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ANTI-REFLECTIVE SIDEWALL COATED ALTERNATING PHASE SHIFT
MASK AND FABRICATION METHOD TECHNICAL FIELD The present
invention relates generally to photolithography, and more particularly to 5
photolithographic phase shift masks and mask fabrication methods.
BACKGROUND ART Almost every modem electronic product, ranging from
toys to mass‘rve-nmmpmemvn@m&lmegmﬂmmmitsﬂ(ﬁﬁxmm are
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transparent and opaque areas. The patterned template is referred to as a
"reticle” or "mast". Generally, a number of these masks are required for
manufacturing a complete device on the wafer. A radiation source, such as a
light, is used to copy or "pattemEoAMIPM_ iFages of the mask onto a
photosensitive material, such as a photoresist, on the surface of a silicon
wafefThd pr©rceifsattiesrelecpatiarndld enpiiteqitatoredist afulrthercprateskiriy to
PR BRSNS SIS an AT IRaRaeler. The compieted
wafer IS then cut (or "diced”) to form the individual ICs Engineers typically
use computer-aided design ("CAD") to create a schematic design of the
mask. One technique, Levenson phase shifting, also known as alternating
aperture 20 phase shifting, iBA$d6BQREEFRAIall features on ICs. Such
small features are generated by a pair of areas in the mask called shifters.
One SUERThESRISRTSReTISSHRB S RIIKE TRASE S HIMHTQK [ PRINPY FHegmputers.
nmrmﬂyme@ludes arsubstandally transpasepinsLiBirataleompesprbidithographic
exam rtz. Phase- shiftin aterlal s situat d in regio
P T R S A PR A PR S Beuia
trtmspenghtthed trangparens.afdrspefithe ditesikldafthes pHasedghifiing regitriorcamsk”.
RfAEhihiRy SFahWeYs RYGR- 35 A% JERPSIINGRANSIPS CEMARRPAGRL on the
films of appropriate thickness on the quartz substrate, or by etching vertical
Wgtich patterns into the quartz substrate. 1 The phase-shifting material may
be, fox eicampiescﬁﬂt@&laﬂmgle Hgmthﬂis%blItala@ytfﬁlﬁﬁﬁﬁéﬁf’l’trmﬁ@rﬁﬁ@éﬁbf the
as oxides nltrldes It m qy also snmgjx be a thicker (or thlnr}er) rle(%lon otf
at S1i1 warler.

sk onto a smve ate 117 suc Qresist, on t urfa
e same e material ?é g., quar n such an aterna INg elemen

Once features are patterned on the photoresist, further processing is performed to form
various structures on the silicon wafer. The completed wafer is then cut (or “diced”) to form
the individual ICs.

Engineers typically use computer-aided design (“CAD”) to create a schematic design
of the mask. One technique, Levenson phase shifting, also known as alternating aperture
phase shifting, is used to create small features on ICs. Such small features are generated by a
pair of areas in the mask called shifters.

One such mask is an alternating element phase shift mask (“PSM”) that normally
includes a substantially transparent substrate composed, for example, of quartz. Phase-
shifting material is situated in regions on the mask substrate to provide a phase shift to light
radiation as it passes through the transparent areas of the mask. The phase-shifting regions
can be formed in several ways, such as by depositing patterns of transparent films of
appropriate thickness on the quartz substrate, or by etching vertical trench patterns into the

quartz substrate.
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PSM, discrete non-phase-shifting components are then disposed alternately
adjacent to 5 discrete phase-shifting components. An attenuated PSM is a
PSM that contains discrete layers of absorbers, composed for example of
chromium, disposed on the mask substrate. The absorber layers selectively
atteniiheertirsdigihfithatisisask aehyhbretiorotigimmiyayildcon nitride or other suitable
ualignratenaiiesyated BaMs 6/13,8/30:R8:COM Qiﬁgdalé’@'liﬁlfﬁm%eae&ﬁ@k@mor

10 PSMs,to provide more complex PSM designs. Shifters are arranged to
MBI TR L RA e SRR HHAS SR e G AT b ade SECRHTO AL AR Shegpent
PSXaMiNerctashvifters-chiftne configusad aea itaskitpshihallighi®ly thdjacent to
Jsame re ig_rslh%f a %po%ore%ilﬁts. In a region on the photoresist where the light

passmpg through ‘one 6f the shifters is in phase with the light passing through

the othentdiifieiedPfddtiire BEY Bet®eireatdibanieHayphotorbsisbarsatmposed for
cRafiawver hamiliendigiancedsiwaendhg wesahilersnWheigothadight passingly

through the shifters is out of phase, no feature is created. By reducing the
ARt R HHERBH heasis! SifedrURry small features can be created on the

photaiesisd. affeeumddtinafitheafeaes®icanbal wobsicardilydasshiharoauldibaent
Psﬂgfsdyced by the same (lé{)]tilg%%)égtem without phase shifting. 20 In a

renchéd P W%%Ctor%l Yes are aﬁggﬁged to alternate with untrenched areas
in ordeitysprovideaated iatirglegibasbighase ey ehoses lighthardizht that passes

HOREN ehSRd gt HRYRYBho UGS BRI IS IHGURIR @F IRETRORNES the

usually interferes with the normal (desirable) incident light. This interference
SIS RS Of the NgHE St eXiteerriiarrsitahaiede Hght Rithagdereh
otietengityshifidie iNghipthat exitsiieoigiheaisarrchesh giersothe sliesnatingtdfz can be

cté%’é&%%%%”%&%?%ﬁf&%?i?%e%%v"vﬂ'r' Jﬁ%’ﬁ.ﬁ{é’k{‘dép%g%"é‘&ﬁ&%%lﬁ‘é‘%&%“éﬁ%&é‘.t ere
arget p OtBI’eSIS . The resu?tlng Intensity |m15a ance then causes the printe
theHegbiresisinie dmesh dhe thetorafierow hhpbaptaserfreirerrorsa®padecahearg the

iR QfEhTamEy iR Y A-P IS, QAP SN BD RSP Al ARG UGN Ifrhe

areas where features are not to be formed. One known solution for the _
Vil BriditPeaaisatan &S i AR pIoVidRbrarle bt efcsth thdthidmie B!

syadinsitheur ppdkirhiti@drench chrome opening. However, undercuts limit the

o e hal oo DR He P STt AP VA S s
opselingisede aRetndtirercmaskdabiisrriscassideghahchromecsitdrhghtingHowever,
t@%‘?rraty ifghp ﬁ%kn@l%%%@\%ﬁs'gf the trenches usually interferes with the normal (desirable)
incident light. This interference lowers the intensity of the light that exits from the trenches.
Due to the lower intensity of the light that exits from the trenched areas, the alternating
trenched and untrenched areas will not provide equal light intensities on the target
photoresist. The resulting intensity imbalance then causes the printed photoresist features on
the wafer to have placement errors.

