P- 1501. 010 Enbedded Etch Stop for Phase Shift Masks and Pl anar Phase Shift
Masks to Reduce Topography |Induced and Wave Qui de Effects BACKGROUND OF
THE INVENTION 1. Field of the Invention (00011 The present invention
relates to phase shift masks for |ithographic projection apparatus,

net hods of-1#8h0#%ct uri ng phase shift masks, and devices manufactured with
phase shift masks according to the invention. 2. Description of the Rel ated
Art 10002 ErmbeddedrEtch Sdop fonFhuge Shift dbiska and PlamaeBhasy ShifcNsksltdoReducadl y
interpreted as referri to device that n be_ used to endow an incon ng
radi ation beamwith a %PSF?@J@%HS@%‘E&%Wﬁ,G‘BQF%Bndi ng to a pattern
that is to be created in a target portion of the substrate. The term
"light val.ve" can also be used in this context. Cenerally, the pattern
will correspond to a parti BAGKGROWND OFelHE aNYENTION devi ce bei ng created

in the target _portjon, such as an integrated circuit or other device (see
bel ow) . Ak exa&&ﬁ%&&!@ﬂﬂﬁﬂ patterning device is a mask. The concept of a
mask is k WO I t..1incl udes . .mask, types such as
sk 1S Pbby KRB khiehARS PR o b, S OF BB RS T 1
vari ous hypyardudTasdthddéRE sanff2068INE PhaRfshiftwhsid, ARRdevides hagufafidd beam

causes selective transmssion (in the case of a transm ssive mask) or
ref | ect i ophgse shiftoaskagecasding to thefiheentione mask) of the radiation inpinging

on the mask, agcordi.n t h ttern on the mask. In the case of a mask,
t he suppo?t stbﬁ%ﬂ?ﬁ@ﬂ\%&t&iﬁﬁﬁéﬁy be a mask table, which ensures that

the mask @agh) DEhORIA « Eltt&nﬁllg%{l & RO | ' ' L0 ; L aLi on beam
and that it]can be n%ved r Igtil%ve tor% ﬁlgplggghn%l{l&@ds%p%ghs@?é&%k%%%ﬂ

Anot her easmefdrangfo deviettharean be uskeib eadivs aa inroogigradizkibs beam mith &rray. One

exanpl e of such an array is a ma{rix addressable surface having a
vi scoel asP3tE PIISeFle FOrTESRANGing by 3 BRticry thakisite he ercatpfdn p saseet nertioncefol e

behi nd su ke » . reas..of the
reflecti vfeﬂaggr tgdgée?apge;t#é%t ﬁgﬁﬁ%ngé}ﬁlgﬁ@%ﬂ% p@rjggcn?e 'Q(S?r%ﬁ%g" \%}?&ahs?
unaddr essedll esreaporidiol epdrtiduda fdedionbl 1gdr iRs deviek Béiﬂ%@ﬁeﬁ@d lih BHattarghlsi Ng an

appropriate filter, the undiffracted Iight can be filtered out of the
r ef | ect edP@&aR Such as athitegmityd eiratiriothes deeige (e helowbde Anegample afisiteh amnner |

he b di he .add ing .. f.th
e b Eeung At SLBEC TR OBt LB RIS HupbREiPhe it o
mrror arnglidesiask/fypas fRh b inafy, ARGRAARIR pHabe dHifYantiaftelated SRRSO, yhi ch

can be 1
well as various hybrid mask types. Placement of such a mask 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
ensures that the mask can be held at a desired position in the incoming radiation beam, and
that 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 principle 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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P-1501. 010 individually tilted about an axis by applying a suitable

| ocalized electric field, or by enploying piezoelectric actuators. Once
again, the mrrors are matrix addressable, such that addressed mrrors
wil | refl§ct an incomng radiation beamin a different direction to

unaddr ess&d M Prs. Inthis manner, the reflected beamis patterned
according to the addressing pattern of the matri x addressable mrrors. The

required Hsiviivallydilted abpuioancais bypphdng o suitabledotaliged electiolfeldloebyr oni cs. | n
both of th It uat.l on escri bed her eabov t he atter.ni ng devj ce can
conpri se 8%3?03""%?2@3%?%& ﬁ?gnﬁ?'egﬂferw’ ﬁh’ﬁ@rs fRAtrix ﬁ@%ﬁ%ﬁaﬂeowCEn

mrror ar gy §ddessB® ifrrbR WAl 18ffkct 8n £RD : |t ed
States Patents U S 5 266, 891 and 5 533, %gﬁﬂg%gé%%?%gﬁe?eé‘épuﬁgﬁ?

98/ 38597 anaildviBsedBirBBE9E thisrmariner, tlaxseflodted beuno tyrparembd acdordingto ter ay, the
support structure na enbodi ed as a frame_or table, for exanple, which

b

may be fi FHESMERANS &‘afet%\%nﬁagaiﬂdd&‘&.sablq waeers. Ahefaquiredmatpy addsessiag can
i i i S, . ] . | f h

Ponst 1 uct bopefirifea Bicd RGHIE BURNG, rhBoBLds e o WiaR B R herliflk The

st ruct ur epatterhing devias can@impiize @O OLMOE REg@AmniabIEmAtortasfal e, Moy exanpl e,

which may be fjxed or novable as required. 100051 For purposes of
si npl i ci t ipformptiop ogimigor arpys asdikte mafpyred 4 cancer sgem fHoexampban Som Bjpied f i cal | y

genor al ' poinciisral ksl At saeh o hard KEdcr B SKOoal By S b 0°
broader cog/58096. ah thd\se BRL bRIgRinEable Wif6r ﬁ?dglﬂﬁ#eesﬁﬁﬁﬁf?stﬁ.ﬁgmg ayfbe 100061

Li t hographi ¢ projection apparatus can be use or” ‘exanp I n"the
manuf act uersbadied ana fgmatoe thbld, ferexamplel @bjch may xubledaor aasabletdseequadetier ni ng

devi ce may _generate a circujt attern corresponding.to _an individual |ayer
of the | cﬁ’"‘gﬁhdgﬂm&@f HEntRle ﬂf %aﬁpeﬁ'@ng Aexiesis hprogrammahle L Dhasray: 48 (e. g.
conprisin r ' QF r E b t been
coat ed wi TR O slRaolifiRtioR s f ekt € phchPs 200877 M Mok BPLusBR. 27"
si ngl e wasterctureiin thiccase aiay ba entbotied aeh famc opftabdeljfacexampld mdidh pay bé ons t hat

are succesgsively irradiated via the projection system one at a tine. In
current aﬁﬁ%ﬁ%ﬁfﬂg‘,’abé‘iﬂrﬁwll‘@- patterning by a mask on a mask table, a

di stincti a | {01 pes..9f: ratus. In one
type of IP?% g?%%ﬁ.@ pggfgwgﬁy’g%%aegea({ft}@ S ?%tégwtagrcﬁg{lmg%r Pﬁ% S

i rradi at espebificelpdizedi @ts¢lf e ex@Ripldsénv@dikg BMdsRand a6 table HAW&SRY, tROr tion at
once. Such an apparatus is commonly referred to as a wafer stepper. In an

al t er nat i generdh pangiples discassad in spch dastancessshoulddy sgeninethe broaderswatexaphtheat us,
each target. porti.on is irradiat progressively scanning the mask
pattern uﬁ%e?mfl%SSEF%TSeIZ:GE?ag’ﬂV%%CEg? ' a given reference direction (the

" scanni ngjoosk r ERhé@EPhic 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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2 P-1501. 010 whil e synchronously scanning the substrate table parallel or
anti-parallel to this direction. Since, in general, the projection system
will have a magnification factor M (generally < 1), the speed V at which
the substrate table is scanned will be a factor Mtines that at which the
mask tabl 8-5581.88&nned. More information with regard to |ithographic devices
as here described can be seen, for exanple, fromU S. Patent 6,046, 792.
100071 | nwhilk spwehromensiy sacimingthe putstreedahls pargllal driahtipgraliphiochig ieettdn. on

apparatus,.a .,pattern (e.g. in a mask) is inmaged onto a substrate that is
at | east PHicEil I@W‘Eﬂ@r@ﬂle%‘ma‘yﬁﬁ%wu Rrve paepgatfication Eetardyl ygenesallyr b
br ocedur e e S8 VL Which hERSlie PSSR S AP R qrificn

exposur e, thefigaskautils iy ehenedniidpeinotbjatioh fdthirog2l RelithBERAPRR WefRes SlMdle S A
post exposure bake (PEB), devel opnent, a hard bake and

neasur eneflescrihehean beggen for ¢ramipli diom VeaPateass,040792.array of procedures is
used as a is 1 atter n_.i ndi vi dual | r of .a device, e.g. an IC
Such a pgl??’ir ﬁré%ifz?cg%?laﬂ’é ¢ B%P{?ﬁasérlﬁglg\?g%ﬁ%}gpl}j? Broacetion ag%ﬂtu&sa et chi ng,
i on i npl apkh 7. i 4 ARisRYs imABIPb 7 3k gl Bipe RGP

pol i shi ngf,9 etc.@géll ir?tgl)r?cllrgd to%t?ﬁiggﬁhsaatgftﬁméﬁaitlﬁ ?Eﬁua (I“;agger. Fa%r
several | afymdmtian-senseipe materialt(resist)t Peiontrothés inragmgdihe substrateemypundenfo
thereof, will have to be repeated for each new | is inmportant to

