-1 Method of Fabricating an Optical Elenent, Lithographic Apparatus and
Devi ce Manufacturing Method. The present invention relates to a nethod of
fabricating an optical elenent which optical element is for use in a

| i t hographic projection apparatus. The present invention so relates to a

| i t hogr aphi ¢ projection apparatus conprising: a radiation systemfor
supplying a projection beamof radiation; 5 - a support structure for
supporting patterning nedbhod hEFabiticatimy amOptieslElement,ng to pattern the
proj ection beam acgcordi ng.to, a desired pattern; sulst rat abl e for

hol di ng a subst rat]g!t{'%&%glcp‘?@‘E’@f‘fW‘%ﬁSY‘E?MW?WBT‘BSP&ﬂgoéhe pat t er ned
beamonto a target portion of the substrate. 10 The term "patterning
means” as here enployed should be broadly interpreted as referring to
means that can Dke piessht inveatisiDmwlaes to amethadjof fabltiiting an lbpecal wldnenawhiht er ned
cross-section, corresponding to a pattern that is to _be created in a target
portion ofpticabelementipdoriuse in a lithweraphinProjegiinn apapis. Jh8 Pser iprentioagoi n
this cont . 2 Saj .1 |. correspond to a particul ar
functiona‘l%i(q&%ytg% qlﬁ%(?égl‘l'%@é%bg)ie%@#%Bpaggéel%f%elﬁpr}{\ﬂﬁﬁé'he target portion, such as
an integrated cj f4iitlon@¥st&thlTer supBlirfiea fropRtiGEHAIN of B¥AEBhES of such _
patterni ng neans include: A mask. The concept of a mask is well known in

| i t hodr aphy, analsuppoitrstructaiessior 2ppotig najipmingsmednsathe ipatterning ra¢ans seringng
phase-shift, and attenuat z)%lwghase-shift wel | as various hybrid mask

vy aS
types. Pl 9defery theprajegtion dgearding o, a desiredMalem; heam causes sel ecti ve
transm ssjon (i : ESRY sk) or reflection (in the
case of a refle%%l%ﬂ\%ga%aq?g?ﬁ% %%é?{rﬂgmsat&le’o%dlmnpi ngi ng on the mask,
accor di ng- t 0o t hepmidction system tfdreprojsting tha pattenablsaanoénta anaglt, partien sighport 25
structure will generally be a mask table, which ensures that the mask can
be held $bstiatgesired position in the incomng radiati on beam and that it
can noved relative to the beamif so desired. A programrable mrror
array. One exanple of such a device is a matri x- addressabl e surface havi ng
a viscoelastic control |ayer and a reflective surface.

The term “patterning means” as here employed should be broadly interpreted as
referring to means that can be used to endow an incoming radiation beam with a patterned
cross-section, corresponding to a pattern that is to be created in a target portion of the

15  substrate; the term “light valve” can also be used in this context. Generally, the said
pattern will correspond to a particular functional layer in a device being created in the
target portion, such as an integrated circuit or other device (see below). Examples of such
patterning means include:

- A mask. The concept of a mask is well known in lithography, and it includes

20 mask types such as binary, alternating phase-shift, and attenuated phase-shift, as

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

25 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.

- A programmable mirror array. One example of such a device is a matrix-
addressable surface having a viscoelastic control layer and a reflective surface.

30 The basic principle behind such an apparatus is that (for example) addressed areas




30 The basic principle behind such an apparatus is that (for exanple)
addressed areas -2- of the reflective surface reflect incident |light as
diffracted |ight, whereas unaddressed areas reflect incident |ight as
undiffracted light. Using an appropriate filter, the said undiffracted
light can be filtered out of the refl eced beam |eaving only the
diffracted light behind; in this manner, the beam becones patterned 5
accordi ng to t hef thddefestivogurfrat reflect intidetdightts diffracdett kgt abheressur f ace. An

alternative enbodi pent of a progranpabl.e mrror_array enploys a matrjXx
arrangement of Wﬁ%ﬂ%ﬁ@,reéﬁw%%gms@aﬁf%wﬁmmﬁmgw APPrapEdteabout
an axis by apphﬁ{ef}ﬂ}e?saﬁﬂh{d?@a&e@gﬂé dah fﬁ\l.cft%ltcﬁft B fHe G flact @ bedth, BRIy ' N9
pi ezoel ectric actuation neans. e agal n, e mrrors are

mat ri x- addr essabhlg thedi¢adidiblight Beleildlria $i5ie ehafthér| thebednlHecdrféd gitferrdd i ncom ng
radi ation beamin a different direction to unaddressed mrrors; in this

