qgaﬁres “or- Gt %efo SEM T Eo?ou%?%neﬁ?g?/eé?@@er

transistors ahrmivteshd atasaxBYl o B0 Ayiiess s§a | ayersB3p4 i ghdepostbed over

t he substrat 33 The resist |ayer 334 preferably conprises an organic

pol ymer and nedRFssk t8 ﬁﬁkﬁ(ﬂ%ﬁﬁ%t%moﬁfs Tl e Fhgupat$Brn on the

al ternating phasersh f2omade 3N nAP 45 4 ransiar red E}?et@?a%’\@fsg%%?’?zé%i st
er 0 a

| ayer 334_by WO 03/014828 PCT/ EP02/ 08783 8 exposing the wa

light sou? celrf &NCef&dH 800 -t hfQ i taRe IREMBOCYEIr Feur ebiBA and 5B).
The pattern eticansherred t @ty lﬁgf%{cﬁégfé%éﬁyg i i Feat ures
326 are forned as a result gfaghe phége edge Owgﬂaarg eqﬁggiggﬁ%.

Feat ures 326°fR{IcERPHECOBIE Cltiore deviast dieature S ,ora )il end
alternatively mayacomihss QikRer rsey,S or vice features, as.
exanples. A problen?ﬂﬁth thg pr[ogéh ﬁggﬂ?ggﬁéﬁ#%}%ﬂéhig%ﬂﬁ ﬁSéréhﬁf%OO
shown in Fi gikes SA0t BhouwghiBDFigurest HPhéht®uwdntoiasits afhdtheclsd ngl e phase

edge 32 y r , | ting i n_inaccurate abjlity to
patteranﬂg CP§§?§$%|gge?5§3%3%$ﬁfs%%%§b 5?%% %%@ﬁqﬂ¥1 ?rﬁi?ﬁf t that
the feature 828zyizeesantbegsdal et dowccandte pibtilzed. tolpdudendi e s of

2l oni ngor e greSPLPE T Edlet | 8H on Teatare IraEations tn the ‘anount
that the feature 326 size can be scaled down and
minimized.

15 Embodiments of the present invention provide a
method of improving mask resolution, allowing for a
greater reduction in feature size.

One assumption prior art alternating phase shift
masks designs was that the best resolution for optical

20 lithography could be achieved by employing a single phase
edge 320 on a mask, which is achieved by the use of an
alternating phase shift mask such as the one shown in
Figures 5A-5D. The phase edge 320 creates a dark region
.324, which leaves a photoresist line 326 when a positive

25 photoresist in used. The contrast between the dark line
324 and the surrounding bright regions 322 is relatively
high, thus creating a sharp and well-defined resist line
326.

Embodiments of the present invention provide an

30 alternating phase shift mask 400 that improves this
contrast further, enabling the formation of even smaller
lines or features than in the prior art. Embodiments of
the present invention achieve this by positioning assist

phase edges a predetermined distance away from and on



One assunption prior art alternating phase shift rmasks designs was that
the best resolution for optical 20 |ithography coul d be achi eved by

enpl oyi ngwa siomghe phase edge 320 on a mask, which is achicaerd2/bsrss he use
of an alternating phase shift mask sach as the one shown in Figures

5A-5D. The pha?}Zl ed%e 20 f;r ates a dark region 324, which | eaves a
phot or esi st [GH1¢€3; er? t&?sinﬁl\fé PRI R esi sthe pesket Theseontrast

between the @aiesl iif@roiRd tand ddi SNy QWNding i 0K 1801 095322 i s
relatively high, thus creating a sharp and wel|-defined restst |line 326.

Enbodi nents of t hEXFPEEENEH MeruDh @t oMl s tarat 8 aprefevatéag phase shift
mask 400 thatpbBRhaves bH $heC YUIARH fi‘*’L\;&%iorﬁnabELiiél%é)h@fs r maéi on of
. odi nents of

even smaller lines or features than in the prior art t he
present ithveREPSA~8ERILAPEatLhivd ey ofosint jadriqmatsigic toh axaseh Efigasa sk
predet er m nedodi $Lanee FWAY nd, o 4828 PCT/ EP02/ 08783 9
either side of the nai n phase g’g]&gl. %ﬁe%m}gsc%z{e%:)thfgfg RS FEEI T ove t he
contrast of th¥ephilAnphadesedgérathi durles s6Ahrndvialegh 6BuUBdHtataR

preferred engedi f r.esent .invention. Figure 6A shows a 5
Cross-secti gﬁa&%%&vlgf cgﬂggﬁtsggngt G RS EhiR + A0 ®accor dance
with an enbodibkaonofiushe zpr esdntl tienventiverly AckiphSidedt &t4R% i s provi ded.
Substr atyg 40 I Qnpri ses tr.ansparent material, such as
silicon 1(?uar 5?Ré§%géﬁpe¥ﬁé :gggltﬁ 8ot g?’otfl“?ér e¥gmMPl&nspdient substrate
materials, feubekaapkedOThmaysbbstbaue 402 mmynbenabeyt £ir2 duiaghhiti ck, for

exanple. The substrate, 402 isS terned and etched to produce regions 440
havi ng a predeter?ﬁ“ﬁeauaﬁgfﬁlc n%heltsoﬁat§ﬁlrf‘§€ea8fj ﬁﬁ§%§@b§t0r O UCE,

