5 e3eX\ X6TXcqy2 7 OCT 200 DE SCRI P T 1 0 N SUBSTRATE FOR A TRANIFEZRS
MASK, TRANSFER MASK, AND METHOD OF MANUFACTURI NG THE TRANSFER MASK 5
Technical Field The present invention relates to a substrate for a transfer

mask which is adapted for use in an exposure process using a beam
such as el ectron beam 10 or ion beam The present invention r%'ﬂﬂ@ﬁ Hﬂ’lmmmmo
a transfer mask and to the manufacturing t hod of the transf !

Background Art Recently, electron beam|ithography, ion beam 15 *iés166*
| i thography, etc., where an el ectron beamor ion beamis enployed as an

exposure |ight source, have cone b e ful_in a technique for
manuf acturing el enents having an lﬁj&i rifcrs%%nIpitfé?Iﬁ (ngt he next generation.
In the exposure process utilizing these 20 nmanufacturing techniques, it is

required to enploy a transfer nmask. In th factuyr thj ransfer
mask, a substrate fwrrar? I S&ﬁ;ﬁiﬁ | S)E ate is
enpl oyed because of e 4G i R& : 51 strate for

form ng acgtransfer pattern is constituted by a |ower nonocrystalline
silicon wafer as a substrate, a silicon oxide filmfornmed on the | ower
nmonocrystalline silicon wafer and fupednPiddD FieXd7 OCT 200 2 as an

et chi ng stopper, and an upper nonocrystalline silicon wafer formed on the

silicon oxide film the tgedisded Raddred Torbetdlth i NSl DNs Ut tpperfor
nonocrystalline silicon wafer. 5 The thickness of silicon oxide film

constituting pard tfarddferS@lasiibatiat 6 4 admptenplfopedisks in subsxEisufor a
transfer mask is generally within the range of about 1 a mto 2 ~ m
However, there iprocgrohisimg re tdramyed damntswth tdre S@cHUbsthean
conprising a 10 silicon oxide film having such a magnitude of_ thickness
that cradls tendn dae Heamed The e agferl oS tE8 1atRS A4S AP waf er

due to stress inposed thereon by the silicon oxide film theagfxﬁgestroying
the transfer patd &iGREETEMaHRE EREEOrES MpRHS IS T iRt Feldaft i

efficiency of the transfer mask. Therefore, an object of the present
invention is to {roiisfeiddtate for a transfer mask, which conprises a
couple of silicon layers lamnated with a silicaqon_ oxide film being

i nt er posed t her ebet ween, 20 and whi cPA&IIESIE Addsible to stably

ranuf acture & defect Leela0S LIRS nket  SALANBIAY ThoK MbEO N2
destroyed due to Si{&FSaffPM e, STUAEOD AXi deedi 4R Wedilio LCLAS 9Bar
is employed as an exposure light source, have come to
be seen as useful in a technique for manufacturing
elements having an ultrafine pattern of the next
generation. In the exposure érocess utilizing these
20 manufacturing techniques, it is required to employ
a transfer mask. In the manufacture of this transfer
mask, a substrate formed of an SOI (Silicon On
Insulator) substrate is employed because of the
easiness in fine working.
25 This SOI substrate for forming a trapsfer pattern
is constituted by a lower monocrystalline silicon wafer

as a substrate, a silicon oxide film formed on the

lower monocrystalline silicon wafer and functioning

TR
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-25 manufacturing a transfer mask by making use of the subst r at e. 2 An@fiThd0h
obj ect of the present invention is to 2 7 OCT 200 3 provide a transfer
mask which conprises a transfer pattern formed on the upper silicon |ayer
-of the aforenentioned substrate for a transfer mask, and which makes it
possible to prevent the transfer pattern 5 formed on the upper silicon

| ayer from being destroyed due to stress fromthe silicon oxide filmon the
occasi on of manufacturing the transfer mask, thereby providing a
defect-free transfer mask. A further object of the present inventionis to
10 provide a nethod_of nufacturing the .atar [ her sk,