Opaque areas, typically of chrome, are usually provided on PSM masks to block the
light in areas where features are not to be formed. One known solution for the intensity
imbalance issue is to provide undercuts beneath the chrome and to bias (i.e., to thin) the
trench chrome opening. However, undercuts limit the minimum chrome size due to problems

with peeling of the chrome. Biasing reduces the chrome that remains and hence also

contributes to the chrome peeling issue.
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which the sidewalls of the trenches are coated with a light-absorbing layer of

chrome. The SCAAM technique requires less biasing and undercutting due

to the chrome that is deposited on the sidewall for eliminating the problem of

stray sidewall light. 5 Unfortunately, however, there are issues with the

SCAAWPteehnigliethseiminitadgsell crenasslienigting asrtiprexitykof féridy ™) in
wittena@ditapahidawal FAReRY& dDiRiiR AUILEE Ao AREITIRANA! SNERRRe. The

layer deposition process, which includes an additional mask-making process
SE%"E‘}M hPaifeedeprstidns JisinsAaf PRotoruEaT drededy fimme hiidydepgsited
ofomapliaiel ke iapogr dghytoblahinfsahihaedeteonghand so forth. These

issues limit the . 1Q application of the SCAAM,techn . Thus, a need still
o B R S R R M AR e e
Onebspreaisithst y wtiphérreoffiensity thalsdiiners Heewealeahtieaalmmatimds requires an

a&@ﬂ&ﬁh@%lﬁ&ﬁ&ﬁﬁ%f‘%@%ﬂ&@%ﬁfe@& AR MR Oiﬁhé‘d&*{f%ﬁé'i‘%%jﬂﬁkmg
need to save costs and improve efficiencies, it is more and more critical that

P%?ﬁ%%eifgrbéhFoGﬁEP{BetH@@QSﬂﬂB‘E:Ie?ﬂé@tifg%oﬂ’hﬂ@ﬁ?itﬁ tRESESH IR Hglgles a
cheaphiclond saugiobbeaphigreitenetophientsdames nat statighi. oTseiggesiedimiy the
sqlutions and S utjons to these problems have long eluded those

S R L

ation Q rghe’

illed In the art. URE OF THE INVENTION The present invention
providégsa metkdsfdy fapdontify & prrasbeshfbMasiethwd2ontlemvpaedupihge will

ARSI AN RAKIORA Af Al QH%PJ%G‘QHQMQN&% NeRReR iR daY&led

of anti-reflective material is then formed on the trenched phase shift mask
anthden BeiRS S 1D SRR &Y P THE dREF TR HFE hiarg jests and

irtipesy caitiiouadiey) ifiorzeataldsutiecesiafl et tistvehie dgloase whife swpsivrnd. of
the partions of ﬂ]t light-blocking layer. 25 Certajn embadiments of th
vt R Lo AT s el 0 At QPR r have ot
tayghnttiorredsabodany eladeemtade il sbbitomreta phrsreprotdame de wkibed iuded
whe artnfiemaergading of the following detailed description when taken with
reference to the accompanying drawings. 3 BRIEF DESCRIPTION OF THE
DRAWINGS FIG. 1 is a simplified schematic of a photolithographic system;
FIG. 2 is a simplified schematic of a§hase-shiftin g;%hotolithographic system

utilizing a mask accorgﬁglf@%]%% B At ergsent invention;

The present invention provides a method for fabricating a phase shift mask. A
trenched phase shift mask having portions of a light-blocking layer thereon is formed. A
layer of anti-reflective material is then formed on the trenched phase shift mask and the
portions of the light-blocking layer. The anti-reflective material is then removed on
horizontal surfaces of the trenched phase shift mask and of the portions of the light-blocking
layer.

Certain embodiments of the invention have other advantages in addition to or in place
of those mentioned above. The advantages will become apparent to those skilled in the art
from a reading of the following detailed description when taken with reference to the

accompanying drawings.
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5 FIG. 3 is a view of the first stage in the formation of an anti-reflective
sidewall coated alternating PSM according to an embodiment of the present
invention; FIG. 4 is the structure of FIG. 3 after deposition of a mask for
etching of the chrome layer; FIG. 5 is the structure of FIG. 4 after etching the
chrome layer and rBRIGHARFEHRIPITANSRFHIGE ®RANENsScture of FIG. 5
after formation of a mask for etching the light- transparent substrate; FIG. 7 is
the stlfétdres 6fmé%f@daﬁéﬁ@?éﬁiﬁgatﬁeq‘i@h%mﬂ%{ﬁ@ﬁaﬁé{ﬁiegubstrate to form
trenchEs. and sempuing Heaemask ol b fhsse-Shisthe isusitig @b mtGy staftefilizing
de#olgsitiondof an anti-rgﬂ&ectiv? %c%ﬁltin%lalyer; FItG. 9 is the structure of FIG. 8
aatear 3Cnccérnfggtr%f)?ceajryoe@ﬁnof) e ant-reflec |{]/é°r<1:’oating layer; FIG. 10 is a
figurdtive fepresentafithe Hepittiggithbdihmriiensityroinpatedlevaddighevnalltbented
JmesipR vicinitypidhe AhotameskasftRiRdbgraliamegnd 20 FIG. 11is a

flow chart of a method for fabricating a phase shift mask in accordance with
an erhBodirieh st sresEtin iRk PREST Ri6BESkORERRRY e chrome
1444 T THE INVENTION In the following description, numerous specific details

are gj 0. provide a thor nd rstan%ligg f the invention. However, it
ol DG SR SHES et 89 B0 B oS St e
ngiekails. In order to avoid obscuring the present invention, some well-known

configyralonsANARIQRRSSSIGRS AgbotdisalRRedrn detall-Sinelaile WE 1ight-

drawings showing embodiments of the invention are semi- diagrammatic and
UARPEICSE AN HIHF: particularly, some of the dimensions are for the clarity of

presertatipgs and g Ghovwinresag gekatedm th I ias- Alsgavehe EeUAIIE form

emh)odirrc]ients are 319 disclgsed and described having some features in
trenches and remoyving the mask; . . P

comman; for clarl%y and éase of illustration, 4 description, and
comprhehsidre texeof; sifhifar axftttikepfeatoned anentorafiatter willingrtiparily

be dasefibed WINIKESRIEREE. URErAS-2AGHESY dOUENER (RS, Gk ective

herein is defined as a plane parallel to the conventional plane or surface of
ceRBNgH®tBlithographic mask, regardless of its orientation. The term 5

"vertigad nefers iacsliseciprRatpendicplaiie theikarizeniatyastpsisatnaght in
Terms, such.as. -
the immediate vicinity of the photomask as it exits therefrom; and
FIG. 11 is a flow chart of a method for fabricating a phase shift mask in accordance

with an embodiment of the present invention.

BEST MODE FOR CARRYING OUT THE INVENTION

In the following description, numerous specific details are given to provide a thorough
understanding of the invention. However, it will be apparent that the invention may be
practiced without these specific details. In order to avoid obscuring the present invention,
some well-known configurations and process steps are not disclosed in detail.