Regi ons 440 reghbes phasenatbnghif preagitentiwer aebtght nickle Beshifted by
180. surface of the substrate 400. Regions 440 create phase
15 shift regions where light will be shifted by 180°.

An optional opaque layer 404 is deposited over the
substrate 402. Preferably, opaque layer 404 comprises
chrome, and alternatively may comprise other metals or
opaque insulative materials, for example. In an

20 embodiment of the present invention, no opaque layer 404
is used. The opaque layer 404 is patterned and etched to
expose the underlying transparent substrate 402.
Preferably, the opaque layer 404 may be deposited,
patterned and etched prior to the patterning of phase

25 shifting regions 440 within the substrate 400, for
example. Alternatively, the opaque layer 404 may be
deposited, patterned and etched after patterning the
phase shifting regions 440 of the substrate 402.

A main phase edge 420 for patterning a feature on a

30 wafer is positioned in the center of the mask 400 cross-
sectional view, as shown, at the intersection of
transparent region 456 and phase shifted transparent
region 458. Alternatively, the main phase edge 420 for
patterning a feature on a wafer may be located non-

35 centrally within transparent region 458, for example.



An optional opaque |ayer 404 is deposited over the substrate 402.
Preferably, opaque |ayer 404 conprises chrone, and alternatively may
conpri se Woheani4seg al s or opaque insulative materials, foPCexenpissss | n an
20 enbodi nent of the present inventio®, no opaque |ayer 404 is used. The

opaque | ayer 404 i nd. et ched t expose, t he underlying

transparent subst rlz}t %%%@ﬁ%élevla% y2 ?ﬁ%gﬁﬁéﬁgeem9€%mﬁéﬁ Réy the

deposi ted, patasEmtediranhetahedatpriosst oohbeapatter sy of glta@%%io%éd
for exanple. ternatively,

shifting regi 440 wit.hin the substrate 400

t he opaque If%%lir@%enatyéebéﬁaﬁé Tied Fat§2P ned'erd Rreheaahiver two
patterning thesiptaseigd 143N 9MSaAd0p0f 1 £ NensYbst 5 AL 402 AcHRI N
phase edgg 42Q for c:patternlsgrg a feature on a 30 wafer 1s positioned in the
center of° t h&MEER AFHHosEOR d dial eiflesr aikdehefnthatmabe phasesect i on

of transpar edlger a@iQn ASGHWh phase shidted tr p region_458.
Alternatively, the main phase edge 412 for pat@nﬁ%ﬁél?éa&&gea%ﬁlﬁtmfer
may be | ocat 889FSn ™Y SntdlAngsed the vasrarapaunht2 ¢&g @h @68f réor tiexanpl e.

WO 03/ 014828 pRaELERRYD8E83 1 H Sans i referred enbodi nent
of the pr esent ier_lvehyti on, at&%easr?:t}?eg?e&r asm%Me&dgg;deaq%tpao%ﬁijoﬁe%l
proxi mat e t héURELA Oph&de tdgge 2o undbma ysrlefraytabl vy Famexansis; esges 450

and 452 gy e pasi k0 e I gﬁq 5 di_stance a fromand on either

side of the main }élh%ggm%g §e 45’%}% S O\lﬁ%lelff’lerlél%glx”e . FOH ¥ ATHILS the

assi st edge$dSRéYSBe adies pdesedet WEert savceurd Z0D-4H0D mR frome tthe=r phase

edge, alt hougtgdghgfprcﬁge;n%rigi g)%g %i st %C%Zi s a function of the exposure
e, ror 26 ZHE S m%d

wavel engt h. For exanp Xposure wavel ength, preferably,
the assist edges TH50A452sar edgkacdd Oa adics tace ref pIREF32Q M AU Rid her

side of the B§i8a993§ﬁiggg%e%%ghs 440 having a predetermined depth
15 into the top surface of the substrate 402.
Alternatively, assist edges 450 and 452 may be formed by
depositing additional transparent layers on the substrate
402, or depositing materials that provide the fequired
phase shift, for example, other transparent materials.
20 Preferably, transparent regions 454 and 458 produce
a 180° phase shift, whereas transparent regions 456 and
460 produce a zero degree phase shift in light being
passed through the mask 400, for example. The
4alternating phase shift of light creates an assist edge
25 450 at the intersection of phase shifted transparent
region 454 and transparent region 456. Similarly, on the
other side of the main phase edge 420, the alternating
phase shift of light creates an assist edge 452 at the
intersection of phase shifted transparent region 458 and
30 transparent region 460.
Figure 6B illustrates a top view of an embodiment of
a portion of the present alternating phase shift mask
400. Opaque regions 404 on either side of transparent
areas in the substrate 402 block the light, whereas the
35 transparent region 402 allows light to pass through.