. Lot
ensure t h¥TIQU§Procsdures.Sch ps pHmINgGsfeisheppting a‘ﬂ%%s‘?%g‘;]@uéﬁi exnoswrel tigers i s
A ! o
oy ovi ded SpsERehitetubiectllio billoroBMipES Suchds IR wbBHE BIGTPERIC 2, 1

of a coor dévebdpenesiy,Silend bakeldng m@b@emehiZinsibcapi bCAk imagkdebatids OTHIS arrfe¥f Ces
in conbination with the substrate hol der positioning device (referred to
her ei naf t Bjocediges ig upgshaseaiasisyia patiem an indiwdpal daves afia devdee. be. aelGdarchd each

time a ne r e juxtaposed on an existi | ayer, . and can be
used as. afePHe i IpBF undet! RRRS bro Py K oS el P laploBBEf || "be
present ogoplify).sHiEizatich, oXRIEESN, chdhesfcHAMEA PolisHify, REMISARARR @inifH oM
one anot her by a technique such as dicing or sawi ng, whence the i ndividual

devi ces efnnpedimdualtlaxkr dii severa dayersrare pgpived tthh the whokesproetdore, Bua tviwgant

i nformati gn reqgardi ng, such rocesses c be_ obt ai ned, for exanple, from
e book. DRIEFQEH HEADHY BREdsh o Reh necy P 1 FARRAZADLLOSOMIE SRR or

Pr ocessi Ngyerla¥ tivkthinb&tibh st : b kshing Co.,
1997, 1SBN opla BubpBHLibh ST MO ¥arldts Stackidlladd fé%&%ﬁ%ﬁ?ﬂ’%ﬁ‘y‘i‘gﬁ%@?oj ection
syst em nmapurpesec h nmhil eefeteace miek is pebviidedas ohdrer thbensositionl ve ey wafef)itlust er m
shoul d be broadly interpreted as enconpassi ng various K types of projection
system i fdinies Wi arigin ofca ¢apedipye system patheowater, Usipg pptical apdielsetronis opt ri ¢

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.

10008] 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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systens, for exanple. The radiation system may al so i ncl ude conponents
operating 3 P-1501.010 according to any of these design types for
directing, shaping or controlling the projection beam of radiation, and
such components may al so be referred to below, collectively or singularly,
as a "l en®150E0t@ her, the |ithographic apparatus may be of a type having
two or nore substrate tables (and/or two or nore nmask tables). In such
"nul ti pl easdoadjeg telmyi afabesedodigmtighes foo dirkctimpblepingay cosratiag teproReadd el or
preparatory steps nmay be carried out on one or nore tables while one or
mor e ot hePPama B E4lialioB. ad; sygh caraponests s bekeferoddp beloag eollactivelygr aphi c

appar at us SGI.i: » ' U S Patent 5.969, 441. and WO

0Bl 20701 STBEHT R 6K Hflhel R Garapilc ppdirarbEpET he 32 By Hitingden O ne

resol uti omodé subiirite abled (ahdrBEFAPEMEHTHAREablAY) LR sG&H ‘i‘Iﬁﬂtiné?s%?gtes QbdibegTRSkS
in

I ncrease the resolution by introducing a 180 phase shif he |1 ght

transni t t 8¢ additionaktablds map e useshinpamdleber preparategisteps Ofdy(e damied dition oae
schematic illustrati of an alternating phase shjft mask 100 according to
known cong{m&‘iﬂ% ?“%ﬂ@oﬁﬁgkm?ffd’t ?{gﬁlg]aﬁggregel@gé}ggj%rem}l{% Pyobstage1o and a
| ayer of i bRlace BacBr: # arHFi%k' : 41’13:5? may be
formed of ,19#6%&[5&:{1 gflg alé%érieg%n%%’ ﬁ?ﬁg g a’s%lj{%'rg' g%igfrﬁ t%ggyer Oﬁ%fncl udes
portions 9R407Olhave been etched to define features 130 of the pattern. An

area 140 of the glass or quartz |ayer 100 between the hard mask 120
defi nes al"%cAdEEatng phase shibfinasks are ysad tesipgrease the sesalutign of optieahd shifts

h - hatd 0 140 1 ad
foat ures. H0RRHR? g RUARRHY Hhab b3l Ret P eRER e SaR BB IR Gy
the et chedg@oHak®aaft ik e l%‘ﬂf irAgniife] bakaralcchfRuF@DniB9mabin order to

produce the 180 phase shift, the features 130 are etched to a depth D
equal to MOBY( higl} is aehemiatic Xhistratidreofimnadteanatng phese tshidt maskr k09 acaciidatgiton 200

and n is the index of refraction qof the glass or quartz |ayer 110. [00111
It is dif KRG Fosgue ?@1@%‘% 139&#‘\“2‘?@%%6%9 qurﬁéﬂapigéayswﬁuartz

| ayer 110 t a0 bRt h |

qu;rtz I a%@u%?[gat%rgag’géehegﬁdﬁ{i%ﬁsz bi ﬁﬁ? E‘gr d %%&?@b%ﬂ%@%ﬂ%ﬁgﬂsurraﬁ‘grélg[e()f t he

mask 100 elrdmiwni Thé ghseor qlaezddyeh | d@ineludadpdriions whish hbe: baaeuwhel & ¥
controllegtlo accuratel¥ produce the depth D. Variations in the depth D
e

t hr oughouslefnedentieas 138 of the petiema Anared IO ofthe glasperanarts faver 19dbstween the

e, “for en iR 70 ehily i BRBIR 1B bor S AERQ BOKAST 200 bR B ot en
feat ures gfuréd@diztisk 200 Padshipithiotgh thedRsd RRYREveenSAPckt ARSI 867 bitigtal

di mension uniformty of the mask 100.
phase with 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 ) is the wavelength of the source radiation 200
and n is the index of refraction of the glass or quartz layer 110,

(0011) 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



[00121 Fig. 3 is a schematic illustration of another alternating phase
shift mask 150 of 4 P-1501.010 known construction. The mask 150 includes a
| ayer 160 of quartz or glass. The mask 150 includes etched portions that
define features 131, 132 of the pattern. The feature 132 has a snaller
critical &reh8i%n CD than the feature 131. The mask 150 al so includes a
hard mask 120 and an area 145 between the etched portions 131 and 132 that
shifts théngwneerstrueteti. atheomaskols Opa@gqiersgl layard 66 ! tixetzoorasast STheutaslol 5phase

ith th t 00 h_.the feat 131, 132. [00131
Pt SRS R B P L TSR o 58T b
ot £ il i o0 AR Bale, P TSOISER g L,

pattern features because features o

rates. Snalask i2Gbnd ssarceddd bétngerhihglreshed pomional BarknIB2 txshiftsethe Bortées are
etched to the, de5|red depth before | arge features requiring | ower etch
rates anéRdigtipne00passing &mh thozea 1845 awe obphaseravith thaseuseavatiativn 268, i . e.

f eat h dt t t | fib f th
sgﬁrgreefaa%éhn Intuih Bhe feins b33 2e " atat on 300 1ofTeats of f the o ¢
si dewal | sgh} The Hﬁﬁcﬁlgaéﬂﬂc&uﬁt%?y dhgoly Qﬂé‘éﬁ.‘h ﬁti%&tll@ﬁﬁ%@ﬁ%?ﬁe souhz or

gl ass of the | ayer air decrea es the rce
r adi at i ont2@omdm qredlaﬂ@attemé'eatms-hd;memnlargn‘r pam‘m festred béausehfestubsgwidar y

ef f ect is re pr on n _hi stems, in particular those systens
Gsed i n | BT SR Rfed ity ottt el et Gakatines higher e e A dowe

decr ease ead arger
features WCBIEBA éag%:cg%ﬁl%)éla%ghed é\%\{rt%&%ﬁ?g%@gﬁs@}# Lf%%@gs g‘%}a r&‘éﬁé&@f ket];l?Es‘etsol ution
may be |rrmmd)1mgﬂemt¢ﬁmmbsase shifts, for exanple, of 90. Although they

provide |ower resolution and process |atitudes than alternating phase
shift mask814latms i small patieradeatuns.fie. featikes l'@f‘/éigsﬁ sl Dt dfsetent dmactag