manner3 the ref hesording setheaddressing pattamoofabe mattixeddressable surfardr dgsi ng
pattern of the n?tritx-adgﬂqroﬁssarglg m'rrors.blThe required 1matrix . addr essi ng
can be perf or metiGRTHG hodiRfi of p BrigrRmablrpor HRR'AYHE MRHL

si tuati ons descyiredrRal SAREMRIrdrd) SadPSWKiOH %Eﬁﬁﬂﬁricﬁﬁﬁ% REPLHGf aftAKisO"
nore 15 progranmable mrror "arrays. Mre 1 nformation on rror arrays as
here referred byapayinpea sgitade bdalifedreleewaniptld, orfyemplvyihe gicsvaeasc Pat ent s
US 5,296,891 and US. 5,523,193, anddECT,patent applications 8/ 38597 and
VO 98/ 33096, m?‘%ﬂa“%rf@ef}“ﬁcé“ﬁﬁﬁ%{l% HRFTEPTS afsymatEixaddrcesable, sughiaatase of a

progr ggmabl e m 54&3%%@& ﬁﬁn%?rg,&iggei\?ﬁtg?]ﬁ{dng@lﬁ{g[eraﬁfafi&}%&ﬁﬁix{?éf ferf AROGId as a

frame or tabl e, exa I xed or novable as required.
- A programmabl & wfZBdressedymirdes; éx thimeniet, thelpdileated dosh isipdticarediadcgrdingn i n
United States Patent US 5,229,872, which is incorpaorated herein by
reference. As Kb addresanaspasisar of the magiaddressahlemirrerss TheucquiredaPaltdi ed as
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| ocations, speciitiaidhd desdiib&®Clieredbb$& lthe pattefiagPledss dafl \(Bptisdome d@fikreand
mask table; however, the general principles discussed in such instances

shoul tb be seen programemible adger aoays e More infermationtonaninion grrayssasderearsfaredeabove
set forth. Lithparanhic preiect).on2RRal Bhus: Salk. Bahads s SY LG "
5,523,193, and PCT patent applications WO 98/38597 and WO 98/33096, which
are incorporated herein by reference. In the case of a programmable mirror array,
the said support structure may be embodied as a frame or table, for example,
20 which may be fixed or movable as required.
- A programmable LCD array. An example of such a construction is given in
United States Patent US 5,229,872, which is incorporated herein by reference. As
above, the support structure in this case may be embodied as a frame or table, for
example, which may be fixed or movable as required.
25  For purposes of simplicity, the rest of this text may, at certain locations, specifically direct
itself to examples involving a mask and mask table; however, the general principles
discussed in such instances should be seen in the broader context of the patterning means
as hereabove set forth.
Lithographic projection apparatus can be used, for example, in the manufacture of
30  integrated circuits (ICs). In such a case, the patterning means 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



30 integrated circuits (1Cs). In such a case, the patterni ng neans nmay
generate a circuit pattern corresponding to an individual |ayer of the IC,
and this pattern can be inaged onto a target portion (e.g. conprising one
or nore di es?) on a substrate (silicon wafer) that has been coated with a

| ayer of PddP&Plbn-sensitive material (Pesist). In general, a single wafer
w ||l P-0390.010 -3 contain a whole network of adjacent target portions that
are succeseitsigiapvhale pefvarleaf adiacentargeppwiiens thaiare yencessivebiniaradiated Yipthe | n
current apparatus, .enpl oying. patt er ni b mask on a nmask.table, a

it nct | et Sest R sk 1 Sh e eirafle e Re PoudRE R IR ¢y pe
of |t hoghrpRbtable) b disgintlic cantRanh/lebetwdato dMfGBht thsdsiof fthchihe! 1f 86t §hed by
exposing the entire 5 mask pattern onto the target portion in one g0, such
an appar avfisthographicpoojestianedppanratd, ¢agh taxgetpovtichds irsadeqipd by exposing the emtiraat i ve
appar?ﬂ;]us -commpnly referred to, as a ste nd-scan apparatus - _each target

p_
porti i mask pafierm paig 9%5%@&%11%@@3&%@%%@ Yereferredifer the
projectio [ OinV. L eclli . e disr i on)
Ml o oy Ruhrant sepfdli il BLEapReAL SRohiluhy e BB Alr i 211
to this dappeituon; ehnaget podtiomisdeadiated by pheprgsiveBocamingihe tngask pattérnhave a
magni fication factor M (generally < 1), the speed V at which the substrate
tabl e is Yedghtksoprpiccliombeam magiyen MferFirsditeption ghe \geamming ireciemivhiltnl e i s