The assi st edges 450 and 452 are preferably fornmed by patterning regions
440 having a predeterm ned depth 15 into the top surface of the substrate
402. Alt ewpaBioyssbsy, assi st edges 450 and 452 may be for ne@chyErPozesgesi ti ng
additional transparent |ayers on the Hubstrate 402, or depositing

material s that provide.the require ase shift, for, exanple, ofher

t r anspar ent %ﬁf‘épi’alrse.glf@sPrzl:sf elﬂé'kﬁjy‘l,a%{]rpa‘?%vdéieerﬂ %@%. o‘ﬁégg%f%n tus5g
produce a l180dphageosliy fit56 el epsl tgmniay entzdryi dsprdSbolpdse M0rt
produce a zer e e phase shiff in light being passed through the nmask
400, for exaftpl .l%%%etré‘lnts&r“r&t‘? gtl’tﬂﬂjsgg‘ i Mk I‘i%fit FRAE 2L assi st
edge 25 450 abot bad Alseiseciddye Ofaghasrl 45S el td-ansparendart £0i oby 454

and transparent region 456. Simlarly, on the other side of the main phase
edge 420,% t héUalt éFPRANG L fhgs&ast 400t JagRxairll esiirpeeaidaneRige 452

at the intepsesti-pe absphase pshidded transparent region 458 and 30
transparent region 460. Figure 6B illustrates a top view of an enbodi ment

of a portion of FREUSFeSbnt ldSETRHENG el Ishidh theskinWokitpafie
regions 404 99qak! et 3denGbuARRRA Al 3 SRSduddie St rate 402 bl ock

the |ight, ereas " the 35 transparent region 402 allows |light to pass
t hrough. WO DB£0&4828 POPLERORNISPES thil pagsiemt rigyicovisiatbd die 458y ovi de

a 180 p e i a regi r C er eqree phase
Shite ol e s e ERRoro the Tadtunn Y ARk s U5 dna
assi st edges4360repde4b2timyg ¢ckicemdia phrtsealedge prhaduicddernt thof ntdiem mask

{00, 101, SXRRSy, MGACHULERIC Bl IB eSS ARUE DB ES L
accordance wibdhkarepgieher #éd amobdiStenh efithke priekentf idatmentdedionlhe curve
426 that are created by assist edges 450 and 452 on the

15 mask 400.

The slope of the light intensity shown in Figure 6C
is greater than the slope of the light intensity shown in
the prior art light intensity graph shown in Figure 5C.
The increased slope of the light intensity curve of the

20 present invention is indicative of the higher resolution
provided by an embodiment of the present mask 400 having
assist edges 450/452. The slope of the intensity profile
may be from 20 to 50 % greater than in prior art
alternating phase shift masks, for example.

25 Figure 6D shows a cross-sectional view of a
semiconductor wafer 430 that has been pattefﬁed by a
preferred embodiment of the present alternating phase
shift mask 400. Wafer 430 includes a substrate 432 that
may comprise single-crystal silicon, and may include

30 oxide layers, conductive layers or other semiconductor
elements, e.g., transistors or diodes, for example.
Compound semiconductors such as GaAs, InP, Si/Ge, SiC may
be used in place of silicon as a substrate material.

A resist layer 434 is deposited over the substrate

35 432. The resist layer 434 preferably comprises an



10 includes side | obes 462 of brightness and a dark region 426
representing the main phase edge produced by the main phase edge 420 of

t he mask WwoO3/0T4ses curve al so includes dark regions 454 amrdTAP62/0878&i t her
side of dark region 426 that are creted by assist edges 450 and 452 on
the 15 mask 400. The slope of the light intensity shown in Figure 6C 1is
greater tharPidanst opelyprerhandi ghy FameRsEeyashBRACERS1B/e PTor art |ight
intensity graphy, wn in Figure 5C. The increased slope of the |ight
intensity curve of the 20 present invention is indicative of the higher
resol ution provited pytearenpbdenesrbodinhatppésthe RUSKSBO0 havi ng

assi st edges 452. Th p t LN sk t.y I be,from 20 to
50 @6greaterafgéﬁpéﬁﬁ?é}§?§%§t§g?%grﬁ§ kngsghg%etgéﬁ%FE§é§E§¥ofgpeexanple.
25 Fi gur & 6Dvasfemsd 20 cressstsetayenal3¢i ew ekpasisgnibendadeor 4WAf €o 430

