05 FEBRUARY 2007 Enbedded Etch Stop for Phase Shift Masks QQ? Ekgng& se
Shift Masks to Reduce Topography | nduced and Wave Qui de Eff EBREA ND
OF THE INVENTION 1. Field of the Invention [00011 The present invention
relates to phase shift masks for |ithographic projection apparatus, nethods
of manufacturing phase shift masks, and devices manufactured with phase.
shi ft masKankedded &itelyStap foin @hiase/Shift Masks2and Blanar PhaserShift Maskstel Rédaate Ar t

[ 00021 The term "patterping device'! as here enpl oyed shoul d be broadly
interpreted as referri ﬂ'@p gf“ﬂéi?&%‘é“‘ieaé‘t“%c‘g’ﬁvgguﬁi"eﬁfffﬁsendow an i nconi ng
radi ation beamwith a patterned cross-section, corresponding to a pattern

that is to be created in a target portion of the substrate. The term "l i ght
val ve" can al so be used i BAGKGROUNEXOF THENNVMENTIONhe pattern will

correspond to @ Parti CE| ar.functional |ayer in a device being created in the
target porti oRE S ntegrated circuit or other device (see bel ow).

An exanpl g, t BRELES e D46 Vi ' ithb : a mask is

wel | knomﬁ (ﬁ];l ’FI t Sgern agﬁyfﬁgngg tS 8}5?1%?Shfeﬂslﬁan%gz&tlilge@ag@g%ﬁg%a@%nary,

al t er nat i qypapnas methodf bf manafacttitisg pistse shifthasks, sind fdeyicesmanethétured wigi | ous

hybrid mask types. Placenent of such a mask in the radiati on beam causes
sel ect i vePhasaplifimaskeaccording todhe HWentdn. 3 transni ssive nmask) or reflection

(in the case O%e&ri P@L%QR%@%&K) of the radiation inpinging on the nask,
according to t sk. In the case of a nmask, the support

st ruct ur ejowdz| | Tigetean &batieriag devieskasthekd eenplodddahouldtebresdly adrptdial mask can
be held at a desired position in the incomng radiation beam and that it

can be nmosdaferingioidgice hat pan brusedite erdovyarsinfemningiradiotian herse Hath 2exanpl e of a
patt erni ”garérérg:[‘éh?c?os'sgagieogl; g%feggsgjcfrﬁgitgg pa@n B8 10 beq}g?tgchr?gpalr et 8;;)8?0“ Cgy an

array is rix a aving a Vi Scoe 1c C ayer

and a refihegtbsnates MHeacren “Iighe valaeT canpildortel yskd iPBly dddtexti henral 3Pl patted | S
that, for exanple, addressed areas of the reflective surface reflect
i nci dent Wilbgrrregsong; tp farpgeticadar [fungtional Uper dpa devigraingeereatgd in bigdargesf | ect

undi 111 acksoRf M5 s P e bt B 36 BIPSEPAN Usliuble drShioh g "on

the diffrggteadng 1696 isReRsRAThd dbntépt Hf FRBIRE s wélDBnd@RiA mgngﬁy, Rpad ieer ned
according to the addressing pattern of the matrix addressable surface. An

al t er nat i Weludpisaskwpes sueh as binaigr alfereasing phasershifi, and eignusaigsl rhase shifiaasr i x

arrange mD‘v%ll 8; vgriorﬁx h}ryTE.)rridr sk tysgsc l@la%gm%i O%Qu&\afmggk in the radiation beam causes
selective transmission (in the case of a transmissive mask) or reflection (in the case of a
reflective mask) of the radiation impinging on the mask, according to the pattern on the
mask. In the case of a mask, the support structure will generally be a mask table, which 4
ensures that the mask can be held at a desired position in the incoming radiation beam, and
thaf‘ it can be moved relative to the beam if so desired.
[0003] Another example of a patterning device is a programmable mirror array. One
example of such an array is a matrix addressable surface having a viscoelastic control layer
and a reflective surface. The basic princiﬁle behind such an apparatus is that, for example,
addressed areas of the reflective surface reflect incident light as diffracted light, whereas
unaddressed areas reflect incident light as undiffracted light. Using an appropriate filter,
the undiffracted light can be filtered out of the reflected beam, leaving only the diffracted
light behind. In this manner, the beam becomes patterned according to the addressing
pattern of the matrix addressable surface. An alternative embodiment of a programmable

mirror array employs a matrix arrangement of tiny mirrors, each of which can be
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| 05 FEBRUARY 2007 individually tilted about an axis by appbingRﬁ%ﬁybb@ple
| ocalized electric field, or by enploying piezoelectric actuators. ce
again, the mrrors are matrix addressable, such that addressed mirrors wll
reflect an incomng radiation beamin a different direction to unaddressed
mrrors. In this manner, the reflected beamis patterned according to the
addr essi ngingpidRI tidtkd hbsut ARakisbyapplyRpsahitablelsdafidt elddifc FieRUbF B matri x
addressing can be performed using suitable electronics. In both of the

si t uat i onserploping piaroplestriabetiators. Hanceggeinethainityorsers atrbwnaddeessghle.suclone or

rot or Fed « Borappatmintins Faf PG nCorring iR AP bRy EBEET
5,296, 891 aiddRsadnik bk, NEhs B bld 16T Sealls Y 3n8PRL oAl Wone 98/ 33096,

In the case of a programmable mirror array, the support structure may be
enbodi ed asddsesbingpatiemn of did matrikxaddesgsabls reirronhi The reqyirdsemairixeddwessing eabl e as

LCD ar  ay. boperREmE o st Hes ot 7 Babiob s S agnens derontid hafeapRecite
5,229, 872. pARrAROUSicd B RHPRRE bne S thbRipibRatmabl} MirfR 8fayMBR embodi ed as

a frame or table; for exanple, which may be fixed or novable as required.
100051 For informatise on afirrei aqpdyis@s here refeed tsdandke stéri, fortexamphe fromatnitet t ai n

tabi e, rousEs il Ugeher ko brad b and B dGubtesiss O Reks M ase §8.IG
orth L0000 L R an o B R g S e P 8 arpi e, i
t he manuf aehbediedids a frame gr bk fariexampleswhickajay Herfixed oh novablsas réduired.

patterning device nay generate a circuit pattern corresponding to an

i ndi vi dual 0004} efAngthet W@mp% ofﬁﬁmaafiemlgg femiveds p RragrapEnablabel) BFYoAR  tar get
portion (e R Or - di L 1 fer)
Phat has  BempigBPRLRatBnRRRph i NG, SIS pRtnfs XREH Adbolo FaRoR ST ).
| n gener al stnactwe hgihds cuaé ey buielbodied baa framewin tdbde, et examiple) which maghé t ar get
portions that are successively irradiated via the projection system one at
a tine. Inﬁé?}’r?féﬁ?vag’ﬁf‘pﬁrfﬁﬂ‘%ﬁd-errpl oying patterning by a mask on a nask

tabl e, a digtd NEt. : L.f.f e : appar at us.
R e e D e e e

i rradi at edsgeyifRxibpdiray itsdl€to exatrpled iAKinganiask And ffask tabke. tldweler,abe t i on at
once. Such an apparatus is commonly referred to as_a wafer stepper. In an
al t er nat i veengpp ariaeinles dissussed iysuch finstansep sheulddezseen mihe broader context of the

patterning device as hereabove set forth.

[0006] Lithographic projection apparatus can be used, for example, in the manufacture of
integrated circuits (ICs). In such a case, the patterning device may generate a circuit
pattern corresponding to an individual layer of the IC, and this pattern can be imaged onto a
target portion (e.g. comprising one or more dies) on a substrate (silicon wafer) that has
been coated with a layer of radiation sensitive material (resist). In general, a single wafer
will contain a whole network of adjacent target portions that are successively irradiated via
the projection system, one at a time. In current apparatus, employing patterning by a mask
on a mask table, a distinction can be made between two different types of apparatus. In one
type of lithographic projection apparatus, each target portion is irradiated by exposing the
entire mask pattern onto the target portion at once. Such an apparatus is commonly
referred to as a wafer stepper. In an alternative apparatus, commonly referred to as a step
and scan apparatus, each target portion is irradiated by progressively scanning the mask

pattern under the projection beam in a given reference direction (the "scanning" direction)
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and scan apparatus, each target portion is irradiated by prO&ﬁ§§k¥§k¥2007
scanning the mask pattern under the projection beamin a given rererence
direction (the "scanning" direction) 2 05 FEBRUARY 2007 while synchronously
scanning the substrate table parallel or anti-parallel to this direction.
Since, in general, the projection systemw || have a magnification factor M

(general | YfijcldmehrbAfyshPRathiN: fe Bl DR patie! S8 -g2flictd ichpRfies W !

be a factor t at I ch e nms e 1S ‘'scanned.
i nf or mat i Binew, irhgenegdrtbe pojdctibh eygtanp ikt haled megnifisatioarfactodels@endralty cdp be

seen, for exanpl fram U. S. Patent 6,046,792  [0007] |ln a known

manuf act urthégpese Sicgs“éh‘&‘% T&!ﬁé“%sqafec ablgAnspaneed vl ke 'aﬁf]ﬁr %B’é’teéﬂl% at whichat t er n
(e.g. in ' -'E@EQS : ] te i heesdviRant hak! v
covered b)a/thgﬁﬁg%tea:o & 1(ls) ra%’%?%ﬁ-ﬁggg%ﬁr{%ﬁ%?@rtfé@%@s| st .l&gra ig ggljeto this
I magi ng, tdeecribedshu bé ecenfor exairplgofrom di.8 oRerpi6id6y92es, such as prim ng,
resist coating and a soft hake, After exposure, the substrate nay be

subj ect ed PW7btlRskngpgBwasiunng pracess using s ithographic preyesligneanppragys, a

devel opne r | t i f res.
This arra gf: fh (E%nge%’ﬁéggq%‘%%gggﬂ%?%ﬁ%%?gﬂf% a;t)gé?ftgaﬁtﬂgﬁ %@%}%gﬁ#wer
of a devi aff radiatfon-ehsitiCe nfattial Gresistit P6me thik augiinglale substiatt AT Gdensdr | OUS
processes such as etching, ion inplantation (doping), netallization,

oxi dat i on,vagiRbsBrogeditiess Fechl as PiMiBgregist ceating ang|a softhakedlgeriesposure. dhe  of f an

