166166* 0 6 JAN 2006 WO 03/ 014828 PCT/EP02/08783 1 Resol uti on Enhancenment

for Alternating Phase Shift Nhsks LD The presenf 6i dAtérodson
relates generally to masks used i conductors devi ces, and nore
particularly to phase shift nasks I n sem conductor device

manuf act uri ng, features and geonetric pa terns are created on sem conduct or
waf ers usMO3EM28nti onal optical photolithography. Typi caPCHEPO28783cal

phot ol i t hogr aphy i nvol ves projecting orl transnmitting Iight through a

pattern mde Gledpiv€fbh E %&ﬁeﬁ'&e?t%raﬁq_t%&tnh%iln Eﬁ-t[af‘saer %\H/a

mask. A prior art mask 100 &rin a sem conduc er |s S

own

in Figure 1. A transparent substrate 102 conprising silicon quartz, for
exanpl e, is FESHNECAL ANIELpaque Iayer 104 is deposited over the substrate

102. The opaque | ayer 104 typically conpri chrone, r exanple The
?tg j‘iaié ﬂrgd’ @ MFRks i ght may

’mﬁ‘Yﬁ Ehen g& 3 gapese

opaque |ayer 104 is pdtt®t

pass through dsdcesin mlrrg tst@np@@ﬂu@ctayerdé%cw@enahaem%&%k is used to
pattern a sem conductor wafer. This type of mask 100 is often referred to

as a binary d?ﬁ%‘-ﬂrﬁ-‘bllbastso n%l&seTﬁEléEt meégkPy opaque ‘areas 104 of the

pattern block the light, thereby casting shadows and creating dark areas,

while the optically clear areas 106 allow the |I|ight to pass, thereby
creating Irgﬁﬁgﬁﬁﬁngthe the light areas and dark areas are forned,

are projected ontyQ, anghtdyRHEN & | 8§85 800, %HG?EQHEP}%&,22%88§5850989

sem conduct or substrate However, becauSe of I ncrease
devi ce conpl @&ome tixtigt paddenns iare ncreased on semiconductor wafers

using conventional optical photollthography Typlcally,

optical photollthography involves prOJectlng or
transmitting light through a pattern made of optically
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 opaque layer 104 typically comprises chrome, for
example. The opaque layer 104 is patterned with the
desired patterned so that light 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

T
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104 is continually being decreased.

t hey



pattern conplexity, and increased pattern packing density on the mask, the
di stance between two of the opaque areas 104 is continually0geung 200
decreased. 0 6 JAN 2006 WO 03/014828 PCT/ EP02/ 08783 2 By decreasing the
di stances between the opaque areas 104, small apertures are formed which
diffract th&OI03@ms28t hat passes through the apertures. The dpéf/Epelogsksl i ght
results in effects that tend to spread & to bend the 5 light as it passes

t hrough the nask 1%%,%§(% t the ace bet ween the two Qpaque areas i s not
resol ved, thereforé? Mok ﬂ% ﬁ%??r G S$2058Sr EEEWREN 1d'S KRAFUG Freas
optical phot cho4t hmjﬁaammyapébteréérht@mf%&hﬂéd LWFBSNNG 1i 5 RGr adgd 1%@-&&‘156
light fromcle areas 106 on the nask 100 is 10 diffracted 1 nto regl ons

that ideally tdpﬁe?%%ﬁrp%?%‘ﬂg 8BEk aPERELEERI-nalhe ¢Hfi€ nasdiesh THaght i ght
diffracted imdbilled riomdeespacenss eeaaercosEgg- A BIRNIAl JIet hod of
|1 ev

dealing with diffraction fects 1 n opti ft 7o graphy
by using a5 élﬂWéséﬁﬂﬂﬁtp%m%ﬁs(tﬂmwpghhtbh mepka&é@ Bbethm&vMMﬁﬂapace

dlscussed mas r t t g.th ht _of a the term
"phase shifti %g 9%% e?égle%/ot%% ﬂp S‘gg aPS ?ml% Rgg 5e§ﬁr1flted|’ %&f&rﬁn of a
regul ar S|nusma¢aMQ ﬂﬂﬂﬁn&ctﬁomlghsemaveslnmatlpgoﬁagabe o bght idad0

[ ant e hr ougheapeed s oFHAEeY . BPE “RaFL et P FRanTagt ¢ cograced

t hi cknesses obetbmseghlghﬂEﬁndﬁ8cmeéh diéhereot baf tREt h¥gki AEBXES,

t her eby an has or_the periodic, pattern of the light 25 wave.
Phase shHﬁr nééggrﬁF @lﬁﬁﬁkﬁﬁ%l???Ec%g%%lléfv%éig B eemsilatadybot h
diffracted LlghtkandThhaaemﬂﬁvﬁlyﬁhétEhfe§90ﬁhﬁésCPﬂ§EEUHEE¥?aé@gd
destructive into it from the space on elther side.

A conventional method of dealing with diffraction
effects in optical photolithography is achieved by using

15 a phase shift mask (PSM), which replaces the previously
discussed mask. Genérally, 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
lchanging 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



interference takes place. The desired result of using a 30 phase shift mask
is that a sunmation of the constructive and destructive in0&rdN Qiee

results in inproved resolution and inproved depth of focus. One particul ar
type of phase shift mask is an alternating phase shift mask. An exanple of
an 35 al twpnadlines phase shift mask 200 is shown in Figure per/epodndsd AN 2006
WO 03/014828 PCT/ EP02/ 08783 3 transparent substrate 102 conpri sing

silicon quartz, for exanple, is provided. An opaque |ayer 104 is deposited

over the sub&fPRSPamEnt Hibopeaje 169 ecompdisypgcall yconoqperses alyrone,
for exanple. q I : IS, 5 patterned wt desired patterned
so t hat Iighte-gﬁg1 %gsg%;#ﬂ¥§ﬁﬁﬁgﬁble%nlg%agﬂet %Yﬁﬁagﬂg FSyErPPEALERen t he
mask s use®Ves pdnet evubst g choRluct Diie Wepeue Alapase10sht[hbing 198t eri al
208 is depos%%&%rg%%r t he %angﬁ%ga.er 04. The phase shiftlng mat eri al
208 is patterned, an&.ﬁ§ﬁ9 S FEAMRWved RS PRAGEE t +aNepal BAt isegi ons
206 and  $rapsparenecphdsh shidderk-deganee 208 (45 ol Wi gfie | £8Yt pagan
: n