fabricate Y E E

o016 1 ¢ "R of ST LR RUPaRaRidh obo. AS i sol ¥ Yaduc A Bredt BlHEg anc
attenuati mﬂe\pm;sm sfthd fealile l@z {hb abustaey & et beivedl Bt Juafe byglagmofqﬁe ﬁlyer
phot ol it hog{baphl C projection apparatus. It is also an aspect of

present i hekand @hdmeq@@&)thﬁ@haqm fsthe seurecaradiation 200 alhhtedumuhereswlupoxyr aphy
i nduced an g is a further a of the present

i nventi on E%‘ %gg Irthltsﬁ’é’ ﬁﬁ%ﬁﬁ"ﬁeﬁﬁr%‘ﬂ“ﬁ?f@rmgﬁﬁ%ﬁﬁﬁl Satt enuat i ng
phase shi f,amcmglsiﬁgsgg@{mgrlggd gﬁnhﬁggglgygqldg%wol of the phase shift across
the mask while allowing for greater margins of error in the etch rate and

time of alogtiit &he bcrcrﬁbsaoif@amsshlfmmgtdhaemsmth intreasing 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
[0016] [t 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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is a still further aspect of the present invention to provide a device for
use in integrated 5 P-1501.010 circuits, integrated optical systens,
magneti c domain nenories, liquid-crystal display panels, and thin-film
magneti ¢ heads nmanufactured by a nethod including endowing a projection
beam of r&di*81-PYh using a phase shift mask according to the present
invention. [00171 This and other aspects are achi eved according to the
present i Aants Bitegratedoptival systerisnalagesticalonfain mameries liquid-ersiglr-digiay

proj ection_apparat,us,..,the patterning device, , including a,.glass ar quartz

| ayer; a P%'E?%%i%%%fwaﬁ?lgé%ﬁﬁaﬁaﬂﬁﬂﬁﬁcﬁwysﬁ ‘G‘B{éf’gygiluqﬂgﬁ 9@‘!‘““8 Re gl ass
or quar t Zp}ofettion 384t oF fadiRRnNRHS agmay@aﬁﬂ h%@aeco\ﬂ@ﬁ & fhe PrRBALIRI SR, f ormed
in the resinous polynmer |layer and the etch stop layer 1s not provided

bet ween t We17| b and otheanspectslapyahievad atdoeding & the peespietl ipventiohaygr i n ar eas

corresponding to the Eattern. .J 04151 According to a further aspect of the
present | BtsmRingdeyire far use g lihpgraphis Prejestion apparafiasrthe satarpinggesicpat t er ni ng

Hevi ce for ; . i’ Mios = or  hod
el udi ng st g f'es LSt 190HL A oS 120 AR ERY dhup I0KS pelfiEAROC
et ch st opthelglyssor qhatlapg add kiayresinels godyhétQsirer POhFERa pAltetn16 féthiel ig iRP

| ayer; formng a layer of opaque material on the resinous inorganic
pol yner | Ep@ous pplymer kyeranddheetch stop dayenisi ngh providsidtbetvecen e glassair quartz he

i al : i ng_the radiati i1 terial | t
Pt tor noal P bP R InpuS RRSTE Bb I aiAE oHSBORREE R BEPERER: of the opaque.
material |oagr AcERUMRIOATHIRG abect @ﬁh@ﬁ&%&{tﬁ'ﬁv&lﬁ?@hﬁ% i@%r(%]ﬁé’edjéiﬁ‘x}e%ﬁ ofn the

resinous polymer layer; and renoving portions of the etch stop layer
cor r espongiangfacigrinp e pptiernimgrievice dardtkse Ave phatohithographic projedtichiappiratusathpect  of

t he present .i nventi.on ther.e i ovi.ded a atterning device for, use in a
|1t hogr apMEtoRrBTGRE srpvidine Rk Snalyig &1avBr of 616 @E QUL 1420 <th 8P a. g1 ass
or quartz - : | ' X . er
et voon ¢ |2y fbrmifi o BEF ofiksifib s Hiitherh IBLER bp IaRETo Bl Wi a PBpaEET
pattern imatetial oretheiresibdies in@ganio pslypet layer: applying adabr bhisadedtioh seisitvd ayer is

not provided between the glass or quartz |ayer and the resinous polyner
| ayer in W@é‘éf%vﬁﬁeé’gﬁﬁ?dﬁtﬁ“?ldamﬁ?eﬂxﬁaﬁlﬂém?fa@ﬁ@"fhs‘?lﬁ*@ltlﬁéﬁlaéﬁ“aﬂrﬁ\ﬂﬁlf 9 uri ng

a patternj | : b D 1 o r i ' .on. at us,
Ehe et hoperieR frbRetell bedffef AaflatbiihbAPLARN & (OBHLEE blfhA BRE!
quart z anchresspendifig &ithp phiadtey devilopitigne gaticay B thetesiicue polginenN thybRhgd i al on

the etch stop_ layer; form ng a | ayer of opaque material on the attenuating
mat eri al TeARNing psHPYS gighectchyiop lofr corzasperdingtosthe pattanye naterial on the

opaae, Tk o ST MRl AR DRERSTRRTH e PRSI L LT 2
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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material |ayer corresponding to the pattern; developing the pattern in the
attenuating material |ayer; and renoving portions of the etch stop | ayer
corresponding to the pattern. 6 P-1501.010 [00201 According to a stil
further ai @t of the present invention there is provided a patterning

device fol 86014 a | I t hographi ¢ projection apparatus, the patterning
device including a |layer of glass or quartz having a pattern forned
therein, WiHe ﬁ@c?ﬂﬁiﬁl&iatatsélﬂrﬁml?,effﬂﬁpﬁlcéaf the presenténehtian thepe lsqud)\h;ied aanspar ent

terial t | t d |, th
mat or ol RAS LTk S TS FPRep R prainhen Appenfe, v BadoRoedetiocadi 1 fer ont
fromthe glchsfings 184A0F ZlabPNrQfuadh Hadng B bIn ArniPRMEBG! Whiddth ﬁﬁg'&‘ﬁéﬁ il ng

device for use in a photolithographi c prOJ ect 1 on appar at us,
i ncl udi ngfifedwittiong oaambamallycmfan@aaem noteriplantopticailyptanisingera nhamﬂ zm‘dan

radi ation sensitive material n .the bl ank; exposin he radi ation

sensi t i ve RAUEmaterigl %E%Fnaf%’ al, haying %‘?"r’i‘é‘ﬁx Bf@%éﬁtﬂqncﬂil%@e‘iiﬁlac‘éﬁ'lc caBstati on;

devel opi n I SN dSan th one
of an opt ?E%#&t%ﬁg%gkgs?g% tlgﬁfa an opt I ca %ﬁﬁkg’g dpudélé:ntlgém? e¥i al

and an opéeruse rraaplnotalxthogﬂaphnmhgect@h apba'ulu@,ghametlfwﬁﬂclﬁcﬂmF‘pfdﬁ&ihg ablakd a
dielectric_constant different fromthe glass or quartz ank; and et ching

t he mat er PhelassQsiusBzapalyano? laysrofsadiationsieasitive mtepal ereihg blanknexposingned.
100211 AC % g(!ll 01% Qen@xtl%% nlalterfalflia QFtBtag)gaﬁgpgg%f{ﬂJ%cgﬁpt rgaelg%ﬁﬁég{{vem i on t here

i s provide for use | Wed opti cal
syst ens, aateu@mgsthfe@ﬁufmgmqtd Wlarke iy thoBERIIRE pattértl Wil SieVcTtadloptitaBl ay
panels, and thin-filmmgnetic heads,” the device manufactured by a ‘met hod
i ncl udi nglrpRspetest wgtealab ab optically translucens materiabarst arpepaiairiateriab vier wdteriby a

| ayer of ypadiati on Si.tive ovi di ction beam of

radi ati onf'amé%%w ﬁ’é H:(gra P} %ﬁq ‘E}ﬁe’f)@ﬁ Wt?rﬂ dgt?%ﬁ?tt%?ﬂerglﬁssorﬂp%

secti on Upfafil, AdRAHiES he REht&aN ot pRR6R ¢litAdblhfk (WREreRhEFARm ishoe MirhRA; and
proj ecting t he patterned beam of rad| ation onto a target portion of the

| ayer of [0l aticorrdmgris iatsiill duntler espeat of the pR2dnt Mvehtiom thespis prdvided 2dotiance

may be made in.this t. to t.he use of, the apparatus . according to the
i nvent i ongqrrllls‘:f H’emmﬂj‘?cg%‘fcl?r‘té’ igfegtagedoptical sypigimsPagerns fon IPEWFW%HW&E‘( st ood

t hat such r exanpl e,
1y b o B A Gy AR PRI PARS Al By BRRlC el MEge IO, Ce.