I ndi vi dual r. .| ver | ayers are required hen th rocedure,
or ' var | S Eh mek by SRIFRRY o S el @l S A6 post UERa Rl RBRE O

i mpor t ant deQelopmiehts a hbritbakb @nd MéadurétiterltfinbpbaioRftiheditaged fdabifes/ Thismyofacked
| ayers is as accurate as possible. For this hgur pose, a snmall reference nmark
i s provi dertoeaduensds usediappdagipta patismarindividuallayerof adevise, eigfandCa§uethe or i gi n
of a coordi%ate %§§ten1 n R€$ ¥aan. &Big o%tica% nd electﬁoq%g devi ces
in conbi ndt sred T PRE TEROEET R S B IR PP P SR JP TR ed t o

her ei naf t qopifig), nitdlHHIRRAL 0:8d&ioRNEhemd-MkshaiRakpdlRRingN&D., B intehdedab adisaach
time a new | ayer has to be juxtaposed on an existing layer, and can be used
as an al i goffremindiadenl dayee If venat lagiers yre raquiresly they thef whide prasedwsie] ¢r doearianesent
on the substrate. fer). The evi ces gre then separated from,one another
by & t echrinEfiah SR RS ie PR Ea OC T AEY TREES IERETRNAT SPOEaIPAbLs cou can
be mount ed,\@Raf(j6RapbBHion) 0P IRAGHSHs §tckRH Myersal &s adchfatd\ &M pdsBbR! PBL thi
regardi ng such® "processes can be obtained, for exanple, fromthe book

"M cr ochi pufpdsei zstalbreferénd@rmarkiis piovided iatienet ar n8gaipositionscerothe Praferethaisng” |,

g[]br?fiog g;%%%@ngb%e greltgi%rof\é%gorzd?ﬁgté syl\s/t‘:e(r?lr gx\ll\lthlé“vlfalfer. %js?xllgl (?pq{cglgan%‘oéléctrlo%%z | SBN
devices in combination with the substrate holder positioning device (referred to hereinafter
as “alignment system”), this mark can then be relocated each time a new layer has to be
juxtaposed on an existing layer, and can be used as an alignment reference. Eventually, an
array of devices will be present on the substrate (wafer). These devices are then separated
from one another by a technique such as dicing or sawing, whence the individual devices
can be mounted on a carrier, connected to pins, etc. Further information regarding such
processes can be obtained, for example, from the book "Microchip Fabrication: A Practical
Guide to Semiconductor Processing", Third Edition, by Peter van Zant, McGraw Hill
Publishing Co., 1997, ISBN 0-07-067250-4.
[0008] For the sake of simplicity, the projection system may hereinafter be referred
to as the "lens." However, this term should be broadly interpreted as encompassing various
types of projection system, including refractive optics, reflective optics, and catadioptric

systems, for example. The radiation system may also include components operating
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[ 0008] For the sake of sinplicity, the projection system may ' e
referred to as the "lens." However, this term should be broa%?@lé:ﬁ%?gi}%?g?zd

as encomnpassi ng various types of projection system including refractive
optics, reflective optics, and catadioptric systens, for exanple. The
radi ati on system may al so i nclude conponents operating 3 05 FEBRUARY 2007

accor di ng dcBordityg tobny bEhesetRSigtRydey Besdifedting]ish@fitd HOcontdERIgNBe Projéedbh Ol | i ng
the projection beamof radiation, and such conponents nmay al so_be referred
to bel ow, heam|afaadigiaqny ang suchicagpragty may glsg be refprged tophglavheolleqtively or

|'i t hographi.c ar 221 0 t avi r re substrate tables
(and/ or t\/\%n%l?ﬂ&b?sgéhn%g ' “ar%%é’.s ?ﬁfhr?\éga gﬁaph%?ﬁs\ﬁafosetoagae. ed%a ?%té’% Uhe

addi ti onalméRRUBsirat@ibles (Aadre tive oPaiodd Inddk @bled) BPAKCRE Alultiplt SRS TRYidRS
carried out on one or nore tables while one or nore other tables are being

used for dhpadditiennl tablesimaytbegised in pasaldpl ap hicparaispy stapuman be cattisé pitbasonef or
exanple, in U S, .RPatent 5,969, 441 an 8.40791.. [ 0009] Alternating phase
Shi 1L il meE Rl o BactE OpRE P are e KB PR e | D S oy
systems. Althgritit Bshaptas e ABéciibeMEOKSxanipld, BREES. IHagnt $980 4k afd WO

i ntroducing a 180 phase shift in the Iight transmtted between adjacent

features d8/40¥@1mask. [0010] Fig. 2 is a schematic illustration of an

T00° nel uddh Keritng st Masfere bt S et ARt et o 1 al
i.e. a harlﬁhS@'ﬁ#ﬁlyls%QtemI.h@xlﬂ&ﬁfaﬁn@ﬁé’se%ﬁ@t xﬁﬁs)kls BeeréRt MR lutidPby @X8IRife a

chromum The glass or quartz |layer 100 includes portions whi'ch have been
et ched t o 189ephime shainthe ghit3tanahitted depyadeh adjacerhficaturesiond e mdskt he gl ass or
quartz layer 100 between the . hard mask 120 defines an_increased path length

for the sdd¥8k Figd 1ia sshemajs ysfralionmof an aligmating phage shifimask A0 senordiag & ng

t hrough t e het | it h the
sour e r adueniAng B asE AREhBE O fRhudSREHELT ity Ber B0 pRPRFerd " |0
adj acent fapabus matetidDi.elahad derk 1 20.pTedkeé niakle 11Bhap baSernsddi Iff for Ekdmpleat ur es

130 are etched, to _a depth D equal to 0.5V(n-1), wherein %is the wavel ength
of the southeemiugyi B gassayquarimayer 109 ingludsspeetionsfhies hayetbegmetshed ige gl ass

or quar tz deangtehhls 180N phterh S Al 81dr eopiSRNE L fiSerSlobibelleh 10

time of the glrass or quar ayer ept atrons in

mat eri al dafard BRskl 26 8efitles ghl Aickehstdyh lehith foatleSowne radiativns200rant RRiftsdept h D
across the surface of the mask 100 and control over the etch rate and tine

must be awvreeaadipjorcik passing throughdtbe areatl 40 petyveor adjecant éatisps BAS.ouvafi at i ons

in the dep}%hgseDwith the source radiation 200 passing through the etched portions that define the

adjacent features 130. In order to produce the 180° phase shift, the features 130 are etched
to a depth D equal to 0.5A/(n-1), wherein A is the wavelength of the source radiation 200
and n is the index of refraction of the glass or quartz layer 110.

[oo11) It is difficult to control the etch rate and time of the glass or quartz layer 110 to the
depth D. Variations in the material of the glass or quartz layer 110 cause variations in the
depth D across the surface of the mask 100 and control over the etch rate and time must be
accurately controlled to accurately produce the depth D. Variations in the depth D
throughout the mask 100 cause variations in the phase shift between adjacent features so
that the phase shift between adjacent features may be, for example, 175° or 185°. The
variation in phase shift between adjacent features of the mask 100 results in decreased
resolution and critical dimension uniformity of the mask 100.

[0012] Fig. 3 is a schematic illustration of another alternating phase shift mask 150 of



t hroughout the mask 100 cause variations in the phase shift | nt
features so that the phase shift between adjacent features ng;ﬁﬁgﬁAﬁg?ﬁﬁ‘?
exanple, 1751 or 185. The variation in phase shift between adjacent
features of the mask 100 results in decreased resolution and critical

di mrension uniformty of the mask 100. [0012] Fig. 3 is a schematic

i |1 ustratigwelconseidiidh. The afasRl 50 fcRIIBS L1581 {40 mﬁﬁkniép 18és. TheQRaskBBRUARY
2007 known construction. The mask 150 i ncludes a 1ayer %60 of quartz or

gl ass. Theinglmdés et&@d portadng dleat definghisatupsrlBil o132 aflthe pattein.nEhe fsatupe €32 13l 132

of the pattern. The f.eature h S I critical .di.nensio t han
Che. f eat ur AR L AFERANOR &P faddfe fan Y. Slneperie/aDiet Eoo A T oo 145
bet ween t hga &t LIRAIRA 05 bhBleea Rl didtedigd@ionsNi3 tafid tI B2 1m0 WWifS the' Rkt | on
200 passing through the area 180 out of phase with the source radiation 200

passi ng t hradiation 20@pdssmguhresgh Bk atc<221 80P oG phaseewith fieisoutct yadifiticacZr at el y
controlling the etcr}bélage and}ii{%al so makes it difficult to formfine or
smal | pat tRassing Bapyghobe Ieptues il 134 ger pattern features because features of
different gj [ I : It f.eat : gﬁ’!’.%i: | etch
rates and [I%%I\?\'Erﬁeg@c %‘?r?ﬁéé%ugdgélgtc%e 11Itl tﬁ(lE,\Ch esia!rtigglﬁldé(;% e‘%gF @Ifﬁ(gg{:;e

f eat ures rwedoini fing ot small pattetin foaairessadjaeont 1higghedtieai fehturésitrsaust Géitvrds 6f ne or
smal| pattern features, i.e. features having a small CD, also tend to act as
tunnel s ordiffetsat z¢ efeh atdiffersnt wiesr fmallitpaspred orsiuinmg higher strlyrates prdiloteron 200

reflects Oétéh {191% al%iegc% % the ﬁ (afde ﬁleoeff@r@ gfeld estljgsu'ﬁ(ﬁ Wr%t flja&gt
¢ R STRR A e Gesiret e St g

bet ween the quartz or glass ayer airr creases e phase
shift of t&lHgherehritagisati on 200 and reduces the resolution of the nmask
150. This boundary effect is nore pronounced in high NA systens, in

part i cul ar[0914bsBing g sraath Paftsaw fsahresyhe features having g stgh D [abotsnd tprast penefit s

art | cul ar (08kfb e s : _
oy overer opor BPGREE R RASEAR 0 DERbEE ritPn PRI Hos,

shi ft maskgdewdReIGB W ki@ feartie 132 thebsaidas effebtbdtiaseths Quitsor dlays ofammy&, of
90. Although they provide |ower resolution and process |atitudes than

al t er nat i nfpQuindsar dagrensesithe Riase shiftod tha soyrosiiadiations?i(r andrraduess thegesnluiner t o
desi gn and bri cate.than,alternati hase shift,.masks. . .SUVWARY. OF THE
I RVERT! o 20BS RS 57 TR DB e BoHE Bhorlb e (DR A B0 e
alternati nﬁhrﬁé\ﬂaﬁhb@%?@t%ﬂn@ﬂs&hﬂ&ﬁhmeﬁm& lithog@phy.t hat provide inproved
resolution of a photolit ho%r aphi ¢ projection apparatus.
[0015] The benefits of phase shifting decrease with increasing feature size. Resolution
improvement for larger features may be accomplished with attenuated phase shift masks.
Resolution may be improved with phase shifts, for example, of 90°. Although they provide
lower resolution and process latitudes than alternating phase shift masks, attenuated phase

shift masks are simpler to design and fabricate than alternating phase shift masks.