Similarly, the drawings showing embodiments of the invention are semi-
diagrammatic and not to scale and, particularly, some of the dimensions are for the clarity of
presentation and are shown exaggerated in the FIGs. Also, where multiple embodiments are

disclosed and described having some features in common, for clarity and ease of illustration,
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"on", "above", "below", "bottom", "top", "side" (as in "sidewall"), "higher",

"lower", "upper", "over", and "under", are defined with respect to the

horizontal plane. The term "processing"” as used herein includes deposition of

material or photoresist, patterning, exposure, development, etching,
dedempiing, and/cemunsboaiion tHemmtesialior a0dphbtofedigeasonsgifiraddmer will

of@RTRNG 1 dESTIRE RH URIIGAROMaR R invention is described
hereinbelow with respect to single-wavelength ultraviolet illumination, it will

be redBfVCIRJBREtEUYEhAS HedAGE R SRR ARD At ARk RISkt Bre rigtieational
pradiattosyréiee dtathapirepHaiesrmeidifi eatian sckor dthe rofsayedeigtintowill e term

.obvious to those of ordinary skill in the art based upon th cription of th
e
“ehownbasimplifkéarschdnitaie of terphotadehographicsaiesteli)1 0bighethe “lower”,
-ghiolicoareniie syste AR rriaslenvauplenalineisaARlst sadation i

ire

cted from an illumination source 102 through a photomask 104 and a

lens 788 GHIb RPROIIRSsiat yarherEn R Hies fermitepositedcsittay photoresist,
paemcendugtsnwatern20phidhe Thehphotoreasks] Odhdbthephelobthagraphticial or
stem 100 is located at,.and thus.defines, a first plane, which is the plane of
P S as LR SRR yer 108 o the
semiddivuetohwaleetticd is |dewmrebdhapiditlow definesspacsdecriistayaeclength

ulfhighIds fingnilans, af W RROLOKESISHEYSHL IO Bhal iR RRAIRIBASK 40didasILdSsny

a light-transparent substrate 114, of a material such as 25 fused silica or
wavdrEethinh B attnae S ICARBRIME IS RIFEH VN Sriettifare trmiebt a4l be
obxplainediusthef herringftanlThe tkunminatiead sporcend 02 pigsisceslight pdSent
it\k}}gt it(pne E@Qqé%@%srki %04 selectively allows through as patterned light 120 to

& focuBed y & lens 106. Focused patterned light 122 reproduces the

maskRgétteng oftive pattéifed miskein 6ivnsbeleeted afembipfdheciBmatic of a

pRiBIRAESishiAY S 408 The PPtaIEYRLIANRE AR R cANOD aNAHYL Ko e,

is a photosensitive material that is used in photolithography to transfer
et RSN A M ddie et Al YBY HBYRT G irftd § P aUER AL R eiemish)4 and
athasewns. mibhuphabiesexpestiosthafalemadphaiaesiablayemnlddscuseslafer

175 arnasikin sugh g, photolithogr %hicg%ﬁé’%e&%rﬁol&r{‘é‘ Iates 053‘@‘52‘ F?f'&ﬁ‘ées,
regionson the semicon UCPOI’ wa ergf , Or on various layers dfama eria
a pirsvidustyvdegositbd margroltheqrotemesimiodndintiorly, the photoresist layer 108 on

the semiconductor wafer 110 is located at, and thus defines, a second plane, which is the
plane of the photoresist layer 108.

The photomask 104 includes a light-transparent substrate 114, of a material such as
fused silica or quartz, with a patterned mask 116 that is formed on one surface thereof as
explained further hereinafter.

The illumination source 102 produces light 118 that the photomask 104 selectively
allows through as patterned light 120 to be focused by the lens 106. Focused patterned light
122 reproduces the mask pattern of the patterned mask 116 on selected areas of the
photoresist layer 108.

The photoresist layer 108, as is conventionally known, is a photosensitive material
that is used in photolithography to transfer patterns from a mask onto a wafer for forming

integrated circuit elements thereon.
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wafer 110. 5 The goal in the photolithographic field is to keep reducing the

size of such features and implant regions. Unfortunately, even a

geometrically perfect photolithographic lens cannot separate two points

below a minimum distance. When the two points are less than this minimum
distardbasrefi¢ctigiovnae haliftgctieh rntpintistbnen do e ifasid ey emsthismuch a

pHABTRAB N RRNGHRIEH BrroiESRiNERs SUENHFTEACHALEITE Be WaHGBALR AbEWer

the wave 10 nature of the light 118, cause peaks and valleys to occur in the
HketshY SHtRRsIigHerE 14 ’B%%Eﬁlé’fﬁﬂ%‘&léf APSpIhiY, 0 28 the punfRguctor
wisféhelpatterned mask 116, and falling on the photoresist layer 108 on the

semiganducior, warer TR uloter f%‘{?ﬁ%?d%ﬁfcﬁ? OccUi ath RIACBY-5I08) foatures

openings; where the peaks and valleys of %e?@’ht Waves can erther nterfere
argd igplepicageeicadmistieratrly, eveainfarsanahitain pliffeshoh@ehigrographic lens

cHERER Qﬁt@%@e‘p@ﬁ@ti&@ﬁaﬂﬁ hniheARERINGS. e M%DQ@&%@%MQEXS than
close, the diffraction effect spreads the light from these two paoints across the

hin yrgendiseee dmpbintsdbersdficiehay e SHE B Gttt PeracBE™
frout béithe sppimelitbe tenslvedthisSoasealithecpomntsivdils, betiod alos@itoreanh wave

other anpd tt il be under the limit of resolution of the system. T. .
o R b BRI SRR K ALV RS e g
Pavurechanvghiia noensricalelpertineqpiniuysoh the peiteyngdvodskadés akfalling on

iRopidseedias,bring rssalvakiaivhan-the daiensity. betwaen tbeekdronsde 89m

percent of the image intensity. Thus, two images are considered resolvable
SRy SR JRTRIIGRG DG TEREPTaNR bR s b tBe- el Wikt San difhefrigterfere so
asepaiaioeach thiectworiragesokdsitbam@aifelengtbiadtiepludmiipatione 36tHibens of

102; and NA is the numerical aperture of the lens 106. In an effort to
the openin

Gvarcome diffraction and interference problems, various phase-shifting
systeWhbehdve acetrdinglyrhelesedévaldpect @0 Refeminglndw ighti@n2 these two

pURgLelRrs Shawm P RIfledischemMAIcaha RRASGTRIGING RROHNPLIARMAICH:
dﬁ%[stem 200 uthmE a mask according to an embodiment of the present

{RsirbAv e eheam@r Pohadrnss thelitneasdhis Rt radhhrdre lsaiyracsrother
atideHecuse te paderaediliginbl 22 dateassfaife sistbnA s Thetie phadal thagkappderect