gui dance maduleemgs:ltb)mmpﬁmd énohsding providigne bitstrdeniit s ﬂﬁla‘iﬁs[ p&sially covered
| i quid-cr panels, thin-filmpagnetic heads, etc. One of

ordi nary é f E}Y“’T rlaﬂ’é}/lﬁ gengjtive %@%&TQY@I%W&TOJGFVPQ bram:ofrradiationf such
al ternati 3&0@%51%9@%&% be@ﬂlwafﬁ pait r%r}?lté &ol® ecﬁ&%ﬁsgllﬁ? Hattevr\%m d&“ﬁ%r a?l e’

I n thIS t ext conS|dere el ng rep e nor
ternms " masdcordifigwbtht padsent iaviahtion:aing §lrojecting 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



portion", respectively. [00231 In the present docunent, the terns
"radi ati on" and "beani are used to enconpass 7 P-1501.010 all types of

el ectromagnetic radiation, including ultraviolet radiation (e.g. with a
mavelengtglgf 8%?, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet
radi ation;” pb.l having a wavelength in the range 5-20 nm, as well as
particle beans, such as ion beans or electron beans. It should also be
appr eci at 8l t¥p§a ot elpetranaganetio rgdiption Hineludipg sikravieletadiation e withesk having a

T80, " bR eraBRRbR ot 565 AR R Pt h A BV e bR Rt dlation fok - on
Wi Il now hevifi€s Waveleigth by thaeaingel 5-20 AR, 8 vl aé paicldbeahf §1cBRE Sord Beahfior

acconpanyi ng schematic drawi ngs in which: [00251 Fig. 1 is a schematic
i || ust r at #leetrest beamsh dt Slouldradsy bepnipeeciates] et the termdiphaset shft madlo@fets feiapy 2 i s

a schematic jllustration of an alternati hase shi ft nask of known

const r uct M3k ‘Gﬁﬁ?ae%ﬁea.orﬁoq@@d? ﬁ%r?&ﬁ:g“qqﬂ“ﬁﬁ%wtafﬂtbﬁu f“%ﬁ t #kor
alternati Tﬁ?ophase shift mask of known construction; [00281 Fig. 4 is a
schematic 1l lTustration of an alternating phase shift mask according to an
exenpl ary enbodi rent of the present invention; [00291 Fig. 5 is a schematic
illustration of a nethod of manufacturing an alternating phase shift mask
according to an exenpl ary REH PESCRITIONOD TEERBRAWINGSi on; [00301 Figs.

6-9 are sch ic iJlustrations of an alternati, hase shift mas )

accor di ng fopgmﬁﬁg’oﬂ%?i‘mﬁ%‘ﬁ VAL ﬁ{l‘i‘thWﬁm% Se H‘ésﬁ{}g%ie Bﬁ Py ot exrapls é’“ryo withe

net hod of rdffendar tSftl?é“éccb&‘ﬁﬁﬁ?iﬁg)ﬂihemw@@&%i@sQn whikht S @ schematic
illustration of a nethod of" making an attenuating phase shift mask

accor di ngion2s] ahige X enpbchenatoilbmiratort ofaf photadithographid piojaceinh appyratifl0321 Fi g.
11 is a schematic.illustrat.i of .an attenuating phase shift mask according
to the pPRELNf1E qiLHEshsmatis gg“\??,’i“qi} .anpglenating E%@ﬁ’é‘%feaﬁkﬂfd@ﬂ"&t ion of a
phase shiggnsf%&hinaccordi ng to anot her exenplary enbodi nent of the present

i nvention; 10034] 'Fig. 13 is a schematic illustration of a phase shift mask
accor di ngiovzy) ahigt Bés a sehemarit diustratidrost amethier siferhtiingpheseeshift hiavie 6f kivin [ 00351
Fig. 14 is a schematic illustration of a nmethod of manufacturing a phase
shift nasROl‘lStI'llCthl‘l;

[0028] Fig. 4 is a schematic illustration of an alternating phase shift mask according to an
exemplary embodiment of the present invention;

[0029] Fig. 5 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 iliustration 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



according to an exenpl ary enbodi nent of the present invention; [00361 Fig.
15 is a schematic illustration of a nethod of manufacturing a phase shift
mask 8 P-1501.010 according to another exenplary enbodi ment of the present
i nvention; [00371 Fig. 16 is a schematic illustration of the mask of Fig.

12 after BpPi8Hion of a fill material and prior to etching back of the
fill material; [00381 Fig. 17 is a schematic illustration of the nask of

Fig. 13 aﬁd;c@rdia@m dnpgher oneroplagy dmtiddimerettoé thegpresentiingentam; t o et chi ng back of

the fill mater 18 is schematic |IIustrat|on of a _nethod for

manuf act ufod 1&!@9 %Be“?’emaﬂg Hlystration ot the @@%@Q@E}gcﬂf&ﬁr@pp atpn ey il ed

opti cal s et ﬁn‘%‘m@k l'i quid-crystal display panel,
or a thin- eﬁfﬁi}anlgdgﬂ A Lea angf%ggﬁfo%aﬁgﬁg 19 is a schematic
i |1 ustrat {oos8]oFig mm srfhenﬁtwﬂhrstraﬂc&tbfhls(e masieof g, Ecafer dpplicatib® of HEIIPT esent

i nvention. 100411 In the Figures, corresponding reference synbols indicate
corresponmaﬁﬁﬁl&bmwormmhm@aﬁsﬂhpﬁﬂlme{ldGMZl Figure 1 schematically

d t h h t I
onbodi mealooi PRI SRS iR ARRAL RG] for AR Mg eBics RO il
IL that &Mﬁﬂégﬁﬁéd alranmaﬁ@ﬁtegateb%@md?%@ém r Ah@etie AofBirme¥n0h EWV

radi ati on, suc for exanple, %inerat ed by an exci ner | aser operating

at a waveligwigtanystsl dispayrnanel, oogthin-filromagneric mad; axd by a | aser-fired pl asma

2150 conplib@s PR i Sidhefials phusibo e vies Fapufistins) wh S mediadbeoriing 1

obj ect tamtgebf@%,ﬁ%lng), Ml provided with a mask hol der for hol ding a mask
MA (e.g. a reticle), and connected to a first positioning device PMto
accur at el {pogid s Irt the rlFlglim, rerséspondihg refespecyntbolsandicap eotrespondiyg pans. PL; a
second object table (substrate table) WI provided with a substrate hoI der
for holding a substrate W(e.g. a resist-coated silicon wafer), and

connected to a second positionppg AJEEHISESVRIPIORCUr ately position the

substrate with respect to the projection systemPL; the projection system

or |ens Ploo{2. Higuee qBt&rehmtlemljﬂ’aplctﬁaﬁfhogﬁpblc$)y®é(&mn@lppﬂaﬁsflrzﬁ6djﬂdiﬂg tha
catadioptric system .a mrror group or an array of field deflectors '%\/A
ont o

const r uct BAtIGHAr empodigent afghs WH@EUO&IHTW ARRAFRYEgcivdes 3 diagpn syserdixg |
a target ﬂ{a?%h;bﬂgs Eplofection SRR 'i’hsdﬁ}? 805 @g. TRY & BU9Shaidliol MicPaOR ate W

The projec I'S Su reference rarré There
depi ct ed, e;tdnqpla,pgeﬁéxate%ylaa eﬁf:lrrﬂ:r 1dsem1ferﬁtﬁ1glav2“tay@lengmoez4mﬁl 293 hmm ssi ve

mask). However, 1n general, it nmay also be of
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

transmissive type (i.€. 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



reflective type, for exanple with a reflective mask. Alternatively, the

apparatus nmay 9 P-1501. 010 enpl oy anot her kind of patterning device, such

as a programmable mrror array of a type as referred to above. 100431 The

source LA (1% ﬂO qal UV exciner |aser, an undul ator or wi ggler provided around
O e

the path i ctron beamin a storage ring or synchrotron, a

Iaser-produciad pl &grrg sogurce,, a di scharge source or,_an el ectron or ion
beam sour EBPIOYABEtherking of paltarmine device.sueihas aprogtanunaile mimes areayref@ typR a8 an
i1 1um nat g systemdillumnator) IL, either directly or after having
traversed a conditioner, such as a beam expander Ex, for exanple. The

i 11 um nat @o43) L THRYorodTDAI (8. &UVaecitaéd Iagr deMindalafYlor Wiggled provided BRuAdt er
and/or inner radial extent (commonly referred to as a-outer and a-inner,
respect i vEieypathoef anpleqtiondigamiin a stiiregerringuarispichretrarh e lasemprodneedeplalined on, i t
will generally c ri se various other conponents such as, an jptegrator I N
and a condHiEnA aieR SoHrER oG leqtiha op e souieh groions bt PHZi v has
a desi r edriditfoR! Thd YeadDFBIifHe@Ntolan iHufinatiSy bysfin Si[luﬁﬁrﬁlt&?]ﬁi%itﬁﬁcéife@ﬂy