whi ch makes it Bﬁsépbﬁégﬁéngr8%83?e?hea§9a%§fggsggtﬁgggc%gggééqéﬁg?he upper
silicon layer from.bein est d st.h: r am:tshe £§iki con oxi de
film thereby eﬁéngﬁa gaggge%§¥ggge8§rgﬁgf%%nggﬁ ?gh?% ggl#énufactured.
Disclosure of | gyentlans#ecopdilarhopkifgPresal bAVRRE QBpekhere is
provi ded a substrate tor a transter mask, which conprises a first silicon
llayer fornmed of ,20,0@Qaehyitiakl kAeisbhi @@Fera silicon oxide filmfornmed on
the first silicon layér and having a thickness ranging from0.2 to 0.8 ~cm~-
and a secgnd silicon Thyeahifcxneed of 914 isidn eoridexifddnf idons tAdedriding to
the present invention, there is 25 further provided a transfer mask
conprising a fipartsilfi thie ISayesubstmad eoftombeoempdoyled ae @i lsubsirage
silicon oxide filmformed on the first silicon |ayer 2 7 OCT 2uU44 4 and
havi ng a t hi ckn€ss mangiamg fleromadXk? itso g@n@radrhy aidhdnsddendasnds &dn | ayer
formed on the silicon oxide filmand bearing therein a transfer patterns
wher ei n openi ngstbaug flormedton2t heanf | rEeweyer corhersekS arkrePi®® Pdrti ons
of the silicon oxide filmwhich correspond to the openings ,are renoved.

According to thé&her espdoymendniforthe fle SUP S THAYFC iE¥ & net hod of
manuf acturing a transfer mask,_ the nethod conprising:. prepard . bstrate
10 conpritdi ng a SHilGOnsio%idsn q%pqu%gqﬁp%ﬁmqohﬁqoio er%ﬁaq%%éns,sst a
silicon oxide filmformed on the first silicon |ayer aving a thickness
rangi ng from 0. FhaF &r@cﬂﬁﬁnnceélr‘l’gté) & FF™S ilcno% ea;@%%flgr nmed on the

si | foon oxi de Tilipo LOIPNG & IANS(Sly RALAE S @ dihesecibadd | con

e first silicon layer before or after formng

the transfer patéheerf'é%rﬁp%g/nﬁeg%i{]lvi%% rayd ngi]g%r ti Ve ddec &l irepn

oxi de filmwhich corres e openings. 20 According to the present

i nvention, ther?ﬂé ARy SaMidled dhdmidined ofe g aediig ntha transfer
cO

mask, the metho nprising: preparing a substrate conprising a first
silicon layer foimornitumnesrestadidmey St ion, trasdtdcamsixi de film

formed on 25 the first silicon layer and having a thickness ranging from
0.2 to 0.8 ~cm and argecofstrs; | acorbieyerof othhedpoaseme shvémbhonxige
film form ng openings in the .
to provide a substrate for a transfer mask, which
comprises a couple of silicon layers laminated with
a silicon oxide film being interposed therebetween,
20 and which makes it possible to stably manufacture
a defect-free transfer mask, i.e. a transfer mask
wherein a transfer pattern formed on the upper silicon
layer is prevented from being destroyed due to stress
from the silicon oxide film on the occasion of
25 manufacturing a transfer mask by making use of the

substrate.

