TITLE OF INVENTION Evaluation of Etching Conditions for Pattern-Forming Film 10 TECHNICAL
FIELD This invention relates to a method of evaluating a set 15 of etching conditions for a
pattern-forming film of a photomask blank which is processed to form a photomask for use in the
micro-fabrication of semiconductor integrated circuits, charge-coupled devices (CCD), liquid crystal
display (LCD) color filters, and magnetic heads. More 20 particularly, in conjunction with a photomask
blank comprising a pattern-forming film and an etch mask film, the invention relates to a method of
evaluating a set of etching conditions for the patiergforryoeftmogdBACKGROUND ART In the recent
semiconductor processing technalogy, a challenge.to higher integration of large-scale integrated
circuits places %Yr??r‘égﬁa%e?n%ar%l’/ féﬁjr“ﬁ]iﬁia?ﬁ%]z%%i%ﬁg %ir%ﬁﬁgpgﬁgr%%.r TR B A crendihg
demands for further 30 reduction in size of circuit-constructing wiring patterns and for miniaturization of
contact hole patterns for cell-constructing inter-layer connections. As a consequence, in the
manufacture of circuit pattern-written photomasks for use in the photolithography of forming such
wiring patterns 35 and contact hole patterns, a technique capable of accurately writing finer circuit
patterns is needed to meet the miniaturization demand. In order to form a higher accuracy
photomask pattern on a photomask substrate, it is of first priority to form a high accuracy resist pattern
on a photomask blank. Since the photolithography carries out reduction projection in actually
processing semiconductor substrates, the photomask pattern has a size of about 4 times the actually
necesséroy pattern size, but an accuracy which is not loosened accordingly. The photomask serving as
an original is rather required to have an accuracy which is higher than the pattern accuracy IA)
following exposure. Further, in the currently prevailing lithography, a circuit pattern to be written
has a size far smaller than the wavelength of !'Iggwfggl‘lfgmo&omask pattern which is a mere 4-time
magnification of the circuit feature is used, a nding to the photomask pattern is not
transferred to the resistfilfh dae & ikliaenéesisi@sad eptcalaritesérantesstelin@tigiinthe astual
photolithegraphy eperation. Tormaitigatenthese influepges sinrsofea-gases, tha phetomask pattern must
be designed &%_é@%%%‘_’%ﬁhak?ﬁ“%i%%CQ@@&?‘o@%ﬁgth aglua) SeUL PRIST, S @ shape o which

the so-called optical proximity correction (OPC)’is ap , orthe p otorﬁagk_ pattern must be designed
while taking il addbuhf Sptidt iteflekintea¥has, afthé Présat inetitfograpry teckBlogy for
obtaining phatomeask 25 pattenms alsoceqlie€s ddighersacoticacy, protessidg amsthaa.1The lithographic
performance ds spmgymesdgpresentad by araedmum sesolution. s todhg Lesolytion limit, the
Iithograghy involved in the Pgotomask processin% I?(3})1iﬁc,hrequired to have a maximum resolution

0 partic
aCCUEKWWNh%ﬁISéqHéPr , 1n conjuncti a photomask blank

comprising a pattern-forming film and an etch mask film, the

invention relates to a method of evaluating a set of etching

conditions for the pattern-forming film.

25 BACKGROUND ART

In the recent semiconductor processing technology, a

challenge to higher integration of large-scale integrated
circuits places an increasing demand for miniaturization of
circuit patterns. There are increasing demands for further

30 reduction in size of circuit-constructing wiring patterns and
for miniaturization of contact hole patterns for
cell-constructing inter-layer connections. As a consequence,
in the manufacture of circuit pattern-written photomasks for
use in the photolithography of forming such wiring patterns

35 and contact hole patterns, a technique capable of accurately
writing finer circuit patterns is needed to meet the

miniaturization demand.



30 to or greater than the resolution limit necessary for the photolithography used in a semiconductor
processing step using a photomask. A photomask pattern is generally formed by applying a
photoresist film on a photomask blank having a 35 light-shielding film on a transparent substrate,
writing a pattern using electron beam, and developing to form a resist pattern. Using the resulting
resist pattern as an etch mask, the light-shielding film is etched into a light-shield pattern. In an
attempt to miniaturizelthedigheshiefd pattarnaifpiadessimyiswarded phbwhite skaintainirg the
thickness of the resish flreatthe same tavel s in the artSeprante the migiaturizatign sheratio of film
thickness to pattern avgigghfggown assi'jS pect,cr%taigf'l' bergzoartne rgiggl%r. s EeSLﬂt, th% resist pattern
profile is degrac?ed, reventinﬁ effective pgﬁern transc%er, andin sorﬁaescasesafl e resist) f):aettetfﬁ%an
collapse or belisged- TteFemhe, tReé1biRvkAESs PFESEE R Must credoged fo anallelly
miniaturizatignzoce s Asitg thelighteshieldingrfilsumateriat & be eiehashibroughstheggesist pattern as
etch mask, amberalypatesialy e knpwn dhe i AIGYA PNPTS SluQTI 15.qampgund fims
are used in practice because many teachings about etching are avai a% e and theif processing has

been establisietfas I stBRIATPIHEESs. ‘ot Skahihl@ o phorFragkdbIanic AdhE A Mght-SHiglding
film composedotamhedmisargdmpoasd suited far Ar&lexcimenldser lithegraptyds 20 disclesed in

JP-A 2003-1954 82 SRerifically Aghremiwmaompaundfilimbaving adbickness,et5Q to 77 nm is
described. typical dr%etchinrgeprocess for chromium-based films such as chromium compound

A
films is ooxyggr?-%:%)n allrrf’lﬁg% foring’base dry etching, which has a certain etching ability 25 relative to

organic film. Thus, wh&¥ &ftiing iSTeoblde credrthraughya BriaMeriresisg fifl ihomiernb ransfer a finer

size pattern tor the aboyerdeseribecorepsonthetresish fikn gas bedarnages during etghing. #tjs then
difficult to transfer, the yesist patfern accurately. Tg.meet both the requirements of miniaturization and
accuracy, it becomes #eces%gryig%)%ﬁ%eglsg?a%é the igﬁt—gﬁ%%d%nga_ ?n}%tgr?é% taecf:jrarlln gttguag o tacilitate the
processing drfight-Sniciitty MATRather taPtheduridit tehBGelind §s1EN 6h fesist prfformance
improvement 3o todhe digbbshielding fHim: matenial + silieen:based materials f@.g., materials

containing sificop, O Silicon and trapsitjan,metalk aligw forhigh aghyracy,pracessing,ag compared with

the chromium-based materials used in the prior art. This is because the silicon-based materials have

good light-sHiEIHHE PropRREE TEIRTIE To RRFESHENGhi Bf 586 nArSFeHoRO AR t5R DasiBREssed
by fluorine basedarétehing Riichidausetdeddtatndgd fodmraesist pattemmSeealA,20072241065.