pass t hrough ho illu ate gng_pattern a senm conductor wafer
al ternating pRASEIEHIPLEFadR 0Gm 18 @RRAYShiglaver ¢l Ghrwheni the B88kcause

the nom nal ?gbﬁgfﬁasﬁfé?a???%%“?%g R oty he oG
interfere dS8tFGANByBR}eRIAH 120fhtl didenasitet favem tihe rdpiquel Bayerar ea
“mproved | mge. cont PasPTSe Shaan e EE 520 d $4F e TRty el a
conpari sidh oPOFhéONBghre iramEVSIct Lol I@aofe & reormpenttdninale JiRsks 1095 Sakd as
the one showpah8pEr@HECphaWiet RLRG 4 %rétgiior};[se@%iQt){:hzr%%g?‘f which light
can pass through to illuminate and pattern a
semiconductor wafer.
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.l

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



25 alternating phase shift mask 200 shown in Figure 2. The higher sl ope of
“the light intensity 210 curve of the alternating phase shif sk 200
“indicates a higher resolution and inproved ‘inmage contrast 0% n’gﬁ @b to the
light intensity 110 curve of a conventional ~mask 100.. 30 The al ternating
phase shi fy,ogB6des00 i ncludes clear area 206 (0 degrees) BEJ/BRBABISE| ear
area 209 (sﬂlfted by 180 degrees). These phase shifted clear areas 206/ 209
may i.nterfere destructively, resultlng in the |ight i nten dlstrlbutlon
profil e shownPRELEFHur equiwing fugmhey. @Rﬂﬂqsb%lsﬁerﬁfgé’?nf@- i®¢ the
t opol ogy of t Sigt 0 Ry ern,
requiring fur lﬂﬁgéﬁ %?Oggggrééglé%o%h\égef %g’lg'ﬁ?%%t ypeﬁ%ﬁgﬁgﬁleﬁghghase
shift masks berumédimbzer thést e fdeati.ni Woze exaimp lef,f e@pessomesxaMple

excess resi st ultin fro hase canflicts a Jin S....0 .
‘sem conduct or ¥ ﬁ%?i?lﬁgegﬁ??eﬁ Fenﬁgd% S Rta: Q&o%gggeyaoga%e st ep.
Prior art. 5“t@éﬂ@ééﬂ@u@@@ﬁewaheitaﬁ&sbitehtt&ummednawaphaaeaedseoﬁdeglOn
where clear area 206 .abuts' phase shifted clear are% g pattern a
feature. SUMMVBOSKIEHELERIVEN FERFTREtpREEERNAFADENP GﬁeaEHF te8askehni cal -

advant ages  agt £y Ad LA N He PBASE- %Pé&ioﬁaﬁhe@édCMEhboﬂrle206 abuts
manuf act uri ng thereof having inproved résol ution, Assist 15 phase edges are

posi tioned orPtAYhaThisitRd FLladbhakeacdfe) 9 BARBAER ?hgeﬁ$¥¥%ate,
resolution' of an alternating phase-shift mask. Specific expressions of the
I nvention can be found in .clains 1, 8 and 17. A preferred enbodi nent of a
met hod of manuf i h mask i ncl udes providing a.transparent
20 substrate,g@g Pub IRy faN with a geonetric

The present invention achieves technical advantages_

-as an alternating phase-shift mask and méthod of
manufacturing thereof having improved resolution. Assist
15 phase edges are positioned on either side of a phase edge
~ to.enhance ‘the ultimate resolutlon of an alternatlng
phase -shift mask.

Specific expressions of the invention can be found in
claims 1, 8 and 17.

'A preferred embodiment of a method of manufacturlng
a phase shift mask lncludes prov1dlng a transparent
20 substrate, patterning the substrate with a geometric

.pattern, the geometrlc pattern 1ncluding a phase edge and
at least one assist edge proximate the phase edge,
whereln the asslst edgells adapted to improve the
resolution of the phase edge.

25 _ Another preferred embodlment of a phase Shlft mask
” lncludes a substrate that permlts light ‘to pass through,

" the ‘substrate comprlslng a geometric pattern, the
-geometrlc pattern including a phase edge and at least one
a331st edge proximate the phase edge. '

.30 - Further disclosed is a preferred embodiment of a
method of manufacturlng a semlconductor dev1ce,
compr151ng prov1d1ng a semlconductor wafer, dep031t1ng a
resist layer on the semiconductor wafer, lllumlnatlng h
portions of the resist layer to-leave:at ‘least a flrst ;f

35 illuminated resist portion, a first non-illuminated



pattern, the geonetric pattern'-including a phase edge and at |east one
assi st edge proximate the phase edge, wherein the assi st ng§Jkﬁ ﬁﬂppted
to inprove the resolution of the phase edge 25 Another preferred

enbodi ment: of a phase shift-mask includesa substrate that permts
light'to pass through,. the 'substrate conprising. a geonetric pattern,

t he geoneiwlo @/adzgern i ncludi ng. a phase edge and at | eastp@fner@agigst edge
proxi mate the phase edge. 30 Further & sclosed is a preferred enbodi nent of

a nmethod of manufacturing a.sem canductor. device, - conprising providing a
sem conduct orr &Y Er PPl t2@faaentethet finpsr idhumprased ¢esdsst or Wafer,
i I'l'um nating {dPNs; ofed resh st .eave at . lLeast. a fir 35
illum nated #Eﬁfiﬁ portio%,ggqf?$%§%ﬁg%¥?ﬁl%%F%gﬁegogEéobAaaégggnﬁa%he