100441 It should be noted with regard to Figdure that the source LA nmay be
wi t hi n t her aftesdieving traversérba téniditdmen shilcags bjascexpandefixa fateusmpls The of t en

t he case en the source LA is merqury | , faor exanple), byt that it
my also DBTRBGE B PR ArmHasq s adBishaArice AR st ba Bephsantior tince

radi ation ' ' FUCE LI isn_ﬁ:@ ] : with
the aid o éag'%:g%(a 1@95]?#0&@}% Iﬁl:ng mst(r)lr‘zl‘glr[’srji?".tér g | a frtéir:b%g%gl%gfly ?éf@se Hé)tg ?%‘P( t he
case whendistrib@itionin the bedmi b Aditidacit WaN geRa ity cobhyetise wafiny othéw@fiponsnts,
enconpasses both of these scenarios. In particular, the current invention

and cl ai nmuchras spprissray il andaseadamser (e n this svay oibe hearo K Bsiprniegingen the, | s

adapted t | icon .heam.of r.adi.at.ion havjng a vel engt h of

| ess than%z':i1 OIS/{)A }é%%a ﬁéﬁ?ﬁegg’%ﬁg%%g’wmt@ﬁgmﬁgl déﬂabﬁ%""o‘f’ 1%§g° Sﬁ'rﬁeg)ga% nm and
13.6 nm  foods] EKIABHIE be[ORASHT RGardaa Fidte § RS BRUBHE YA RHaf'be SRihsn fHae mask
MA, which is held on the mask table . Having traversed the nmask MA, the

beam PB phewsing ofithe lithiegrapbic neejsctizin apphiatis (af isoftsn thetdase hemihRBouet b.Aais
target portion C of t.he substrat Wth the ai f the.secong.

posi ti oni AYHEUY &aénIP\fgr(%ﬂ’p?qat%}t%@\f{\étr@?y_e IR ‘ﬁ“eg’g’ﬁ}d@? P&ngap 5ie W can
be moved pRG&HUbA LS atus, the radfutida bedin R i B dUERIRNEA If6 8Rlapp@ahisons C in
the path of the beam PB. Simlarly, the first positioning device PM can be

used to atxgimathethg agbafi snitalrle divectingghirdors). Whe hatteesgeeario iswftehehgetst whknt he
beam PB, ri eval ,of the mask MA froma mask

oy, GieYaule it T g b SHTeh iR CBOTERCO BB B o5 T, T
scenarios. In particular, the current invention 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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will be realized with the aid of a | ong-stroke nodul e (coarse positioning)
and a short-stroke nodule (fine positioning). However, in the case of a
waf er stepper (as opposed to a step 10 P-1501. 010 and-scan apparatus) the
mask t abl g% Eﬁi//lﬁ\] ust be connected to a short stroke actuator, or may be
fixed. The gl and the substrate Wmay be aligned usi ng mask al i gnnent
mar ks ML, and substrate alignnent marks P1, P2ﬁé00461 A waf er processing
appar at us 284-scanapparatig) the nask table M may justheseanmectedite pehortoyekeattuatos; or

connect ed i L RANAIAC, Y |_on r.at 1. The wafer processing
appar at us n’%?r?ggﬁﬁe?fc uglg an ﬁn?@r@%%lgbtsg%gtv?%ﬁaﬁcb%r#@?%?sé%g Ig\ﬁ@( é}grnﬁ}%‘gd to
transfer watierd,, Mj o sbseat bBgnrhént hekd P,apX system a process section

i ncluding resist coating spin nodul es, bake nodules, chill nodules and
resi st delf84@pidnalepprocersinglapparaing. alse efermad toras etfagk systeyeanasobe const r uct ed

Fhe 11t nographiRyy FREREED e Tiardibrbiecin. pabisrSl T Vel BRGRtE bet woen
the secti ata 2 nik Sndledd Mﬁh&?fa&@secﬁB@@&?Sﬁﬁ&e@de ATdHRY G %ﬁ&%@r%ﬁr& 0471

transported anong process nodul es by wafer transport "nechani smns.
The depi cfremh ceptieaitatbe track Hstens agrocess seotiok frickidény resistmating spin modatesp

node, the sk bl e . | s, kept, essentially stationary, and an entire mask
i mge is 'I'E%‘i‘gﬂs’ ﬁlf“ll\{lc];ﬂ%‘gﬂ?si : .reséStéiFYFd?%‘ngFPlé{é‘PPd)‘ﬂe@nW gsecanditerfset i on C.

i mage is B _ SFHP RGBS
Unat o ai fo e emteiellind QIR QUaletS B ity e frodoelp SERE 257 ||

scan nodeto the sitmigraphioprojeetisaappastenir Tiee wifelsi 28 tragspofed béthveén theGestins
t ar get pg@io Cis, not exposed in a single "flash". Instead, the nmask
tabl e Mr A% 3p¢shyeaed 19, arocgisgd hy.demeved sem end ansporad pwgng progessanedides on” |

e.g. the My%fe@%ﬁ%%ﬁh@nﬂm§p66d VvV, so that the projection beamPB is

caused to scan ove I mage. Concurrently, the substrate table W is

si mul t anemust y Thodgsicted apfeatsaca @rused fOSVd diffdiehe@bian at a speed V = M,
in which Mis_the magnification of the lens PL (typically, M= 1/4 or

1/5). In this Hesigemods, the magk tabls| M T igkeps essgnially siastonpeynam amentise magposed,

i t hout hayj : ' : | uti on. [.00481 Referring.to Fig. 4.

Nt erna: i Dl b GRIRL ALEE <Ofnk B3R B ol R BoriBL Bl Th ittt 1 27

i nvent i onWil théleshifedinahé x @hd/at'R tiréctiony 66 that 4 Qiffeddht ©irEQ pokith (t%xl%% 3 80, a
e.

resi nous polyner layer 330, and a | ayer of opaque material, i. a hard
mask 320. irpdigstby thebeamPB;def i ne features 331, 332 of the pattern. The

etch st Op2.l ¥ sgc’:g.r(l) Ir{osclo.a,f e()SEerIr’Riglll}(’) {heasame 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 = Myv, 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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material that is not renoved by the type of etching chosen to produce the
mask 300. For exanple, if the layer of resinous polyner 330 is to be dry
etched, such as by a plasna tool, the etch stop 380 is nade of nmateri al
that is not renoved by a plasma tool. As another | | P-1501.010 exanple, if
the |ayer PoPO 88 nous” pol yner 330 is to be wet etched, such as by acid, the
etch stop 380 is nade of a material that is not renoved by acid. The etch
st op | ayefx@agenfthedayer pbrasimpus pelymex dithisao bofvetétclad, sunhas bytahigk theatar i al |

h , N, . C T LT, . TaNO, T W. it i.d d
Cand | o5 SePaslys et amisriithin s PNt  REbeaci3abe pER s T S90 Boldber |
that is tfRReBkarApIE, (ﬁ%\éfdn‘ﬁuﬂf (iﬁiﬁﬁ&%@t&iaﬂ’fsugﬁ ¥s eémlﬂélﬁte Créggga,l%g;mgg 0

hydr ogen sil sesqui oxane (HSQ, wh IS a resi nous polyner.

may be fdrNEdTa®, ¥ (od itvexiles)ahnd Myu(ehd asoxifles). Fheaimprganiomwagriablaydrised
uartz, industrj rade .fused silica pr "dqped"” grade fused silica. The

ﬂard mask! an?ché@ \%@?EF‘I that 8 frangpgpeng, sily 8@?@6@#%% gré;,et abley for of anot her
mat eri al . 1 | : : c [

ot or nat i e ao by SR HlsBohkabt B1SGh sidtEl d3G s TR THE B8 S0 ey

provi di ngbaformel offbthek marviatsgsieh astfohexsingile lovayade Msdd Quarfz irtius gsi nous
pol ner layer on the mask blank S 120, formng a hard mask on the Tayer of
resi nous PBFYpEca o idaped Heyads fused silipd sThe hasd mask B0 isarmetablekersfor 4gample
exposi ng .resj st Ng the hard mask S 160, devel oping the
pattern i%ﬁrtgﬁléﬁrﬁ’aélrzarﬁlg?&fs%ggl{e?\g%gmﬁgl ymer S 170, and renoving the etch stop

S 180. [OMo#y Refegrinig OFik05, AirGethéil ofmamFkctl aRenating pHaRShiffRagt ass or
quartz layer 310 and the etch st%&Iayer 380. The | ayer of resinous

pol yner 33@ording ks the gresenttinentian knobidgs kraydling pnask blank havipg en espistopcoat i ng.