1%’%%8”&#19%51%& %vigf%%?hlo]ﬁg&#f ARG YAVEIFNIN R AP GIRATONANES ) of
umrmation source t ug e
the lens. Two images are considered as being resolvable when the intensity between them
drops to 80 percent of the image intensity. Thus, two images are considered resolvable when
the following equation is fulfilled:
2d = 0.6 M/NA
where: 2d is the separation of the two images;
A is the wavelength of the illumination source 102; and
NA is the numerical aperture of the lens 106.
In an effort to overcome diffraction and interference problems, various phase-shifting
systems have accordingly been developed.
Referring now to FIG. 2, therein is shown a simplified schematic of a phase-shifting
photolithographic system 200 utilizing a mask according to an embodiment of the present

invention. The center portion of the lens 106 is pictured where the angle of the focused

patterned light 122 is least affected. As in the photolithographic system 100 (FIG. 1), light
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photomask 104 and the lens 106 onto the photoresist layer 108 on the
semiconductor wafer 110. Since phase shifting of light occurs as a function
of the thickness of the phase shifter 5 material, the patterned mask 116 of
the photomask 104 is patterned with trenches 202 to cause phase shifting

Iélative tontle adjadengthntyedictriei afeas Bfethdumaition seidikca tP@ndheegh the
pRhsathitmagkiciaMibdhadiffersnasrinitbetoickness altheniconductor wafer
Iiﬁht-transmissive mask material at the trenches 202 compared with the
ickness of the untrenched substrate regions 204 produces a phase shift of
180 reiativphiadRpifiniendhd cubstate fegions Z04e THiknbSsadriaspandsiter
an optical path length difference.of 212. Thus, the phase-shifting trenche
e e i By TSRS SRS aeg o
cyifpgiate sfiopscRive Sdhadartvnmiottpked ntrenchibdd substriteudyidrasnched

pRA4 argofielk corsiad Wib aifightilieckingdayele USRS ARRIRMENRYSE mask
206. The chrome Iager 206 prevents light from 15 passing through the

IRl AL PP SRAC R 7 SRt B Re sf leriFe ns g i vifdegpgions
20ghirdrmosMmitphgsardés of ko tienches 0 andditdigbitisansmddiogs axens This

the untrenched substrate regions.204. Si phases, of light that.ar
o R PR IR R At fponches 202
agvebajananity \doe ofepbasetivy thédicipesn20dianid whid trmrerchisbedutybrtaate regions
afggions 204 20 cause destructive (neutralizing) and constructive (reinforcing)
interference in the patterned light 120 in the second plane of the photoresist
layer Y08 RHILBrAHE 4 HBfOFSsePTEAUTRR IO M 11 PGSty lbg
bibadting heyery socismallamibai, Hedriverenthe satotieniliyeit 206 theelens 1@6t from
itself. Accordingly, the phase;shifting photolithographic syst 00 allows,. .
Pt D P e R R e G R P o
they dighitrros ugineg phrage o2 3lshiftimghds 03ingle-thenbbhalteamatingpapesagref the
uftrelbhtesitay i gtsithebraflects from the sidewalls of the trench will interfere
with the normal incident light rays (such as the Iight 118). This interference

will IRttt digPidhharighbanyia e phaRie ifghtty Ealitin g rdriaiase cancel
wiierahes s tynpareddodie, ighiréecges Qhasehighib}rextting dibsidledighis304

transdrnittin areas of the netghed ubstrate.. This.di pa{i%g results in an
cause destructive neutra%hzu% and _constructive (renforci l{he eﬁe ce 1n.the patterned
Intensity imbalance thattauses a placement error for photoresis

lifhatl e o (eciy @ didaphofotespbioferivel 208) (8n tHassamicondliotorewsifégature
284 RDEkRAVASAYIQDIHR RaYEMNdEtGHgPaNG R R ARG RY¥ S imit of

(such as the chrome Iaa/,er 2062 and biasing (i.e., thinning) of the chrome at
thgdens 106 itself. Accordingly, the phase-shifting photolithographic system 200 allows

features such as the photoresist feature 208 to be much smaller than a system not using phase
shifting.

In a single-trench alternating aperture PSM, the stray light that reflects from the
sidewalls of the trench will interfere with the normal incident light rays (such as the light
118). This interference will lower the intensity of the light (e.g., 180° phase light) exiting
from the trenches as compared to the light (e.g., 0° phase light) exiting from the light-
transmitting areas of the unetched substrate. This disparity results in an intensity imbalance
that causes a placement error for the photoresist features (such as the photoresist feature 208)
on the semiconductor wafer 110. One known solution is to have undercuts beneath the

chrome layer (such as the chrome layer 206) and biasing (i.e., thinning) of the chrome at the
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7 trench opening. However, undercuts can limit the minimum chrome size

due to the risk of chrome peeling, and biasing can reduce the chrome that

remains, thereby also contributing to the risk of chrome peeling. One prior

method for addressing some of these problems is the use of a sidewall 5
trepeboreziner nHENG Eperndescrin sk ISTNAMM NMST ARG &% [9oE reghir aigsof

cHRRD ﬁééﬂ?ga&f BIRGEFCUITING REGRYISEINMSER (GRITS, ARRASIEd A H®buting to
sidewalls of the trenches to eliminate the sidewall stray light. However, a

the EIBEREEL e complexity of another chrome layer deposition and
maskemakingr pretessior hisdirvahie somaryf dddiipralaamplitationrsofsaichiasall
the need for.a second mask-wuriti roCcess,t eed to deal with o
O R 3, B S R T much biasing
onppslication O aer S GAANluemsideiresiRefar g towalds PfEhe3raprhsifpigliminate
ashqu, thesfirst stag eraARk i the Jermalion REEA G iR GRRPAIMEBE Bfrome

the present invention, of an anti-reflective sidewall coated alternating PSM,
laygeHcposition ﬁ%‘ﬂo‘ﬂ?ﬁkﬂ‘%@%ﬁ@?ﬁ% AlhH SR SRaRY Alifigne! famepsrEnts:
swdibatrate hd<disessaentially nagkocesse poitees, thian derdhe depositioriofiidiging
chrome layer.206 thereqn. Referring now to.FIG. 4, thergjn,i own .the
P R RIS To A b e ohian e s R SRS RRYE,
for etBhfagitgenshyoind 6y Sr 208ciR afentinghdbe tHIF Gtase thdein ibsHoumation,

aé@@r&ﬁ%‘ GHuLg efbiEintt dolpwingRChing Rh(be BeHioRSiof e Ghreme/aYbated
algﬁg?ﬁij . 4) not masked by the mask 402 (FIG. 4), followed 20 by removal

G
kR A08U5h Rsatke tRBYEREIhiNG pOidns of the BhrSHY 18 o8t light-
trah@aeninsiidCirale REfEiingamallio Imifsodsibereieistshovst the supsitice aff the
ClllerOG.eEiJoellr%gn%gr%rmation thereon of a mask 602 to be used for etching
poﬂllong of the |gh?—?fansparent substrate 114. Referring now to FIG. 7,
thereRefsrghgvmwhéostiléstdralof G 6 iokawing stepivrg of 25 @ottiohie winghahe

dighAneRRERNI SURRIAIe 1L DR ATRIGSIAh DY NG RS 502 (e! G . 6) to

form the trenches 202 therein, followed by removal of the mask 602. )
RefefGHBR IHIGIE; thdreirit<SHOWR thressittiomary 61 #16 fo psiiswmighing of
tHdqResiioRf GiadhamitNaflective Eiatinm (tARKId ayerShdsthere oRIdN4o@llowed

g TaBedient, the ARG aver, 807 i 3 layer of dyamiym thatia deposited, for,
Bxample, Using a vapor deposition process 30 Referring rnow to .9,
inthdéeeim is shown the completed photomask 104, which is the structure of

FIG. R RIANING ARAREOH QRSN SIRWAT HREAR G AYEFRD 3. HRRANERIGAYon

thereon of a mask 602 to be used for etching portions of the light-transparent substrate 114.