scanned. M{cﬁroig%ﬁf E&%hg% qﬁ‘éo Libstd %{bg? fyzﬁ-alliéltogg&%?glﬁ.g?l}g gPﬁ's ftectibn. Eﬁ%{:eg d

descri bed™~can be gf eane rexanp rom I ncorpora

her ei 1) byin geateil, ah€ projebbioh Bysteri@ill havd Alagiti fibdtRea&ot M (Rendtally N9 ghephi c
proj ection apparatus, a pattern (e.g. in a mask) is imaged onto a
subst r at espegd Y atswhich thesabstyntg tablglis scappedoyvdbibed fagtor & imesthat at which the

radi ati on-sensitive materjal (resist). .Prior.to.Lthi s jnaging ste t he
Gibstr ar oY S sered oy Pl T pReh ISP i0eRph RS SRR coati ng
and a sof fedAk&] caf BeSlle AR ELampIE Sront WSS, 048, Po2TicoRforabdhaeinasy t o ot her
procedures, such as a post-exposure bake (PEB), 20 devel opment, 'a hard bake

and neasurederemtel i nspection of the imaged features. This array of
procedures is used as]étlaafbasis to pattern, an i.ndividual |ayer of a device,

e.g. |C. SucHam WFRE AracesFiingA Hthagraphif, arairLion APPBAYS, A RAER es such

as etchi ”%.g.!iﬂﬁ'njlemq RMn8bdOhto b IR that T8 hiAkdsk ?ﬂihﬂﬁco%é@i%@er_ of
cheno- nmechani cal polishing, etc., all intended to finish off ah individual

| ayer. | f rsiat®naensinyemsateankb(restd)i Prent to tHiemdgiveg stbyn tlee subsicate urag underga
variant 25 thereof, will have.tp be regoea.t ed (Lor %ECh ne%v | ayer.
Event ual | Y30 pgqqegyre&fs 3 paRIng [osisheoatigg audp 0 aken ARTISXPPSINS théraf er) .

These deviGRfa@ifay BERbRERAE bR bloRBREE sth%s hHosR¥sure bake (PEB),

20 development, a hard bake and measurement/inspection of the imaged features. This array

of procedures is used as a basis to pattern an individual layer of a device, e.g. an IC. Such a
patterned layer may then undergo various processes such as etching, ion-implantation
(doping), metallization, oxidation, chemo-mechanical polishing, etc., all intended to finish
off an individual layer. If several layers are required, then the whole procedure, or a variant
25  thereof, will have to be repeated for each new layer. 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
30  Semtconductor Processing”, Third Edition, by Peter van Zant, McGraw Hill Publishing
Co., 1997, ISBN 0-07-067250-4, incorporated herein by reference.
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



t echni que such as dicing or sawi ng, whence the individual devices can be
nmounted on a carrier, connected to pins, etc. Further information

regardi ng such processes can be obtained, for exanple, fromthe book

"M crochip Fabrication: A Practical Guide to 30 Sem conductor Processing",
Third Edition, by Peter van Zant, MG aft-Hi || Publ i shi ng Co., 1997, |SBN
0-07-067250-4, incorporated herein by reference. For the sake of

si npl i ci t 9f projrstipn syséam.i ineludipg refracking opiigsefeflggtiveropties, mad eatadigpiris systemshe

vl ub | NS % e R Lo ot SRk s S R s aase "
reflectivanPptthse dedipfl tfrk F6H ARLANE sBapth aiscomrt)ﬁfng%@ﬁﬂaic%ﬁoﬁ bearh gfll ation

system may ‘al so i ncl ude conponent s  operati ng accordi ng any of these
desi gn t ypslsatioor amdi sueh comgonenksapang sebe dertadab lbelogy, chideqpivelyer singnladgaas of
radi atj on, .and, such co nents may al so be.referredq to below, collectively
or st ar s dhther, TP GRS ErP AP RERESS s b OF AU AT B OA ATE SUEReb . of
a type haypg (hfiPotivo M nfore WEsk 1K) k8 > a8 di

tabl es). |'n Suahviie i miore mask d)ev%“iggg tﬁgﬁg’g{jﬁ*{‘ﬁ‘r@rﬁ%fgﬁﬁggl%@ be
used i n ptabldsinedy, bearse ireparaldd] poryprejiaeqisryrsteps lreaydercairizd omtibn one onMofer Nor e