SUMMARY OF THE INVENTION
[oo16] It is an aspect of the present invention to provide alternating and attenuating phase
shift masks that provide improved resolution of a photolithographic projection apparatus.
It is also an aspect of the present invention to provide phase shift masks that that reduce
topography induced and/or wave guide effects. It is a further aspect of the present
invention to provide methods of manufacturing alternating and attenuating phase shift
masks that provide improved control of the phase shift across the mask while allowing for
greater margins of error in the etch rate and time of a pattern to be formed on the mask. It

is a still further aspect of the present invention to provide a device for use in integrated
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It is also an aspect of the present invention to provide ph |
that that reduce topography induced and/or wave guide effe(a:ﬁésﬁ?l%?it({“ihé{ggaJﬁ

further aspect of the present invention to provide nethods of nanufacturing
alternating and attenuati ng phase shift masks that provide inproved control
of the phase shift across the mask while allowng for greater margins of
error in tdiruitt,dinegrated apridaltsystemefmagnpt¢ d@naintnoenb@idspliqead-coystal dsphmsk. |t

is a still further aspect of the present invention to provide a device for
use in int@@?lat@tﬂltbmoglnrmﬁng%mw W@sﬁx?mwwﬂs HespdewHIE Sy st ens,
magnet i ¢ o . L o eilm
magneti c f}% l‘s:ﬂ%gﬁu a%ﬁ?lggblggélgg ?ré%‘ﬁ%%hﬁfﬁg?%ﬂ% g%?g\?\? engxlégenE Q{r‘%f‘é‘i’:’%l on
beam of r a@omaf i This ued oiheraspbas aresbhitvedwmsbrdapaoitil mgseno idveatiqr ment

i nventi on. [0()17!l Thi s and ot her aspects are achi eved according to the
present i rivedisminghdgvicefor pser iparlthogiands projection appagatiy, the pattering dovice

j ecti : t : . ool udi t
Pr ol ect | OraBRRRRR 5 o B A0L! AL AoleNIGfer 1Ll 050y BpAIRCPLBE 12
or quartz thagkis enghattidayee sndithe sesdauy Felynled ¥er, whiseieh Patterfad fofisd irsthkor med

in the resinous polyner |ayer and the etch stop |ayer is not provided
bet ween t higsigpespolyperdayarand thegiel stap layers netapyided beswiegmthe glasy F qpartzar eas

oresont 1 roged e eBal Sitnol R R AR R B A B 7o R bt er i ng

devi ce forpmse Abcordinp@s @ hirtHee gdpreifehdpresede invemticihateds provided® membdof
I ncl udi ng providing a blank including a | ayer of glass or quartz and an etch

stop | ayemanyfagtiiing)a patfesyiag device fsiupoins phwislithographic peojection appaspiub.dher ;

formng a | ayer.o aque... material on.the resi.nous inorgani.c polyner |ayer;
appl yi g PRSI RERSiind BlanineRbute Fiab B A St AREORG BRI | o
llayer; exp@agérnfbriniis 4 RYerdfir@din polyimey On AR QEN &bp la?v}éle,ffoﬁxﬁnéa 18t bespRde

proj ection beam of Tadiation; renoving a portion of the opaque material

| ayer cormatspalati thg restnoul éngyganiepelymeekapdroanphyjng hdayprnef radiatipm serisgiveesi nous
pol ymer layer:. and. renovin rtions of the efch stop.layer correspondi ng
Lo the patHaleHal s SPARESBT e SXPSYTs e rgp e eau et ietsrial ReiPasent

i nventi on sHRHRJipRojRERDN AR GF radiafidiR F&thSEngl8 Pbeidn of thelbiRqhdimatekial RO&T aphi ¢
proj ection apparatus, the patterning device including a glass or quartz

| ayer; a |eoyrespafding togheipatienny demtelepingithe patternain the rwhingtopolymyelayerhandween t he

glass or quartz |ayer a t he resinous polyner |ayer, wherein a pattern is
formed in ECH@VF’@SR(%B%OB.EIF?‘?@FMPB Fr SP%@‘ _@ﬁﬂl@?%ﬂ?'ayer is not provided
bet ween t hggye9! Aé&)ﬁ@i%swaﬁﬁﬁ filrtee hspeBithrithepre St IRESHRPMYRES plRYRiad N areas

corresponding to the pattern
patterning device for use in a lithographic projection apparatus, the patterning device

including a glass or quartz layer; a layer of attenuating material; and an etch stop layer
between the glass or quartz layer and the resinous polymer layer, wherein a pattern is
formed in the resinous polymer layer and the etch stop layer is not provided between the
glass or quartz layer and the resinous polymer layer in areas corresponding to the pattern
and a method of manufacturing a patterning device for use in a photolithographic
projection apparatus, the method including providing a blank including a layer of glass or
quartz and an etch stop layer; forming a layer of attenuating material on the etch stop layer;
forming a layer of opaque material on the attenuating material layer; applying a layer of
radiation sensitive material on the opaque material layer; exposing the radiation sensitive
material layer to a patterned projection beam of radiation; removing a portion of the opaque
material layer corresponding to the pattern; developing the pattern in the attenuating

material layer; and removing portions of the etch stop layer corresponding to the pattern.
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and a nethod of manufacturing a patterning device for use i

phot ol i t hographi ¢ projection apparatus, the nethod incl udi MF%'\W@I}%%)O%
bl ank including a | ayer of glass or quartz and an etch stop layer; form ng
a layer of attenuating nmaterial on the etch stop layer; formng a |ayer of
opaque material on the attenuating nmaterial |ayer; applying a | ayer of

radiati on paRs 4SRRI I ool N8QBRINDBEARAichMEL js FE0ASA RO the

radi ati on ‘sensitive H%a erial Tayef to a patterned projecti'on beamo

radi at i on;patteming deyice fpoudeiina livhographicograjgation appaeatusathel paytemirgodavicepondi ng to
the patter.n; devel opin he pattern jn the attenuating nmaterial |ayer; and
r enovi ng da?ltlglaag Brer glasy eﬁq%&amg@rpaewe FIGHL Pt theARfteds 6 05

FEBRUARY . 0 ';ngm{s [l o f p t

i nvent i on%gﬁérvghlpggep(gfod\%ﬁ%gggl pat ?%rr@rgﬁ%é elv#{:@ﬁélrhaﬁggsﬁcﬁﬂgam%t?ﬁﬁlbéﬁgp iC

pr oj ect i oropagyethatetisl, tHehmatpralthavingng isliexiof eefraction ael adiekectrivyenstafit gl ass or
quartz having a pattern fornmed therein, wherein the patternis  filled with
one of an %Bgrﬁe o1y the glass s QAR layeraand  methed ofymanufpctyring 3 pattereiggdevigt er i al |

el oot ri Qopts TR rRblofoat b EEhdH oA uR T BREe Bl A BT

of manuf acsfigldseor quatet plying g 1sey beediation séisRive Macrid oh dhd Blhgig e Pbitg

proj ection: apparatus, the nethod including providing a blank of glass or
quartz; appe jadigsion sprgjtiye materialdpyer ton pattemadnroisctien kaampef radiations bl ank;
exposi ng he radiati S Lti.Ve. | tterped nrojection
beam of ra&(f ivglt0 Plglg;tﬁe REVET %&?‘%él ’eﬁ@a}g E‘H ee?dr? v%:lﬁff«?dr’]%attt% g\ﬁ'gﬁ Pt Pf?‘%\%&ﬁ%iﬁ

devel oped tRkpRErnt iidtéral CiEopicadyntraphicedd thiteridlladd SR dp&dtle nicRé@dl| Ak malétial
optically translucent materjal and an opaque material, the material having
an i ndex dfavingrandadexoef refertignand peicledtic eanstanbdiffersint fremethe glasoon quaetzgl ass or

bl.ank: and et chi h ial f ' f the.bl wh h
nattern i s 2B Ptk the Bt S Shlibns of BELRR WS 1 mbitS S p PR e
present i nyeif i Aktotdifg & 4 SilPRiRthege@ o e fisenf PRerttioR théte id1prR9idal adevice

circuits, integrated optical systens, patterns for nmagnetic domain
menor i es, floi ysei id-integrated|cirdini¢y fintgerptad obtical systenasy pattdrng for magnetid domhainds, t he

devi ce manuf act ur.ed .b t hod i ncl udi roviding.a supstrate that is at
east - par dReTpyese ey e pnrts e e A el bie B2 e .
provi di ng aRifAit@el b9A iaRe Rludad Hblidihg a KBS Dt e 1dREYaedllydvirgam Wi th
a pattern In Its crosSs section using a patterning devi ce accor Ing to t he
present i riyenlayerrf radiatiqir ssheitivé mgterink ppaiding a etbjetimmbedmraddadiatioon onto a

target portion.of the.layer of r.adiatjon sensitive. material. [00221.Although
oo 11 oo raaiin e RijeRtt el ViRl Mo o et g Rt At

according to the present invention; and projecting the patterned beam of radiation onto a
target portion of the layer of radiation sensitive material.

[0022] Although specific reference may be made in this text to the use of the apparatus
according to the invention in the manufacture of IC’s, it should be explicitly understood
that such an apparatus has many other possible applications. For example, it may be
employed in the manufacture of integrated optical systems, guidance and detection patterns
for magnetic domain memories, liquid-crystal display panels, thin-film magnetic heads, etc.
One of ordinary skill in the art will appreciate that, in the context of such alternative
applications, any use of the terms "reticle", "wafer" or "die" in this text should be
considered as being replaced by the more general terms "mask", "substrate" and "target
portion", respectively.