Another object of the present invention is to



2 7 OCT 200 5 first silicon |ayers selectively renoving portions 9§[mhezmk
silicon oxide filmwhich correspond to the openings and form ng a transfer
pattern in the second silicon layer. 5 According to the present invention,
there is further provided a nmethod of irradiating a charged particle beam
the nethod conprising: irradiating a charged particle beamonto the

af orementioned transfer mask in such a manngr as to shape the charged
particle 10 beamin conformty with the configuration of a transfer

pattern; and image-formng a pattern of the shaped charged particle beam on

a substrate thr@gg@i@elgn§ra%%§ S &5%&?&%9%% iof&%qu%g%equyg%%ﬁtion t hat

the second silicon llayer has a filmthickness o 15 8 ,um Furt her

the second siligan tle@yelro3hd drPhplerppler 8 1HiQIRd Qe rMyrodmyst al |i ne
silicon. The substrate for a transfer nask according to the present

i nvention shoul d sphebRnahlon e fu®sred tef @t 0t raHdra i sk MRS iWhd Ao
nmonocrystalline silicon wafers 20 superposed on one another via a silicon

oxi de film bei ngaikeiseripogRd ditdreehet werenl ittle Besersflr @atdferdr awi ngs
FIG 1 is a cross-sectional view showi ng a substrate (SO substrate) for a
transfer Bask 2Foamear dinndheo uppe re)sdrifloorofl aylesr firese ite iy edstaoydd G 2
is a cross-sectional view showi ng one exanple of a transfer mask which was
manuf actured  2ug @CT s20@ s firowakilrey sidd avin @xdudss tiridime onSA@hesubst r at e)
for a transfer mask according to one exanple of the present invention,
FIGS. 3A to 3l @csasiess ofesmarpfActyrdng he [transfiamgqaskephinas e
exanpl e of a manufacturing process of a transfer mask by making use of a
substrate for aProFishew waslefactorfdiany tensfeHmesdnt i nvention; FIGS. 4A

to 41 are cross-sectional views .i]lustrating stepw se another exanple of a
manuf actur 10 ing pr @teé%r%”fe% R é’rfanté'éqg BRESRIKG i (R &%&t rate

for a tr%rasf er rg?:%l%ri eC%r ?t{e c;[doot %a%ue?aec@ufirﬁvgeQ:tl'{eoncl;foq:neqnentioned

transfer mask, which makes it possible to prevent the
transfer pattern formed on the upper silicon layer from
being destroyed due to stress from the silicon oxide
film, thereby enabling a defect-free transfer mask to
15 be manufactured.
Disclosure of Invention
According to the present invention, there is
provided a substrate for a transfer mask, which
comprises a first silicon layer formed of
20 monocrystalline silicon; a silicon oxide film formed on
the first silicon layer and having a thickness ranging
from 0.2 to 0.8 um; and a second silicon layer formed
on the silicon oxide film.
According to the present invention, there is
25 further provided a transfer mask comprising a first
silicon layer forméd of monocrystalline silicon;

a silicon oxide film formed on the first silicon layer



-FIGS. 5A to 5F are cross-sectional views illustrating stepw se anzyh@ﬁ-ﬂmg
exanpl e of a manufactur 15 ing process of a transfer mask by naki fig use of
a substrate for a transfer nask according to the present invention. Best
“Mode for Carrying Qut of the Invention Next, a substrate for a transfer
mask as well as 20 a transfer mask according to one enbodi nent of the
present invention will be explained in detgil with reference to the
drawings. FIG 1 is a cross-sectional view showi ng a substrate (SO
substrate) for a transfer mask according 25 to one exanple of the present
invention. Referri to FIG h ubstr | substrate) far,a
transfer mask 4aF§n€3%§?9tﬁtE%iﬁ&ngsgaggﬁg?ég é?gﬁc?u?eEO g'é ééﬁ'2004
conprising a lo takhi shli,gan i LER; nj are to
be subsequentlyﬁgér%ggggé%augégégﬁ%n%%yggtg&?ﬁﬁé §P|?%§ﬂh%g g?ﬁlb?%aﬁhich a
transfer patterp;jg %Rdbﬁeéy?ﬁquﬁQEEYnfQrﬁggnsﬁeg Baftdirhi;CRRep¥ide film2
i nter posed between the | ower nbnocrystalline silicon wafer 3 and the upper
monocrystal | i neggbhi 588 ¥ebekoimedhif tREI Raked sinuebureaysrfeahdred in
that the thickness of "the silicon oxide film2 is confined to a range of
0.2 ,um 1§ to Othe8podtibnkfofhenthstknesa okitbefsih whdchxicderkisbond is
less than 0.2 a m the etching resistance of the silicon oxide film2 my
becone insuffictenthet bperbygsaairky remeivedng a phenomenon wherein the
etching is 15 permtted to proceed passing through the silicon oxide film
2, because over - et chingordingudbl Lheepresend tlakiend ime itheyleards