tables while one or nore other tables are being used for exposures. Dual
stage |it w@&sa'gﬁle@ne&wmrﬁpﬁtﬁr taples grecheinayesad fgrexpesussy | [ual stagekthogmpbics 41

and VO 98, hfatudare dRCR1HRATBE Bhndfle ETR Soyad CLARRF R4 é?glgﬁfpgzaﬁgd

di scl oses raction optl enment use In a

proj etd i ORcraptay @fdiénceThe diffraction elenent is fabricated by formng a so
called etch stack conprising alternating |ayers of first and second
materials on a Y&s3Tat¥ distlesgs a diffigetion epsicalementios ups imva lithographici ve et ch

| ecti vity. i hat i.cul ' ' tch 15 wil t with
one of 1 hRRCidTaR RbrhilS The AR Rt R bGP IR G edio e bR
profile istack ffipridisiCalteindting |&feards ¥t indrsetond matb@sls 64 akibdRafsuk@pe.0Thd he

stack and exposing one or nore patterned regions of the resist filmand
devel opi ntyve meterigksi provide relativs\eteh sglestivity meaning thata particular teactivwtignletahhi | st

Chos 15 SRl Roc b Bl PR e St A Rl o
the react {jg n?flelif thelisdh Hysfoﬁﬁ‘ﬁig Qesid GiImiddAbp bF Atk hRACkSostie dheldre

material of the top layer, the depth of the " etching can be precisely
cont r ol | echobepatteseedt ragiors efthe agsisy ilm and deyedopindtie redie toepddvendne dranoreop

St ack, . pEEIE His TRV B PO 1ol Gh ek AT e eOerel o RTFFIS STRERrs
profile CaRnRSePt ditn Paytle EQﬁosed part of the top layer of the stack. Because the reactive
20  ionetch is chosen such that it only reacts with the material of the top layer, the depth of the
etching can be precisely controlled because the etch can go no deeper than the depth of the
top layer of material. By repeating the steps of forming a resist film on the stack,
patterning that resist film and reactive ion etching, a relief profile can be built up on the
substrate. The final step involves depositing a multi-layer reflection film over the relief
25  profile such that the film has an outer contour that substantially matches of the relief
profile.
One of the problems with the method disclosed in US 6,392,792 is that the edge of
the etched away layers may be very sharp so that the deposited multi-layer reflection film
does not always adhere well to the relief profile. Additionally etching may cause surface

30  roughness which will cause stray light and intensity loss.



substrate. The final step involves depositing a nulti-layer reflection film
over the relief 25 profile such that the filmhas an outer contour that
substantially nmatches of the relief profile. One of the problems with the
met hod disclosed in US 6,392,792 is that the edge of the etched away

| ayers may be very sharp so that the deposited nmulti-layer reflection film
does not al ways_adhere well to the reljef profile. Additionally etching may

cause surface 301} JueliReod thapresentinvention fe prayidealternatye forms of fabricatipg | osss.
-5- It is ' ' IeQ0): ' ' or s
of tabri o3 PRl S el ard 1R pRfERPo pVRR's (Bt oP ¥l Torad GitAL lfiche

f abri cat i ahichielobodotfsuffenfromth¢ aladve@hantidnéd probleas. does not suffer fromthe
above nentioned_problens. This and ot her objects are achieved ‘{E‘i a met hod

of fabricating AnSEp PErr obeelsarsachisvedppa methog af febricating ameptiahglementi di ng
a subsirage. Ltkkng a multi-layer stack conprising alternating
Iayer?of Ecﬁ??rgﬂ%ﬁlgg@éégnd materials on a surface of said substrate
wherein said twa)mat epiodiding £aubsiiteyi de rel ative etch selectivity; 10 (c)
formng a resist |ayer on top of said stack; (d) patterning said resist

| ayer and devel 6Pi ng deriositing gimultislpyerstagk coroprising altpsnating laxsreof fingt ok of

said stack; (e) plasnma etchi aid one or.nore,uncovered regions of. said
stack to  remove part &ogpd Balrakdos Jefiecptoad sprtie hhiereln g b ptesialy,
step (d) to 15 form gnmbiigl rdditdfel didh seieflvity;) depositing a filmon said
relief profile. This method has the advantages that plasma etching can be

per f ofthed at a (s)gher formingsaigsist laperonrtepof $axkstadn et ching and in that

| asma etching js often faster., Furthernore, . none of the.atomc affects
F hat are soms%J i @s prB%@ﬁ‘Em%ﬁ‘ﬂr é'*éi“lyf’wdicgﬁel@?@ﬁisﬁ fS%%tfﬁ‘m SIMEPYEIONG

pl asma etching is isobf@BGefBAdbNQiddiak; it Wil etch the layers of first
and second material so that edges of etched away areas have a snoot her

profile than whé) et cplesmavthingisyidronaor moee immovertd négionsvifiseid stakaai sot ropi ¢
RN T U I SRR ERE I

15 form a relief profile; and

(f) depositing a film on said relief profile.