that has been pattern by referred | h resent

alternatinggﬁﬂﬂ§e S%%???’nggﬁ gﬁgms§%feFEggggbggﬁédgésg gggétrate 432 t hat

may conprise sindles cpystatnstktansfieraad taythaclafder 3060oxsdehbayels,

conductive layers or_other_ sem conduyctor, _el enent e.g., transiLstors or

di odes, for égéﬁﬁﬁeéD'Cbﬁ%%ﬁﬁﬁe§eﬁ?§oﬂ8§c?8?ég§u8ﬁgﬁsf%ﬁﬁgfeﬁnabasﬁpée, SiC

may be usediiq ptaceoohesi scanrasudtsubsthat phaseeetgk. 4A0r aadst | ayer
posited over th ate 35 432. The r istl%géer 434

oy abp, st s o Rtat v BAT A S eSaseRet EPRbY 08P o5he 18 b RERRE L Fol yier and

may conpri seradhodpi £simbskl 000. expapt eredhg2pahnk ¢r BoRbraseeabedhneent of
the present alternating phase_shift mask 400 is transferred to the 5 wafer
430 resist |1UyRTABAYY, exPOsPhESERRLWEELY B3P EEMRIL1FfgREDPSEUrce, for

exanpl e, throygh-dhieudBSK 48Pice features, as examples. Features 426
are preferably between 30% and 60% of the exposure

15 wavelength wide, and preferably around 45% of the
exposure wavelength. For example, features 426 may be
between 80 nm to 140 nm wide. The assist features 472
and 474 print out at approximately the same size as the
main feature 426.

20 The assist edges 472 and 474 are removed by exposure
through a trim mask (not shown). Preferably, the
exposure through a trim mask is performed while leaving
the wafer 430 on the same wafer stage within the process
chamber as was used when exposing the wafer 430 to the

25 élternating phase shift mask 400, according to an
embodiment of the present invention. Leaving the
semiconductor wafer 430 on the stage is beneficial
because it ensures that alignment of the trim mask
pattern to the phase shift mask pattern 400 is achieved.

30 Because prior art alternating phase shift masks also
require a trim exposure, advantageously, this does not
require an additional process step. A trim exposure is
currently typically required with the use of single phase
edge masks to remove unwanted resist patterns that

35 originate from phase conflicts at line or feature ends.



The pattern transferred to the wafer 430 is shown in Figure 6D. Features
470 and assi st edge features 472 and 474 are fornmed as a result of the
phase edgwo420142&l 10 assi st edges 450/ 452, respectively ®@aTtEPe2/6878%r nat i ng
phase shift mask 400. Features 426 may conprise a line or etch run, and
alternatively may sem conduct or device fe res,

i th
exanpl es. Feat ure@%’%{gﬁ?op‘? ;‘iﬁldlﬂ VP 5ot e P 399 & ﬂe%og/égfa?ﬂegg%posure

15 wavel engt i nwiadso ranthdy af edtakdnb i Qi 4596 of hé here SXROSURSeMBYEhENL h.
For exanple, features 426 may be between 80 nmto 140 nm w de, The assi st

y A ! ;
features 472 tOandPFRPY SHMaik ARC atespbitobdhat ety ot sapedesseibedtihe main

feature 426. p2QnThe A q:tha%tgeeaicg%w@ﬁ%féaetéé%n@vgyr}byr@@@@ﬁ%?g. ,
through a_trimmask (not shown). Preferably, the exposure through a’trim

mask i's perf GEmdd WHIE TEEADPY el Glf ere A3 DN ¢ e sah®2 (b 2r erage
within the prt%eqsighcthqrm%’nsaiw@groéﬁg%c,o EXPOS Me A De yaf g1 430 to the

25 al ternating phase shift nmask ] rding to an enbodi nent of the
present invemeigaen, Lddd g tans ke coriaitar Vdrertigarkgheusd age i s
benefi ci al i - -I'gq_neegf ofmith ' tern to
t he phase shﬁ?‘ft%&r#%glg%at%{%ﬁ\h@d{)qﬁé EZlcdm eved.’ SOT}EIeSg urgéerq%}rlr%gér(n adr?

al ternati ng piisse behirfafamsks tal s a exjdea edabd r4 68 exphbSurles side

advant ageousl t hi es not._.require an additional process s . trim
exposur eﬁ?s l)ét?rerser?t%l 3(/% ey|oai%csa]ﬁty Fequi reedcﬂl'?ei/ﬁ tH e Ris %fsk(?%g#%?%h% e
edge masks t aheemave e edigegsitite pattearsiscy bl 35 @i gimateedi®ein phase
conflicts at line _or featur.e ends. WO 03/014828 PCT/ EP02/ 08783 _ 13

Advant ages of Sif&i g &4 &alﬁhigaeﬁ‘edd&e 435 &P 452 £ adFYaFPWi t h

enbodi ment s ehiche derfdsent thw exdntast @ff MO Mask A yd esolatd e | |
next be desc%k%%?ficantly when using assist phase edges in accordance

15 with embodiments of the present invention. Therefore,
the ultimate resolution of a mask employing assist phase
edges is improved, compared to prior art alternating
prhase shift masks.