Referring now to FIG. 7, therein is shown the structure of FIG. 6 following etching of
portions of the light-transparent substrate 114 not protected by the mask 602 (FIG. 6) to form
the trenches 202 therein, followed by removal of the mask 602.

Referring now to FIG. 8, therein is shown the structure of FIG. 7 following deposition
of an anti-reflective coating (“ARC”) layer 802 thereon. In one embodiment, the ARC layer
802 is a layer of chromium that is deposited, for example, using a vapor deposition process.

Referring now to FIG. 9, therein is shown the completed photomask 104, which is the
structure of FIG. 8 following an anisotropic dry etch of the ARC layer 802. Anisotropically
etching the ARC layer 802 removes only the ARC layer material that is on horizontal

surfaces of the trenched phase shift photomask 104, but not the ARC layer material that is on
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etching the ARC layer 802 removes only the ARC layer material that is on
horizontal surfaces of the trenched phase shift photomask 104, but not the
ARC layer material that is on 8 the vertical surfaces thereof. The anisotropic
etch thus removes the ARC layer 802 in the central portions of the trenches

theozdisal ifntfrs sethmsbportiemandfotrerisriienéhisd supeisahs Adifioliye2(W2 in the
cORBYGRAINR IRINIBLRTBOPSAL tharmheerma IByRIA06r InEreRYeRaleE 8N rate

exposin gt[these re%§ns without the need for additional masking. The trenches
regtns A RS Y Sl B BBRIBAP B itRS %t?%%&ﬁ@%dﬁ%‘ffa%@% RRvothectively
ek}ﬁ%&ﬁ]&ﬁebydgeﬁm vagiotie thtonae di ghit-ithinsmis shekshate ThiowentdestP@2 and the
aniso rop |c etch s allow er 80 e Fl to,remain
o G PR S e N e T B e A o
ligyrtiongmassittees@rome layer 206. As a result, the ARC layer 802 is able to

activelycaneelirRny @y i@@ﬁcﬂ%?@fl&‘é@éﬂ%9"!&@@’1%?&%‘@%@@?1@“6) to remain
sidewalls 902 and 904, tﬁereby improving the mteg)sﬂg balance for the
&b

op it pislguel Qﬁﬁ%&in&ﬁ?&“ﬁheﬂ@% HrhEE gty b ErapRBg RyyHens of

tl(ceogroﬁikeliﬁz@ Hraseslighiuthahd ARENByEeE ik raug b aotirespoadifiany stray light
ight-tr S| |SS|ve lons of the k gler now 1o FIG,
e R D AR sy

bineersiiyr 1G0R00f Rhespshtbeddeligi: az@m&%eﬂmﬂ@tﬁt@dl@mmyl@@fem@fted light

(eogot@m%& 194 @S bRyt AN TRE MIBNSIYC6spl e PABMEdNSEive

120, as shown by the curve of the light intensity 1002, correlates with the
P%ﬁ%?féﬁﬁ@?ﬂ&&%?ﬁéﬁ?‘br distance ("D") of the several corresponding
light-Raftsrigsive ﬂﬂﬂlﬂnﬂ)ofﬁheltf&}ﬂﬂhﬁﬁlZGZgﬁﬂﬁ\theebgh&ntﬁﬂﬁﬁrIﬂ)QSI\depicting

¢Rartions of the un aubstc[?t%l{ %e ipns 204. As confirmed by h'sthomask

p%c |161rtlent?1lte‘/var|ous respective Iit I| nsi yerlnrIélr>r<lier§lll<'§11 are suﬁ/sf)

leqemlt s thbroiiemthibeheteamount Obﬁglkﬁp@ﬁqh@dugghndt?éhgﬂthn by the curve
o{SHQSIPgm'%MB%W E%Q%Bst%@m?ésos%mﬁgﬂd%@a&'eﬁlaﬂ%ﬁ%n@ﬁﬁmﬁ@% ) of

regions of the photomask 104. Intensity imbalances between the alternating
(N5 eNOREH SHACOPRRSE B e STB S pBtHTask 154 FragRCthePercry gBericht
trefisniiaited pBEuZﬁIme@lmmaﬁmmhéhemamayrmba&aaoes a&ceaﬂm&maﬁ/ this

mbodi entofthe entlnven n, is afforded by the AR Ia er8
O R 0 SR P LB A Jrihons

thariwinmgupd rtfdr@bﬂh@echgbmetMY ZSGHHS@stpﬂévémsamd dmdmh lfgtrphase-
st(ﬁtgd Jghharising FRmeg TeHeGlosR MR fhe H%@%&Bﬁ%@%tween

% enting or diminishing the light that exits from the trenches. (Such
they JHppHEE ”wkg:d and untrenched areas of the photomask 104 have therefore been

eliminated.

The elimination of the intensity imbalances, according to an embodiment of the
present invention, is afforded by the ARC layer 802 on the sidewalls 902 of the trenches 202
and on the sidewalls 904 of the remaining portions of the chrome layer 206. This prevents
additional light (e.g., light arising from internal reflections) within the photomask 104 from
augmenting or diminishing the light that exits from the trenches. (Such “additional” light is
light that is other than and in addition to the normal, direct incident light from the
illumination source 102.) Otherwise, such additional light will cause an intensity imbalance
between the light from the trenched areas and the light from the untrenched areas (i.e.,

between the phase-shifted light and the non-phase-shifted light). Instead, the ARC layer 802
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30 light that is other than and in addition to the normal, direct incident light
from the illumination source 102.) Otherwise, such additional light will cause
an intensity imbalance between the light from the trenched areas and the
light from the untrenched areas (i.e., between the phase-shifted light and the

ondhepitgsalbniedligietfrandiend) IHsaRCskyeitB0dizhice thet shdewhireosry of
iRl 110 BENEhES rAZRRSATRS SHENFURY diaRhsOihalthR RehieRRINOh dRfitted

light being emitted from a unit area of the trenches 202 is the same as that
frgB 49 erptteduHbiandpBRenehit AP BRI GRtrelthed substrate regions
204. Advaniagesusiihethe: e sendntive alinimelsninaesntensiycenbalanaes: the
formi e 5 layer 802 on all of the sidewalls .of the. light-emittin
A o YRR 1 B R S 80 TR oo
insbidinaslsf skieehie et al shoosnankog, neytiedatinghalFsidewikeridbludieth&y