03/ 014828 P EO2®878BluBinesedt resistopoatiianena skeohidr soni-l | uni nat ed

resist portion, . a 0 I i [ esi tLen jacent the first
non-il | um natleglur"glm S edp:g‘?%élllbér#n éggggSHdgﬂiéggﬁh hﬁ?nggtansesi st portion
adj acent 6he iSeloomicha&dd | tes st goloresds; andt aovthiaddialbhikdtied um nat ed
resi st portion adjacent_the second non-illum nated resjst, portion. The

net hod incIu&@fﬁ%ﬁnﬂﬂ?ﬁf%ﬁ qé;%?ePFeth?i????ngeEBHalihHmiﬂ_F&diFﬁéﬁﬁﬁated
resist porti gesctidl rEHOWthed leastdéberémséingoati hbyntnahed resist 10
portion. Advantages of the enbodi prents_of the present invention include

enhanci ng t hé el fsndrang thifdrhbivngnphedereni st Raskiorhe asdi st

edges are posindvangfl Al Bedde-cied of M 9edndhSi ANGRI A% O8Y! ssif?'t“ 15 phase
edge in order to inprove the aerial inmage contrast. Smaller tTeature sizes
may be nbfuf &&LHi@N-on a sem conductor wafer than with prior art phase

shift masks Advantages of the embodiments of the present
invention include enhancing the resolution of an
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;



in accordance with enbodi ments of the present invention. 20 BRI EF -
DESCRI PTI ON OF THE DRAW NGS The above features of embodi mentgsg ?\Nt{bﬁﬁ
present invention will be nore clearly understood from consideration of
the follow ng descriptions in connection wth acconpanying draw ngs in
whi ch: 25 Wwiogusroe4828i | | ustrates a cross-sectional view of a POT/ER02/@8783

| it hography nmask; Figure-2 illustrates 6 cross-sectional view of a prior

art alternating phase shift sk; Figure 3 illustrates.,a graph of the |ight
intensity 30 of t%&gﬂFﬁoﬁpagﬁmﬁﬁhé% SHP$$ - HRSk12na tﬁéeﬁrpgra Bil&at i ng

~ phase shift magk; afic@¥he A QMaddieshi Bhima SkeRavingdassinbukl phasRr ofile
resulting froman alternating phase shift nmask, which requires trimm ng of
the excess reS8Ag€; 0 6 JAN 2006 WD 03/ 014828 PCT/ EP02/ 08783 6 Figure 5A

shows a croSs-sectgqgg&evggw od%FHié?p ggéwa$fefﬂgtgggophg%g shift mask
havi ng a single phas edge; Figure 5B'shows a top view of the prior art 5
al ternatirfg phasershtfingmpdlaseasif omea phalsav Enlgepn&i ghaee5€dgkel;ustrates a

orepn of 2 Lant, LESERL e el sel, o prufropd MLRLISHLIR RS
view of 10 rpsbftilenod sée earductart velesrmatieg nedaby shefprimask aft
al ternating phase_shi mask;. .Fi gure 6A shows a cross-sectional view of an
alternating p éggrgﬁi%b ﬁ&gksgﬁcording to an enbodi ment of the present
i nvention having opegugen 5phdde wdges el a 16rdsw- o866t Séndhaseepdges; Figure
°B shomsl% Itggsxggwbgfatg%ﬁ?ggﬁgggggglJg¥§¥3patterned by the prior

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 créss-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
figureé 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



shift mask according to an enbodi nrent of the present invention having one

mai n phase edge and two assi st phase edges; 20 Figure 6Cillustrates a
graph of the light intensity profile of an enbodi ment of th8galANepggti ng
phase shift mask; and Figure 6D illustrates a cross-sectional view of a

sem co-nduy(%s,mﬁr having a resist patterned by the 25 praggiRpoilsbtgr nating
phase shift mask 1 n accordance with ap enbodi ment of the present

i nvention. Corresponding nunerals and synbols in the different figures
refer to corrwkbbnoé ngdipaussednl Eo3 lowker biysa disdiusstion ofhedmeyures are

ermhodi mont s k& 2088 8 cemBeliifehEal K tr 8 ERebe oAl B Desomt P on

OF PREFERRED EMBODF MpNF&s ASAeshropthobDofilaupttirartearst palitoar matti ng phase

hift 35 mask and preferred_embodiment h t invention 0.8 JAN
2006 WO 03/ 0 THHEA Pt ERODRDBSG3RL £ TPRK HOCARECHESan. o Beaied iy

di scussi 0p ofi $0fEea B6N Ay agesv Ol aghadisipetate G havdmig qn.valilggu{ges 5A
through 5D illustrate a prior art alternating phase shift mask 300 in

whi ch a phasetiiikress. j SSebehiabepyOgr HeSdAngreasessthdcansss KaviRg a
varying thickngssspstdist ' 481 3023085 tRadl 82t hahlbekRasS r&hilh uganspar ent
region 316 than at” transparéent region 318 having a smaller thickness X2.
The differendeaving thi skakbeestxickngsx2Xeypi Bae | gitbepencesian appropriate

10 arount su'{y LR 54 DS , LYLAINSG Skl k] il lenasi i 1 oLt

transparent regions A sl ated at the
area wheil® taremsparsnffiefénnst@lpraddcsls ¥B6f. pbpaguehidyi dns 13ght are

typically conprisgd, of, An, QRappe,0BLEELR! r8YEBn8S316 and 318. A
| single phase edge 320 is created at the area where
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 52 and

20 5B is shown in Figure 5C. The curve includes lobes 322
adnd 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 Ialternating 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 is transferred to the wafer 330 resist layer 334 by



15 chrone, for exanple. Atop view of the alternating phase shift mask 300

having a phase edge 320 is shown in Figure 5B. A |ight intengq;MAnEﬁﬁile of
the prior art alternating phase shift nmask 300 shown in Figures 5 gnd 20
5B is shown in Figure 5C. The curve includes |obes 322 and a | obe 324

conprisin maj n_edge that is produced by phase edge. 320 sk 300.
Fi gure SD%ﬁ(%@“ézscross- sectional view,of a sem conductor %ﬁ&ggg@"

patterned by the prior art 25 alternatﬁng phase shift mask 300 shown in
Fi gures 5A andxpbBingafttle SAEOMI0 SES & SUPRLT 3berdd?. rhheekdhphlcate 332

may conprise sgn | e-crystal silicon, and may include oxide |ayers,
conduct i ve | a¥BFSUGh &hRemasdyiZthd(ef oFigeresedhsand. §B) -t r Thei Padte ror

diodes, for exauRbeeridcAceetiy fa¥er 359 i dRBAA! LAUFGUEE! Bp substrate

332. The resist layer 334 preferably conprises an organiC polyner and may
conpri se a phbeskbgest 32boareefanmed aheapeeselnh ofi the phteenatigeg3pidase

shift mask 30 i angherr { 3 51 st Layer 334 by 0 6
JAN .2006lSV\O g%/ g%is%%c?ﬁépozﬁ%ﬁﬁé{%e %%gé?ﬁgg?ﬁé%v%?e? 38t 8%a 1i ght
source, for estapl enn,t fiooughkamipd eyasin@Ol {efndt Due by hayasdmpBiseThe

pattern trangggrred to th fe hown in Figure 5D, Features 326

r 330. is
are formed as ?ésﬁﬁ?lSPnﬁﬁg%ﬁﬁé§§”§Hﬁ% Yredy 1he TEaRPL8B: Feat ures
326 may conprise aAl ppebdem etich re griloexanplLltanthed herprhsyelyi Fry