By placing at least one assist edge 450/452 a

20 predetermined distance from the main phaée edge 420 on
the mask 400, the aerial image contrast can be enhanced,
and thus resolution is improved. The improved aerial
image contrast produced by embodiments of the present
invention results in the ability to pattern smaller

25 features or lines 470 on a semiconductor wafer 432 with a
given exposure tool. The intensity of the side lobe 462
of the light intensity profile is than much higher
compared to the light intensity profile of a prior art
single phase edge mask, thus increasing the image log

30 slope of the aerial image. 1In prior art masks having a
single phase edge, the light intensity profile slope goes
through a shallow maximum when decreasing the shifter
width, and then decreases again. In comparison, in
embodiments of the alternating phase shift mask 400

35 having assist phase edges 450/452, the light intensity



Each assi st phase edge 450/ 452 creates a dark region e.g. 5 at 454
surrounded by bright regions, e.g., 462/463, on the light intensity
profil e, woas®i4sdgacent the dark region, the intensity i ®cgverab/es7ss han the
background intensity, as shown in Figure 6C. This phenonenon nay also be
referred to as Si de | obe 462. If the side 10 | obes of the assist phase
edges overla&ﬁﬁ%;iﬁ(ﬁ}qQﬁxﬁ%ﬁgr?qﬁ9¥nﬂ¢FEﬁﬁéﬁpe%ﬁe?oTﬁér?ﬁtEﬁst? of the

bright regi ominyd giaddedgdd), daik thdand HGhERASESn BOephSREE ) QREY
whi ch defines tgﬁi contrast of the aerial inmage, increases significantly
when using a s 3h e adeite I5R9% t h BRbedinents of the

present invepdricentTherefitiieon therdddd mate (esghiitd 09e9{>1&t£’8§!<f89p' oyi ng
assi st phase edges is inproved, conpared to prior art alternating phase
shi ft masks. 9By iSedcildghgnaRdst- one assi st edge 450/ 452 a 20 predet erm ned

di stance fromthe g RHaSE LAGE 440 dd&, @e%‘cf@rg’edtvb'ftﬁe” al image

contrast can be enhanced, ~and thus resolution is 1nproved. The inproved
aerial i mg&ederensst tor dduded HRL iereh cxdilbmehitree rdfs t hieh o3 edentriptivemnt i on
results in the %?Elhké L Retdendy sild features. or lines 470 on a
serm conduct of waf er 5 mf%ﬁ a given é%%gégfélﬁ%o:Hnﬁ%%pgn?%%i?ty of the
si de | obe 46¥arapusheddighicatiteersiitry qumifiideet iicnd hah e hi hi @éera t cedpar ed
to the l{ght JptansityPrafd | f pr.i.or arﬁ i ngl e phase edge mask, thus
i ncreasing t fie imalgee I)E&j %C?I %”Feolge agsf ottnheerae aﬂ‘ﬂ“f%btes c?ﬁ fﬁ?‘? or art masks
having a singhvenphase eddd, beheddaghint nicepsitsory ofid €l &d ope "eeSart
t hrough a sh%IEQM/n%xinun1mhentgfcr asiggithe shifter wdth, and then
decreases agarn. [ ¢8RP $6n, % dS8fddiTidis I @i iR mdiitg phase
shift mask 46@dat bavprgcass siteplaseedees«4adA2Rd e ddgirintensity WO
03/ 014828 PC]/ EP02/ 08783, 114 . . |

ordinary skill in the art, yet still be within the scope

15 of the present invention. It is therefore intended that

the appended claims encompass any such modifications or

embodiments. Moreover, the scope of the present

application is not intended to be limited to the

particular embodiments of the process, machine,

20 manufacture, composition of matter, means, methods and

steps described in the specification. Accordingly, the

appended claims are intended to include within their

scope such processes, machines, manufacture, compositions

of matter, means, methods, or steps.