This method has the advantages that plasma etching can be performed at a higher
pressure than reactive ion etching and in that plasma etching is often faster. Furthermore,
none of the atomic affects that are sometimes present with reactive ion etching occur.

20 Finally, plasma etching is isotropic meaning that it will etch the layers of first and second
material so that edges of etched away areas have a smoother profile than when etched away
by reactive ion etching which 1s anisotropic meaning that it etches away more quickly in
certain crystal directions than others which can lead to faceted etching and the above
mentioned problems. Thus, plasma etching results in an optical element in which the film

25  is more securely deposited on the relief profile. In this way adverse edge effects of the
optical element can also be avoided.

According to a further aspect of the invention there is provided a lithographic
projection apparatus comprising;

- a radiation system for providing a projection beam of radiation;

30 - a support structure for supporting patterning means, the patterning means serving

to pattern the projection beam according to a desired pattern;
- a substrate table for holding a substrate;

- a projection system for projecting the patterned beam onto a target portion of the



menti oned problens. Thus, plasma etching results in an optical elenent in
which the film25 is nore securely deposited on the relief profile. In this
way adverse edge effects of the optical elenent can al so be avoi ded.
According to a further aspect of the invention there is provided a

| i thographic projection apparatus conpfising: - a radiation system for
providing a projection beam of radiation; 30 - a support structure for
supporting pattéybsiralg, means, the patterning means serving to pattern the

proj ection beam accordi ng to,a desir.e ttern, - a,sybstrate table for
hol di ng aa?&%@?ngﬁ yane gﬁarlﬁfe et"?ff’r‘?”gg‘g‘?g?#l?ecﬁboﬁ?ﬁﬁe ing the patterned
beam onto a tar getorBith @ Fuder bfjfect & tﬁé'ﬁfv%ﬁ@&?ﬂlcrequf(ﬂ'ﬁie@rd dSfely an

optical elenment fabricCated by the above nethod. According to a further
aspect of mahefacmviegmethod doapeising the stepefd a devi ce  nmanuf act uri ng net hod

conprising the ste of - providi a substrate that, is gt | east

parti af |y~ coverE@VBﬁn%a F‘i?gﬁtgéli’atﬂ%ﬂﬂgﬁsF ptialinevered by qlayeso ﬁ&latlonpr ovi di ng
a projection begmoef.afifli on using a radiation system - using patterning
means to endow the projection beamwith a pattern in its cross- section; 10
- projecting theropidiies prjedion eah of fdiAion Bingatradiatiéesy@eim;por ti on of the

| ayer of radiation-sensitive material, - characterized by diffracting said
proj ecti on bean¥tiBg Ryteaniag meantio oy she prajcction bepsh Withanaties iadtsteyosshe
above net hod. 09 gh specific reference may be made in this text to the
use of the apparatus 15 according to the invention in the manufacture of

1 Cs, 1¢ shoul d p@jexng el pait¥rndd Bedrh b AdidtidalontcSd i Guc® PortdR T MellgydidE Many
ot her possible applications. For exanple, it may be enployed in the

manuf act ure of radtatignasersitivpmpiednl, syst ens, gui dance and detection patterns
maanet | ¢ heads. CBRieen e B fer e W pOltEs beem SBpE cBfRStciuanatel {he”
context of sucheleerf ABli¢a@] BPMPL abd AAked.any 20 use of the terms
"reticle", "wafer” or "die" in this text should be considered as being
Although specific reference may be made in this text to the use of the apparatus
15  according to the invention in the manufacture of ICs, 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.
The skilled artisan will appreciate that, in the context of such alternative applications, any
20 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.
In the present document, the terms “radiation” and “beam™ are used to encompass
all types of electromagnetic radiation, including ultraviolet radiation (e.g. with a
wavelength of 365, 248, 193, 157 or 126 nm) and EUV (extreme ultra-violet radiation, e.g.

25  having a wavelength in the range 5-20 nm), as well as particle beams, such as ion beams or

electron beams.