As to the techRisiueRf 10 AECWARY RIRCESEINTNSING ABETER Maskn ABA 2RQ 7241060 discloses that

the prozcoessig% error as;ggateghwithag%t&%r %eipreggfgc gggesli%e etching is in reduced if a
light-sHielding filtn o silicon-based material is processed dsing a chromium-hsedh&tetial as the etch

mask. Then "8 ight-sHidld g i ofediconibasel marsHbnid-Pe eortbrsdolwith 6RP&teh Asask film of
chromium-bagsd materiab is ragargecbprmnaisiogras therdightnshieldiag deaterakef theiie
taking into account optical interference. Thus, at the
present, the lithography technology for obtaining photomask
25 patterns also requires a higher accuracy processing method.
The lithographic performance is sometimes represented by a
maximum resolution. As to the resolution limit, the
lithography involved in the photomask processing step is
required to have a maximum resolution accuracy which is equal
30 to or greater than the resolution limit necessary for the
photolithography used in a semiconductor processing step
using a photomask.
A photomask pattern is generally formed by applying a
photoresist film on a photomask blank having a
35 light-shielding film on a transparent substrate, writing a
pattern using electron beam, and developing to form a resist

pattern. Using the resulting resist pattern as an etch mask,



15 next generation. Citation List Patent Document 1: JP-A 2003-195479 Patent Document 2: JP-A
2007-241065 Patent Document 3: JP-A 2007-241060 20(US 20070212619, EP 1832926) SUMMARY
OF INVENTION As the pattern size on the photomask is reduced, the resist film must be thinner.
To form a photomask pattern 25 having a feature size of 50 nm or less, a resist film having a thickness
of 150 nm or less is required. The etch mask film optimized for such a thin resist film should have a

thickness of 30*AmdrIBss. S 646 BReudH sithimask filts da ilhRe Peteh Fhdsksilieis Hesirable
because the resistdiim 30 ctan atsodte: thip tHawewen, if dhe eichemesk film dsehesereardy from the

aspect of thinping, a-problem grises that the pattern of the Ratterfarming fim Egﬁm@?gdecfshgs or the

pattern is not formed to the deSﬁ?Q. Also, the etch mask film is preferably resistant to thé etching of the
pattern-formif§ fiffi 86 R e9dr, HEhiRtRARh i§ tedstaht e @BRing St the PAtdih-forMirFiim is
often resistamd ¢the &tehirigeofithe adhimsk filmras wek Treenitheo fre$ist filmt nterdesksfor patterning

of the etch mask fili gapnettee, thithown The eleh maskilmimust have atdeastasufficient thigkness
to ensure that theufiLEn |stlgr]t until the etchlgg 5 of theé)gttfrn-formdn film is comeglete. On the other
SposSibfe so that Tt m%%ﬁ% Batterme YRS using

es e 1st pa
hand, the etchmask film sfiodd Heas thih as pOSgI
substantial d&mBHES 10 thePresist filtn. théperding oatckridin EORGItIGAS echitof sl t
pattern-formipg fitna May-eausecsubstadiad damageshe the eich maskditmr-and ke etch mask film
has a rggucegﬂgig}é%%%ss Capse gyen a Igigrgf m?S tcg @askdflill(r:n &h%tcjs’e%%% e the function of etch
mask. An object of the invention is to provide a metho of 1 eva?uating a set of etching conditions for
a pattern-forfiHy 2 vhfHtéables to evaluate both the etch resistance of an etch mask film during
etching of the pattern#Zernting ffira ahtldthe -eteHatility rof tHd patternsforming filo durirgetebing of the

pattern-formipg film dfgelf mherehy a 20 3atistactory sef pLgtching conditions for the: pattern-forming
film can be found. Studgg%gﬁhe etching behavior of an etch mask film, the inventors found that

during etchind b & pdttein36mifg iR, the &BR riddkc filrATEERh 84 MdehenTRhOBIHE 25 identity of
material of whiehopigirdadd, laithoagh thie etthimy pleartinecistesgiuse many teachings

about etching are available and their processing has been
established as the standard process. For example, a
photomask blank having a light-shielding film composed of a
chromium compound suited for ArF excimer laser lithography is

20 disclosed in JP-A 2003-195479. Specifically a chromium
compound film having a thickness of 50 to 77 nm is described.

A typical dry etching process for chromium-based films

such as chromium compound films is oxygen-containing chlorine
base dry etching, which has a certain etching ability

25 relative to organic film. Thus, when etching is conducted
through a thinner resist film in order to transfer a finer
size pattern for the above-described reason, the resist film
can be damaged during etching. It is then difficult to
transfer the resist pattern accurately. To meet both the

30 requirements of miniaturization and accuracy, it becomes
necessary to investigate the light-shielding material again
so as to facilitate the processing of light-shielding film,
rather than the current trend relying solely on resist
performance improvement.