profile slope is greatly increased as conpared to the single phase edges,
and the maxi num can be pushed closer to the dark part of the aerial inage.
Enbodi nerwe oofo148b® present invention increase the ultimateTrePesnbarss on for
5 optical lithography. Wile the inversti on has been described with
reference to illustrative enbodi nents, this description is not intended to
be construedlat a9 i$haimed skhse. Various nodifications in conbinations of

the 111ustrative slGAROM JPMHeny PO URH 0852 hgLe CROAL TRALR, OF t he

invention, wil be apparent to persons s Int art  upon reference
to the descrdqmpoyeingy addition, the order of process steps may be

rearranged by ong?gkd_ r.'EN%hégii%%éﬁ {ﬁﬁ §ﬁ¢st¥§£esﬁggh be within the

scope 15 of the esent 1hventi on. i s"therefore I nt erded that the
appended5cl| dimssreomTpgass any such nodifications or enbodi nents. Moreover
t he scope of the iS not,intended fo.bhe I%ggted to the

r.esent. | i cation
parti cul ar enbom4%§1%§Qﬁn§¥¥$?w%%% %{a%%d%*%%,aZ%eﬂgﬁtféEtH? Eanposition
of matter, mrangyeomitrids waidk e st efrsc Hesidg bedohasé hedgpeandii gat Least
Accordingly, the appended clains are intended to include within their
scope such 6¥5téﬁﬁé§%rﬁ§§ﬁrﬁﬁfx+ﬂékﬁeﬁ%?wéha%%dﬁgg?ti%ﬁ%reb? ﬁg?ter
means, nethegdsisy iRPsis \WALS &4 4628 idSEPOA OB 8S011bioat tBec! ai med
is: 1. A nethod of manufacturing a phase shift nask, conprising: providing
a subst +at e Phave 88 rat e being 5 transparent; patterning the substrate

with a geonetric pattern, the geonetric pattern including a phase edge and

at |l east one assist edge proximate the phase edge, wherein the
2. The method according to Claim 1, "wherein patterning

the substrate comprises patterning one assist edge
disposed on either side of the phase edge.

15
3. The method according to Claim 2 wherein patterning
the substrate comprises patterning the assist edges

equidistant from the phase edge.

20 4. The method according to Claim 3 wherein patterning
the substrate comprises patterning the assist edges

between around 200-400 nm from the phase edge.

5. The method according to Claim 1 wherein providing a

25 substrate comprises providing a quartz substrate.

6. The method according to Claim 1, further comprising:
depositing an opaque layer over the substrate; and
patterning the opaque layer.

30
7. The method according to Claim 6 wherein depositing an

opaque layer comprises depositing chrome.



assi st edge is adapted to inprove the resolution of the 10 phase edge. 2.
The nmet hod according to Caiml, wherein patterning the substrate

conpri seswpasheses ng one assi st edge disposed on either ®cdapot/od’e phase
edge. 15 3. The nethod according to Qéaim2 wherein patterning the
substrate conprlsengatternln t he assi st _edges ﬂU|d|stant fromthe phase

edge. 20 4. Fhe TRt HeRtRed oRAFRGAEBICER ML B1Ther e A& e ARG T HRY

substrate cogpél§@§s@@é£@r@bﬁgragesaggtﬁerﬁ@g?stheegu%@&r%&@umqt%oo 400 nm
fromthe phase edge . The nmet hod accord Claim1l wherein providing a

25 substr at er@PhpR§ SRRV prvR df hgSh qnapkﬁe§abéﬂﬂafsg19n8TWéV#@@h@d
accor di ng tosé%é%anéhlék%éggr QH@PE&E'EHe Fﬁsegssha@a %@t@@%%U%h@ayer over

the substrate; and patterning the opaque Tayer . The net hod according
to O ai ms6 wheret @@@p@%ﬁl@ﬁlﬁgthhckbpaquéega9éf5 eénﬂ;Biosél§gd@|§@s| ting chrone.

VO 03/ 014828, FCTL EPO2L08183. 1648, Ih3 gELbod aagardhagduoClalm 1 wherein

patterning the substrat®e conprises patterning the substrate wth regions
havi ng a firshtehsekness ahdar égrehsahdveagond shéokdetslsi adegess,. wherein

t he phase shift between the 5 first and second thickness regions is 180
degrees, wherein the phase edge and assist edge reside at an intersection
of a first and skc@mmbéhsnkﬁESmaBEQionmpr951ﬁgphase shift mask, conprising:

10 a substrate that_ perm h g t he bstr

conprlsgag a geoﬁ%t?ﬁ% f%rhga%hgeﬁgﬁﬁﬁt RE g?t@?ﬁs GEQ g §h§hase

edge and at $eBstrane ca@@bﬁislﬁdga géomemﬂe phetéhﬁsetﬁég@{eometrlc
pattern including a phase edge and at least one assist

edge proximate the phase edge.

15 10. The phase shift mask according to Claim 9, wherein
the substrate comprises a first assist edge disposed
proximate the phase edge and a second assist edge
disposed proximate the phase edge, the phase edge being
positioned between the first and second assist edges.

20
11. The phase shift mask according to Claim 10 wherein
the first and second assist edges are disposed
equidistant from the phase edge, wherein the first and
second assist edges are adapted to improve the resolution

25 of the phase edge.