Embodiments of the invention wiil now be described, by way of example only,
with reference to the accompanying schematic drawings in which:
30 Figure 1 depicts a lithographic projection apparatus according to an embodiment
of the invention;
Figure 2 A-E illustrates schematically the fabrication technique of a preferred

embodiment;



repl aced by the nore general ternms "mask", "substrate" and "target

portion", respectively. In the present docunent, the terns "radi ati on" and
"beam are used to enconpass all types of el ectromagnetic radiation,
including ultraviolet radiation (e.g. with a wavel ength of 365, 248, 193,
157 or 126 run) and EW (extrenme ultra-Violet radiation, e.g. 25 having a
wavel ength in the range 5-20 nm, as well as particle beans, such as ion
beans or el ect lothe Bigamgs, cEnaspendiegiteseremncetsiimbplavadicate pomgsppndiog/pats.

descri bed, by way of exanple only, wth reference to the acconpanying
schematic drawings in which: 30 Figure 1 depicts a |lithographic projection
appar at USEa®e8intineg to an enbodi nent of the invention; Figure 2 A-E
illustrates schematically the fabrication technique of a preferred

enbodi ment; -7- In the Figures, corresponding reference synbols indicate
correspondi ng parts.. Enbodi. t,. 1.5 F.qgure 1 schematically depicts a

T hoot aphi ¢ pr EjebE | SheagHe dsbicTeb b Rere Jrolectphcppuniis PCIBR RNt of
the [nvenpifBulaltibaanalithe GOGRINS Ot Bpirdfis BbmpRsdystem B, 1L, for
supplying a projection beam PB of radi at gn (e.g.” EUV radiation), which in
this parti cul aracalsioalsgstemdm 1L, Sossupplydit apiopsetion beane PBAS radifiiomsie. obj ect
table (mask_tahle) Ml provided wth a nmask holder for, holding a 10 nmask MA
(e.g. a rEHVcragiation) whichindhis particplar £asgalsgsemprisssiaygdistiamsowes LAscur at el y
posi tioning the ' I gggg | , o)sTe el I
(substrate tabl%?ﬁaéb%%%ePﬁg mn%ﬁﬁghgﬂgg%ﬁgygaﬁgfﬁbr ‘%?aqﬁ%?@?ﬁﬁ%h

subst rat eméK B4 (e. @ areticls), acdasredcted ko fisnpovili@ing mang fopasasiéd to second

posi tioni ng_neans for acc_urat]g#/ positioning the substrate with respect to
item PL; RSsitiorapgiheangskvithyrespse o'iteamBly pL (e.g. nmirror group) for imaging

an irradi ated ' t - POr L

conpri sing one %g&%ggbﬁlt"te%?ﬁé{%? ﬁ%tk/%sb:g%s\? F%r%@@@?@ﬂ%g?%s?%&e&%@%g?r t he
appar at ushéldingfa subktefte ¢ (4. y.& reMprecoatedGilicon Svaflery, @hll @6hne¢Rdm@sédond However,

in general, it may also be of a transm ssive type, for exanple (e.g. with a
20 t r ansnpesiiqungrnsrns fonpqearately positigning te supgeatawith respgetdeneayPlanot her ki nd
of pafSt erni ng

a projection system (“lens™) PL (e.g. mirror group) for imaging an irradiated
portion of the mask MA onto a target portion C (e.g. comprising one or more dies) of the
substrate W.

As here depicted, the apparatus is of a reflective type (e.g. has a reflective mask).
However, in general, it may also be of a transmissive type, for example {(e.g. with a

20  transmissive mask). Alternatively, the apparatus may employ another kind of patterning
means, such as a programmable mirror array of a type as referred to above.

The source LA (e.g. a laser-produced or discharge plasma source) produces a
beam of radiation. This beam is fed into an illumination system (illuminator) IL, either
directly or after having traversed conditioning means, such as a beam expander Ex, for

25  example. The illuminator IL may comprise adjusting means AM for setting the outer
and/or inner radial extent (commonly referred to as G-outer and s-inner, respectively) of
the intensity distribution in the beam. In addition, it will generally comprise various other
components, such as an integrator IN and a condenser CO. In this way, the beam PB
impinging on the mask MA has a desired uniformity and intensity distribution in its

30  cross-section.