di stribution of etching depth or the distribution of etching depth
dependi ng on t h&usiheroprpuidednai neshednsitidaparifeston inge aot&asisdsTof 20
perform ng dry etching of the upper nonocrystalline silicon wafer 1. Wen
the etching is pésmtgba retprecEeRPEASINGg PEEBAGRNGhE SMPSESATEXI de film
2, awet etching liquidis permtted to penetrate thraou 2 this etched

t hrough 28 hol eSPBPHREELPH Fhél§FFi56ﬁlﬁ?'dgaVFFnlfrHﬁdt% occasi on of wet

etching to forman oggg%gglgggt%g .iggggé éggﬁggggﬁgﬁr S%ﬁhﬁ %%rﬁe'l%%n

|
waf er 3, thereb{°Par at the transter

Gast royed.  Furt RBP, RSN BN LEPRNIRY s "oy RECTEN o ot CRBnd pheeiiys

-destroyed. Furt is permtte roceed passi‘ng

t hrough the Sil%?ﬁﬁ %x?dﬁﬁfbh%l %gn?égegtﬁgﬁgPé $§l§c HPhE?%r”?QEHEHiS

allowed to | eak roug i s’ et roug ornmed in e silicon

oxide film2 on the,accasheRnobxdte Shali:NFrdihnd M & LREUNSRYeOn in
the | ower nonocrystalline silicon wafer 3 while irectly cooling the

substrat g sby MalgnNgnds@eebnll sa 16@Qn NG yERYI Warnlikey periaigs g ahey obl em
that the discharging for etching is caused to be suspended in a m dway of

t he etching progasst FHildcomakayerobefivaret ogasfiteralfeonrdagsddhea n t he case
where the etching of the | ower nonocrystalline silicon wafer 3 is perforned
15 prior to the thansgfeiropaditerng tamnahsfedre gidivedin re@eving @ardriamn®f i f

t he thickness of the silicon

the silicon oxide film which correspond to the
openings.

20 According to the present invention, there is
further provided a method of manufacturing a transfer
mask, the method comprising: preparing a substrate
comprising a first silicon layer formed of
monocrystalline silicon, a silicon oxide film formed on

25 the first silicon layer and having a thickness ranging

from 0.2 to 0.8 um, and a second silicon layer formed

on the silicon oxide film; forming openings in the



-oxide film2 is larger than 0.8 ~ m cracks nay be generated in the CT 2004
transfer pattern, thereby destroying the transfer pattern due tozthg stress
fromthe silicon 20 oxide film2 on the occasion where the silicon oxide
“film2 is permtted to be expose due to wet etching or dry etching of the

| ower nonocrystalline silicon wafer 3 to form an opening therein. Nanely,
when the thickness of the silicon oxide 255film2 is confined wwthin the
range of 0.2 a mto 0.8 ~cm the phenonenon of generating cracks in the
transfer pattern to destroy the transfer pattern can be 2 7 OCCR 2004 9

prevented. | nci deplalLy) 106, WRyyef, TBOPELYSELY! PEnSYiRg] ¥oEYSbAS! | ne

silicon | ayer deposite urface of the silicon oxide film2 may be

substituted foryghena HPE?EO DHREAYSERLhi WRiEh! E69Re¥BbRE to EHEther, in
the present invention, the thickness of the upper nonocrystalline silicon