35 As to the light-shielding film material, silicon-based
materials (e.g., materials containing silicon, or silicon and

transition metal) allow for high accuracy processing as



Additionally it was found that defects are introduced in the pattern of the pattern-forming film, typically
light-shielding film, because the resist film serving as an 30 etch mask during patterning of the etch
mask film can be etched during patterning of the etch mask film, and also because the etch mask film
serving as an etch mask during patterning of the pattern-forming film can be etched during patterning
of the pattern-forming film. 35Etching selectivity is different between the pattern-forming film and the
etch mask fillacaegérsding dhletdting conditibns-Plags Sinnply selbeting ased of etchig wonditions
providing a shert etching €leas tivea-tardbe pater:forang ilas maysorastimes falinsagstagtory
processing. Tlhf yention pertains to a thg%omask bksmgic%%nr%ré&n 5 atrans regt subg[r%ed a

pattern-forming film on the substrate o orm%r?gsalbeho?omask pattgrn[,)%ﬁ An etch rrtfas(?( filln on the

pattern-formiRg fifth fFINiRg as?d thasRHUPRgREERiInG TFth@ PaftéiirfotmmdefiAt 5 Yntended
herein that bethd¢he etchviesigtancaiskibe atels masknfdmed wingt 1@ eteking of e pattern-fagaing film
and the etchagility of ghe, patigrpzferming film during its own etching are evaluated in a relative manner.
It has been found that etching conditions can be evaluated by measuring a first etching clear time (Cl)
taken when the etch sk fint et REFBATEE LS thd LENIRT E R LIS S5 fothad
pattern-formiag fith evhemas photdPdsk2seitera 43 formedlifsorhdbe pattem:formeng filvy; epeasuying a
second etchipg slgar 451G taken,whenhe pattgrorfgsaing filky issetehed gndek theefghing
conditiorg)s, ar]}%ggmg&ltigg aaraiigé%;cl/p .offge 20 f}trstlto sefcond efching clear time. Then a proper
set of etching Eonditions cart be safected. ~© 4 GorjlinBich with B 5iitoRaER BiaHKEdmirsing a
transparent stbsREARS aFFReriSomdng fith oprthersubsiatk for ferming agphotbrmask patteramskand an
etch mask filmresm theapattesnforning fitmifer sarving.as amasloduningetehing-efthg patternsforming
film, the inventi aqvides. ethod of ev in t of etching conditions for the pattern-forming
film comprisir%%%egétee(ps%gﬁrg]eégu%n%cgl f%lsgtge%cﬁfl%s Igleoaf% ti(r:Crrllé: E%\}‘tlé&étlowav?ﬁégn @86‘?%5 &tch mask film
is etched undeérA& SEchiRg eBrdta% b ABplddtheniftetA R iAg S Whetfa Phetomask
patterniis formexitfragratke pattem-forming film, measuring a second etching clear time (C2) taken
when the pattern-forming film is etched under the etching conditions, and computing a ratio
(C1/C2) of the first to%ég&&:k@- shirigP&lear time, by which the set of etching conditions for the
pattern-forming film iPenadnatedobua preferred Bmbodioemt, the £1ching to be applied to the
pattern-forming film isflyQrine bage diy.atching ;i a prefghed gmbadiment, the pattern-forming film is

formed of a material comprising silicon and another metal, and the etch mask film is formed of a

silicon-free material cOMprding Girifdh, 3: JP-2 2007-241060

20 (US 20070212619, EP 1832926)

SUMMARY OF INVENTION

As the pattern size on the photomask is reduced, the

resist film must be thinner. To form a photomask pattern

25 having a feature size of 50 nm or less, a resist film having
a thickness of 150 nm or less is required. The etch mask
film optimized for such a thin resist film should have a
thickness of 30 nm or less. On use of such etch mask film, a
thinner etch mask film is desirable because the resist film

30 can also be thin. However, if the etch mask film is chosen
only from the aspect of thinning, a problem arises that the
pattern of the pattern-forming film contains defects or the
pattern is not formed to the design. Also, the etch mask
film is preferably resistant to the etching of the

35 pattern-forming film. However, the film which is resistant
to the etching of the pattern-forming film is often resistant

to the etching of the etch mask film as well. Then the



10 ADVANTAGEOQOUS EFFECTS OF INVENTION Using the evaluation method, a proper set of
etching conditions for the pattern-forming film can be selected. When a photomask is prepared from a
photomask blank under 15 such a proper set of etching conditions, micro-patterning is possible
because the etch mask film can be thin, and the transfer of the photomask pattern to the
pattern-forming film is satisfactory. The resulting photomask has minimal pattern defects. 20 BRIEF
DESCRIPTION OF bRAWVIN GBSt endEGE e 5chairagicalyilusifateBaredxamplaskdd/igiching
system. FIG. Zaireodiageam shawing the reflectivity to 25 inspection light of wavelength 675 nm as a

function of time during.eichj n set.of etchin ndition in Example ESCRIPTION OF
PREFERRED EM Bo%iﬁl\% E%}%%Tﬂg%rm%ﬁf{itﬁ}mggc?ﬁ&?aﬁ§ tcr;lee ﬁl%;é, as lf’éle]fdf[:}),(fﬁ%?e':“n do not
denote any ofderChiiaftty, For iRTHORERCE PG ribferbiduséd td efstinglishlond slefier o another.

The inventioro pertaias pa atphoterhask blamkicomprising artansparentsubstrate suelras guartz
substrate, a +palierBROfRNgY fimdenasied pryibesubsirate for fyming 35 pRotomask pattern,

and an etch mask film deposited on the pattern-forming film and serving as a mask during etching of
the pattern-faFing Rk HHE MRATH "GR8 Hveifibh I8 Yo ST AR 588k SAUIRHRG coRdifiBSs for the

pattern-forming $iiret foriddnbelow the etch mask film, preferably contiguous to the etch mask film.

Examples of the pattesafeswing Jilninclude alight-shielding fikm adaptedhie fgem @, light-shielding
pattern ypon fal%rjcceationfof arffhoto ask, and ahphase shif%}fil{narsll%ch sa halftone ghase shift film
[

adapte& to form a pﬁgs-e Sh lpna?te?ﬁ. z;lﬁ&llg, t 8%%?&%‘11- osrmlng fiff is 8 TarEtion Pfilttr{lgffording an

optical functi6rt @8 dngtfdtofnbsk 1033tk wHeh & phbtoRdadk resiitingdrora thie Bhe®ask blank

thickness, cause even a loss of the etch mask film, that is,
negate the function of etch mask.