O e O RN B A o B S 515 89, P S5 BESDL T M L1
5D is thao theodfraent basthefl stihgle pHAPhaRR e AP W8V, DErPLyrged or
fuzzy, resulting in an inaccurate ability to pattern the
resist layer 334. This creates limitations in the amount
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



fuzzy, resulting in an inaccurate ability to pattern the resgﬁg % er 334.
This creates limtations in the anount that the feature 356 W8 be
scal ed down and m nimzed. 15 Enbodi nents of the present invention provide
a nethod of inproving nmask resolution, allowing for a greater reduction
I n featurewéioé;ﬁus e assunption prior art alternating phasecamrok/smRrsks
designs was that the best. resolution fer optical 20 |ithography could be
achi eved by enpl oying a single phase edge 320 on a mask, which is achieved
by the use of eatheal tsddeatdihghhaseishphasensigsuchThe ahsishepbhown in
Fi gures 5A-5D,_ .T d 320 creates Kk region 24 i ch | eaves
a photoresistepﬁgg gg@£§¥%ﬁ€??xﬁﬁ?%E%SESOgth%r%é+ tg?%s s%gggghe contrast
bet ween the dark | Fdgurg enchtmughrébuntlugtbitghs pegfensed?? is
relatively hi%g, t hus cr%gting a sharp and we| | -def | ped regist line 326.
£ipRe i

|
Enbodi ments o igEDLe A SRR REGIPDT oV R URNEHON 30 B TRFRaPfndPPNasR . shi ft

mask 400 that cirgBsokeTtlikingl GO ast Anrilesrnenaly i Pasdeshoraehaor of
even snaller lines or features than in the prior art. Enbodi nents of the
present i nvenfP8niBchicEPE MG KL tvs3R | FAPPRLIBERYE 2 PrRasRresges a

predet er m ned; ¢i a f 0 J VO
A e e L C L2 L ﬁ%ﬁ%"iﬁ%ﬁ?‘ Th%%%%%gggp %

edges i nproveprRferabilyaSOnyr idss réai tr phepRrenydrat@giaks suchhasugh 6D
hust 122 2 SRR et R o R ei o e S
accor dand® wi tiraaspemeodi seints tofa ttehangresient si nfentéxample sublBheat e 402 i s
provi ded. Subgﬁggkga%g2402 may be about 1/2 inch thick, for example.

The substrate 402 is patterned and etched to produce
regions 440 having a predetermined depth in the top
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 opague 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 transpareht
region 458. Alternatively, the main phase edge 420 for
patterning a feature on a wafer ma§ be located non-

35 centrally within transparent region 458, for example.



preferably conprises a transparent material, such as siIic&p and
alternatively conprises other 10 transparent substrate mate Né

exanpl e. The substrate 402 may be about 1/2 inch thick, for exanple The
substrate 402 is patterned and etched to produce regi ons 440 _havi
predet er miWOP3ALRH in the top surface of the substrate 4 Tl%@é‘f?@ﬁ@ 440
create phase 15 shift regions where IF%ht wll be shifted by 180. An
optional opaque |aygs ﬁ@éokéaﬁ@@o%.tt%d aoyae:reftélereds%c;@irﬁeﬁ@%fpﬁﬁéerab' y,
.opaque | ayer 404 conprises chrone, and alternatively may conprise other
netal s or opRfRSEMHsuiRYeNElaR: eatall§asftor0r©<aﬁﬁlest ledgm 29 podvbtiioead of

| < pht torned BaP BT Tao BT RERE SGs 197dh; Mor A Bob Y Ty

402. PreferangsIéua&dgﬁme45ayEnd4@52nayeb@d$ﬂmrbd&dia e d et evextli wed
etched pripr tp the patterni 25, shifti g regi.ons 440 within the
substrate Soo@i ééuﬁﬂ%y @rﬂgg o8 § iPﬁé S %ﬂﬁ @%ﬁ

deposi t ed, patetde;"ermeszc;a,nchsat§rh@dnaihehgatrber6w ng Efdlee @, Shidd idgksist
regi ons 440 of t he substrate, 402. A nain phase edge 420 patternlng a
feature on a SSYSKFEY Re p%%???%ﬁ@dbﬁﬁwﬁﬁé gérusd 8100t‘l4é’0nﬂ§‘k o hes

sectional Viewhae HHyM, @Itﬁ&@ghnEHéSEQEH@'ﬁlenln%Ba'&S.L%%% e 01PN 456
and phase shifted transparent region 4 Al'ternatively, the main. phase

edge 420 for b‘é?tqté-m Rf LHegxPeSBhrcavadLengh) - be Flogc gadpion IWr a

centrall r f I 0

03/ 014828 b PCT/ 28037 08&;@:355%{% Vﬁg‘lzﬁ%g%éggﬁée%e?ﬁéglalgr’ e?’grgr é@'ﬁ égc %d:éﬁgrﬁ of
the present iHdwértliSénare plexsed onedastiaceedfe309-pasi nmooed eimted mat e
the main phasg;adog 4% MY & RIEISL aBhYe 148,

The assist edges 450 and 452 are preferably formed
by patterning regions 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 préduce
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
alternating phase shift of light creates an assist edge
25 450 at the intersection of phase shifted transparent
region 454 and transparent region 456. Similarly,lon 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 bloék the light, whereas the
35 transparent region 402 allows light to pass through.