waf er or the uppgenshik§oanbaystmshgubdtpagbeeabpytberni Lhi Bheéhgetonge of
0.1 ,umto 50 a m nore preferably, within the range of 10 1 a mto 50 ,u

m |If the trans§erisssklafethe present invention is to be applied to a
scattering type transfer mask, the thickness of the upper nonocrystalline
silicon wafer or theAuppedisil toothkapersshtauidvenéfienablthelye Wwst hin 15 t he
range of 0.1 to 3 a m Wereas, if the transfer nmask of the present
invention is tofbethppl pedvided shinetbpdgofyperadinsieg maskargré thi ckness
of the upper nonocrystalline silicon wafer or the upper silicon |ayer
shoul d pref er abbgrbachet heamy hEheamgthee gompriging:aiprapgiaéinrfer case, if
the thickness of the upper nonocrystalline silicon wafer or the uggg&

t he

silicon |ayer ishasgeghPartirdeupgar ABABcLRSt AEPFRBCRTLPREA WaPE

upper silicon |ayer may be fused away as_25 the nitude of electric
current is incrBa86diPnsEFhep PBnBﬁﬁaﬁéetPthBBﬁggﬁg EﬁafﬂgdoPﬁgﬁlﬁ;ﬁd, i f

L ckBese OheLhe UPRELRNOELY Al LIE SLbSaD RN BE o FrlriRsIor:
transfer pattergat%%Eh?egndtQﬁa%gL%BQﬁﬁﬁgO% bgﬁtEQWEBf the shaped
charged particle beam on a substrate through a lens.

It is preferable in the present invention that the
second silicon layer has a film thickness of 0.1 to

15 50 pm. Further, the second silicon layer should
preferably be formed of monocrystalline silicon.

The substrate for a transfer mask according to the
present invention should preferably be formed of an SOI
substrate comprising two monocrystalline silicon wafers

20 superposed on one another via a silicon oxide film
being interposed therebetween.
Brief Description of Drawings

FIG. 1 is a cross-sectional view showing

a substrate (SOI substrate) for a transfer mask
25 according to one example of the present in?ention;

FIG. 2 is a cross-sectional view showing one

example of a transfer mask which was manufactured



nonocrystalline silicon wafer according to the present 5 inventioQ7SMQUMW4
preferably be within the range of about 400 ,umto 1 mm Because, if the

t hi ckness of the | ower nonocrystalline silicon wafer is | ess than 400 ,um
it may be no longer possible to ensure its function as a supporting body
for the transfer mask. 10 On the other hand, if the thickness of the |ower
nonocrystalline silicon wafer exceeds 1 mmgit may becone difficult to
satisfactorily work the substrate, i.e., the | ower nonocrystalline silicon
wafer. FIG 2 is a cross-sectional view show ng one 15 exanple of a

transfer nask i i n, f nti oned
Wydg&a\pgit%e{% gfft W edidt Fkd NG ais &8s e &f oF e

substrate (SO s a transfer mask, representing another

enbodi ment of the ¥Ry MMANHAbrdhSMbd dldaple dhetd ghed fintmask
40 according to another 20 enbodi nent of the present invention is

constituted by afdwmyigmnocrystalline silicon wafer 13 having an opening
9, a silicon oxide film 12 having an opening, and an upper nonocrystalline
si.licon wafer 11 bearfIGg ! IBX eid 3 tawsdrospaddetiomal 2bidie construction
shown in FIG 2 represents one enbodi nent where a conductive film20a is
formed on & he | avddrustredcinystssldpwissesidriec axamgfley df3 ehanvamgfaaturinhg OCT
2004 11 opening 9, and at the sane tine, a conductive film20b is formed on
- the upper nonocryrstceds e S [Hnaovs St araskl e and Hiha hegeeiaf & tsubsirate
pattern. However, these conductive filnms 20a, 20b are not necessarily 5
essential, and e Fe WAnskar ™Sk 2 Harlfetihe R Pigees @i/
transfer mask according to anot her_enbodi nent of th%HE esent invention wll