The hard 0pis.f d t.h f o ' terial 330 hy, f
examie. DSt rindk RSfhoRlpbils 194 Ly B matRbORR STan Rirkiperhaid Dee ' oy '
for exampbgthed¥er of es'stdong Bglﬂ”ﬂér B €30, abp@ﬂ@ al resiSPOVeRtE hHaRl Radked 140 BEsdsin

g

radi ation source 210. ]( Referrin o Fig. 7, the resist 340 expgsed
to the pathegesigil58dienoving thobardenazk 8 160 dlevelbping shedpatteskindROldyet afiv t he

exposed resist are re d. ,The exposed.resist may be renoved, for
exanpl e, WIUQUEB%IWESP@?%‘F {Fé‘?ﬂ"W&‘?‘\‘RﬁTc@ﬁtoﬁI’r@S@xposed resist is soluble

55 o R g T SRS LS B ql SeEW
mat eri al  okch stop liger 380mThe BRE. of TG pBlyher 33016 forméd on the, maskbddnked0s i s
devel oot bt e Y SOl kor AR PRI 320 by Lol ngp Siuher vet o
material 330 by, for example, sputtering. The resist 340 is applied over the hard mask 320
by, for example, spin coating. 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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not renmoved 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 nask 300 nay be cl eaned
to renove thgirenaining resist 340. [0053] If over etching occurs during

devel opm&*ﬁf15 Othe pattern in the layer of inorganic 12 P-1501.010 nateri al
330, the features of the pattern will not be etched into the glass or

quart z | ajnakerial 330, 3he fepirestaf thespasism wilbnot bg@tahied intgythe glass oe quartailapsr ¥1he

hi | f I | 310.
T00541° RoFLPE Ry op BYG SRRt B et o 05 Ao 5B e S Fore B it g of

smal | er f efthdlghis oBgdaradhpeany. | arger features 333. Small features, i.e.,
features with small critical dinensions, require higher etch rates and
smal | er ettt Refesting trkjg. 9,6k efelestop layer 38(F st perasts etohirty dfasmpdecfenturasal

di mensi on require | ower et rat and higher etch tines. Although the
snal | fea?%ﬂf %‘ﬁg%e&“ %irﬁr\f%émg%ﬁr%‘eﬁ@m&@{‘g?ﬁeh& afyres ‘@ltﬂ%ﬁn%liﬁﬂt‘@éyer 380

bef or e t hg;agy LAt ' t ch
top | ayor BESRRE TequikHER el BRI Endiifhllc RRTME, SYeCiaHES L8, ALl
334 to thwitbtlafgentitichl dimepstmsplegtirolowef etch eated adi Highed ktchhitnes| a(lgRufk dieur e

333 will not cause éhm\)ass or quartz |ayer 310 below the snmall feature
334 to bemal €34 & ComPletebpetrhiddp thipeichnptpp layex 38(bbedersribeiadiagsan

conpletio al r . |.ons._of. t he
crch ot op Ty & sGod B Pt Mehe 38 R sl oy Yoo, MoBES B S <TE,
are r enovesmpletetyoetpheelt senatipfeatiifecidree tif ettt e cob1&ivh Al thdewbing o ehemask
has been described as an alternating phase shift mask, it should be

appr eci at K& faure:3 awilbrni sense ghe plasseor sppmtz layersid Oeloyy thersgnalldeatnes Tidrto

| ' f AL ' be produced by .pl aci
Cayor of % PERAERTRELicR ol I S 88 S ablREERinR PR cBfpRiBRat s cifufie 36 "3 °
met hod of theeeatiuas B33,i 339, 48 poitidnS B Afeichth ?er?%bfcbrrﬁﬁ)%h?ﬁn@% méffe‘atafeev i ding

a mask bl ank having an etch stop |layer 5210 ormng a |layer o
at t enuat i Atp#at of thel pasamtate revaesied i eerplsRa0anufasture ofjthe thaskd mask  on t he

so90. xR nARphih B bk Busen desc BRI S forialibentiaR S0 atonEl g
the patt eb@aépgjgediﬂ% by 84 att@uaditd ﬂ%@&ﬁiﬂ%ﬁﬁh&dr&hg%ﬁbm&@eﬁlgmi ng the

etch stop 5280. 100561 The | ayer of attenuating naterial may be Tormed, for
exanpl e, enbedimghdeiitherpreneht invenfigmmay bh produbgdldeplacmandayst bf attnuating be

Lored on b LS BRek L GIBRLE Y, SEULASTLAG, Lo should b
shift maskdfRtiRephhse thift MhsR Wl paskididh hHRIsR blk BPRE%henlds Ahdenuating

mat eri al
S210, forming a layer of attenuating material on the mask blank S220, forming a hard mask

on the layer of attenuating material $230, applying a resist over the hard mask S240,
exposing the resist S250, removing the hard mask $260, 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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may be used to apply the attenuating |ayer to the mask bl ank. 100571
Referring to Fig. 11, an attenuating phase shift mask 400 manufact ured
according to the present invention includes a glass or quartz |ayer 410,
an etch Sb%ﬁ jlﬁi; r 480, a layer of attenuating material 430 and a hard
mask 420. al. (ger of attenuating material 430 is formed on the mask

bl ank 405. Features 431 and 432 are etched into the |ayer of 13 P-1501.010
at t enuat i AtFvatRg materiash3V. diprtionsnf thy etelyatop {ayer 48Gia theylreturest3 1 andi433

features t‘i]ﬁ%‘?l f t eatures 431 and 432 are

et ched. [gl%é’gliwg%f%ferriﬂ%ﬁ?o ié?%@ﬁﬁ%&mﬁcﬁlgéhati ng phase shift mask 500
accor di ng[oss) aReforeiig toeX @I, an MiteHRal piREd stft iR 5P0 8&ding BY /1N

i ncludes a glass or quartz |ayer 510, a hard mask 520, fornmed for exanple

of chromi exsmplag imey of §1E pre@nt infentiopdneludas aggledsod qhartzolayertfd Onmbird500.

The feature b5 ) mal | er, t han t he .featur he features, 531,
532 of th&‘aﬁlﬁﬁo’g%ﬁ?e S ??iﬁ%%%ﬁ;[a?ﬂ%emieﬂhe&r&t%ri al
550 may beheahisk J00! Mheldaturk 530 hRAL Skl CIR{HaR Mykfelidee ST eFieAtbatlfes391 OPAQUE
material. [00591 Referring again to Fig. 3, in a mask 150 of known
const r uct Pohof the mask 580 areddledrzith afill omat@xd SpAs $he fitlmaerpi S50 enaydslang50 it

I mpacts on sidewal |s 133 of the small.er feature 132. As radi ati on passes
t hr ough tﬁ%tlcl"’géyt\r?i‘??ai or tte&B?tl“?gdﬁatﬁPgtq{émPﬁﬂﬁl%mﬁﬁ“"ﬁlnpacts the sidewal s

133 at vajgheh's RaR | ©FiFBY iPg nd gﬁgﬁ e rewster's
angl e. Reglgey?:lt I on olfgs?%%ﬁe}{ sodgg%lradiagit&?g(?\%%(g{rrﬁst eOksji %Seﬂv}g?@gc%%
resul ts i radmtiopaffipasses throughghe arask 1 #kit ithpicty @dsidewdllsel 33as chadmailer of t he

mask 150 and a |l oss of control of the phase shifting properties of the
mask 150. ?%@% é{iz- Rgﬁ gdiatiog pagses Hhrewehrthg featwre 1324 partion elgthe radiationsmpaets

R e L o

k550 different fromt i1 ¢ constant

k510 of tlaeglgl Refection @ldictsoutcayftiatioh®R00 Fren depidewalls 138 reandid gopapado3L |
532 is etched to produce the desired Phase shift is inversely linearly
rel ated tBragHlaritigs thakrednescthe pgsolutign pbihenrask 1581end adossiol comitl o thegrhase

refracti o&nﬁjngtﬁg&&!égiﬁfgéwggggoz | ayer 510 and the fill material 550, and

the differenc I'n the dielectric constants of the gl ass

or quar t z(oosty eRefetingaidir 1eFifi 12, tHEeRIBmattkiab$ is Adedtb®tohdvt ah @ HAN and AK
increase, the depth Dto which the features 531 and 532 nust be etched to

produce t refragden necanstadielectsisicppstans ko defbsent dromy thegndex ofasfradtiondishiasd ences
20 20 PR BOSRopb S B e b 45, SEBER BB DS,
phase shi §35isQichb8% PRALESHe ALfred Phhscathift Rlindricty NAddHTelBRATS tRDi ft masks
difference, An = ns;¢-nsso, between the indices of refraction of the glass or quartz layer 510
and the fill material 550, and the difference, Ak = ks19-ksso, 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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and phase shifts of |less than 180 are desired for attenuating phase shift
masks. [00611 Referring to Fig. 13, a phase shift mask 600 according to
anot her exenplary enbodi nent of the present invention includes a glass or
quartz Ia er géP a plurality of features 631, 632 and fill material 650
in the fe t P %31 632 10062] As di scussed above, the fill material may
be any naterlaIPE an index of _refraction and a dielectric constant

di ff er ent CPnSiAmt |&1ﬂ§é?f gyart layerof thegnaskn A hertl! mpteriakmay be, far epcam 010