An object of the invention is to provide a method of

15 evaluating a set of etching conditions for a pattern-forming
film, which enables to evaluate both the etch resistance of
an etch mask film during etching of the pattern-forming film
and the etchability of the pattern-forming film during
etching of the pattern-forming film itself whereby a

20 satisfactory set of etching conditions for the
pattern-forming film can be found.

Studying the etching behavior of an etch mask film,
the inventors found that during etching of a pattern-forming
£film, the etch mask film is etched independent of the

25 identity of material of which it is made, although the
etching clear time is long.

Additionally it was found that defects are introduced
in the pattern of the pattern-forming film, typically
light-shielding film, because the resist film serving as an

30 etch mask during patterning of the etch mask film can be
etched during patterning of the etch mask film, and also
because the etch mask film serving as an etch mask during
patterning of the pattern-forming film can be etched during
patterning of the pattern-forming film.

35 Etching selectivity is different between the
pattern-forming film and the etch mask film, depending on

etching conditions. Thus simply selecting a set of etching



is used. On the other hand, the etch mask film is a film which exhibits etch resistance when the
pattern-forming film is etched. The etch mask film is also known as "hard mask film" in that the film is
used as the etch mask pattern when the pattern-forming film is etched. The pattern-forming film and
etch mask film each may be a film of a single layer or multiple layers. The pattern-forming film may
include an antireflective layer, adhesion-improving layer, protective layer or the like. The
pattern-formifigHithh aheineétch heaskdilamay $a0e diftdrehi s hinkeparforimeceo Fot Brample, one of
the pattern-faraing filin apdretely meskiilmagspesialty: thespattern-farming filng maay be-@ film which is
susceptible tg{lggggg Rge dry etching with fluorine base etchant gas such 25 as SF, or CF,, and less
susceptible to chlorine base dry etching with chlorine base etchant gas containing chlorine and oxygen
gases. Suitable such Fiftfis iftfdet 10eReAf12 18 Silikdn Filmh e fifeohtddiAp silROAPBdSIictMmetals
other than sikcony and @afiltancortaimingrsiieon ang anotheat 30onetals). fExamples aidhe metals other
than silicon I@%@%mgb%unwmtspa%@%a@%ngg% angd fixuyres fhere fa%I these,

molybdenum is preferred for workability. These films may further contain one or more light elements

selected front &MY oxXyyenPRitbGER - ESHBAMhd Y dRogen. SRS BthéTilm @ith LEnakh
mask film if thé opérfiimds atyettapa-forering fitmindray Belardilm Whichss lessesudedpfiilse ¢a fluorine

base dry etching withofluprinecbasecgtchant gag seeh & SRl angrusceptible te ghiprine base

dry etching with chlarine bhase etchapt gas cantaining chlorine and oxygen gases. Suitable such films
includef(%or e%%ﬁﬂ?bjraga ﬁl?n% 8 sﬁi%gr%-%rlé%_r%%en}farf onthlfﬁ}nﬁ%(%r%gr‘%iuerﬁ%rﬁ%bal it &t & Silicon-free

material cont&itfing dritarmr. feseTims May fiihier Cohtdin ofe o trbrenight efersers seleeted from
among oxygem, ritregarn aromand &ydrogen.Hais nated thathaih theaehleting bage etchant gas and

the fluorine Rase I pas ey LIIREL contaly an L uneltgagsuch gy pelu orgydon. The

combination of etchings is exemplified above by a combination of fluorine base dry etc %g using
fluorine base“teRaANtgFEWith thiotRETasERF) ettifing tehdraibride basd sichbrbg8s BoR@MINg
chlorinegas tind oxygbn gascbutdlis notlimited theretop Othar cambinatipas inchrder buhareynot

limited to, 1)e3 cpmpipation ¢fiphiQsineshase-dSiahing using.eliorng hagg gtchant gas containing
chlorine gas, but not oxygen gas with_chlorine base dry etching using chlorine base etchant 20 gas
containing cﬁ%ﬁngﬁgéé% ehthl: 1SS HhBRG6n %?%8%%Fiﬁ%ﬂé%e%?ﬁch’?ﬁﬁ?using
chlorine basé @fchahtjaseybemaliiity phlbtineyateamuiog/gehlgasiia ediffershtuatieancth8) a
corEbination @f;ﬁllol@&i@;ebbaﬁ@ﬂa&@tebingalﬂfdngzﬂmgﬂmqlgé b@sﬁaﬁighﬁﬁt@ﬁﬁd&“jh eklorine baie dry o
etching, using chlorine base etchant containing chlarine g ut not oxygen gas. The metho
of foili%rbllg a%ﬁgfo%na%& Sgtgﬁﬁr%o%gggpla%%rﬁﬂgrgrﬁn% film '(tyﬁ%é“ﬁi/ I?g kﬁgﬁgeefgi na?i)fm)Ogsing 30 an
etch mask filit Rrdexgrises By réfotinG 88 oRE eRfstiheft wherein a photomask is prepared from a
photomask blank in wihick: thej patternefarmingrilan isreoiofi-brsed Hght-shielgingsfiligard the etch

mask film is & chrompiung;based flm. 355irst of gll.2 phRtaraask Rignk is Rrepared, Y
substrate for forming a photomask pattern, and an etch mask
25 film on the pattern-forming film for serving as a mask during
etching of the pattern-forming film, the invention provides a
method of evaluating a set of etching conditions for the
pattern-forming film comprising the steps of:
measuring a first etching clear time (Cl) taken when
30 the etch mask film is etched under the etching conditions to
be applied to the pattern-forming film when a photomask
pattern is formed from the pattern-forming film,
measuring a second etching clear time (C2) taken when
the pattern-forming film is etched under the etching