be expl ai ned as foll 35 Fi 4Rt tRrihare £E5 R EIRA T sVESYHed on the 10
B B i el ) S
ronbcr yer |+ ne Wi (IR & 7 vendi SR bL Ml 4655 R A0 PP
monocrystal | | nepssdlot#é.tfzoancé"’?foef %%%é‘%ﬂ:‘ %gatﬁ;%@éelzf]cgrgg(rﬁéiﬂe d&lf as a

mask, and a ste renoving the resi n. posure process of
form ng the resigl,ati{&in £a0 be suitably perforned by directly scanning
an 20 electron beamusing a resist for an el ectron beam or by neans of

stepper exposure usingr@s Phos of@ssStard Nctdes caser IbRAE Fhewet chi ng
resi stance of the resist is found insufficient on the occasion of dry

et ching the upperlImsOcstyisipldtdwidd | raytivef esxanmple So 25 possh i et -
enpl oy, as an etching mask, an inorganic filmsuch as a silicon oxide film
a silicolifsitri deng process of a transfer mask by making use of a
substrate for a transfer mask according to the present
invention.
Best Mode for Carrying Out of the Invention
Next, a substrate for a transfer mask as well as
20 a transfer mask according to one embodiment of the
present invention will be explained in detail with
reference to the drawings.
FIG. 1 is a cross-sectional view showing a
substrate (SOI substrate) for a transfer mask according
25 to one example of the present invention. .Referring to

FIG. 1, the substrate (SOI substrate) for a transfer

mask 4 is constituted by a laminated structure



-film a silicon carbide film etc.~ a netallic film 2 7 OCT 2004 12 mad
of chrom um tungsten, tantalum titanium nickel, alum num etc. 27090Ta|300
all oy of these netals or a netallic conpound filmformed through a reaction
“between any of these netals or alloys and oxygen, 5 nitrogen, carbon, etc.
These etching masks can be forned by neans of various kinds of thin
filmform ng nethod. For exanple, it is possible to enploy a sputtering

nmet hod, a CVD nethod, a vapor deposition nmethod, etc. 10 As for the dry
etching nethod, there is not any particular limtation with respect to the
conditions Tor tBRopiEhhgda £8,LL mbRSCOYSELO1PACCRY O¥EA Ll rbbesdry
etching, it is pos§| efo eanoy a mxed gas mainly conprising a
fluor!ne-contalphnghgeﬁ égsﬂiﬁgssgﬁeléogaé 30dsEhfdeRsy: rarfbued gas mainly
conprising a chlorine-containihg gas such as Cl2 gas and Si 4 gash or a

m xed gas mai nl ynCEPPELShBHoarPEOaL NEnE0BL 8l BbAJwaBE rSUChnaghtlBA gas. As
for the dry etching apparatus, it is possible to enploy that where RIE,
magnetron R E, 20tE&RsféEPpafternway¥eso bel subbsegawas]lyNEBrmete. ands

enpl oyed as a discharge system Next, openings are forned in the | ower
nonocryst®l | i neasgiltoonwakide fhémeRnidigrposhidnhetweenetbki Agweul trasonic
wor ki ng, sand bl asting, etc., 25 can be suitably enployed. Incidentally,
the step of formbngcaystahifine palieprn wafehe3uppdr thenvppgstal line silicon
waf er may 2 7 OCT 2004 13 be perforned prior to or subsequent to the step
of form ng opentagecristhdlinpesikbrenr yafarl tne ShipcéamidrELd Next, the
silicon oxide filmfornmed on the 5 openings. is renpved. Specifically, the
silicon oxide fPEANEEHTBelifefiBaEHTBE hﬁkF%@tu§éethH98P8§Fu8¢iEhécid, whi ch
is followed by the formatiaon qf _conduyctive fil n opposite i.n,surfaces
if required, thé%éb?°ﬁc€6ﬁ§?igﬁﬂﬂgzalﬁrﬁﬁgﬁéPeH;gR.algaﬂgefBEaphé A
conducti filnt i %s ossible to enploy a netal such as gold, platinum
paIIadiu¥$ t ant Puhr t 5ten, nol ybdenum and osm um or an all oy containing
any of these netals. (Eh : n I i NQl:Vq OFe st ther with
an underlying Iayer.1¥5%§§ ?ﬁﬁ%?ﬁg%%epﬁggggﬁs %ﬁ%P%g%%ﬁéebgﬁ&gg?igg film