assi st edges 450 and 452 are positioned a predetermned 5 distance away
fromand on either side of the main phase edge 420, as sho ngur e 6A.
For exanple, the assist edges nay be di sposed between aroun 200 0 nm
fromthe phase edge, although the predeterm ned distance is a function of

the exposyrgoipyeisength: For exanple, for a 10 248 nm exppsiommygl engt h,
preferably, the assi st edges 450/452 3re placed a distance of 300-320 nm

on either side of the main phase edge 420. The assi st edges 450 and 452
are pref er ablAgdor nexeg bynpat bér andg 458giPney i4le0 ahahBlfg Pﬁl%eeéétleﬁtm ned

depth 15 int u o f Jeate Ve i st
edges 450 an&ﬂgggﬁﬁagg%g ?%Engaa 4%%d§b laﬁ{lng a%%%{ﬁgg 5%%%%FQH$§§

| ayers on t heoSubsqhiat‘erazl@ﬁ;.tueddepmmutglmghlmmerslalwa hatPl'ﬂl’SE\/Imﬂgd he
required pha shi for._ex t her, tr.ansparent erial

br ot er abl y, | (12heT it T 551 BRECISH S0 dod T Sde £ 5F TR RASE S o
wher eas tpansparenten@ghoos #he madk 4@@ , PrfRdU e atp2eS,0 iGe Glce® rfade shift

in light being passed through t he mask 400 for exanple. The alternating
phase shift Jfi4h ghie desteedaRakE&rsr edge 25 450 at the intersection of

phase shifted trartﬁft?&eet 6CT emeatﬁ&eene tprr@ﬁill%r%'ft thedlipR ety of
Simlarly, on the her side of the main phase edge 420, the alternatlng

phase shift dfightgrrassedt BBranghsarsk 48§e insacgondaace mishsacti on of
phase Sh'ftegg @@Eﬂ%ﬁeéﬁb6§9hgﬂt45§ and P%Qf%ﬁ%”i%@%%@Ho%eg'?ﬂe4@%rv% gure

6B il lustrat a top view of an enbodi nen a portion of the present
al ternatilfg mmﬂipdﬂﬁfslﬁﬁskobaeo4GQp@éubrnG©t®n§S4@¢don giatrtkeregiide of

ranaparert | @SR LA RelfepHlgsplle Lo theietag e g
03/ 014828 PCI#EEGQM&B¥8342Q10f the mask 400. The curve also includes
dark regions 454 and 456 on either side of dark region
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 prefile
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
semicondhctor 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 deposifed over the substrate

35 432. The resist layer 434 preferably comprises an



Agai n, regions 454 and 458 provide a 180 phase shift., and regions 456 and
460 produce a zero degree phase shift of light transmtted btkrgmimgshe
mask 400. Phase edge 420 and assi st edges 450 and 452 nay extend a parti al
or 5 full length of the mask 400, for exanple, in accordance wth the
desired pav@es/m48E gure 6C illustrates a profile of the intgnsksog/eefgs |1 ght
passed t hrough mask 400 in accordance wth a preferred enbodi nent of the
present invention. The curve 10 includes side | obes 462 of brightness and~a
dark regi on CFZENESHRHSMShPRGenayatpnphase adpiosesesded byfathe nain
phase edge 42Qaaf1the mask 400. The curve also includes dark regions 454
and 456 on either side of dark region 426 that are created by assist edges
450 and 452 on th&helpatdskrm09f Theembogpimentt hé khghprieseansity shown in

Figure 6C i r r. thap the slope of th ight _intensity shown in the

prior art i é%fqe?ﬁtggﬁﬁi]?%g%g%h&%gw{@# F?%hrg%&.ran‘?ﬁ@rfﬁgr EQs&ds| ope of
the |ight5inwefiert ¥30curesd. sf ldwe 204 D6 asenéxpOY LAY ORei waifBdi @30 v@ @f the
hi gher resoITtign rovidegib an e odiaﬁnt of tEe present mask 400 havi ng
assi st edges 280F482 I Fife EXAMRIR i HREANIRyEReMBFE 4RBy be from 20 to

50 % greater thanthe peitderf tt ldefatddocdhase shkbt M9skss EBPwﬁxggple-
25 Figure 6D_shows chross-sectional view of a sem conductor wafer 0

that has beehifH4FfePRed ByPafurseibtt andmodl fentdse feetpresed2 and
al ternating phaseresitbirinehsle 400 MAlelo #30hd Nohudlesedosubstr ahg 432 that
e

may conprise single-crystal silicon, an y 1 nclude oxIl de | ayers,

cpnductﬂﬁb Ié§§i§to?d6€ﬁeﬁiﬂﬁﬁiﬁﬂuﬁﬁﬁnﬁctiﬂQﬁmme,tbegalteraasisgprs or
di odes, for gxappl eni rEOMRRUNG M cfghda&té)g Sifé'%?gsc%%\sén rphLCGe, SIC

- may be used in place of silicon as a substrate nai®errial~ reS|s%nFayer
434 is deposP¥edteberunhe aggbstlitamnatisrafl3p maihecomgst Ste | aylesr 434

preferably cOmpiLis§RSuBlor device 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). Preferabiy, 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 Y

25 alternating 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.



0 6 JAN 2006 WO 03/014828 PCT/ EP02/08783 12 organic polynmer and may
conprise a photoresist, for exanple. The pattern of an enbd@dj urNtygf the
present alternating phase shift nask 400 is transferred to the 5 wafer 430
resist layer 434 by exposing the wafer 430 to a |ight source, for exanple,
t hrough t NEQA¥&KR3%00. The pattern transferred to the wafer PEIEROZO&BHW i n
Figure 6D. Features 470 and assi st edg’e’ features 472 and 474 are forned as

a result of the phgaeag(ég%e@@pﬁgd%% a#é'ﬁt§g§§%4§§éé§2456_e§9805$?{el y on

. the alternating phase shift nmas eat ur conprise aline or
etch run, andidl eecpidrncey widh comudigentheorf tkei poasect oindentten

features, as a F r 4 re preferaply between 30%.and 60% of

t he exposure gé %ég?‘e’ﬁgﬁﬁrsv% 3@,0 g‘%(fogj‘rl‘gtf"eé%b‘?ﬁfgr%%ﬁ ‘a%vé%?cfh%e exposur e

wavel ength. FBackxaspiet pbatser esigh?6l 5044 S chedteena 8 A £6g 1 &g wi de.
t he same size

The assi st featu 472  and 474 print oqut at, approxi mat el

as the in ¢ a%g?esﬂﬁg.ou?geflhgyzg?ﬁlﬁhtedﬁe%iqf%' o 474 48 BnRed by
exposure thronghl Bghti thaBakitRobraFawe), WH&Efer XPpsHre
through a trim rrasﬁgi s perfor rlre?i \%\)ﬁi,l e | eaving taﬁée)j%//\%?‘ﬁeér]e%%% on the sane
waf er stage wWEHtPP¢ h'éh%rbEE%SlEHaﬁﬁetgr@sat\ﬁer thead S basdpsiurgl t he waf er