[0023] In the present document, the terms “radiation” and “beam” are used to encompass



according to the invention in the manufacture of I1Cs, it shau ﬁq;RY2007
explicitly understood that such an apparatus has nmany other possi ﬁ
applications. For exanple, it may be enployed in the nanufacture of _
integrated optical systenms, guidance and detection patterns for magnetic
domai n menories, liquid-crystal display panels, thin-filmnmagnetic heads,
etc. One abtftypersdjfrewcuomhgﬂdtlclrmlmim aictudigd \kltraﬁﬁreeﬁud&tt@nt(élgl witha the cont ext
of such alternatlve pﬁghcatlons any use of the terns "reticle", "wafer"

or "die" iwevelmgthyahd6SsHihl 8B.0e7 o baG nme PRUEHY (sxtrerge Pléﬁrﬁel@arqst}attonee gore
gener al 61{ Thhg dBVElengt S0 £ @é@%a@%ﬁg Ls%&fgs dllaa?ﬁaé bd 5&&@&&%@ b¥$hy or

[ 00231 In e pr esen ocumnen are used to
enconpass elettloh beaBRUARNYowW@AIEo bakppresipes tiad il tegih t‘pﬂm@ﬂﬁﬁuﬂaskaehfaﬂs it® Bay
including ultraviolet radiation (e.g. with a wavel ength of 365, 248, 193,

157 or 126naskri9avmﬁdi @smect @)ﬂon@qiéemltasasluftomelpdmadmanmdnmt@l tg. 90° raadfpng a
wavel ength i p the range 5-20 nn), as well as particle beans, such as ion
beans or ectron beans. It should al so be appreciated that the term "phase
shift mask” refers to any mnmask having a desired or controll ed phase shift,
including but not limted to 90 and/or 180. BRI EF DESCRI PTI ON OF THE

DRAW NGS 100241 Enbodi nent sBRIEE DESCME”ﬁION)@MHE DRAMWINGEescri bed, by way

f I |y th f to t h t dr
i oh T 00BEp Hirgbodimests r Birriios Wil S AeRGI Ve B ok GO AEE
proj ecti Oﬁgﬁgﬁﬁé?gﬁ’afc&%%gﬂlgfsﬁ%ma%c@a‘@‘“ %ﬂ\e\{}ﬁ&hc illust rat| on of an

alternati conStruction; [00271 Fig. 3 is a
schemati c [pd2bpsRigat iscarscbémﬁtumhﬁfatlahtoéa phbdtolithopiaphie pebdjetionappliranis; known

construction; [0028] g is a schematic illustration of an alternating
phase shi flpﬂ%hsﬁéga’c@@rsg ﬁgatt%llaﬁrat@a@ﬁﬁma sagaipseTiit grask REkngvas ent
i nventi on; %nFlg 5is a schematic illustration of a nmethod of

manuf acturing an alternating phase shift nmask according to an exenplary

enbodi mentpet) tFig. Pisesehématividlaitianon of @kaldr ditegating pRasa skiftsa sk e ikindwn
illustrations of an alternating phase shift mask according to the present
i nvention @Gﬁmoﬁanuf acture according to the nethod of the present

| nventi on; goﬁ% 14 E aS ch%rgatic 1llﬁst§a(fllaﬁ %ﬂu‘l 81té$$tﬂ1%tﬂh%§é shir %Iasfi‘ aE@orJﬁgg t& Im maki ng

an att enudf??
exemplary embodiment of the present invention;

[0029] Fig. S is a schematic illustration of a method of manufacturing an alternating phase
shift mask according to an exemplary embodiment of the present invention;

[0030] Figs. 6-9 are schematic illustrations of an alternating phase shift mask according to
the present invention during manufacture according to the method of the present invention;
[0031) Fig. 10 is a schematic illustration of a method of making an attenuating phase shift
mask according to an exemplary embodiment of the present invention;

[0032] Fig. 11 is a schematic illustration of an attenuating phase shift mask according to
the present invention;

[0033] Fig. 12 is a schematic illustration of a phase shift mask according to another
exemplary embodiment of the present invention;

[0034] Fig. 13 is a schematic illustration of a phase shift mask according to another
exemplary embodiment of the present invention;

[0035] Fig. 14 is a schematic illustration of a method of manufacturing a phase shift mask
according to an exemplary embodiment of the present invention;

[0036] Fig. 15 is a schematic illustration of a method of manufacturing a phase shift mask

8



mask according to an exenplary enbodi nent of the present i nVEFERRYARODETL
Fig. 11 is a schematic illustration of an attenuating phase shift nmask
according to the present invention; [00331 Fig. 12 is a schematic
illustration of a phase shift mask according to another exenplary

enbodi nent of the present invention; [00341 Fig. 13 is a schematic

i | | ust r at iaspordmgdo ghetber axgmplary gmkodiment of theyiesent iyeRBeN; exenpl ary

enbodi nent t p ' L.an: | G ' t]

st 1t 19 LG RSRSERerhttIMhicilon bPUE Beskfrie £ Wl ARERRIR O Al g 1o
an exenpl anytetiltaadipfienio eéhihdBadkrofsienfill maweiat;i on, [00361 Fig. 15 is a
schematic illustration of a nethod of manufacturing a phase shift mask 8 05
FEBRUARY 20031 EigcltigiasghamaticibBesiation oEthe mask OEﬁtgog?b afierapplicatipn ofaddbnt

i nvention; 100371 . Fi.q.. 16 4. c he tllystration of the mask of Fig. 12
after appr%%?%gﬁdgwgéu?$ﬂ+ﬁgﬁ%%é?ﬁ%?ﬁ% ék%?#or to etching back of the fil
material ; [p69PigH&is sdheniaticalletaasmbf £melhod For minuFact@ind Heevidstor Qée ini 9. 13
after application of a fill material and prior to etching back of the fill
mat er i al ; 4n0oBgiated qyrcuitgan integrdtechenticel systenns & maghefie defmain mentasy, & or
nanufacturiqg a dgxgc for Ese %ﬁ.ﬁﬂn i nte r%te_ cihrcuit, an integrated
optical S))éq v léﬁg%ne i R Hb%%“e. € hpg ﬂ? -crystal display panel,
or a thin-fhdom FIRONEL laGcheRdlic iBtdratiON 44 d&ig mddifh&urd Byhan@hb& addobdiag r at i on
of a device manufactured by a nethod according to the present invention.

[ 0041] | n toHlee prespmt swentéwr. r espondi ng ref erence synbol s indicate

correspondin r{ts.. DETAILED DES PTION [0Q421.Figure 1 schematically
Gepi ot o n I 5 b Fieutas, eI ETp 5EaRst MOl REisels S PR AS! col o
enbodi ment of the invention. The apparatus includes a radiation system Ex,
IL that supplies a projection beam PB of radiation (e.g. UV or EUW

radi ation, such as, for exanplBETAHAD DESCRIDPTEINexci mer | aser operating at
a wavel ength of 248 ri 193 ar 57 nm .or by .a |laser-fired plasnma
Source opdpiel e TeshymanAlY Aatehad taau BRIt onatDates Ler ORI B al so
conpr i ses ek A RIrAAH of thelifveniBf. ARABPARHS iRldes bielibiGiPsydichl BRI Obi ect
table (ma tabl e) MI provi dgd vﬁntlh a mag@é hol éler f(gral ho1 di nsgfézf mask MA
(e.g. a rthatsupplies agprdjectiomiseanePB tof radidtion$¢.g POV idr ELAV ragliation, siehfl) foo

accurately position the mask with
yexgmple, generateg by an excimer laser operating at a wavelength of 248 nm, 193 nm or

157 nm, or by a laser-fired plasma source operating at 13.6 nm). In this embodiment, the
radiation system also comprises a radiation source LA. The apparatus also includes a first
object table (mask table) MT provided with a mask holder for holding a mask MA (e.g. a
reticle), and connected to a first positioning device PM to accurately position the mask with
respect to a projection system PL; a second object table (substrate table) WT provided with
a substrate holder for holding a substrate W (e.g. a resist-coated silicon wafer), and
connected to a second positioning device PW to accurately position the substrate with
respect to the projection system PL; the projection system or lens PL (e.g. a quartz and/or
CaF), lens system or a refractive or catadioptric system, a mirror group or an array of field
deflectors) constructed and arranged to image an irradiated portion of the mask MA onto a
target portion C (e.g. comprising one or more dies) of the substrate W. The projection
system PL is supported on a reference frame RF. As here depicted, the apparatus is of a
fransmissive type (i.e. has a transmissive mask). However, in general, it may also be of a

reflective type, for example with a reflective mask. Alternatively, the apparatus may



respect to a projection systemPL; a second object table (suypsifpiGag@Pée)
WI provided with a substrate holder for holding a substrate W(e.g. a
resist-coated silicon wafer), and connected to a second positioning device
PWto accurately position the substrate with respect to the projection
system PL; the projection systemor lens PL (e.g. a quartz and/or CaF2 |ens

syst em or emplef amthérkéndof pattemingdevidecsieli at e programmable nyirou prray obatype aay of
field deflectaors) constructed and arranged to imge an irradi ated portion
of the madrfexed&naRPvs- target portion C (e.g. conprising one or nore dies)

of the su t ] ' . &M, Phnd ¥fsTelels s 8l ence
frame RF. qias‘éﬂeﬁg\%ggc?gfﬁg@ é% ﬁgvgg%gr&yh%s a S{I%c;lﬁ{gé t raﬁg%gggq%\lfgedtagéplg{d(i . €e.
has a tranhépsthiofan eRsttdn bédmiavestoraparigg besyakhrotron,lgsaipgadiueed plasma
reflective type, for exanple with a ref]ective mask. Alternatively, the
appar at us SeHiFeo? GisChargaaourse o5 30 Pleckpm Poipn beansavrcer) pradues pream PR ¢y devi ce,

e - o AR TR P 119 86 Y inifulohieBh (INGHELGATL] Aub BitEen,! 00431

The sourc excl mer an u or or provided

around t he affief haviiig fivetded @l doaditioferNdich a8 a besh @gpardenBx,dor Syangpié.oheon, a
| aser - produced plasma source, a di scharge source or an electron or ion beam
sour ce) prijuménatordLppaysommprise an pdiypting davice Y fprsetineshe euterand/er ignem

i1 lum nation t illumnator) IL. either directly .or .after. having
{r aver sed SoEb ot ERME o Aot oflel S mibiebeenkFa B ity

i |1 um nat ofjstlibutidlYinGREBEAnS En aAdiBeh, UBHIINgndaNy ¢BmPitd PlriohS biHePBorhPhept er
and/or inner radial extent (commonly referred to as a-outer and a-inner,

respect i vedugh apén integratat Bhand 3 condienser Colin this way, thecbdasalPB impingdgian tha, it
will generall ri se. vari.ous.other co nents, .sych as an integrator IN
and a condBAUAYACE & drsirs wnifgrpicy edimesily distrbilion f SR stEormask WA has a
desired unpdQf M SHowdPFe hot@Rgihindgd 8 Filghtelll @Bt the sburfe CAQRSy Be®ithiAnthe [ 00441

It should be noted with regard to Figure 1 that the sourceé LA may be within
t he housimgsmg of thee lithogrepfria phijection apparatus (asapplerathe saseaghanshe fduwree LAas case
when the source s, a mercury lanp, fo xanmpl e), but that it. nmay al so be
oot ¢ 1 GHREHRE| Ao B SSHTEIS UL HEER it g ehote frorh bhe T GEPhiA bam whi o
it produc i th LGt PR ~ bl | Lk abl e
directi ng%ofr%rggé}gﬁé T egjlma%tter lgrgenarfvgﬁlhsl&l%??%cﬁ% leggée%@g%vﬂgnﬁpat}ﬁggsour ce

LA is an ekeq. with thasidrof stikebledirecting niimvsht Tienlatercoemaiose sftérothe cafe whase
scenarios.  In particular,,the current invention and cl ai engqQnpass

enbodi ment 8e fpEPelf 1S Al gxGimar o i Gteshingsntion encampapses bath epthedppl y a
proj ecti on,pRAMOfn patbak, Mt fiEéhiBvéhtion and claims encompass embodiments wherein

the radiation system Ex, IL is adapted to supply a projection beam of radiation having a
wavelength of less than about 170 nm, such as with wavelengths of 157 nm, 126 nm and
13.6 nm, for example.