35 conditions, and



depositing a MoSi-based light-shielding film and a chromium-based etch mask film on a substrate in
sequence. A resist film is formed on the chromium-based etch mask film. The resist film is processed
to form a resist pattern, after which the etch mask film is patterned by chlorine base dry etching. Then
the resist film is stripped off. While the etch mask film serves as an etch mask, the light-shielding film
is patterned by fluorine base dry etching, whereby a photomask is obtained. If desired, the etch mask
pattern may be removeENTeTdiA aAfineadize pholohask pattéircatfaiiigh lvaceramyd a thinner resist
film is recomaresided grog Hherstantpoinbof aspeat raties Therthigkness i agesishiim-depands on the
etching time takenwhen the etch _n%%sm‘g%q]%sg)ﬁ "}_esd-é{}é’{%%rttggt a thin resist film allow for
satisfactory patterning, the etching time of the etch mask film must be short. Satisfactory patterning
within a short etching n&isPAt&IRE bGPPI SigRiRg thE tofpoRitida ditl Eshstefids 6f the etch
mask filrn fortaoshidre etehingeclearttime iang/ari(2) reducing: thei thickness ofithe etebrmask.film.
20However, when theypatierpsfouBing im.sisiana jant shieldng, U Rafied using fng etch
mask film, th? etch mask film must be fully resistant to the etching of the pattern-forming film. An
improvementin &t&T réSistBn 88 AcHidvAHEBY (3)-8sighyIRE coRthositdh et B6istiction of the
etch mask filanfér ttleng ehimpelsat tidie dril/ o) édcredsiag she fickneSsesf the etohimask film.
Meanwhile, tBesgt-oketehingrzangitians for the pattern-forming film should be selected so as to
provide for 30 a short etching clear time for the pattern-forming film and a long etching clear time for
the etch mask film. According to the invention, a set of etching conditions for the pattern-forming
film is evaluated by measuring a*¢ABEAHEPHEaEEMBYED) taked MFERTRENtch 35 mask film is
etched under the etchieg sgnditiens ta:he #ppbed ie the-patternfespiag fil@uvben apheiamask
pattern s formegfiamdfie pagerlprming. flo. measiing.a seqand. Sichiag giear time,(C2) taken

n

when the pattern-forming film is etched under the etching Tonditions to be app ied fo the

pattern-formMgHimvRaP A PRafmAsk PAERATE forkiirBnPihe tRIIR P& HARY fitth &&¥d computing
a ratio (01/02)sftthe fipst op secerwd etchingtclbantmeond i t e methdd: obtheanventioimig ans
evaluation methad; ig1whigh thecleat fimesatin Gl/Gr offifst etghing clegy fime Gl takanwhen the etch

mask film is gtched%mder e %tchi %onditions to be applied to the pattern-forming film when a 10
photomask pateny i< forfied From M SeHG R FoRRinG it thsetdRdRAHiRG e e 62 b &fehing of
the pattern-fégniag filré fatized -as BHRyure of ik gFOM)t thea $k the sleni timearatipa0d¢@2 is an
index for a sak@fei€lking conditions for the pattern-forming film. IsThe first etching clear time ClI
correspgnds to etch resistance of the etch mask film during etching of the pattern-forming film whereas
the second etching clear time 02 corresponds to etchability during etching of the pattern-forming film
itself. Accordingly, the higher the clEat & EatfoRd G2 WY 1RE beRAWHEG2sults are. The clear time
ratio 01/02 is preferablyGt |dast 2henate prefelgbly at least 5t Ebe appexbimii 0f the atip 01/02 is not
critical. Howgver, i typical gmbodiment wherein the etch mask film is a chromium-based film and

the
FIG. 2 is a diagram showing the reflectivity to

25 inspection light of wavelength 675 nm as a function of time

during etching under a set of etching conditions C in Example 1.

DESCRIPTION OF PREFERRED EMBODIMENTS

The terms "first", "second", and the like, as used

30 herein do not denote any order, quantity, or importance, but
rather are used to distinguish one element from another.
The invention pertains to a photomask blank comprising
a transparent substrate such as quartz substrate, a
pattern-forming film deposited on the substrate for forming a
35 photomask pattern, and an etch mask film deposited on the
pattern-forming film and serving as a mask during etching of

the pattern-forming film. The method of the invention is to



25 light-shielding film is composed of MoSiN, for example, the ratio 01/02 is up to 8 in the practical
application. If the pattern-forming film is etched under such a set of etching conditions as to give a
higher clear time ratio 01/02, then the etch mask film may be thin. As a result, the 30 resist film used in
patterning of that etch mask film may be thin enough to form a fine size pattern. The "etching
clear time" refers to a time passed from the start of etching until the underlying layer or substrate is
exposed whetVhe4ihss ferfible® T SlthMg GeattirhéB5may betdeterainbe by rheasuirirg the
reflectivity of aifilm duringeetchinyandtdeteeting acharge Df reflectivity feam whieh thegeipletion of

etching is judged, gr.if a,film is viguaglly,gbservable during etching, by visually observing and
confirming the exposure of the underlying layer or substrate, from which the completion of etching is

judged. Alternatively, TReBRAfY QéartifieRady) BEYet&TMABd b aHan A eRission spectrum of
a plasma in the @wchisgp chambey ahalyzirglageedintionforelement ithe gitasma iangd detecting a

spectral changes frops whishrthe aomplationqf etehinggs dudgeds I hegighing gonditions jnglude a flow
rate and io pressure of %tchant 93s, I%fpower syp lied to create a plasma, and the like. An exemplary
M iSifiistitted | PRE cBm’%?@insgt%Eﬁa&b%?‘1',38?0%?1ﬁgd1b(i’at£8§‘,“aefower

dry etching syétem IS iffustrited in
electrode 3, ®yaftenMaidoll 4 atdifrsirate Biathel Beatelde and radivriretpremty povet supplies RF1
and RF2. is \Wige iy e&ching iscastied oyt indhismsystencthe pawerRinl: 48activeHgR Sicing)
applied to th trate side (photomask blank side).and the power (RF2: inductively coupled plasma)
appliedlEg th%?n%%%(:%%n v?éﬁ%aaf/ glg j%rgfaes *The T oj\%%ﬁg 0 ]é?&a%(rt‘%a I?r?ayoglg %%jﬁ%?e%l tha 20
range of 0.1 {°10F §Ecm, e PRI sl SFettRant-gdd gdjase ifastangéon 1ite 10 Paland the power
adjusted in awange of 2Han00We itds noteslithak thesetehing dear traes say-alseberdetermined by