¢ or e PRotbRSie 88, b dUEtisol Pt FESsq RS plfdrat BPGSE bfters” ol <o

be a mat epptadal bl@aram@'lm"tbleFor exammreathecmama&harmﬁgt bé & make@fal ﬁfﬁ@g&hﬁzesttﬁ@ fill
mat eri al dyzﬁbe a material that polarizes the radiation. 631 Referring

to Fig. Whexenpl ary rret hod for manufacturing a phase shift mask

di | 3
2ol yi thtt"’%és. SR 0 i PR el PEmsiRa B Bt 7 B Shmasie o e
of patt er pe@rdiagicthe 9&5&&3ﬂventtdf¥¥rﬁ:|hﬁéb PELVAIREH bRk blaﬁktshtfo f@ﬁismbé £Risp340,

applying a fill material to fill the features of the patt of~ t he mask
bl ank S35® thadhagk (bhnhg$3ﬂam«pb$teg fhiel resisteo esoakce Seﬁﬂterﬂkﬂﬁ'@diitldihﬁ?ﬁﬁ |l

exanpl o, BrEIgRrg & Rasedh i e i B S0 b s B cnvarntp Bl Raciermeated or
vapor Gepsflin thd kBt s A0RI iR, BRIAU agsld ahed 0 Fig. 14 my

be used to manufacture the mask of Fi oes not include a hard
nmask. A n@oégdThé fittenatéra ay begapplied weth&matk Blagk bt any kidwicprocess] Bdes t he
hard mask 520 .is. s Hemat ally illustrated in Fig. 15. The nmethod _includes
provi di ng@mplekh %% r’FRat? M DTGP toated, %Pé}&trzreéﬂectwﬂﬁ&%rn@par deposited t o t he
mask Dbl a%ﬂ@%%l}c. exposing the resist to a patterned source of radiation
S430, renoving the hard nmask under the exposed resist S435, developing a

pattern i moésheThealethaldd ikstrd4dd, in@dp| 1y beauskd td maRifeetul thé takk bf Filghes,
features of the pattern of the mask bl ank $S450 and etching back the fill

materi al Shish dopppeiapclpds & hardapasko Amngthod efmanetagtpring H@ mask of fag.dZh al i s
applied t &h cﬂqﬂ{m@% 1[19 h&ﬁ@#ﬁ%ﬁbyﬁ ﬁciléljn%ltlc 1lflus‘?ratJ rﬁi‘?} Fl& (1:% ghg b‘t q! and

ext end above ures er1 a Yo produce

t he masksirghees pmuﬁngs madie bRAR inbhudines RAE hadR IS 0, HpplyRiChicaBit RA8K magk t he
fill materi al % be done by, for exanple, chem cal nechanical polishing

(CWP).  Thianichp2ineypesiagthsecsist sela pattareeil sourcesy seliatsinS430, emdving thederder r or s

in the M3 ¢ IEQI? er the) exposed resist 435, developing a pattern in 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 5460.
[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 topography, 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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reduce the resolution of the mask. The hard mask 520 of the mask 500 acts
as a CVMP stop during polishing. [0067] Referring to Fig. 18, a nethod for
manuf acturing a device for use in an integrated circuit, an integrated
optical system a magnetic domain nenory, a liquid-crystal display panel,
or a thinPfiPhPHugnetic head includes providing a substrate that is at

| east partially covered bé]ag@ | ayer of radiation sensitive material S510,

provi di ngcwsprestien vsiog ameasinaedordina iy an exemplay embadinzuit af the presgstiaverfdA0,
endowi n rojection beamw th a ttern inits 15 P-1 501, 010 cross
section ’ ugs ﬁ% %58{%0% %Ct’é‘gé%* E‘ﬁ?ﬁ“efig’ eﬁ‘ﬁ%gﬁ [ ept.Afasest rPBH%O_“cﬂf_lq"héyffr‘gs ent
i nvent i ongadERRA seffitvenReAST $349. THRiIPRL 4 E&%W&Hﬁ%@%&w sgghg{}h??ﬁm .

target portion of the layer of radiati sens
be appr ecihat the msthedhoklgoi8 may be pregededityl debign bfithednhctionband péréormmanbodf of

Fig. 18 e, preceded by design of the functions and performance of the
de\g/i ce an eﬁﬁ’é‘??@&ﬁpf‘BerPé%aniiég’(}ﬁg:u‘M‘t‘?B‘i-i I pall a]spiwappre&agg that thg,dasign at ed
that the ' 2808 - Of | t

i nventi ongﬁfﬁfygg?fso pr eceHe t lé(;rrgrle ﬁgyéﬁﬁ%\%ﬂ?ﬁlﬁgﬁt |n3g 35;1@.55 Pxféc%eﬁﬁ@%egh& dbe

appr eci at gibvrhimtFig uk8stlt aflbalso be wpgrediated thiad sistisirate, @ndafeR) pRZLSEONEdTRY
precede the nmethod shown in Fig. 18. The wafer processing may include, for

exanpl e, BSOCERsHETRaY Precesdsithe method shewn ioFigi By TEhe wafsupreessingfmayinohude.ne

waf er r f orr t , h as. b acuum deposition, on the
wnter 1 nisf SRampleobubhfle SaR% L, ok Gt AR RR R Pl
phot osensfdrinvify @QeBdtrodel fiRh a¥Bf icuRIPEPSSItOA, o (RO Svatdd Aimpldfing fiGhd iﬁﬁ\! thhe

met hod shown in Fig, 18 include devel oping the resist, renmoving the
devel opedwasi and dopingtthe wafsy withaphetosensidve agenty i Oieuwalet pesessingrstepisshataf t er
etching. |t wl .alsg, be appreci.ated that deyvice assenbly and inspection,
el ud ngtey Siey R oG RRRL R HigRniite paEloaiieilE o Bkl | and
oper at i ond@@@bﬁu r@ddt] Sulc a@?ﬁs&hﬁlgﬁfgr}&mmg ubhRddeSry feliSt 4Rl BRI Wil N

o an

Fig. 18. 1006 Ref erri ng Fi g. , a device 900 'manuf act ured

exenpl ar yalsebe appre¢isted that devicoasserablyrapd émspeétivngincluding, filendmpleadingst r at e
910 havin .pattern.inc].udi eatures .933,, ,934 forned therein.

di scussedg.%f%]é'\[il)ge ,pae]faggﬁgﬁ*‘lﬂ SB‘Q%}J&PQ@P%@W ppgurahylitycherk tesdag I"?ﬁi’f"@@
formed i nifehetASWHoRq Mg Qfg. i Ntegrated circuits, integrated optical
systens, magnetic domain nenories, |iquid-crystal display panels, and

t hi n-fi | mopesynBefecridpetaddg. 1% a dbdnd 800 mhswfatteredhyraacixamnphiry mathotl hecaddingce

900 may include a pl uralit% of patterned |ayers that may  be forned by
r epeat i ng' e PIRSEH Javegfion incldes A substratech haying agpattowy ingludig degtyres 933,

enbodi mengH Rfmbd thekdli € RGN SbRRER sHSAE bE Qﬁﬂe&%& Bhat te M1 906 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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appreci ated that the invention nmay be practiced otherw se than as

descri bed. The description is not intended to limt the invention. 16
P-1501. 010 WHAT IS CLAIMED IS: 1. A patterning device for use in a

| it hographi c projection apparatus, conprising- a glass or quartz |layer; a
| ayer of PdSDhB8US pol yner; and an etch stop | ayer between the gl ass or
quartz layer and the resinous polyner |ayer, wherein a pattern is forned
in the reSWHATISHIIAMMEDIISyer and the etch stop layer is not provided
bet ween the glass or quartz |ayer and the resinous polyner |ayer in areas
corresponding to the pattern. 2. A patterning device according to claim1,
wherein the regj : Mg i . i ] oxane.
3. A patt 2} ni n% evﬁlélgé)gccortg% ﬁ%qul 3 l@?‘ﬁﬁé@gf\?ﬁ%ygggﬁﬁ%@%& 815&’?? fé% | ayer is
formed of chr aglagsror quart’ lpak;t er ni ng devi ce according to claim1, further
conprising a layer of opaque_ material on the resinous polyner |ayer,
wher ei n the opAdAYer phfesinpys polype apd patterned corresponding to the

pattern in the | r e D atterni ng .device according to
Clai m 4, vner oFheRRaR IRt paREn s g Bharfe Bl e gl ctBiiaeeror
manuf act uwhe@irfa paidrg (sfofflediMMhé fosfdls PIgmihlagertigtind &t 9b Rt ot
projection apparatus, the nmethod conprising: providing a bfank including a

| ayer of proayledbetwpsartheglasshramarz biyersandghd regimons pdlpmen lagerdn lageper of
resinous polyner.on the etch stop layer; formng a | ayer of opaque materi al
on the reg %B%ndﬂ%?ﬁg?p?li r; applying a layer of radiation sensitive
material on the opaque material |ayer; exposing the radiation sensitive
material |ayer to a patterned projection beamof radiation; renoving a
portion of. t heAgmétquengdvies aztordingdo chamrle sthereiti thg résinduls @olyater dayer is17

P-1501. 01 On%ee %%859&88«:&5?1%‘34%%{&5{1&? in the resinous polyner |ayer; and

3. A patterning device according to claim 1, wherein the etch stop layer is formed of
chromium.
4, A patterning device according to claim 1, further comprising a layer of opaque

material on the resinous polymer layer, wherein the opaque material layer is patterned

corresponding to the pattern in the resinous polymer layer..