C&QngéiiSs%QéonsEhﬁcﬁﬁm?gﬁm RRAANS st @Er%ﬁinlﬁﬁeﬁ(ggélst%? the chrome
presence of the ARC z%ger 802 at the edges of each of these Iﬁ%{-emitting
[

| . .
layesidhS, BetRresAthal BRdRtrEren8d? ahiaisded e thebisndighiemitting
rdfiere0hosio filkatibe 4l tiansveise exiemisrafitwestdight@nridischepeningshat the
remain equal, Intensity imhalances therebetween and thereamong are
e M obatances
therskpraresivendibdrpigioyeaffe diivebseluntoged.and methods that eliminate stray

!ig ht ffﬁﬂ%,_th‘ﬁ'es'ﬁ@é@ﬁ”%%ﬁh%ﬂr ﬂﬁ*ﬂ&’e%, ?&ﬁci&tp%ﬁ%éﬁgiagvma&%m t_@ﬁective
invention is that the ARC layer 802 is formed and retained on 15 both sides

s iR e Ao HIBiBYRALE shpgtighhlfamobe sty diesbictsniiessRe A
phayara8@avanthethiside snotihenemaining pRoagcofereicHome layerabed on

therepy eliminates the need to bias up either the light-transmitting are
R Pt A R TR L TR RS AR e
8pgiorkothC4ddesing ehb otmlighngraersimistivigtiopenions laaseiethseae dipeinates the

n&laGo HAVABBARIYRM S MeRANT HD IS WRr k ARRASIR RE RETIOHMEH M #Gh g

S|Z|nog up the openings of either the light-transmitting areas of the trenches

arsg® o R AHEChEd AUNAHRS g s RSOt eibrih S BLEnsRY LS ARGTERS DoYeithe
sanatepdiiassizas ok ihenaihelshaemRGelayah802tmayoadvasiageougyrkemed in
sionmed of a@rﬁgﬁo late materialy other, tham chromium,, Such a8, BIHNOL we tight-
im eg to, oy]b enum, aluminum, aluminum oxiae, go?d, silicon, silicon £
traxymnitriciestesilvé thaiokeinchedystbsiraanct ghais 2Moysraaichshicidess oashwethers

25 cofpouRds And/gsCampinatans Meisde thsenaiee il derenth fdher

upon the particular combination that is needed of film refractive index,
RAFHEABY B SHE @t PH @ ATRIEH G B YRETIR I iFETEAN S HEB AR oxide, gold,
sisigfficisintynhighnselesti ilyde thekenaskstdastmiatviatarisk (eng silicides, as well as

compounds and/or combinations thereof. The choice will depend, in part, upon the particular
combination that is needed of film refractive index, extinction coefficient, the wavelength of
the illumination source, and sufficiently high selectivity to the mask substrate material (e.g.,
quartz) during the etching process. As a general rule, the higher the extinction coefficient,
the thinner the absorbing film needs to be.

Referring now to FIG. 11, therein is shown a flow chart of a method 1100 for
fabricating a phase shift mask in accordance with an embodiment of the present invention.
The method 1100 includes forming a trenched phase shift mask having portions of a light-

blocking layer thereon in a block 1102; forming a layer of anti-reflective material on the
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quartz) during the etching process. As a general rule, the higher the
extinction coefficient, the thinner the absorbing film needs to be. 30 Referring
now to FIG. 11, therein is shown a flow chart of a method 1100 for

fabricating a phase shift mask in accordance with an embodiment of the

trpnekeshphinse Alidnmark anddb a@r1ivoo oh dhadishtdiasiigealasenehed ok dd Ghifnd

réﬁ%lﬁ@%Yé%@%ﬂ@&ﬁz@hﬁuﬂéﬁ@f'oﬁ|H%%t£ﬁ)§ﬁffﬂ8@§%@"t‘h@tﬁn@ﬁ’&i&%@e’—éhift mask
forming a layer of anti-reflective material on the 10 trenched phase shift

ap ALk R DO LB el BtidAdlasfer 1% block 1104; and
remolingatheanti-istective mateniad oprdeizontahsernfaces afeetienchedtages.
hase shift mask and of the parti of the light-blocking, layer in a.block
R s BT Rt 10 P oo AL Tl SRRy ye
ingdpelizsgl’s. cHNPRE palsnsip rovieidanectre heednP S nabiehesdizdh digppzadtusd
Jhahaftactivaly et ipexpensively eliminate intensity imbalances between the
alternating trenched and untrenched areas of the mask. Another advantage

is thaf RYBSIAYAOATS {feRhdd S bk SEI TR Fh AT trEHEHERS Danepe trenched
atuhinercibel light-transiiineepeningsthat ta botie oftfesisame size. 10 In

one embodiment,. yet another advantage is that chrome layer on the

st T A SRS s R Y B Ry
haditherizghtgbrseed RS- Birst op bhih sidgeekred, [ibdrelap elimgatinghiis niedsete bias
upaRAiRcRYEIgthadhgdsenched PSM method and apparatus of the

present invention furnish important and heretofore unknown and unavailable

solutibhe: H5has Banitissoumetn bR dratahad¥s oo faBRtbHir the
preasksardidnaskrmakingperoeessels hikefaesulim@pracessamandable solutions,
configurations are straightforward, econgmical, uncomplicated, highly . . .

o B RS o mine
pragdssae thlisereetdinguitend desesmanlfetigingtianti-reflesctivehitenell coeneuical,

uéétﬁﬁﬂﬁyﬁgdphﬁ‘glﬁﬁmé}&ﬁékénﬁ' @fmﬂ'@,erc%at)és MM@ %hada ting known
conventional manufacturlré%‘ﬂzo_processes and technologies. While It)he

SRR has hE s SEABY THEEnjomEEH drith A s pRifd pastnistie H isottsd

alkenandg sieedifanmanyhaliearatives: moslifieaiians,dndianiatiensiaibtieturing

p%%ggree% te(t; 0S Oskllled in the art in light of the aforegoing description.

cordingly, it'is iftended to embrace all such alternatives, modifications,
and Vit dis inieigiofaliapitbin doecsbopm obthedBineitiedpekafmdei|mode, it is

TGRS R s TQthRerEin AbReNHAR Tk aCCAMPRWIl%e apparent to
those skilled in the art in light of the aforegoing description. Accordingly, it is intended to
embrace all such alternatives, modifications, and variations which fall within the scope of the
included claims. All matters hithertofore set forth herein or shown in the accompanying

drawings are to be interpreted in an illustrative and non-limiting sense.
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drawings are to be interpreted in an illustrative and non-limiting sense. 11
THE INVENTION CLAIMED IS: 1. A method for fabricating a phase shift
mask, comprising: forming a trenched phase shift mask having portions of a
light-blocking layer thereon; forming a layer of anti-reflective material on the
THEADREENHESE Shil MBI ENd the 5 portions of the light-blocking layer; and
removing the antj-reflective. material on horizontal surfaces of the trenched
phasé shift %‘lﬁ%‘i@%‘% %‘E?l{ﬂ%a%%ﬁdﬁ?s&f éﬂ‘&ﬁ -BIYERINY ayer. 2. The
methéatroinglainedchel gteise khifhingska Hneinghedtphasé shghtrhiskihaling thereon;
porti ight-blocki . C ' formij
o T o RS L P e
claim 1 wheteiiosr il Heklyeledfinninyenastve material on the trenched
phase.ahi{t fpask And-dhecrostipns el thenlghtdeckingdayemiunhRncoprasisastt

using a vapor deposition process to depgsit a layer of chromium thereon. 4.