[0045] The beam PB subsequently intercepts the mask MA, which is held on the mask
table MT. Having traversed the mask MA, the beam PB passes through the lens PL, which
focuses the beam PB onto a target portion C of the substrate W. With the aid of the second
positioning device PW (and interferometer IF), the substrate table WT can be moved
accurately, e.g. so as to position different target portions C in the path of the beam PB.
Similarly, the first positioning device PM can be used to accurately position the mask MA
with respect to the path of the beam PB, e.g. after mechanical retrieval of the mask MA
from a mask library, or during a scan. In general, movement of the object tables MT, WT
will be realized with the aid of a long-stroke module (coarse positioning) and a short-stroke

module (fine positioning). However, in the case of a wafer stepper (as opposed to a step-
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wavel ength of |ess than about 170 nm such as wth wavel engt
126 nmand 13.6 nm for exanple. [00451 The beam PB subsequﬁf%R¢%¥%?&7pts

the mask MA, which is held on the nmask table MI. Having traversed the mask
MA, the beam PB passes through the lens PL, which focuses the beam PB onto
a target portion C of the substrate W Wth the aid of the second

posi ti oni ngdaex sfpafaiis) aRdnhdkiteHIE RAP FRY Gt bE LondeBRd 38R ShdrbbttokeaRhBtoorcan be

nmoved accurately, e.g. so as to position different target portions Cin the
pat h of t heaydeefixgdeThe giask Mtk hyd thelsubstiatesV payshe aligned gsidg mask algnment be used

to accuratel siiion the K MA wth respect to the path of the beam PB,
e.g. afterm?%ﬁs(gnM}&PdF‘étfsﬁflga\?iﬂﬁnwmt‘ﬂ%&ﬁgé *MA froma mask library, or
during a S6qk} Amagﬁg%&ksinwz,qisotr%n@@toe&ta ttRR!sGSteMTmaybe W | be

realized with the aid of a 1ong-stroke nodule (coarse positioning) and a
short - st r alperativelywhendciadrte tipolithographin gyojedtionapparatus . fThe wadsrepradessingvaf er

st epper (as opposed to step 10 05 EEBRUARY 2007 , and-scan apparajfus) the
okt abl GPRIENRy TitkiPcRieS o HHERKE oo n ORIt SRE VSR RS BRtny be
fixed. Thepgmeks M&s%@qlettba%k%yé%é&lr@bl%céé/s@@aﬁohqn@}haiggfééisvém&g@ ghijignment
mar ks ML, M2 ang substrate alignnment marks P1, P2.7[00461 A er processing
appar at us bake alogloles,afhilt medules ambreaist daelopmgspanmoduys, laad a sp@mdtinteehge

connected to, the |ithographic oj ectjon apparatus 1, The wafer processing

?ppar ?t us SSCHRCOnSERGY a@rﬂaﬁﬂ 'ﬁ"éﬁaé‘;éék‘??%ig%ﬁgﬁ Pafer BHDCSWE’&%HP%&E@ to
ransf er e f .

el adi ng e MhogaBil PRTSHh Sppding 1° ThE Hfert K Pl A RRRES (PEELGN,

resi st devadeps deiveredno prdedsss] byardneved éoanahd tringpdrécdeamapgirocess awidales uct ed

and arranged to transfer wafers fromthe wafer processing apparatus 2 to
t he Iithog?ya‘ﬁ#%trﬁ?sa?’é&elc%“sd%ar atus 1. The wafers are transported between

the sect! qfism o AbfudelibiaiAdsh Be YOOGSt gRved from and

transport ng proces l'es ansport nmechani sns. 100471 The

depi ct ed appar dhgsepansded chetnasit thtle MDisdiepf esamiallpe@eonary, andransheife magke, t he
mask table MI is kept essentially stationary, and an entire mask ima%e S
proj ect ed iBAgdHdEolerted at encsi(heyasingle Hlashy) asiig # tasget pegion (okhe syhstate tph

i 7oront Vargatnshited hEY AG ielloblh doiplent llld BHORT cditbe, o °

node, essdphadiatedbyttheb&aeBscenari o applies, except that a given target

2. In scan mode, essentially the same scenario applies, except that a given target
portion C is not exposed in a single “flash”. Instead, the mask table MT is movable in a
given direction (the so-called “scan direction”, e.g. the y direction) with a speed v, so that
the projection beam PB is caused to scan over a mask image. Concurrently, the substrate
table WT is simultaneously moved in the same or opposite direction at a speed V =My, in
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
rélatively large target portion C can be exposed, without having to compromise on
resolution.

[0048] Referring to Fig. 4, an alternating phase shift mask 300 according to one
embodiment of the invention includes a glass or quartz layer 310, an etch stop layer 380, a
resinous polymer layer 330, and a layer of opaque material, i.e. a hard mask 320. Etched
portions define features 331, 332 of the pattern. The etch stop layer 380 is formed of a
material that is not removed by the type of etching chosen to produce the mask 300. For
example, if the layer of resinous polymer 330 is to be dry etched, such as by a plasma tool,

the etch stop 380 is made of material that is not removed by a plasma tool. As another
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portion Cis not exposed in a single "flash". Instead, the KeiebAey Mo s
novable in a given direction (the so-called "scan directiow e.g. ‘ﬁle y

direction) with a speed v, so that the projection beamPB is caused to scan
over a mask image. Concurrently, the substrate table W' is simultaneously
noved in the sane or opposite direction at a speed V= M/, in which Mis

t he magni feixﬁﬁFieQIf R labrofiresisouRlpolyimeR B8 d t¥ be MeF etthéd, 8hchldsDy: acid) thdétsh
re

manner, a . atively |l arge target portion C can be exgosed, wi t hout havi ng
t o conpr orstape38nis mads of amataiial thebisaet rafaved byigeido The gichstopdayes|388 mastheng

phase shifg ma 30913? c I ng.to odi t Of ' i I-ncl udes
a gl ass Orf%%%q?@r T4 gfﬁ: gflg’forgﬂmé?lg% %Tﬁ%g?%ygdr%ﬂ%&:r%’h&déswlr @gu%?g%]&’yner
llayer 330,TaNG! B0, W @indits GdaY andMElandlits okides). AhanctgiEs knatt ldpbcimd
portions define features 331, 332 of the pattern. The etch stop layer 380 is

formed of iaformgd ef p matqrighthat ts trpesparentend dastly disselvallp er dry esehableadorchosen to

roduce the ma 00. For exampl Lf t.he.laver of resinoys ,pol r 330 is
Do bedr y ety aen Shtesa GO SR Esol YiieFis i RRo rel B L B 5I0 fnao of

mat eri al  theabrh&d SYUthdr@mMeds, BiciPasP iR SRENPIL W w chidle mﬁh@grcﬂn&fsﬁéadem

2007 exanple, if the layer of resinous polyner 330 is be wet etched,
such as byfusedisijcatonédepedt geado fue8Bilics. rhelbardfmask 3260 é a mietal kaytr, ifer axampleenoved

by acid. The etch st | ayer . 380 may be forned, for exanple, of chrom um or
ot her mat é%%?‘%ﬁ&ﬁ?@?o?%@%“ﬁt&‘giaq Ta, TaN, TaNQ, TaO W (and its
oxi des), ghfloMRIfETRgI Bigd%! HRthod bR SahMAERIARE Gn AR RAL Y pl{a@é’ﬁ{ift?n%k IS

formed of a material "that is transparent and easily dissolvable or dry

et chabl e, doordingta i mesentinggationsintlodsquiddmge niadgPlankbaivioty dnseteh stesi nous
pol ymer. The | r. 330 may . be fornmed of aqther terials. such as, fo
e | e SIiE foitan aqisinets pofmiietsr pa e radien B9 rige Brdmheq:
grade fus LA 438 25n) A0xBosi
chrom um e(glrtﬁgld#fonﬁ% ﬁ%n toﬁyer mat3 ef&grﬁn%ﬁ%fbgé%ﬁ?%g%%géi g. E?Slgg
nmet hod of thawresisaBi 0, irergovdng dethardmbskn$)l GOh dsel apling the pattden imthedaytriodf t o t he

present invention includes providing a mask bl ank having an etch stop |ayer
S 110, forrﬁ‘f’lﬂ@lsd’ql)@%‘?rrﬁ)‘l]&%rﬁ’éwllng etefhstoRa I $hsk bl ank S 120, formng a

hard mask t resi ' ver
the hard Aol SgrREdt Pl of £mafiutinb 39 BEG0S d3lacCBPrOlaRr 19653 0 o
160, develenh sigp tdyer 380t tTherlayen of fesinbaypolymér 330ds foraied opahy mask Blahk 805 and

renovi ng the etch stop.S 180. 5_00 0], Referring to Fig. 6, a _mask hlank 305
i ncl udes tHefQjiexamplsy spip soating) Jfhe hargmask 330 s formed on the layer of inorganic

material 330 by, for example, sputtering. The resist 340 is applied over the hard mask 320
by, for example, spin cogting. The resist 340 is exposed to a patterned radiation source
210.