5. A patterning device according to claim 4, wherein the opaque material layer is
chromium.
6. A method of manufacturing a patterning device for use in a photolithographic

projection apparatus, the method comprising:
providing a blank including a layer of glass or quariz and an etch stop layer;
forming a layer of resinous polymer on the etch stop layer;
forming a layer of opaque material on the resinous polymer 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;
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removi ng portions of the etch stop | ayer corresponding to the pattern. 7. A
nmet hod according to claim®6, wherein the resinous polyner |ayer is hydrogen
si | sesqui oxane and formed by spin coating. 8 A nethod according to claim
6, wherei T,_%Iaipﬁ)aque material |ayer is formed by sputtering. 9. A nethod

according't m 6, wherein the pattern is devel oped by wet etching. 10.
A net hod accorg%geg?t.o | ai m 6,. erein th? pattern is devel oped by etching

with a plasm plngﬁx_e PRtEIIp dhe esigoupRnwBerlgyeriand i n a 1t hogr aphic

proj ection app Y Naloh ...a | ayer of
attenuating rra?éé]?(igﬂllﬁ% pglgigﬂ %%ﬁgtg gﬁhsst gghﬁég&s@g#@%&?\o {h%)gg?rg'ss or quartz

| ayer and the resinous inorganic polyner |ayer, wherein a pattern is
formed in_the ttenugti ng.material |ayer and the etch stop layer is not
provi ded Bet weénmethed greprding fo glaun 6, wWhergiarthereginonepelymeniaser ip §ydragen i al

| ayer in af : I ' tQ. the.pattern. 12. A patterning device

accor di ng%g%@@flg%eﬁ??%dggg}yﬁﬁph%ﬁg ‘enuating material layer is forned of
nmol ybdenum and silicon. 13. A patterning device according to claim 11,
wherein the etch stop layer is fornmed of chromum 14. A patterning device
accor di ng8t o cPemathed acqonding é¢ claignps whereig the dpague materigplayeris formedrtiyal on
the atten 'e q material |ayer, wherein the opaque material |ayer is
patterned corr%‘spondi ng to the pattern in the attenuating material |ayer.
18 P-1501.010 15. A patterning device according to claim 14, wherein the
opaque material layer is chromum 16. A nethod of manufacturing a
pat t er ni n§ devifciacthed agepeding teclpinn 6 ovhartinghapitien isplevleped pnwetppetring.us, t he
met hod conprising: providing a blank including a |layer of glass or quartz
and an etch stop layer; formng a |layer of attenuating material on the
etch stopibayen mb@bdabdbrdink & Ehinb, WRAGH hdBHtRH ﬁ'deoaolsé?ﬁbféthﬁﬂg WithP
material |ayer; applying a |layer of radiation sensitive terral on the
opaque mapksmatodlayer; exposing the radiation sensitive material |ayer to
a patterned projection beam of

11. A patterning device for use in a lithographic projection apparatus, comprising:
a glass or quartz layer;
a layer of attenuating material; and
an etch stop layer between the glass or quartz layer and the resinous inorganic
polymer 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.

12. A patterning device according to claim 11, wherein the attenuating material layer is

formed of molybdenum and silicon.

13. A patterning device according to claim 11, wherein the etch stop layer is formed of
chromium.
14. A patterning device according to claim 11, further comprising a layer of opaque

material on the attenuating material layer, wherein the opaque material layer is patterned

corresponding to the pattern in the attenuating material layer.
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radi ati on; renmoving a portion of the opaque material |ayer corresponding to
the pattern; developing the pattern in the attenuating material |ayer; and
renovi ng portions of the etch stop |ayer corresponding to the pattern. 17.
A et hod accgrdlng to claim 16, wherein the attenuating material |ayer is

f ormed b 90U Ry | ng. 18. A method according to claim 16, wherein the
opaque material layer is fornmed by sputtering. 19. A nethod according to
claim 16, wherein the pattern is devel oped by wet et ching. 20. A nethod

accordi ng,to cl,ai.m ere atter 9 ed b h| ng.with a
pl asma too# 2f‘PaEeBH'P$ TS a&“%FS\‘ngctg ; @sgﬁpﬁma rréfﬁ é gisecti on
appar at uschrefiidal Si ng: a layer of glass or quartz haV| ng a pattern forned
therein, wherein the pattern is filled with one of an optically
transparent mat eri al, an optically translucent material, and an opaque

mat eri al, .t he havi an index of refraction and a dielectric
constant [ ff ?PB Hé yrnga pB‘FerHW&rdFYICF g@fé\s? “!L@Ph”@%%%‘@mb‘czz A

patt er ni ngr(ﬁlé‘cylbﬁ%pﬁﬁmgc{h@gleﬁﬁd%b Pﬂsﬁ% further conprising a layer of
opaque nmaterial on the glass or q art | ayer, the opaque material |ayer

havi ng a patteprowchmg abkaphmmhlmgng 8 ldykeofglass et quarte drdeanghtéissoplayayiar t z
| ayer. 23. A nethod o facturlng a patternin deV| ce for use in a

phot ol i t hogr ap FifEMn&H7 E"c‘? %‘ﬁ“‘éﬁé‘&&%"‘i&ﬂ op e steh Hep layekpri si ng: providing a
bl ank of gl ass d}fn ngﬂg’té% ﬁ::b% d B8teRal AYEE Rénuaﬁlgé i%ta{e “?’2&5' tive materi al

on the bl ank; expos |on sensrtive eria yér to a

patterned proj egilyiag abmﬁfadlmladlsatsﬁtm métenisllonphd\@pdqe ndddriaf ldyed;n t he

bl ank; filling the, devel oped pattern with one of an optically transparent
material, an @mqswth?rad#aéwmsm@me mefenalilayer imapatteregsapioiectien ksampt t he
mat eri al [_Hya”a an index of refraction and a dielectric constant different
fromthe ass or quartz blank; and etching the nmaterial from portions of

t he bl ank wher genidiéndapbeion olf&leruphqﬁma@ﬂal 18¢er cOrrERoh@itg 3¢ gRpies: t o claim
23, further conprising providing a |ayer of opaque
developing the pattern in the attenuating material layer; and

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

17. A method according to claim 16, wherein the attenuating material layer is formed

by sputtering.

18. A method according to claim 16, wherein the opaque material layer is formed by

sputtering.
19. A method according to claim 16, wherein the pattern is developed by wet etching.

20. A method according to claim 16, wherein the pattern is developed by etching with a

ﬁlasma tool.

21. A patterning device 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.
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material to the glass or quartz blank prior to applying the radiation
sensitive material layer. 25. A nethod according to claim23, wherein
etching the material includes chem cal, nechanical polishing. 26. A device
for use in integrated circuits, integrated optical systens, patterns for
magnet i ¢ Bd#BI-Blhenories, 1iquid-crystal display panels, and thin-film
magneti ¢ heads, the deV|ce manuf actured by a nethod conprising: providing
a substral® t hAtpaHering d@macwﬂmgetb bgﬂlm@\leﬁletdiemana)ﬂsam lapér of aghacatei on

o1 o) ect | oRAREAN At BBy Bt Boa B T PBr PR ter i ng
devi ce acg@fégb&ghﬁg)mqﬁgpﬁerﬁ ]a]‘,,S og‘éja;@qo)% and projecting the
patt erned .beam of Tadiation onto at et tion of the |ayer of
radi ation sensitive material. 20
23. A method of manufacturing a patterning device 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;
developing the pattern in the biank;
filling the developed pattern 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 blank; and

etching the material from portions of the blank where the pattern is not formed.

24. A method according to claim 23, further comprising providing a layer of opaque

material to the glass or quartz blank prior to applying the radiation sensitive material layer.

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

mechanical polishing.

26. 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:

providing a substrate that is at least partially covered by a layer of radiation
sensitive material;

providing a projection beam of radiation;

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

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

radiation sensitive material.
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