12. The phase shift mask according to Claim 11 wherein
the first and second assist edges are disposed between
around 200-400 nm from the phase edge.

30



15 10. The phase shift mask according to Caim9, wherein the substrate
conprises a first assist edge disposed proximte the phase edge and a
second aswpaB/oesge di sposed proxi mate the phase edge, thecpEpsposzdye bei ng
positi oned between the first and secorid assi st edges. 20 11. The phase

shift mask acordiftg gradd adim 40 whek ehbcotfendi £6t caniinsegopdeasshst edges
are di sposed equidistant fromthe phase edge, wherein the first and

second assi sthedids tdiad adeiREL$9S i nprove the resolution 25 of the phase

edge. 12. The ph%§qﬁ§@gﬂrégg$ha&gpigﬁng Fo-Saim dineherein the first and
second assi st edges are di sposed between around 200-400 nm from the phase

edge. 30 WO 03/ 014878 PO/ 1EFPY08T8Bing 72 132cTheé phasknshkf ebuaskngccor di ng
to daim9, a‘é’@eﬁé‘%ﬂﬂ%t L0 ,StvgﬁéfefrqnpﬁéSfﬁ&e%&&:ﬁ%&nrgg' BHeh%EkBQ a first

t hi ckness; region having a second t ness abutting the first
regi on, wheraid sdmwrichtmgiert i ovmpfisée dnrassiandedgeondndegi on conpri ses

an assi st edge; an i i i t o] Feqi o the.third
regi on bei ng of %1%@1%4;# {%gnée)kg\é?@km%%r@?% %I %&g?n?gggggfi grﬁeopg#ﬁg
second and tdegichr égiions cnyphe sEsrd0 thickhhase, edhereid. thhe phase shift

k ding to daim13 in th trat i ses; a_fourth
gl on_ abut NG O T OF it ot CRES 1679 ot K EGRORT Ber RIPBESPhe. second

t hi ckness, wher gihaddheddentersection of the third and fourth regions
conprises an assist edge. 15. The phase shift nask according to Caim 14,
further

14. The phase shift mask according to Claim 13, wherein
the substrate comprises:
a fourth region abutting the third region, the
15 fourth region being of the second thickness, wherein the
intersection of the third and fourth regions comprises an

assist edge.

15. The phase shift mask according to Claim 14, further
20 comprising a first opaque region abutting the first
region, and a second opaque region abutting the fourth

region.

16. The phase shift mask according to Claim 15, wherein

25 the first and second opaque layers comprise chrome.

17. The phase shift mask according to Claim 14, wherein
the substrate first thickness regions transmit light
phase shifted 180 degrees with respect to light

30 transmitted by the substrate second thickness regions.

18. The phase shift mask according to Claim 9 wherein

the substrate comprises a quartz substrate.

35



20 conprising a first opaque region abutting the first region, and a
second opaque region abutting the fourth region. 16. The phase shift nmask
accor di ngwoo3Ch4s2sn 15, wherein 25 the first and second opaqueEPob/esres s
conprise chronme. 17. The phase shift mask according to C aim 14, wherein
the substrate first thickness regions transmt |ight phase shifted 180
degrees wit H%-espeatetihed ightnaoufaanening el $5nidendubteratdeviecond

t hi ckness rQQ; sim- 1he phase shift mask according to Claim9 wherein
the substrate conprises a quartz substrate. 35 WD 03/014828 PCT/ EP02/ 08783
18 19. A nethod grovardifrartairsenyi osdnd tonduefer; devi ce, conpri si ng:

providing a semi cend Cittcir q/\af els dgtpolso)%% ng a [ | émlg&% gﬁoghe
sem conductor 5 Ui nat Mg p ions o & 788l ot ayer to |eave
at |l east5a fuafedr;il| um nated resist portl on, a fi rst non- illum nated

resist portion adj resist.portion, second

t the f t
i 11 umnated resi st %Eﬂaotﬁeri%lé?sﬁgc%ﬁ ?jﬂatl?? ¢S hioh- ]r‘IF’)Y%?n hat %8 ¥8si st

portion, a =geqerdtnen-fildiyridletiieséstreordt ogponedjacpens thessesond
il lum nated resist portion, and a third i|lum nated _resist gortl on

adj acent t hé- 1SeEdAG Hesh-H99 itk OB PRI 2Kk t10%; T1ES T ebbb PP At e east

the first, secand anpgddiid,d aiddeshdat Bk 88d8dd PEES 1 OOSpoRdoRemovi ng at
| east the first non-illumnated resist portion. 20 20. %’he met hod

accor di hg t gt Shaneretth NOPT b WG HEPoreF bhs BPTERR s e8i st | ayer

al so | eaves @cond non-illuminated resist portion adjacent the second
illuminated resist portion, and a third illuminated
resist portion adjacent the second non-illuminated resist
portion;
15 removing at least the first, second and third
illuminated resist portions; and
removing at least the first non-illuminated resist

portion.