[0051] Referring to Fig. 7, the resist 340 exposed to the patterned radiation source 210 and
the hard mask 320 below the exposed resist are removed. The exposed resist may be
removed, for example, by a applying a solvent in which the exposed resist is soluble across
the mask. The hard mask 320 may be removed by, for example, a suitable etch process,
such as a wet etch or dry etch, depending on the material of the hard mask 320.

[0052] Referring to Fig. 8, a pattern is developed in the layer of inorganic material

330 by etching, either wet or dry. As the etch stop layer 380 is formed of a material that is
not removed by the etching process, accurate control of the etch rate and time is not as
critical as in processes used to manufacture alternating phase shift masks according to the
prior art. The mask 300 may be cleaned to remove the remaining resist 340.

[0053] If over etching occurs during development of the pattern in the layer of inorganic
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etch stop | ayer 380. The | ayer of resinous polyner 330 is fog h sk
bl ank 305 by, for exanple, spin coating. The hard mask 320 qiﬁg%gﬁ%%yg%&fhe
| ayer of inorganic material 330 by, for exanple, sputtering. The resist 340
is applied over the hard mask 320 by, for exanple, spin coating. The resist
340 is exposed to a patterned radiation source 210. 10051] Referring to

Fig. 7, theakgai0 %Qea‘%ﬁﬁ@%ﬁﬂieb@ttérﬁ%ﬂ%fl?eréi@ffédriﬂt%itﬁ% FAL SYMRRE 14403 nd

the hard mask 320 bel ow the exposed resist are rempved. The exposéd resi st
may be r easvheech Stop layend$d will het be rappied hygheetshingpnocesnandpreventshetclirgosed
resist is SQLu | e across, t mask. The hard mask 320 may be renoved by, for
exanpl e, 106 8aH ¥ WeAlYFLEYss,  such as a wet etch or dry etch, depending

on the mt[ﬁ«d44ﬁlRaﬁn Q0 .9, {RSknS _1a§49@§61a158?>%§%%§ égalihgoféxﬂanéfeﬁue@t tern

i s devel oped in the Fayer  of I norganic materia y etching, either wet

or dry. As33dedjaetutagtofeatuassd333SmallfedtoresEa., déataresmtithrsneel] dritibl i s not

renoved by, the etchin rQcess, accurate control of the etch rate and tine
i fighs

is not as digEPHiPRSaFeRY  gel slesangdsagliereichiimes c Lares e gt Shas e
shift MaskidReos il dithehliBns Bt mﬁ@gmm&h- G dig s CARRARA ke

renove the remal ning resist 340. 053 ver etching occurs during

devel oprenimailf featinee 3 Witk e complételyletohed twthe ietvhrsgariayer 382 boford-thdRdNSNt2007
mat eri al 330, the features g the p tttgrn will not be etched into the glass
or quartz lpeggeieate33kisiqmpgtel e@b@fgtq ¢ gich 5t9p 1ayer S sontrnedsxpoue plthene
et ching pr ' . .
100541 Ror S e ool S By S3 Apne Bchbit iR SopBlerBHBE e oMY,

smal | er f dlatgeifefure333 vatljndc eduise thergles of gadriziager 336 beldbwetht singl featas 334 te. |
features with small critical dinensions, require higher etch rates and

smal | er etkerptehedas the efelystop tayey380swill nat be efched. (Vpen compplptiompifhe sichingod]
o . . . : A
ol 1t eatt KRB $34, BYE NG bRORES e BOH SIS 280 Eltydopiifing 4 A RAeh

bef or e t hessadpasenthe phirfate fegived ® cdadléte neanfabrtedfthehelied to the etch
stop layer 380, continued exposure of the conpletely etched small feature

334 to t hel0®SE halihoughtheg |been descrbed ascancalteriating phase shift magky i shewldur e

333 will not caus he, al tZ. 310..bel ow | feature 334
to be etchedPas m?#eth& %haqie?’ 3%{113}31%%6 %%@1{ ?Cc§f)qlg%{e(’ aé’tog'{‘]fga’.%e ISW conpl etion
of the et cdmbulifént dfitiee ﬁr@@énﬂftﬂ%nt@éiﬁnaﬁ%proﬁﬂ&dgg?lé&@a Rlet dfaatt@hedlingt Op

| ayer 380 corresponding to the features 333, of the pattern are renoved
to conpl etmatgraldnatbe mrask bfank h Refegrng to Fig. 10, a method of manufacturing an

attenuating phase shift mask includes providing a mask blank having an etch stop layer
S210, forming a layer of attenuating material on the mask blank S220, forming a hard mask
on the layer of attenuating material S230, applying a resist over the hard mask S240,
exposing the resist S250, removing the hard mask S260, developing the pattern in the layer
of attenuating material S270, and removing the etch stop S280.

[0056] The layer of attenuating material may be formed, for example, of molybdenum and
silicon. The molybdenum and silicon may be formed on the hard mask, for example, by
sputtering. It should be appreciated that any material suitable for forming an attenuating
phase shift mask may be used and any method suitable for applying the attenuating material
may be used to apply the attenuating layer to the mask blank.

[0057] Referring to Fig. 11, an attenuating phase shift mask 400 manufactured according to
the present invention includes a glass or quartz layer 410, an etch stop layer 480, a layer of
attenuating material 430 and a hard mask 420. The layer of attenuating material 430 is
formed on the mask blank 405. Features 431 and 432 are etched into the layer of
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[ 0055] Al though the mask has been described as an alternatin |
mask, it should be appreciated that an attenuati ng phase sh@%?gﬁ@&ﬂ)bb&
according to anot her exenplary enbodi nent of the present invention may be
produced by placing a | ayer of attenuating mnaterial on the mask bl ank.
Referring to Fig. 10, a nethod of manufacturing an attenuating phase shift
mask i ncl LALE : i 3

formng a aé‘é?h%:ﬁh%ﬁ%rﬁg{r?ﬁgwﬁg? E{I:hleaJ Os!;]&@tlﬁger%ggn E-fegﬁ dj%é%l a@%&% ng a
hard nask areremdénedlafigethedéatares éhland 439 araeehedal S230, appl ying a resist over

t he hard mask 40, . exposing the resist S250, r ving the hard mask S260,
devel opi ng[oqqusl%eafg{rg;fgﬁo &F’g' tfean %l?é?atlngfhﬁietsg&ﬁﬁ%w&d% togpeer 5ng

renovi ng t . : &u‘?;att?j [ y be
f or med, fo‘?éé‘{i’té%g F@BQ@%&%@%&%&%&@@%&E a?ha%éarm y gamggéigaﬂsaﬁ?con
may be f ormmsk 520, fdimet dorcexample, offohrorgixianphdfeatiyes 30y 320f npatteht etshwbint be
appreciated that any material_suitable for form an attenuating §glnhase

shi Tt msidihaysballsTie e stegenllsn CDAbpbthe dratas oY1 g donirey iat i ng
[0057] " Rer SEroinge HRSEsAPa I wills B4 hfal 00 TEDMR nioril Sy0Rg bEuAy

manuf act ur gslicalty atuskpagnt 6r atfeheatipigasaerial ionueopdque manialldes a gl ass or quartz
| ayer 410, an etch stop |ayer 480, a |ayer of attenuating nmaterial 430 and
a hard masiRO#poRefering aggiayto §e. 3 tenmask Y ofdmerngonsinntipy, asthy spEceon t he

mask bl an L. ed J I r 3 05
FEBRUARY %@%"%ﬁ?@hﬁ%&ﬁ%" h?@%“éﬁ‘z@dﬁﬁaﬁgi °§n§é&é*?a“%ﬁé3 of e Sg}%glﬁlll ayer 480
in the feafeufues] 33 IAandiafidr padses thesmphale fRhtues 132)a poinlifeke rhdiationtnpads ar e
etched. [0058] Referring to Fig. 12, an alternating phase shift mask 500

accor di ng the suiewrlel33 averpraanglesidoeh meybe brger trang peyealter thaneBravsterisncl udes

a gl ass or ar | aver ~.510, a hasd. 52 forned r examl e of..

ohoont . 4RE (A AUEOL T Sowte ARtion 00 froff e sIBRARY 1 Dres HRrGrelition 116
feature 53%e§ﬁ1§riﬁe§ﬂﬁ&d ﬂe@llic_e@ﬁl: iefé@l!ﬁtibﬂﬂ@f ﬂl@%ﬁdﬂk%@&rld aiU%@of Ectitiel eﬁth_é%hase 532 of
the mask 500 are filled with a fill material 550. The fill material 550 may

be any opshitiagpyonertinssp theamaskoS0at t enuating material or an opaque materi al .

[ 0059] Ref I n ain to Fi.g. .3, . nas Q_of, kn construction, as
e sbur ceitghafs B e Gt 42wkl R s ReBr e SRS A

si dewal I s A&dctidn AQeandnedibieétric Comtatit &} dRterd floatihdihdeR dFasREoh AL P t he
feature 132, a portion of the radiation inpacts the sidewalls 133 at

vari ous andiekstrigivonstanteyiolod theaglagsror gharty, layar 54 faThe depth dhthaBrashdeature 31,
532 is etched to produce the desired phase shift is inversely linearly related to the

difference, An = ns;o-nsso, between the indices of refraction of the glass or quartz layer 510
and the fill material 550, and the difference, Ak = ks;0-kss0, in the dielectric constants of the
glass or quartz layer 510 and the fill material 550. As the differences An and Ak increase,
the depth D to which the features 531 and 532 must be etched to produce the desired phase
shift decreases. Conversely, as the differences An and Ak decrease, the depth D to which
the features 531, 532 must be etched to produce the desired phase shift increases. As
discussed above, phase shifts of 180° degrees are desired for alternating phase shift masks
and phase shifts of less than 180° are desired for attenuating phase shift masks.

[0061}] Referring to Fig. 13, a phase shift mask 600 according to another exemplary
embodiment of the present invention includes a glass or quartz layer 610, a plurality of
features 631, 632 and fill material 650 in the features 631, 632.

[0062] As discussed above, the fill material may be any material having an index of

refraction and a dielectric constant different from the index of refraction and the dielectric
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angle. Reflection of the source radiation 200 fromthe si dew%hﬁBér@gl&{?@g}ts

I n propagation irregularities that reduce the resolution o

and a loss of control of the phase shifting properties of the nmask 150.