430 to the 25 ddesad] NngsPBASHNS B FigRdke 420, %%%%ro%%%% enpodi ment

of the present_invention. Leaving the “sem conductor ol the st age
i s beneficial2lyedkriseeferspdutesashat sadiegiobet 482 .t had f the mmigle pattern

L0, Lo Phoce SAS gEsinantienny ety SNl AL PRSI B
advant ageous|§he tih & deless@oedgeeqbhre iat eadditlyi ofalt her bedshtstregiof trim
€XPOSUre IS pext to the main dark line increases. The image slope,
which defines the contrast of the aerial image, increases
significantly when using assist phase edges in accordance
15 with embodiments of the present invention. Therefore,
the ultimate resolutioh of a mask.employing assist phase
edges is improved, compared to prior art alternating
phase 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. In 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 inténsity



.currently typically required with the use of single phase edge masks to
renove unwanted resi st patterns that 35 originate from phase conflicts at
line or feature ends. 0 6 JAN 2006 WO 03/014828. PCT/ EP02/ 0§/83ANIRIE
Advant ages of using assist phase edges 450 and 452 in accordance with
enbodi nents of the present invention to inprove mask 400 resolution wll
next be described. Each assist phase edge 450/ 452 creates a dark region

e.g. 5 atwé%g ﬂéé’{ ounded by bright regions, e.g., 462/ 463.pcPRpoddacss i ght
intensity pr f , Where adjacent theygark region, the intensity is

greater than the background -intensity, as shown in Figure 6C. This
phenomenon mpyofdllso dimpefits r@gfesvlgsiaceedeebobs ¢6mpalrfed hm difde 10

| obes of the assi.st phase edges over,l the side |Lobe,of _ the i.n phase
bone. the i meareis) BENS SE18, AR, PRe RE a3 ntf,cBRe b py atted Y I Y
increases. The ithRyUayIORfart W chhdehepealt hpagent r Eaboafindi eyl ahe

i mage, increases significantly when using assi st phase eqtes i n accordance
15 with enbo@rRSerd MYent MsthereasentignulFhBRELOFESO A tf9at e

resol uti ofis ¢ tic%@SﬁiﬁHHﬁ ﬁﬂg.assist phase edges is inproved, conpared
to prior art alternating "phase shift masks. By placing at |east one assist
edge 450/ 452 a 20 Whriddettdrer itscenit seanbast beant desguiRegh&ddbedge 420 on

the msk 400, Lscder] Ao (PR EON 108! c£B0ABRERONERES AL

resolution i§7i He i Mpr'oved aeri rast pro uced by
enbodi ments af hbbe pdrgseded itweame i constsuedsinnat hémabiihigt yensepat t ern

L 2P on AR, Rdi i eh, SEMRRELEAE" " FRe 3 Mgyl ver
profile iG teaboaifentisghars vwesipaz edotbet hembogimenhsensi theprofile of a
prior art single hase 8498 JBsKsp i PiSe ' £S" S35 095 DR 17888 1108 ne art
upon reference to the description. In addition, the '
order of process steps may be rearranged by one of
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. ' :



30 slope of the aerial image. In prior art masks having a single phase
edge, the'light intensity profile slope goes. through a Sha||Q¥/qFXI
when decreasing the shifter wdth, and then decreases again st
conmparison, in enbodi ments of the alternating phase shift mask 400 35
havi ng assi st phase edges 450/452, the light intensity 0 6 ,JAN 2006 WO
03/ 014828 PCT/ EP02/ 08783 14 proflle s gpe is greatly increased as

conpared to the single phase edges, t he maxi mrum can be pushed cl oser

to the darKClhaHSof the aerial .inage. Enbodinents of the present invention
increase the ultimate resolution for 5 optical Iithography V%ile t he

i nvention has been erence to illus di nents,
this descr:lp‘t e@%ﬁ@ ?npgﬁI&%gCtu en%oah au‘"se&{d %ﬂ’ ‘énse. :
Vari ous nndkhm&aenags i n conbi nations of the |IIustrat|ve 10 enbodlnents

as well as other enb dinments pf th wi.ll be app t . ta persons
skilled in. thepépyl tp8nd r§P§F558§etdqt & iShHSET 2 ten (ggggtl NGt he |
order of pﬁggeggasgﬁas may be rearranged by one of ordlnary Skl|| in the
art, yet still

e wthin the scoge 15, of tﬁg % |nven% . IS

t heref ore |ntenHéHt?ﬁ%}ngtFEea§B AGEate didfe) eldShpasgeang gaehpattern,
nodi ficati ene géomeﬂbp@il PRt Srn MJﬁe!D\l&Iingt hepaeepeeaf;et he2py eagat one
application not |nt8§9ed %g g imted to g artlculgr enbodi ment s of
t he proces@ssﬁﬁEh??ﬁF it 4 tﬁ+§p°58 8§|FF hess sheet 8F  theaRB2seet hods
and stepsedgecrdimmipﬁbximaﬁ@ecmé|paasenedﬁecﬁbdimgpycvin@ tla@pended
cl ai ns are in nded to. i e wthin th scope such processes, -
machi nes, hah %ﬁﬁ?ﬂe?f %hﬁxéh???nﬁg 9%f { §%§ neans, nethods, or steps. 0
6 JAN 2006 : -

2. The method according to Claim l wherein patterning the

.substrate (402) comprlses patternlng the a551st edges (450

452) equldlstant from the phase edge (420).

3. "The method accordlng to Claim 2 whereln patternlng the
substrate (402) comprises patternlng the assrst .edges (450
452) between around 200-400 nm from the phase edge (420)

"4, The method accordlng to Claim 1 wherein provrdlng a
substrate’ (402) comprlses .providing a’ quartz substrate.

5. The method according to Claim 1, further'comprisiné
deposrtlng an opaque layer (404) over the substrate

(402); and
patternlng the opagque layer (404).

6. The method_according to Claim 5 wherein depositing an

opaqueflayer (404) comprises depositing chrome.