It should be noted with regard to Figure 1 that the source LA may be within the
housing of the lithographic projection apparatus (as is often the case when the source LA is

a mercury lamp, for example), but that it may also be remote from the lithographic



means, such as a programmable mrror array of a type as referred to above.
The source LA (e.g. a laser-produced or discharge plasma source) produces a

beam of radiation. This beamis fed into an illum nation system
(illumnator) IL, either directly or after having traversed conditioning
means, such as a beam expander Ex, for 25 exanple. The illum nator IL may
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pat h of tmevbwenhdbithe ebject t%ﬁl@seM{,  wilh be realizesk wite thelaid o a loagrstroke MA from a
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explicitly depicted in Figure 1. However, in the case of a wafer stepper
(as oppos eteptand-acansipppratrsg theonask dghde MK may jushbe pemglected ivd @ st steokej ust  be
connected to a short stfr oge actuator, or may be fixed.
actuator, or may be fixed.
The depicted apparatus can be used in two different modes:
1. In step mode, the mask table MT is kept essentially stationary, and an entire mask
20  image is projected in one go (i.e. a single “flash) onto a target portion C. The substrate
table WT is then shifted in the x and/or y directions so that a different target portion C can
be irradiated by the beam PB;
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
25  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' = Mv, in
which M is the magnification of the lens PL (typically, M = 1/4 or 1/5). In this manner, a
relatively large target portion C can be exposed, without having to compromise on
30  resolution.

Figure 1 also illustrates an optical element OE in the illumination system IL. The

optical element OFE may be a diffraction or refraction optical element and is manufactured



The depicted apparatus can be used in two different nodes: 1. In step node,
the mask table MI is kept essentially stationary, and an entire mask 20
image is projected in one go (i.e. a single "flash") onto a target portion
C. The substrate table W is then shifted in the x and/or y directions so
that a different target portion C can -Be irradiated by the beamPB; 2. In
scan node, essentially the sane scenario applies, except that a given
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alternating layers of two different materials which can be etched using
pl asma et whieraghwned diingetclingi bi t good sel ecti vi ty properties. Thus,

alternating |ayers 20a 20 rlsed of a first materlal
and | ayers 20b, ?%H‘UB}]H‘Y a‘%ﬁ'z@ Veééday(?fs qny heans sYh 85pt or i al .
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The thi ckness of each individual |ayer ymy .of the order of a few
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and 15 second MRE G dkh iHRYgd?e 2B e S Ak 90 iA¥HbSitcionthe B burtalof the

stack 20 and is patterned according to known techniques. The resist 30 is then developed
to leave behind some uncovered areas of the stack 20 which are exposed and others which
are covered by resist 30.

20 Plasma etching of the top surface of the resist coated stack results in etching away
of the top layer of the stack 20g in areas which are exposed by the resist. In areas which
are not exposed by the resist 30 the plasma etching has no affect on the top stack layer 20g.
The type of plasma etching agent is chosen such that it only attacks material of the first
type and not material of the second type. In this way, the layer 20F of the stack 20 is

25  affective to prevent further etching once the top layer 20g has been removed. The plasma
etching agent may be chlorine or florine based. Oxygen additions may be used.

Due to the isotropic nature of the plasma etch, the sides of the areas which have
been removed are slightly angled rather than perpendicular to the remainder of the stack 20
with an incline to form an angle of more than 90° with the newly exposed layer 20F so that

30  there is a smooth transition between levels. This is because plasma etching does not etch
preferentially in any particular crystal direction so that areas which are more exposed are

attached to a greater extent. This is advantageous as any film deposited over the surface



As is shown in Figure 2B a resist layer 30 is deposited on the top surface
of the stack 20 and is patterned according to known techni ques. The resi st
30 is then developed to |eave behind sone uncovered areas of the stack 20
whi ch are exposed and others which are &overed by resist 30. 20 Pl asma
etching of the top surface of the re5|sl ‘coated stack results in etching
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types of plasma etching age
film may be a protective coating. Alternatively, the film may be a Bragg reflector which

20 may compromise 40 or more periods of alternating layers of Molybdenum (Mo) and
Silicon (S1) or Molybdenum and Beryllium (Be). Other materials and three or four layer
periods may also be used. Further details of suitable reflectors formed of multilayer stacks
may be found in EP-A-1 065 532, EP-A-1 065 568 and European Patent Application No.
02253475.4. A cap layer may be deposited on the upper surface of the Bragg reflector.

25 Whilst 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.



used to reduce any relief in the stack required. The stack preferably
conprises at least three 15 |layers but the nunber of layers will depend on
the depth of relief required for the particular wuse. Typical etchants

whi ch may be used are described in Mend fa et al; "Dry Etch Technol ogy For
Large Area Flat Panel s" in Sem conductor'’International, June 1999. In the
fabricatigEAi cess, a filmmy be deposited on the reliefed surface. The
filmmay l(’lg;rotective coating. Alternatively, the filmmmy be a Bragg
reflector which 20 nay conprom se 40 or nore periods of alternating |ayers
of Mol ybdenum (Mb) and Silicon (Si) or Ml ybdenum and Beryllium (Be). O her
materials and three or four layer periods may al so be used. Further
details of suitable reflectors forned of nmultilayer stacks nay be found in
EP- A-1 065 532, EP-A-1 065 568 and European Patent Application No.