continuously gichipg a-sfack pf a pattern-foyming film apd an etchymask film, with the %1551 advantage

that the evaluation time is shortened. The thickness of the etch mask film may be determined in

terms of the &tchihg diBatfiAts bRthefdth sk fififafd phREridrmifmfiln BRGSEHR iSRG
conditions fottire pattérarformiimgrfilmg [tSulficesthattthieestchinthelean3d dme-dgfdhe oteh mask film is

longer than the gtehieg cleas imeiafihe patternsforming, film 1 The, thickness of the gtehymask film is
determined sngcyghaagleletcrggg cleafrr;[ime oﬁ he etch mask filrr)If mlaix be Ionger than the etching clear
time of the paﬁern%rmingamm by a factor of 1. et%“S, r(erzlé'f)leqcialf‘y D188, WEGH1HE thifkness of the
etch mask filff BiRfine? fifn Yeprederad. ReWevdotooi T avilmy layer, protective

layer or the like.

20 The pattern-forming film and etch mask film may have
different etching performance. For example, one of the
pattern-forming film and etch mask film, especially the
pattern-forming film may be a film which is susceptible to
fluorine base dry etching with fluorine base etchant gas such

25 as SF, or CF,, and less susceptible to chlorine base dry
etching with chlorine base etchant gas containing chlorine
and oxygen gases. Suitable such films include, for example,
a silicon film, a film containing silicon, but not metals
other than silicon, and a film containing silicon and another

30 metal(s). Examples of the metals other than silicon include
molybdenum, tungsten, tantalum and zirconium, and mixtures
thereof. Of these, molybdenum is preferred for workability.
These films may further contain one or more light elements
selected from among oxygen, nitrogen, carbon and hydrogen.

35 The other film (which is an etch mask film if the one
film is a pattern-forming film) may be a film which is less

susceptible to fluorine base dry etching with fluorine base



may allow for pattern defects whereas too thick a film may require a thicker resist film which is
disadvantageous for fine size pattern formation and leads to larger pattern density dependence or
optical proximity effect. For this reason, the thickness of the etch mask film is preferably in a range of 1
to 30 nm, more preferably 1 to 10 nm. The thickness of the resist film which is applied to the etch
mask film within the above thickness range is preferably in a range of 30 to 200 nm, more preferably
30 to 150 nne habavengacrespreferablyE0 to100Mm. Ordtheusthephdrd, ¢hé d 0chitkmess=of the
patterrll-formiagéilfnd\ﬁ;?icéﬁ@ﬁil,eﬁgvitf]niﬁlhoeti%&kﬂm@imaﬁetyei@@fm@ t@éQhoc;mt&r@iiﬁiﬁely 20 to 80
nm, relative tQ,t tch. mask film within the above thickn range, The methqd of evaluating a set of
etching condﬁ%%%%% or gnpétt%jr{ﬁi%ar%iﬁg fifm 2';100%?#(3L E ae?sof esgﬁ:/}eln%c}nH1 Ilrésef}enc?i?\tlg gr'ev%g?%ating a
set of etchinG & lht6ns for tHe felefartt fifhid @BinakAshateiask dlarfoedmpiising a transparent
substrate, a kghtshieldingfitmdommeachas the patiermn=forming:-#nnan e aabsteate sand ag etch mask

film 20 formed therean, and, phase: shiftmask biankigomprising a {iansparent sybstrate, g,phase shift

film (typically halftone phase shift film) formed as the pattern-forming film on the substrate,"an optional

light-shieldin§ Hiffi $orhte fHETEST And S e ARG SR BT $8rm St therSsT 25ceX RRIP L d
Examples of thya@linvgation ak& givermivglew byhway lod llustrhtorchhd mot by eeseofditaitedion. 30

Example 1 gasPhotemask bianiosamalesaueredirenarad iy depesiting aight-shigiding film, of
MoSi-based materjal on a gua tz substrate, and depositing a film of chromium-based material thereon
as an etch mask fi m.g§6e0|ﬁ€a Iy?ﬁwe ﬁélﬁlt-scﬁel Fr%oflﬂm was composed of MoSiN and the etch
mask film was compoSed of ¥RkGHRRLThecdegdsitidm timeiwas #rijusted sach #rattke hightashielding

film had a thiekaesseftGbameandrthecsteh enasisimikad atbickngss:efis gipe Using the ejghing
system of Flgtgh@ggig@gghmdggg gm é){, %oeSibbasseed ({nateriglcggd theugtcrrll m%ﬁﬁﬁ'{% of
chromium-based material thus deposited were su%jecte 0 f?uorlne ase &rygetc Ing Uhdér seven sets
of etching coR@Rons WP ETHE 2GRS it Bithe AS BT nFRSd 2Ntk S&STRRCIIAG coRditions is

shown in Talbletl. 10fabkdl thereto. Other combinations include, but are not
limited to,
1) a combination of chlorine base dry etching using chlorine
base etchant gas containing chlorine gas, but not oxygen gas
with chlorine base dry etching using chlorine base etchant
20 gas containing chlorine gas and oxygen gas;
2) a combination of two chlorine base dry etchings using
chlorine base etchant gases containing chlorine gas and
oxygen gas in a different ratio; and
3) a combination of fluorine base dry etching using fluorine
25 base etchant gas with chlorine base dry etching using
chlorine base etchant gas containing chlorine gas, but not
oxygen gas.
The method of forming a photomask pattern from a
pattern-forming film (typically light-shielding film) using
30 an etch mask film is described by referring to one embodiment
wherein a photomask is prepared from a photomask blank in
which the pattern-forming film is a MoSi-based
light-shielding film and the etch mask film is a
chromium-based film.
35 First of all, a photomask blank is prepared by
depositing a MoSi-based light-shielding film and a

chromium-based etch mask film on a substrate in sequence. A



Etching condition set Gas pressure (mTorr) Power (w) Gas flow rate (seem) RF1 RF2 SF,0,,He A5
54 325 18

resist film is formed on the chromium-based etch mask film.
The resist film is processed to form a resist pattern, after
which the etch mask film is patterned by chlorine base dry
etching. Then the resist film is stripped off. While the

5 etch mask film serves as an etch mask, the light-shielding
film is patterned by fluorine base dry etching, whereby a
photomask is obtained. If desired, the etch mask pattern may
be removed.