The method BF &iith P WrdtaiePEntb iR S sAECAK NS I8¥E Ve material on 15
horizgntal suyfaces, of.th nc hase shift mask and the portians of the .
ight Blockiny e i Ao e il A o Al B
peitigrefdctivechidrenking laistothergurtisibah spaatrifethEouBgaPpsitiossremium
rdbed{enchesardnghacantialnprtions of the untrenched substrate regions
between the portions of the light-blocking layer. 5. The method of claim 1
whergin theTartrrafledtvfe iatdriahéndh desmmmateyial o hsealgbiedl framterial on
chramiu olybdenum, aluminum..alumj 0X| old, silic llicon .
L O P o 0 B Ml oo
ugpenbHIReH dhRYEHEN argeasdotipatio YRepéshrgninmdgserifor fabricating a
phase shift mask, comprising: forming a trenched phase shift mask having
portichs of a RYHEBISSkitlg T2Y8r thasHn 28 BYY B WGy S RERE SN SR EH: on
hstihstrateydeposifitg artigliiedlphlkiagHeayetaok ihe tighpdranspaiehnd sighstiat&ing

forming a first mask on the light-blocking layer for. etching the light-blackin
P R IO e f SRR AR ATK Ao

peijeons thereof in the central portions of the trenches and in the central portions of the

untrenched substrate regions between the portions of the light-blocking layer.

5. The method of claim 1 wherein the anti-reflective material includes a material
selected from chromium, molybdenum, aluminum, aluminum oxide, gold, silicon, silicon
oxynitrides, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,

and a combination thereof.

6. A method for fabricating a phase shift mask, comprising:
forming a trenched phase shift mask having portions of a light-blocking layer thereon
by:
providing a light-transparent substrate;
depositing a light-blocking layer on the light-transparent substrate;
forming a first mask on the light-blocking layer for etching the light-blocking
layer;
etching the light-blocking layer not masked by the first mask to form the
portions of the light-blocking layer;

removing the first mask;
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portions of the light-blocking layer; removing the first mask; 12 forming a
second mask on at least portions of the light-transparent substrate and the
light-blocking layer for etching portions of the light- transparent substrate;
etching the light-transparent substrate not protected by the second mask to 5
form trenché&yinithe genadanairaearit dedssrareormef iémbeivdgrahepasabpebstrate

mask; forming a laygr efanfirefiective:maleralen dpailienshedmhaseshiffight-
mask and the portions of the light-blocking layer; and removing the
anti-reflective matERXPAFFHoNISHE: surfaces only of the trenched phase 10
shift mask aschiiethie: porticnamefdieatlighkidackingpi@yetdaubn ohdresoonarticak to

surfaces thereof. %bglger&%tholg { fE ?_{g]iil?@ where{'rg fgsrt%relg a dtrenched phase

shift mask having portions of a light cﬁlrllsd)?%}ler ereon further comprises
forming opagoevhechsiserorégions on the trenched phase shift mask. 15 8.

The mgihed ofigrinGwhareR i pingAlavenofRntrafiaeivemaiaial 8 the
the trenched phase shift mask and the portions of the light-blocking layer

further compPiieas g5ihg Lehhploriap difbABtocess to deposit a layer of
chrorpitisvthe teo i@ refleetdnethoetiaf elaintitondhies@ifadeoling ttkarenched phase

anti-reflective.material an rizontal surfaces anly of.the trenched phase shift
ek and (b BT o TR PR SRl
surfaces there@tfattiveraomprises anisotropically etching the layer of

anti-reflective material to remove portions thereof in the central portions of
the tlencheSarBetiafceAtratpBhEIR BriNaLAtERdEPAtssthiteTatidKying

pbeinieast theiphrbongi theeliohthliackittiayempieutaddionghqaskingnium
10. The [%%Eho of claim @1 herq{in the anti-reflective material includes a

regions o rencne S€ SN1If mask. . .

aPerla sefec rom chromium, molybdenum, aluminum, aluminum

oxideg gold, §iliGaBnsHicPRPYEHIRESH $U¥SIn i&'fegjelt%@gﬁtﬁ%ﬂ%@tﬁg%aterial on

thereof, a silicide thereof, a compound thereot, and a combination thereof.
thetrenahied baskiphilFERS I ARAIASIRYIAT & dhe b givRies g IAYSE KURhgH Ry mprises
ufiastions 6f @& pehid peking RYRPIIREEBRNET of chromium thereon.

9. The method of claim 6 wherein removing the anti-reflective material on
horizontal surfaces only of the trenched phase shift mask and the portions of the light-
blocking layer but not from vertical surfaces thereof further comprises anisotropically etching
the layer of anti-reflective material to remove portions thereof in the central portions of the
trenches and in the central portions of the untrenched substrate regions between the portions

of the light-blocking layer without additional masking.

10. The method of claim 6 wherein the anti-reflective material includes a material
selected from chromium, molybdenum, aluminum, aluminum oxide, gold, silicon, silicon
oxynitrides, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,

and a combination thereof.

11. A phase shift mask, comprising:
a trenched phase shift mask having portions of a light-blocking layer thereon;
a layer of anti-reflective material on the trenched phase shift mask and the portions of

the light-blocking layer; and
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30 a layer of anti-reflective material on the trenched phase shift mask and the
portions of the light-blocking layer; and 13 anti-reflective material on vertical
surfaces of the trenched phase shift mask and of the portions of the
light-blocking layer. 12. The mask of claim 11 wherein the trenched phase

shift mabkeAesing podithon otditigubisekipighayenehedabastuitie mesnapd s she

opaque chrgg{ii QgiRNSRNLIBERNGRed S phase shift mask. 13. The mask
of claim 11 wherein the layer of anti-reflective material on the trenched

phasexshift Maskakdthaportiondotihedighidieckingdayet fuitharaeomprisass

r.of vapoyr-deppsited chromium thereon. 14, The mask of claim, 1
o e VS e Pl e
phisasbifhiftskhask and the portions of the light-blocking layer further comprises

a layer of anti-reflective material anisotrog;‘?ally etched to remove portions

therebtin thE a1 PorkidRs & HE e Bie YA L indHE e BRtHEpBAITIH g the
trihehdotphach edswhskaiedregigosidsteean thenpoiditng afibe fightbloakinges a
lalIaé{reorf V15. T e rrgﬁsg q{rgrll%iﬁn Jf&e}/gggrein the anti-reflective material includes a