7. The method according to Claim 1, wherein patterning the
substrate'(402) comprises patterning the eubstrate (402) with
 regiQns (454, 458) having a. first thickness and regione'(456f

460) having a second thickness, wherein the phase shift




15 daims: 1. . A nethod of manufacturing 'a phase shift naskUBQQ 200
,conprising: providing a substrate (402), the substrate (402) 6
transparent; patterning the substrate (402) with a geonetric pattern, the
geonetric pattern including a phase edge (420) and one assist edge (450,
452) di sposed on either side of the phase .edge (420) proxi mate the phase
edge for inproving the resolution of the phase.edge (420). 2. The nethod-
according to Caim1 wherein patterniygg the substrate (402) conprises

patterning th ssi st edges. (45.0, 452) equidistant fromthe phase edge
(420). .3 . %%%F’e%&gleg* i fPd GeInF nk DL GRS reEians gt he.
substrate (40Yeq@ay, e el eHy Qg,éé}.g i 5(42(2'3)dgbq.§j St bet ween
around" 200-400 nm fromthe phase edge (420). 4. The nethod according to
Caim'1 wherei4?%r dvidi 1§ sd des @is amtia (esoctdamprafs és fimed dindy a' quart z

substrate. 5.Séﬂaﬁdnywyyidggymgydybﬁ;) Caim1, further conprising:
depositing an opaque | ayer (404) over the substrate (402) ; and patterning

t he opaque5layer (404). 6,. The nethod. according to Caimb5. wherein
deposi ting an8_opgggghg%yggi@%O%gSgpqg@ogescgﬁgﬁgﬁghgg. chronme. 7. The
Ca ng the ’s

met hod according to i'm 1, whereéin pattérni ubstrate (402)
conpri ses patterni BgSthetsabst (408)( 402t wermitsedilghs t45$as458) having a.
first thickness Qodnregihan 6 Vig 3 n; ickness, wherein
t he phase shift O g JANhgoggg%g§a5§tagg%qthe4 ?ﬁ%ﬁggng §§8 ﬁarﬁﬁickness
regions is 18@atdegneeshewnerarhrikerphissnedgel(@420y anghassi stigedge
-r(e 450, 45%) rQakd¢ 8hd@BnkNLELIEE! kAReON(4B 0l 1Sk )aRY sp3EEQ"EN T B EKAGSS

J ' side of the phase edge (420) proximate the phase edge

(420) for improving the resolution of the phase edge

(420) .

15 9. The phase shift mask (400) according to Claim 8
wherein the assist edges (450, 452) are disposed

equidistqnt from the phase edge (420).

10. The phase shift mask according to Claim 9 wherein
20 the assist edges (450, 452) are disposed between around
200-400 nm from the phase edge (420).

11. The phase shift mask (400) according to Claim 8,
wherein the substrate (402) comprises:

25 a first region (454; 460) having a first thickness;

a second region (456; 458) having a second thickness

abutting the first region (454; 460), wherein the
intersection of the first and second region comprises an
assist edge (450; 452); and

30 a third region (458; 456) abutting the second region
(456; 458), the third region (458; 456) being of the
first thickness, wherein the intersectidn of the second

and third regions comprises the phase edge (420).




5 8. A phase shift mask (400), conprising: a substrate (402) thateﬂfr&%ts
| ight to pass through, the substrate (402) conprising a geoneeﬁi 2
pattern, the geonetric pattern including a phase edge 10 (420) and one
assi st edge (450, 452) disposed on either side of the phase edge (420)

proxi mate the phase edge (420) fornggproving the resolution of the phase
edge (420). 15 9. The phase shift k (400) according to O aim 8. o

wherein the dgsi sThedgés sedShi fASHask e LD Epesasbreimy dstadid rom the
sk according to Claim9 wherein 20

phase edge (4@%}..10.hThe h;se shift _

the assist ed §e6356,e4§§¥5 FEt& s(f04dd MRRESRSr ound  200- 400 nm from
the phase edge (430f¥outth Fegiphas®ustify ek (AQY 5gayy%ﬁ ngg.0 Caims,
wherein the zgg trate (402) conprises: 25 a first region £g§4; 460) havi hg
a first thic s: thg EQUERA regien (4587 45d9) beinggof sbeosecomdkness

abutting g hethibkheb89i ARet R tABO)ntWhaLEIA JLNe ¢ ipLE I gpof the
first and second regi on conprises ann asstt g ggf(EQ%;Eﬁggy;ggﬁd 30 - a
third regi onfPY5Bh 488icRBUEPMAELIERE 3BcEREissgrdne (4587 458), the third
region. (458; 456) being of the first thickness, wherein the intersection

of the second_ and third regions congrises t he phase edge (420) O s JAN
2006 17 12.13he Prasehaefshhfskmeabof488tordengdingCrai @lddm 12herein t he
substrate (4B2}tKOFPEGHOSL s Bnd 04T £DrE£IHBEGRRULL LG £ pegion (458;
460), the fourth_re iéﬁs(?%o;é454) Eeingﬁggaghgéggg%nggoépt%?%ﬁﬁggg,

wher ei nlfhe T STt iTREHPN t hE54 hi §80hndandua t fecend ovRageePrégisn an
assi st edge (4pR; #Mfting the fourth region (460; 454),

14. The phase shift mask (400) according to Claim 13,
wherein the first and second opaque regions (404)

15 comprise chrome. .
15. The.phase shift mask (400) according to Claim 12,
wherein the substrate first thickness regions (454, 458;
460, 456) transmit'light bhase shifted 180 degrees with

20 respect to light transmitted by the substrate second
thickness regions (456, 460; 454, 458).

16. The phase shift mask (400) according to Claim 8

wherein the substrate (402) comprises a quartz substrate.