[ 0060] Reférring again to Fig. 12, the fill material 550 is selected to have
an index of refraction n550 and a dielectric constant k550 different from

t he i ndex | | r | ass or
quartz lay%%ﬂ%%%ﬁ%@%gﬁgggfﬁﬁﬁﬁﬁﬁg?ﬂ%g%ﬁﬁ$ég§%ﬁgQ%%%ﬂ?nﬁ@%%,?&egggﬂ%a to
produce t hghotlerssisteglash geartzsdriHIQ. $he fill enagaial mayradsarieya metesblddhving dthe

di fference, An = n510-n55 bet ween_t I ndices qf refractjion of the glass
or quartz 9riiakchgragterisies. ?ﬁ% exqmple fhe gﬁir%ﬁter%@}ayam g thagiolauizes thel, =
k510- k550, ifAibhe dielectric constants of the glass or quartz layer 510 and
the fill materral 550. As the differences An and Ak increase, the depth D
t o which tpees3f eRiefurdsg 3Higald) ab 3Remplaty thethed fih ethnhifacniringaghatdishifi @sisk ed
phase shift decreases. Conversely,. as the differences An and Ak decrease,
the depth ¥5°PWmgtolhe preprat fféfafl‘ilﬁfb‘éw@gis, prsglélmma@eblé%’%w, £BPIsIg AIEHst he

desired p | ' '1@15&1 | %b&?ﬁ -shi f of 180
degr ees a?@ﬁ%@?#éd%?ﬁgﬁﬁgﬁoﬁét n%wgﬁg{sb:asgm# t gﬁ@%gﬁﬁﬂ& a%%o’shi fts of
| ess t han dfloping dissterreia thomask blankig340)gppibiaga fHhinhteriabtoki] theGoildes of
Referring to Fig. 13, a phase shift mask 600 according to anot her exenplary

enbodi nent thepati¢ia obthe blanker50eRd etehingdask thedilbmatepal 33t z | ayer 610, a
luralit f fi ' ' t 631,
23gr a[ 60%2@56& g'?ets@l{ljggaé%é gg‘ggg’% aﬁﬂgedftlb Me rﬁ%%kﬁll a b}ﬁ%& ‘%‘3’“@?&0‘%3?e$‘|5‘§|5 havi ng

an index ofxaniphd, tigcfill @fatcriatimay Bk epifebited, spatiatd electoplaideittvapsraddpbdirdi ndex
of refraction and the dielectric 14 05 FEBRUARY 2007 constant of the gl ass
or quart |eR/®engskihe mask. The fill material may be, for exanple,

phot oresi s | ass k : Wl I Il | s terial
havi ng ot h@?ﬁsgp |echF&§§élrrhgsgg %‘rj :dgﬁgcyg\égrb e@)%%ﬁ’é%&tlf%cg& ]}é |ﬂfaﬁ mrgrsal&gfrﬁ%‘lr%ﬁay be

a mat eri al whithidoePhatiihclede 4 ied niaskli Atrh@hod dOABR]fadtafigy the Mehsk @f Fig 1214, an
exenpl ary nmethod for manufacturing a phase shift mask according to the

present i nwhishiiztludes thakred maslo 92 @lisrsghematizelly Bluamated 8ulig. bpplhd mgthadr esi st

to the mask pl.ank 20, ex ing. the.resist t urce. of patterned

o ati on S PR PHECRRARink Ofire b o'k 84 D AR g BR LS R g
fill materpank 5420, iekﬂ)os_iﬂ'%ethé etst fePpatfernddiBuRabF fiditidh J4h8, BB iy tAOKard350
and etching back the fill material 5360. 10064] The fill material may be

appl i ed t omasleundgs thelskpoded sgsisiivg 3 krdsweloping epatiernin the mask blank 440, applying
a fill material to fill the features of the pattern of the mask blank S450 and etching back the
fill material S460.

[0066] Referring to Figs. 16 and 17, the fill material is applied to the mask to completely
fill the features of the pattern and extend above the features. The fill material is then
etched back to produce the masks shown in Figs. 12 and 13, respectively. The etching back
of the fill material may be done by, for example, chemical mechanical polishing (CMP).
The CMP may also be used to reduce topographyj, i.e. flatness errors in the mask that may
reduce the resolution of the mask. The hard mask 520 of the mask 500 acts as a CMP stop
during polishing.

[0067] Referring to Fig. 18, a method for manufacturing a device for use in an integrated
circuit, an integrated optical system, a magnetic domain memory, a liquid-crystal display
panel, or a thin-film magnetic head includes providing a substrate that is at least partially
covered by a layer of radiation sensitive material S510, providing a projection beam of

radiation using a radiation system S520, endowing the projection beam with a pattern in its
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exanple, the fill material may be spin coated, sputtered, el {ﬁp&
vapor deposited on the mask. 10065] The nethod illustrated (fsﬁﬁ |gﬂa\§%ng{/

be used to manufacture the nmask of Fig. 13, which does not include a hard
mask. A method of manufacturing the mask of Fig. 12, which includes the
hard mask 520 is schematically illustrated in Fig. 15. The method i ncl udes
provi di Ng god¥Bektidl @iMg 4 Maskisbcbing 1dan&xemplantdiBbdiReR! of itdprésene fivehtidP t he
mask bl ank S420, exposing the resist to a patterned source of radiation
S430, reno¥i3fRganderojesting thewatternedibeam plradiafion ento adaigst paLasof devasicopf ng a

in th k. bl 4 | yi fill i al fill .
Poat ur os drpfie Bkt At Rao ol inth e anfteliatse bUBAGE ofprdsk il 8% ot
material SffGhe ﬂxﬁ@ﬁﬁ]of@i‘é.qwﬁ@%éﬁef&dﬁfby A& @t the/ funktiéns dnldlpePRERAARlofT S

applied to the mask to conpletely fill the Teatures of the pattern and
ext end abdhedeviee frsba pattssn toTkaliZeith¢ fumatiensi 3 willalshemappresiated thatthetdesignoduce

the masks shown i.n Figs. 12 and 13, respectively,. The et ching ,bgack f.the
111 at oriumARAEe 45 A el Aoning. i BE PEsentistabtion My Bl reae B mefphg

(CWP) . ThagolNHn T8y 18! HOviNeIs6SROaphpReclRURS: SuBRREK, 3P Wifer! prBdudtiodlangss errors
in the mask that may reduce the resolution of the mask. The hard mask 520

of the nmasko&B6ingmay paecede GvRnethapshosarindag. 38| iThhiwader ptO@8sihg Rafyendideyy t o
Fig. 18, nmet hod for .manufacturing a device for, use_.in an,integrated

i Poul . o PGP AR LR Ret efhet, ORing Gn bR SR T Sirtice
l'iquid-cr yﬁhﬂlnggin%‘?é&r)éde,@ﬁ&ﬂs bﬂalcﬁuﬁllaeﬂésfiﬁdnrfbmr\%fkﬁ irﬂgﬁggh%ﬁng%é the

providing a substrate that 1s at least partially covere ayer of
radi at i on wafesiahd deping tler waler 88h 2@hotosansitiieagerd. Otiogrectfergrodessing efeps that

radi ati on using a radiation system $H20, endowi ng the projection beamwth a
pattern i rmgY ©lions hs megigd ARYIIDEE ?gﬂft?%‘éd%@&%i‘ DIRE (s Ty Sta T5RUNG HEor di ng t o

an exenpl a%éé'g mgg(? fUsTE RheiPls WClﬂﬁé%ﬁ@ &eﬂlmﬁgmgessé?%%i]sé r &Efﬁjng.c it'r\»{?i the

patterned radiation-onto target portion ayer o adi ation
sensi tive aied by appirectiddthat devidel dssdmeblp ppd mspetion, ihgludingsfer etxamysld] dieihyg, ski |l |
in the art, that the nethod of, Fig. 18 may be preceded by design of the
functions Rendinge packagngcup sealing), gad peegatighpand %eletmh%% tegng may dejlow

functi ons. i |4 preci ated that the design and nanufacture of a
mask accortgHr?be Agih}qlgﬁg?gggegg invention may al so precede the nethod shown

in Fig. 180o0ds] Refetringlt6 Figd 9appevead Fl0atarnufadtursd bg bii ak@nplary methed acdoedidgict i on
and processing may_precede the nethod shown in Fig. 18. The wafer
processi ngorBg Pieptt ippention includes a substrate 910 having a pattern including features 933,
934 formed therein. As discussed above, it should be appreciated that the device 900 may
be formed in the manufacture of integrated circuits, integrated optical systems, magnetic
domain memories, liquid-crystal display panels, and thin-film magnetic heads. It should
also be appreciated that the device 900 may include a plurality of patterned layers that may
be formed by repeating the method or a variant thereof.
[0069] While specific embodiments of the invention have been described above, it will be
appreciated that the invention may be practiced otherwise than as described. The

description is not intended to limit the invention.
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for exanple, oxidizing the wafer surface, formng an insula16§§wﬁﬁﬁgﬂpgoﬂﬁe
waf er surface, formng an electrode, such as by vacuum deposition, on the

wafer, inplanting ions into the wafer, and doping the wafer with a

phot osensitive agent. O her wafer processing steps that may follow the

met hod shown in Fig. 18 include devel oping the resist, renmoving the

devel oped resist, such as by etching, and renoving unnecessary resist after
etching. It will also be appreciated that device assenbly and inspection,

i ncluding, for exanple, dicing, bonding, packaging (chip sealing), and
operation and durabilitg check testing, may follow the nethod shown in Fig.
18. [ 0068 HARSLEARMERASE g. 19, a device 900 nanufactured by an exenpl ary
nmet hod according to the present invention includes a substrate 910 having a
pattern including features 933, 934 forned therein. As discussed above, it
shoul d bk appk eeislafeds¢ inatlithégraphespropc@@lappaptus pwnfpoisimgd i n t he nmanuf act ure
of integrated qircuits 1intregrated optical systens, nagnetic donmain
menories, i q"lﬁ ﬁsgfﬁg%% Y splay panels, and thin-filmmgnetic heads. It
shoul d al so deyappireiaiadatthis] the device 900 nay include a plurality of
patterned |layers that may be fornmed by repeating the nethod or a variant

t hereof . [ 00GOEYSNRE PRAGYP BtTIE O i dRATEATIR WateRald®ETi nvent i on have been

descri bed aboyucH doptaldr HeBveeRRRY Bk 8F Qithriz TRkr {di&hé MORIAhIcQRardRY 1438;, Pract i ced
ot herwi se than as described. The "description is not intended to’limt the

i nvent i oviherdis a pStoRERRUIARY iR (hg orgarxTM3 g atlaxenvabtheStchistopAayen iskaof provide® in a
l'ithogr I (o] j : | slng: . gl yer; a

| ayer of PRAaP R YEE bl QB BOR Btk inSRIRE HELAR ey AT oo il £ VT

mat er i al pattagneany tleropafeshmsteogd laygy erpabiehekanrespomdiigas shequatteman the ih@gatic and t he
inorganic material |ayer, wherein a pattern is forned in the inorganic

mat eri al "PEYAPY%5hd the etch stop layer is not provided between the glass or
gquartz layer and the inorganic material |ayer in areas corresponding to the
pattern and the opaque material |layer is patterned corresponding to the
pattern #n t h Maepcgansing to glaine 1 vaherqin he inorganicnaterigl layeris farmeg of gvdéwpm 1,
wher ei n &Q&mhﬁg&ganic material |ayer is fornmed of hydrogen silsesqui oxane.