Material 15 selected trom éﬂromlum, molybdenum, aluminum, aluminum

oxide; gold, SillGARSHCIRnP XY HHIIES, (REVRE- RIGKSI LUNGRIEA. AN AURY surfaces

thereof, a silicide thereof, a compound thereof, and a combination thereof.
of e AR R PSR AT ISTRRH e AL Bhalacktf InNas kR mPrises
apeytoos aftarigbdthioekingiihyarstheyaoniiosmra 20 byiopeopididgsathereof in the

light-transparent substrate; depqgsiting a Jight-blocking layer on the .
T e S e oo e PO o e R s s
betteringhtheoligrhts fodkihghtdyeakis leyehing the light-blocking layer not

masked by the first mask to form the portions of the light-blocking layer;

remolihg thEbfrakadic fdpmihgvhcsda dhe ek 6 AIXE IR b iokd o meaterial
sdight-drénsp atesnsuhsiraigbanaih el ighinbieckingilayer Jodeteiag preinnsi@fon

O)t(r}]/giglrgcpets_, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,

and a combination thereof.

16. A phase shift mask, comprising:
a trenched phase shift mask having portions of a light-blocking layer thereon formed
by:
providing a light-transparent substrate;
depositing a light-blocking layer on the light-transparent substrate;
forming a first mask on the light-blocking layer for etching the light-blocking
layer;
etching the light-blocking layer not masked by the first mask to form the
portions of the light-blocking layer;
removing the first mask;
forming a second mask on at least portions of the light-transparent substrate
and the light-blocking layer for etching portions of the light-
transparent substrate;
etching the light-transparent substrate not protected by the second mask to

form trenches in the light-transparent substrate; and
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30 transparent substrate; etching the light-transparent substrate not protected
by the second mask to form trenches in the light-transparent substrate; and
14 removing the second mask; a layer of anti-reflective material on the
trenched phase shift mask and the portions of the light-blocking layer; and
anti-reflectivenmsiegidicsaopadtivasisurfaces only of the trenched phase shift

mask.argkr LI PREIIM TS H9hidierkiRg YS! Pt RRkRANAAHEZ PBFRbns of

surfaces thereof. 17. The mask of claim 16 wherein the trenched phase shift
mask havin*pSFGRY S iESBLKing layer thereon further comprises
opaqustichftstisieniggitn S Retfiealranchesd oplyasatshift maskpiBel &iff heask and
mask of claim 16 wherein the layer of anti-reflective material on the trenched
phase shift etk SRS Sorhien e R IO Her o i e
a layer of véptaetieposited chromium thereon. 19. The mask of claim 16
wherein the anti-reflective material on vertical surfaces only of the trenched

phaséshift AfEsRER Pt T ALISBEhE gt et aIap8 BirhbrgRe pgrtions
ohotighntadSuntaesriivereaf furiieconpidsepaalayarohiantirgibacivainateiatd

Emis trgpic lly etched to remove portions thereof in the central portions of the
ase spirtmas

renches and'in the central portions of the untrenched substrate regions

betwggn therportions &f thediohs-RiRskinayayeseWihaut adeitigRalmaskings the

20. The mask of claim 16 wherein the anti-reflective material includesa
URRsheAANTE sBidcRadhBKh LB, fhdRrbbeMtiec Rt uaiFhirRiRRrises
l9xidd,vgpla,dsiicard shicomuaxysitides, silver, nickel, tungsten, an alloy

thereof, a silicide thereof, a compound thereof, and a combination thereof.

21. Alfethdhohfadbricatingnal® integraxdet eirtuitibotnerisireriappowdingphsnrfaces
offeg et GIFRL SRSURTR neR AN MG FolighHSanailtiveHayRBRdME er but not on

integrated circuit substrate; providing a phase shift mask further comprising:
horigemahatiprra etk HHASK IPRAE DAL bR G REDISE It Tia) anitqERedily
e@layes efmoitiaflactiveharaseriakiondhitriigrehed phase shitheiask andnhtheentral

portions of the untrenched substrate regions between the portions of the light-blocking layer
without additional masking.

20. The mask of claim 16 wherein the anti-reflective material includes a material
selected from chromium, molybdenum, aluminum, aluminum oxide, gold, silicon, silicon
oxynitrides, silver, nickel, tungsten, an alloy thereof, a silicide thereof, a compound thereof,
and a combination thereof.

21. A method of fabricating an integrated circuit comprising:

providing an integrated circuit substrate;

forming a light sensitive layer on the integrated circuit substrate;

providing a phase shift mask further comprising:

a trenched phase shift mask having portions of a light-blocking layer thereon;

a layer of anti-reflective material on the trenched phase shift mask and the
portions of the light-blocking layer; and

anti-reflective material on vertical surfaces of the trenched phase shift mask

and of the portions of the light-blocking layer;
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portions of the light-blocking layer; and 30 anti-reflective material on vertical
surfaces of the trenched phase shift mask and of the portions of the
light-blocking layer; 15 using the phase shift mask to form a plurality of
patterns on the light sensitive layer; and processing the semiconductor wafer
to forwingtéigratasecihéitimathicretommp piprdim efHodwhe ki iighhegwsit thdayer;
trenched phgge shift mask having 5 portions of a light-blocking layer thereon
further comprises opaque chromium regions on the trenched phase shift
maskP S A SRR ST PABH RSN AT T rsB Htsa &ir i e B Eising:
providing a shicaneviatefalminRa phieieresist areibresiligeRewsddier; thisk having

pBieMd &gﬁigﬂ.ab%% RIUTt mask urther comprising: & trenche phase St Maskhe
aving portions o aﬂéht-b ocking layer theregn; a P:Ey F of anti-reflective
trengher ahese theftrexidhed phase shift mask and the portions of the

light-blocking Javghaand.sRtiarellestive matarialan Mﬁf&tﬁﬁbﬁﬁﬁgﬁes of the
trenched phase shift mask 15 and of the portions of the light-blocking layer;
expodiy eSS PAIALES radiation through the phase shift mask to form
pattermong thehpbeataresistasidcpnoessing the silicon wafer to form
integrated circuitﬁ theESRn. 24..The methodiof claim 23 wherein the trenched

phasgrgﬁllfltnllﬁés[f( ﬁse?vslng I%Slf)g? fo%rscg grﬁsgﬁ%-:blocking layer thereon further

comprises @petoked prondishifregibis ungthertivanehet ghbbeighiftlaestheno®n;
a layer of anti-reflective material on the trenched phase shift mask and the
portions of the light-blocking layer; and
anti-reflective material on vertical surfaces of the trenched phase shift mask
and of the portions of the light-blocking layer;
exposing the photoresist to radiation through the phase shift mask to form patterns on
the photoresist; and
processing the silicon wafer to form integrated circuits thereon.
24. The method of claim 23 wherein the trenched phase shift mask having
portions of a light-blocking layer thereon further comprises opaque chromium regions on the

trenched phase shift mask.
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