20 20. The method according to Claim 19, wherein
illuminating portions of the resist layer also leaves a
third non-illuminated resist portion adjacent the third
illuminated resist portion, and a fourth illuminated
resist portion adjacent the third non-illuminated resist

25 portion, further comprising removing the fourth
illuminated resist portion, and removing the second non-

illuminated resist portion.

21. The method according to Claim 19, wherein removing
30 the illuminated resist portions and removing the non-

illuminated resist portions comprise separate steps.

22. The method according to Claim 19, further comprising
patterning the semiconductor wafer using the resist layer

35 as a mask.



third non-illumnated resist portion adjacent the third illumnated resist

portion, and a fourth illumnated resist portion adjacent the third
non-i | | umvoasetseesi st 25 portion, further conprising rempeiTmpPor/bsIss ourt h
illumnated resist portion, and renovidng the second non- illum nated resi st

portion. 21. The nmethod according to daim19, wherein renoving 30 the
i |1 uni nat ed 4%si StPHAIGRAE 2FRPFEHYI Y €heiMoh?s i VPERFHEt ed resi st

portions Corﬂlrﬂ@ﬁr%{c{itg%ﬁ%s S2. tHber o8t hod) agspr dbmgriges ai m 19,
further conprising patterning the sem conductor_ wafer using the resist
| ayer 35 asildumidiat iy 037 004er8 FCTHEPOD? 9BY83layer 28hrqughnat RBgse

according t Q! Mald, WHRL Ghtksd [ IIEOAL00 LORDEODENGTat BRLGESREE, | Vel
conprises illumnating portions of the resist layer through a phase shift
mask, thé pHdse siiftratskbcompradiped sobseraite, Lsghhetgubsseat e bei ng
adapted to rm i t h . u . GO LSl a
geonetric pgﬁr‘;@r&rﬁﬂ, the g%‘b%‘[sirs?%é p%ﬁkgﬁ]s%ﬁ I%d‘?%gé&%&ghgsgyé%ggﬂgnd at

| east one ass Hemuwyer Ppr @d tiet = t hrec hbhdiseg eslgehasweedga ¢hd atssesstedge

is adapted tqQ inprove the res fion of, th 10 phase . 24 he met hod
accordingix?QﬁaM%ﬁﬁéi %éﬁﬁ |$§%§%ﬁ&%ﬁ?&é gb%%%sgd%%iffggggkgc %%rises
provi di ng a msr dddd immsddapted udd ngnprsudstiat ee soptisnngfr egeons
havi ng first 15 thickness and regi ons having a second thickness, wherein
t he phagg sHT°9é%en the first and second thickness regions is 180
degrees, wherein the phase edge and assist edge reside at the intersection

of a first and second thickness rggion. 20 25. The nethod according to
d ai m 24, V\/r?é]r'ei r.'.l:‘h§r mtd}qu according to Claim 23, wherein providin

a phase shift mask comprises providing a phase shift mask
including a substrate comprising regions having a first
15 thickness and regions having a second thickness, wherein
the phase shift between the first and second thickness
regions is 180 degrees, wherein the phase edge and assist
edge reside at the intersection of a first and second

thickness region.

20
25. The method according to Claim 24, wherein providing
a phase shift mask comprises providing a phasé shift mask
having a substrate comprising two assist edges, one of the
assist edges being disposed on either side of the phase
25 edge.

26. The method according to Claim 25 wherein providing a
phase shift mask comprises providing a phase shift mask
including two assist edges disposed equidistant from the

30 phase edge.

27. The method according to Claim 26 wherein providing a
phase shift mask comprises providing a phase shift mask
having a substrate including assist edges disposed

35 Dbetween around 200-400 nm from the phase edge.



a phase shift mask conprises providing a phase shift mask having a
substrate conprising two assist edges, one of the assist edges being

di sposed wo mwioti43es si de of the phase 25 edge. 26. The netrhadiPaz/esyssli ng to
Claim 25 wherein providing a phase swift nmask conprises providing a phase
shift mask including two assist edges disposed equidistant fromthe 30
phase edge. 27. The nethod according to Claim26 wherein providing a phase
shift mask cqnpriggs thddidcsrphasecshifdimesk whavéng a substrate

i ncludi ng assi st edges di sposed 35 between_around 200-400 nm from the phase
edge. WO 03MGIWEZE RCHTEPGD/TETBRNPC BBE d¢el fet FIBPEEESPding to C aim 19

wherein  manuf AGLUH VG By SETRGONEUCT AEn A8 | £6cE98PRERESy TBRNEIACt UTing a
dynam ¢ random access nenory ( DRAM .