25
:17. A ﬁethod of manufacturing a semiconductor device by
using a phase shift mask (400) according to at least one
of claims B to 16, comprising the steps of:
providing a semiconductor wafer (430);
30 , depositing a resist layer (434) on the semiconductor

wafer (430);
illuminating portions of the resist layer (434) to
leave at least a first illuhinated.resist portion, a
first non-illuminated resist portion adjacént the first.
35 illuminated resist portion, a second illuminated resist




13. The phase shift mask (400) according to Claim12, further conpr|5|ng a
first opaque -region (404) abutting 10 the first region (454; 4@(@ Aﬁr?ma
second opaque region (404) abutting the fourth region (460; 454). 14. The
phase shift mask (400) according to Claim13, wherein the first and second
opaque regions (404) 15 conprise chrone. 15. The. phase shift. mask (400)
according to Claim12, wherein the igbstrate first thickness regions (454,
45&; 460, 456) transmt |ight phase~shifted 180 degrees with 20 respect to

light. transni pbediby hb?a&éh&ttﬁbefiQ&QnﬁonPhuQ&me&stédgres$s¢456 460;
454, 458): 16. The phase shift mask (400 accordlng % h ghereln t he
substrate (402P°€BhﬁprséssﬁcaﬂgrPQHS&Bép ipatedsTepisy RRL 68“0? jacent

manufacturing gngegkegnRdUEi hmdR¥ted REsikei peraiBRAasanahaf thimgk (400)
according to at least one of clains 8 to 16, conprising the steps of:

provi ding a sehldumineted wasépt(mr9orionoaddpesrti RjcasSPesPdtNPayer (434)

on the Se”H?OnQE?EHEna@@Ee£e§4§Q) oriklibHm nating portions of the reS|st
| ayer (434) to eave at least a first 1[lum nated. resist €ort|on

first non- ||Iunlnatedm¢@sngtapoleaéﬁ sbpaéénste hEeFPREt 2BG ¢+Eﬁ1nated
resist port'onilf¥ﬁ§ﬁ999 LLHEEEaESQtESEEStané 6. JAN 2006 18 portion
S

adj acent the fir non- | | um nat ed resi st ortion, a second

non-illum nated resrenopbngiah ddpatehhe fhéSEe@@ﬁdlllPEhﬂ%ﬁ%@dr$%%$%t
portion, and aE pifgy. illumnated resist portion adjacent the second non-
illumnated reSrst portion; renoving at | east the first, second and third
illumnatéd resist portions; and : '

'18. The method according to Claim 17, wherein
illuminating portions of the resist layer (434) also
leaves é third ﬁbn—illuminated resist portion adjacent
the third illuminated resist portion, and a fourth

15 illuminated resist portion adjacent the third non-
illuminated resist portion, further compriéing,removing-
the fourth illuminated resist portion, and removing the

second non-illuminated resist portion.

20 19. The method according to Claim 17, wherein removing
the illuminated resist portions and removing the non-

illuminated resist portions comprise separate steps.

20. The method according to Claim 17, further comprising
25 patterning the semiconductor wafer (430) using the resist

layer (434) as a mask.

21. The method according to Claim 17, wherein illuminat-—
ing portions of the resist layer comprises illuminating

30 portions of the resist layer through the phase shift mask
(400).

22. The method according to Claim 17 wherein

manufacturing a semiconductor device comprises

35 manufacturing a dynamic random access memory (DRAM).

NIRRT




removing at least the first non-illumnnated resist portion. 10 18. The

met hod according to Caim17, wherein illumnating portions g%‘ﬂ@pm@ si st
| ayer (434) also leaves a third non-illum nated resist portion adjacent
the third illumnated resist portion, and a fourth 15 illum nated resi st
portion adjacent the third non- illum nated resist portion, further
conprising renoving the fourth illum nated resist portion, and renoving
the second nWR-0BOI4EM nated resist portion. 20 19. The net hBHTERREEWENng to
Claim 17, wherein renoving the illuninafed resist portions and renoving
the non- illum ed Sj rii C i pagat . 20. The

nmet hod accor di nﬁ'o &hgi }r??{igggf%érc? e?‘“%%rhgpdr ?S‘iaﬁgl %’5 ggté%gﬁil ng tie

sem conduct or wafldumiadoingspogtidres rebittie depjiet 1434y eemarigek. 21. The
met hod accordi ng ,t L, 17 erein il 1 nat . riy f gesi st
| ayer conpri sesqilllﬁﬁ%%ggb%gp%%pjb%ﬁ ?oo’%r\sé%gn 1 %ésfeglggtggl %P;/gé@rﬁraoyg%st he
phase shift nmaskhif400psk22thahrhanss il e essdi sgmpoieiag g ISUPSirater n

manuf acturing a ' r ' G iSe B tad dynam c
random accesg @%%E?%ﬁgob%ﬂ%w 06 tgbo?f%%ﬁgggyéﬁcﬁ'/%gp 2/ 0%783 19
23. The method abecordhngthe VRdimars: admamisingi Pl aRPMEETFY RFGTESIOns of the
resist layer coppgl §€§met£lé’r§é‘@ééﬂ9 RRARY af phhserE€adStarlAXRr 1kR5PUGN a
phase shift mask, The phase shift mask conprisinhg a substrate, 5 the
substrate bei ngoa8apeedstosdes macAimahe (theprsaser pdgtigivhanfd s st rat e
conprising a ge@ueiLiCefdét £ addte DY BiprovRather feddltidme ratpBase
edge and at1$eas% sgngd335|st edge proxi mate the phase edge, wherein the
pha . :

24. The method according to Claim 23, wherein providing
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 fi:st 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.



.assi st edge is adapted to inprove the resolution of the 10 phase edge. 24.
The method according to O aim 23, wherein providing a phase sHi§ JANezls
conprises providing a phase shift nmask including a substrate conprising
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
intersecti gy foigszki rst and second thickness region. 20 25pcthgonmbiwd
according to C(ain124, wherein providing a phase shift nmask conprises
provi di ng, a phase shift mask having asubstrate conprising two assi st
edges, one of the -assist edges being di sposed on either side of the phase

25 edge. 26. The t hod according tqQ G aim . rLi vi ding a phase
"shift mask cozé;ri @}erﬂ’% 9 nﬁcggﬁﬁi&é‘@ gl% Fﬁ%&ggagei%c u |dng two assi st .
edges di sposegh e ek st o &' 98mikendi@ telrasie vedge cotipriEes net hod -
according to Claim26 wherein providing a phase shift mask ri ses
provi di ng a pransfadiy¥ingisk AKBRMAG 5a§GE§EPéF@Sﬁn&qmﬁﬁﬁgQéé%ﬁh'edges

di sposed 35 between around 200-400 nm fromthe phase edge. 0 6 JAN 2006 WO
03/014828 20 PCT/ EP02/ 08783 28. The nethod according to Caim 19 wherein

manuf acturing a sem conductor device conprises nmanufacturing a dynam c
random access nenory (DRAM). ' '