3. A mask according to claim 1, wherein the etch stop layer is formed of chromium.
4. A mask according to claim 1, wherein the opaque material layer is chromium.
5. A method of manufacturing a mask for use in a photolithographic projection apparatus,

the method comprising:
providing a blank including a layer of glass or quartz and an etch stop layer;
forming a layer of inorganic material on the etch stop layer;
forming a layer of opaque material on the inorganic material layer;
applying a layer of radiation sensitive material on the opaque material layer; exposing
the radiation sensitive material layer to a patterned projection beam of
radiation;
removing a portion of the opaque material layer corresponding to the pattern;
developing the pattern in the inorganic material layer; and

removing portions of the etch stop layer corresponding to the pattern.

6. A method according to claim 5, wherein the inorganic material layer is hydrogen
17



3. A mask according to claim1l, wherein the etch stop | ayer }
chromum 4. A mask according to claiml1l , wherein the opaq‘t’iF%%%‘ggl?‘é?ﬁm

| ayer is chromium 5. A nethod of manufacturing a mask for use in a

phot ol i t hographi ¢ projection apparatus, the nethod conprising: providing a
bl ank including a | ayer of glass or quartz and an etch stop layer; formng
a layer of inorganic material on the etch stop layer; formng a | ayer of
opaque material on the inorganic material |ayer; applying a | ayer of

radi at i on;j 5&RGibidn¥ andBInBEd BY spficédii@gopaque material |ayer; exposing the
radi ati on sensitive material |ayer to a patterned projection beam of

radi ation; renoving a portion of the opagque naterial |ayer corresponding to
the pattern; i : i i i i ayer; and
oo ng por t (‘o e Rt \E chh s 1o BHMARM B Rin@l 1 HYEL %5 A
nmet hod acpettatingg to claimb5, wherein the inorganic material |ayer is
hydrogen 17 05 FEBRUARY 2007 sil sesqui oxane and fornmed by spin coating. 7.
A nmet hod according to claim5, wherein the opaque material layer is forned
by sput tgeri ngA mBthodadtetditto 2l 5igeih CheGadérimissdeviibgydaiyrvdt Bghipat t ern i s
devel oped by wet etching. 9. A nmethod according to claim5, wherein the
pattern is devel oped by etching with a plasma tool. 10. A mask for use in a
l'ithographi ¢ X Rieffoll b ARP RS ALiHSS, whHEFR the bAtbm is%ie%l@p%:%l b?xretéﬂﬁ%r&it’-hi?){ﬁﬁé a

| ayer of attenuating material; a l'ayer of opaque material on the attenuating
mat eri al tbelyer; and an etch stop | ayer between the glass or quartz |layer and
the attenuating material |ayer, wherein a pattern is fornmed in the
attenuating material |ayer and the etch stop l|ayer is not provided between
t he gl ass0or quatkzfor agean aditithgidphicgirdjectivatappayatomtcempabing:ayer in areas
correspondi ng tg(i t he aﬁter,n and the opaque material |layer is patterned
correspondi ng % asﬁﬁéqlb"gtlz PPh in the attenuating material layer. 11. A mask
according to dligyeiotftenwhifig@hdteridie attenuating material layer is formed of

a layer of opaque material on the attenuating material layer; and

an etch stop layer between the glass or quartz layer and the attenuating material layer,
wherein a pattern is formed in the attenuating material layer and the etch stop layer is not provided
between the glass or quartz layer and the attenuating material layer in areas corresponding to the
pattern and the opaque material layer is patterned corresponding to the pattern in the attenuating

material layer.

11. A mask according to claim 10, wherein the attenuating material layer is formed of

molybdenum and silicon.

12. A mask according to claim 10, wherein the etch stop layer is formed of chromium.
13. A mask according to claim 10, wherein the opaque material layer is chromium,
14. A method of manufacturing a mask for use in a photolithographic projection

apparatus, the method comprising:
providing a blank including a layer of glass or quartz and an etch stop layer;
forming a layer of attenuating material on the etch stop layer;
forming a layer of opaque material on the attenuating material layer;

applying a layer of radiation sensitive material on the opaque material layer;
18



mol ybdenum and silicon. 12. A mask according to clain110,\Mw§ ' Qnﬁ'
stop layer is fornmed of chromum 13. A nmask according to c a?%ﬁﬁ , éﬁgin

t he opaque material layer is chromum 14. A nethod of manufacturing a mask
for use in a photolithographic projection apparatus, the method conpri sing:
providing a blank including a |layer of glass or quartz and an etch stop

| ayer; formng a |ayer of attenuating naterial on the etch stop |ayer;
formng a | ayer of opaque material on the attenuating nmaterial |ayer;

applying a | : i: Al i1 (Y terial
I25e¥; g18 03% %% <%E$Q%%%@%&g§§%§#%%%§E@E&g ﬁg#?gﬂiggﬁgﬁ@?g%ﬂﬁg?eriaI | ayer

to a patméirnad projecti on beam of radiation; renoving a portion of the

opaque nateri al Iaggr Gorr ﬁﬁondln to.the patt : Qe eloglng the pattern

ern...
in the attendSPPHGEARPEIOTSN HERPEMT Y SVSL TG HBRPEIR I e etch stop

| ayer correspizvelbpigg tie gattermpatieaittenualing mAteniel lags; adcor di ng to cl ai m 14,
wherein the attenuatin terial |ayer is formed ﬁ% sputtering. 16. A

net hod accor dtHgVpEPYf! e et&*fg}pgpwrgq»{éeswg@géo RSB | ayer is formed by
sputtering. 17. A method according to claim 14, wherein the pattern is

devel oped by wet etching. 18. A nmethod according to claim 14, wherein the
pattern 15 de&t@leﬁwé@fcm(%@g ©ilavg i vherein thslaffenvatingwhterialdayepnisfemsiedbyr use in a

Iithogrq&ﬂhﬁygyojection apparatus, conprising: a layer of glass or quartz
having a“pattéern fornmed therein, wherein the patternis filled wth one of
an optically transparent material, an optically translucent material, and an

opaque terjal, the terial Vi an index of refraction d a
P elect (1 cohBieting Maorts neieim gt bieR GreBedie sferalal b5t pBedB50° A rmsi
accor di ngutteingl ai m 19, further conprising a | ayer of opaque nmaterial on the

glass or quartz |ayer, the opaque material |ayer having a pattern
corresponding to the pattern in the glass or quartz layer. 21. A nmethod of

manuf act i i NgA 2R L Rlink Sclhih 24, RREA! ink RAKARMGIBEQI BOh LRk nARPar at us,

18. A method according to claim 14, wherein the pattern is developed by etching with a

plasma tool.

19. A mask for use in a lithographic projection apparatus, comprising:

a layer of glass or quartz having a pattern formed therein, wherein the pattern is filled
with one of an optically transparent material, an optically translucent material, and an opaque
material, the material having an index of refraction and a dielectric constant different from the glass

or quartz layer.

20. A mask according to claim 19, further comprising a layer of opaque material on the
glass or quartz layer, the opaque material layer having a pattern corresponding to the pattern in

the glass or quartz layer.

21. A method of manufacturing a mask for use in a photolithographic projection apparatus,
the method comprising:
providing a blank of glass or quartz;
applying a layer of radiation sensitive material on the blank;
exposing the radiation sensitive material layer to a patterned projection beam of
radiation;
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the nethod conprising: providing a blank of glass or quartz; j
| ayer of radiation sensitive material on the bl ank; exposi ngO E%ir{ggl?‘z[i P%7n

sensitive material |layer to a patterned projection beamof radiation; 19 05
FEBRUARY 2007 developing the pattern in the blank; filling the devel oped
pattern with one of an optically transparent material, an optically
translucent material and an opaque naterial, the material having an index’ of
refraction and a dielectric constant different fromthe glass or quartz

bl ank; and et(ﬁbag}gn AR pIRLR"A Be tidn@m portions of the blank where the pattern
is not forned. 22. met hod according to claim21, further conprising

provi ding a |fdlestheflevsivaedipativrt it erle of en optisellyytransparent myptraral, 2n bpteaally pri or to
appl yi ng LG &adi Al Pihah S%% e téTr?atlth.é %Lte{'igl Gling 28 indox TEIAQGiRGGRLdI ng to
cl aim 21, efel et chi ng material. i nel udes ehem Car, hrethdnt cal

pol i shi nfjelecdc cofistah\di ffeeerft GlomutBeglass or g binktndi rcuits, integrated opti cal
systens, patterns for magnetic donaj ries, liquid-crystal, display
panel 5. and (B PF ARG HEOT SOFBRRIAL the RBRHRDFE e RALATY ABPUPECDy a net hod
conprising: endowi ng a projection beamwith a pattern in its cross section
using a mask according to one of clains 1, 11 and 21; and projecting the
pat t er ned- beahin§thod aerordingie chin 3 1 ofurthgr genpriwa nrovidiag a dayergfopagie materiahta on

sensi ti vge FRLS GBS adkEAR: tPBpiifd Y rLRMRR sORitRe SHRSTA #yer. 20

23 A method according to claim 21, wherein etching the material includes chemical,

mechanical polishing.

24. A device for use in integrated circuits, integrated optical systems, patterns for magnetic
domain memories, liquid-crystal display panels, and thin-film magnetic heads, the device
manufactured by a method comprising:

endowing a projection beam with a pattern in its cross section using a mask according to
one of claims 1, 11 and 21; and

projecting the patterned beam of radiation onto a target portion of a layer of radiation

sensitive material at least partially covering a substrate.
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