To form a fine size photomask pattern at a high

10 accuracy, a thinner resist film is recommended from the
standpoint of aspect ratio. The thickness of a resist film
depends on the etching time taken when the etch mask film is
patterned. 1In order that a thin resist film allow for
satisfactory patterning, the etching time of the etch mask

15 tfilm must be short. Satisfactory patterning within a short
etching time is achievable by (1) designing the composition
and construction of the etch mask film for a short etching
clear time and/or (2) reducing the thickness of the etch mask
film.

20 However, when the pattern-forming film such as a
light-shielding film is patterned using the etch mask film,
the etch mask film must be fully resistant to the etching of
the pattern-forming film. An improvement in etch resistance
is achievable by (3) designing the composition and

25 construction of the etch mask film for a long etching clear
time and/or (4) increasing the thickness of the etch mask
film.

Meanwhile, the set of etching conditions for the
pattern-forming film should be selected so as to provide for

30 a short etching clear time for the pattern-forming film and a
long etching clear time for the etch mask film.

According to the invention, a set of etching
conditions for the pattern-forming film is evaluated by
measuring a first etching clear time (Cl) taken when the etch

35 mask film is etched under the etching conditions to be
applied to the pattern-forming film when a photomask pattern

is formed from the pattern-forming film, measuring a second

-10-
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etching clear time (C2) taken when the pattern-forming film
is etched under the etching conditions to be applied to the
pattern-forming film when a photomask pattern is formed from
the pattern-forming film, and computing a ratio (Cl/C2) of
the first to second etching clear time.

The method of the invention is an evaluation method in
which the clear time ratio C1/C2 of first etching clear time
Cl taken when the etch mask film is etched under the etching
conditions to be applied to the pattern-forming film when a
photomask pattern is formed from the pattern-forming film to
second etching clear time C2 of etching of the
pattern-forming film is utilized as a figure of merit (FOM),
that is, the clear time ratio Cl1/C2 is an index for a set of
etching conditions for the pattern-forming film.

The first etching clear time Cl corresponds to etch
resistance of the etch mask film during etching of the
pattern-forming film whereas the second etching clear time C2
corresponds to etchability during etching of the
pattern-forming film itself. Accordingly, the higher the
clear time ratio C1/C2 is, the better the results are. The
clear time ratio C1/C2 is preferably at least 2, more
preferably at least 5. The upper limit of the ratio C1/C2 is
not critical. However, in a typical embodiment wherein the
etch mask film is a chromium-based film and the
light-shielding film is composed of MoSiN, for example, the
ratio C1/C2 is up to 8 in the practical application.

If the pattern-forming film is etched under such a set
of etching conditions as to give a higher clear time ratio
Cl/C2, then the etch mask film may be thin. As a result, the
resist film used in patterning of that etch mask film may be
thin enough to form a fine size pattern.

The "etching clear time" refers to a time passed from
the start of etching until the underlying layer or substrate
is exposed when the film is removed. The etching clear time
may be determined by measuring the reflectivity of a film
during etching and detecting a change of reflectivity, from

which the completion of etching is judged, or if a film is

-11-
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visually observable during etching, by visually observing and
confirming the exposure of the underlying layer or substrate,
from which the completion of etching is judged.
Alternatively, the etching clear time may be determined by
analyzing the emission spectrum of a plasma in the etching
chamber, analyzing a certain ion or element in the plasma,
and detecting a spectral change, from which the completion of
etching is judged.

The etching conditions include a flow rate and
pressure of etchant gas, a power supplied to create a plasma,
and the like. An exemplary dry etching system is illustrated
in FIG. 1 as comprising a chamber 1, grounded plates 2, a
lower electrode 3, an antenna coil 4, a substrate 5 to be
treated, and radio frequency power supplies RF1 and RF2.

When dry etching is carried out in this system, the power
(RF1l: reactive ion etching) applied to the substrate side
(photomask blank side) and the power (RF2: inductively
coupled plasma) applied to the induction coil may be adijusted.

The flow rate of etchant gas may be adjusted in a
range of 0.1 to 100 sccm, the pressure of etchant gas
adjusted in a range of 1 to 10 Pa, and the power adjusted in
a range of 1 to 500 W. It is noted that the etching clear
times may also be determined by continuously etching a stack
of a pattern-forming film and an etch mask film, with the
advantage that the evaluation time is shortened.

The thickness of the etch mask film may be determined
in terms of the etching clear times of the etch mask film and
pattern-forming film under the etching conditions for the
pattern-forming film. It suffices that the etching clear
time of the etch mask film is longer than the etching clear
time of the pattern-forming film. The thickness of the etch
mask film is determined such that the etching clear time of
the etch mask film may be longer than the etching clear time
of the pattern-forming film by a factor of 1.1 to 5,
especially 1.2 to 3. As to the thickness of the etch mask
film, a thinner film is preferred. However, too thin a film

may allow for pattern defects whereas too thick a film may

-12-



RF1: reactive ion etching (FIE) + continuous wave oscillation (CW) RF2; inductively coupled plasma
(ICP) + continuous wave oscillation (CW) 15During the etching test, the reflectivity is monitored using
inspection light of wavelength 675 nm, to determine a change of reflectivity with time. FIG. 2 shows a
change of reflectivity with time in the etching test under condition set C. Once the chromium-based
material film is completely etched, 20 etching of the light-shielding film of MoSi-based material starts.
As the light-shi¥ding Filrft I63esSkehickpess thé Féfectivitytiebreabes ashicraiargeallysrefichies the
value of the feftectiviiyzef thetquartz stbsitatel &or eeeh rieking set, the giching eleartimes are

shown in Tabje 2. ableqz. Jahip congitiog,sel Flen rg%&!&%f@e (38 SU/C2 18} Cpibaged film, Cl