02253475. 4. A cap Iayﬁrmg{ﬁgd praﬁﬁgagﬁhetaﬁ%gggﬁlte e“p&%e%lt%#ﬁoé]ﬁ%%egg }«:he Br agg

reflector.” 25 Wil st specific e e 1rnv €en
descri bed abovega)it wplohidifiea sytptratej ated that the invention may be
practiced otherw se than as described. The description is not intended to
linmit the invenftDon. deppsitinge nolitlas slackeemnprsing alfsapatingdeyesyolfirsopd cal

el ement conprising the steps. of: (a rovs di ubstrate:. . (b) depositing
a multi-layer stack c%eﬁﬁ?‘?‘gﬁaﬁ’é‘ alaSI0 er A a?%% ﬁaéd;%rb gtr%? R Sdé?‘léwg glggegﬁff

materimls on a surfaceanqfrosidt eelsitRdiadeecbigy;ei N said two materials can
provi de rel ative etch sel ectivit]é; (c) formng a resist layer on top of
P

sai d stack; (d){patt efomning sreesigt osttop afysaid stack;devel opi ng sai d resi st
| ayer to uncovef,.one nore .regions of said stack.. (e | asma_ et chi ng
sa7d one or mor ncobdieging s s BeCndiRyPobioRinia it Bt IPhE Er oe
llayer of said multi-|gy@prebaiohs SiRARBREKPY step (d) to forma relief
profile; and (f) depositing a filmon said relief profile. 2. A nmethod
accordi ng to cl &)m 1, phasrea eichingfsaidrons oe profeinaozemid mégrensraf saisitstack to

10 remove parts of one layer of said multi-layer stack exposed by step (d) to

form a relief profile; and

§3) depositing a film on said relief profile.

2. A method according to claim 1, wherein after step (e) remaining resist is

15 removed said steps (c) to (e} are repeated a plurality of times before step (f).

3. A method of any one of the preceding claims, wherein said diffraction

optics element is a fresnel type lens.

20 4. A method of any one of the preceding claims, wherein said film is a

reflection film such as a Bragg reflector and/or a protective layer.

5. A lithographic projection apparatus comprising:
- a radiation system for providing a projection beam of radiation;
25 - a support structure for supporting patterning means, the patterning means serving
to pattern the projection beam according to a desired pattern;
- a substrate table for holding a substrate;
- a projection system for projecting the patterned beam onto a target portion of the

substrate,



15 renoved said steps (c) to (e) are repeated a plurality of tinmes before
step (f). 3. A nethod of any one of the preceding clainms, wherein said
diffraction optics elenent is a fresnel type lens. 20 4. A nethod of any
one of the preceding clains, wherein sajd filmis a reflection filmsuch
as a Bragg reflector and/or a prot ecti vE-l ayer. 5. A lithographic
projectio apparat%; comprising: - .a radiation systemfor providing a

proj ect i oPRa5REASHZSA by 28 0Rt1r3) lensent fabgicated, by a methad pfiany ene ef claimpbiad.ng
patterni ng nmeans, the patterning neans serving to pattern the projection
beam according to a desired pattern; - a substrate table for holding a
substrates. a proj ecti AndevicsneufaRiuridganahdd gnprivénght kepsHetl beam onto a
target portion of the substrate, -12 characterized by an optical el enent
fabricated by aPtipNidiegia subshalg thds dleast partiallyicavered bys layerpfyadiation-

manuf agct uri ng "Feﬁl@%e%?a?é}fél-“ ng the steps of - providing a substrate that
is at Teast par |a]Iy covered by a layer of radiation- 5 sensitive
material ; - provi gioviisg #paijjetivh Bark @Al tioh adingtil radiatish §Gtem;r adi ati on
system - using patterning neans to endow the projection beamwith a
pattern in its ByBgpattesripg means iorasdewttheprojagtion beane withc paétam iofitsrcaelisat i on
onto a target porgi on of the layer of 10 radiation-sensitive materi al,
characterized b Peri ng said projection beam using an optical el enent

fabricated by aprof@tiigtheqfatteméd Basin OF radidioR®onib 4 frgkt portion of the layer of
10 radiation-sensitive material,
characterized by altering said projection beam using an optical element fabricated by a

method of any one of claims 1 to 4.