(b) Cr-based fllm + oS| base film (b-a) oSi-based
son, hickness of the etch mask film is preferably in

5 a range of 1 to 30 nm, more preferably 1 to 10 nm. The
thickness of the resist film which is applied to the etch
mask film within the above thickness range is preferably in a
range of 30 to 200 nm, more preferably 30 to 150 nm, and even
more preferably 30 to 100 nm. On the other hand, the

10 thickness of the pattern-forming film, which varies with its
optical function, is typically 10 to 100 nm, preferably 20 to
80 nm, relative to the etch mask film within the above
thickness range.
The method of evaluating a set of etching conditions
15 for a pattern-forming film according to the invention is
effective for evaluating a set of etching conditions for the
relevant film in a binary photomask blank comprising a
transparent substrate, a light-shielding film formed as the
pattern-forming film on the substrate, and an etch mask film
20 formed thereon, and a phase shift mask blank comprising a
transparent substrate, a phase shift film (typically halftone
phase shift film) formed as the pattern-forming film on the
substrate, an optional light-shielding film formed thereon,
and an etch mask film formed thereon.
25
EXAMPLE
Examples of the invention are given below by way of

illustration and not by way of limitation.

30 Example 1
Photomask blank samples were prepared by depositing a
light-shielding film of MoSi-based material on a quartz
substrate, and depositing a film of chromium-based material
thereon as an etch mask film. Specifically, the
35 light-shielding film was composed of MoSiN and the etch mask

film was composed of chromium. The deposition time was
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adjusted such that the light-shielding film had a thickness
of 60 nm and the etch mask film had a thickness of 5 nm.
Using the etching system of FIG. 1, the
light-shielding film of MoSi-based material and the etch mask
film of chromium-based material thus deposited were subjected
to fluorine base dry etching under seven sets of etching
conditions A to G. The etching clear time was determined.

The set of etching conditions is shown in Table 1.

Table 1
. Power Gas flow rate
Etching Gas (W) (sccm)
condition pressure
set (mTorr)
RF1 RF2 SF, 0, He
A 5 54 325 18 45 0
B 5 54 325 18 45 130
C 5 54 150 18 45 0
D 5 54 325 9 45 0
E 5 100 325 18 45 130
F 5 100 150 18 45 0
G 5 100 325 9 45 0

RF1: reactive ion etching (RIE) + continuous wave oscillation (CW)
RF2: inductively coupled plasma (ICP) + continuous wave oscillation
(CW)

bDuring the etching test, the reflectivity is monitored
using inspection light of wavelength 675 nm, to determine a
change of reflectivity with time. FIG. 2 shows a change of
reflectivity with time in the etching test under condition set
C. Once the chromium-based material film is completely etched,
etching of the light-shielding film of MoSi-based material
starts. As the light-shielding film loses its thickness, the

reflectivity decreases and eventually reaches the value of the

~-14-
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A clear time ratio C1/C2 was computed by dividing
etching clear time ClI for the etch mask film by the etching clear time C2 for the light-shielding film as
the pattern-forming film. Among etching condition sets A to G, io set A shows the highest ratio CI/C2,

indicating the best etching condition set. CLAIMS: 1. In conjunction with a photomask blank

comprising a transparent substrate, a pattern-forming film on the 5 substrate for forming a photomask
pattern, and &R fet&+ ask fimadn thespaiternferrmingstimefor serving asaamaskdaduring etehing of the

pattern-formingdilmt ch i ngy methag of evaluating aseiw! etehingweadisions for the pattern-forming film

comprising the steps of: 10measuring a first etching clear time (Cl) taken when

10

Etching clear time (sec)

Etching

condition (a) (b) (b-a) cl/cz
set Cr-based film, Cr-based film + | MoSi-based film,

c1 MoSi-based film c2

A 272 322 50 5.4
B 138 200 62 2.2
c 268 435 167 1.6
D 143 222 79 1.8
E 79 134 55 1.4
F 175 292 117 1.5
G 88 157 69 1.3

A clear time ratio Cl1/C2 was computed by dividing

etching clear time Cl for the etch mask film by the etching

clear time C2 for the light-shielding film as the

pattern-forming film.

set A shows the highest ratio Cl/C2,

etching condition set.

Among etching condition sets A to G,

-15-
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the etch mask film is etched under the etching conditions to be applied to the pattern-forming film
when a photomask pattern is formed from the pattern-forming film, measuring a second etching
clear time (C2) taken when 15 the pattern-forming film is etched under said etching conditions, and
computing a ratio (C1/C2) of the first to second etching clear time, by which the set of etching
conditions for the pattern-forming film is evaluated. 20 2. The evaluating method of claim | wherein the
etching to be“@pifdd 1o the pattern-forming film is fluorine base dry etching. 25 3.The evaluating
method of claim 1 or 2 wherein the pattern-forming film is formed of a material comprising silicon and

another metg, and the, eteh, mask s formsd gf 3 silicgn-lige material comprising chromium.
transparent substrate, a pattern-forming film on the

5 substrate for forming a photomask pattern, and an etch mask
film on the pattern-forming film for serving as a mask during
etching of the pattern-forming film,

a method of evaluating a set of etching conditions for
the pattern-forming film comprising the steps of:

10 measuring a first etching clear time {(Cl) taken when
the etch mask film is etched under the etching conditions to
be applied to the pattern-forming film when a photomask
pattern is formed from the pattern-forming film,

measuring a second etching clear time (C2) taken when

15 the pattern-forming film is etched under said etching

conditions, and
computing a ratio (C1/C2) of the first to second
etching clear time, by which the set of etching conditions

for the pattern-forming film is evaluated.

20
2. The evaluating method of claim 1 wherein the etching
to be applied to the pattern-forming film is fluorine base
dry etching.

25 3. The evaluating method of claim 1 or 2 wherein the

pattern-forming film is formed of a material comprising
silicon and another metal, and the etch mask film is formed

of a silicon-free material comprising chromium.
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