s possible tRsgTRhay 8.9PyiherERg SELhody AetMDLgRLDOY: enyapor

deposi tion metho ating nethod, an el ectrode position method, an ion
pl ati ng method, sefgcoASosieser iched abawe, bbhenbor ABLIFEA cabneperhegsby0 in

t he | ower nonocrystalline silicon wafer can be

easily inviting a phenomenon wherein the etching is

15 permitted to proceed passing through the silicon oxide
film 2, because over-etching is usually pefformed
taking the in-plane distribution of etching depth or
the distribution of etching depth depending on the size
of pattern into consideration on the occasion of

20 performing dry etching of the upper monocrystalline
silicon wafer 1.

When the etching is ﬁermitted to proceed passing
through the silicon oxide film 2, a wet etching liquid
is permitted to penetrate through this etched through-

25 hole formed in the silicon oxide film 2 on.the occasion

of wet etching to form an opening portién in the lower

monocrystalline silicon wafer 3, thereby raising a



-performed prior to the formation of a transfer pattern in the uppz& oCT 200%
nonocrystalline silicon wafer. In this case, part of the silicon O6xide film
whi ch i s exposed through the openings fornmed in the | ower 25
‘monocrystalline silicon wafer may be selectively renoved prior to the
formation of a transfer pattern in the upper nonocrystalline silicon wafer.
On the 2 T OCT 200 14 occasion of formng a transfer pattern in this
process, there is little possibility that the transfer pattern is cracked
or destroyed due to stress generated in the silicon oxide film since the

silicon oxide fb&g&%ﬁs.t%a%otthgxitégn@tfetrhblﬁtwrhi FRrrideVRYLlhd ipgeder to

prevent | eakage of the inert gas to be enployed for cooling the substrate

on the occasi onpgf, obhe <@y 18hehishd 1ehbeP wherl or HaRope Weaitglgfedpat tern on
t he upper nonocrystalline silicon wafer, 10 it may be necessary to take

some sort of measur e HHRr3S WhHee MhC RN itshedraviart anes sdcddd ne
silicon wafer on a holder which is excellent in thermal conductivity.

Exanpl es 15 Nexpassnee fthe Mhe efiltikenpoadiert finwet,i en Wndrthejas
explained with reference to drawi ngs. (Exanple 1) FIGS. 3A to 3l are
Cross-secski onal a¢i ewgoolllingt madiimg dtsepdileoereaneoedaaM &hofowshmeanhifsact uri ng
20 process of a transfer mask by making use of a substrate for a transfer
mask accordi ng tedches dcnrodigheholef fohmegr dserthe Midritdosn oxfidestfigin #£11, as
shown in FIG 3A, an SO substrate exhibiting a plane orientation of (100)
was enpl oyed asoa dhigsocses ion of sny SishdnD S odarm i APgrsiYkferred to
al so as a transfer mask substrate). This transfer, mask substra{; 4 was

constituted by ®Orddiomated ther JOMeTe NOBRFLYSHR] L ing FIAGFIOMRIRT ah upper
nmonocrystalline silicon wafer 1, Jower monocrystalline silicon wafer 3,
and a silicon oﬂhﬁ%qquﬁ%§€iﬁ 3§éﬁF§@ﬁN§ %ﬁ%ﬁﬁ? §Vﬁﬁﬂﬁ%é+ fﬁfline
silicon fer 1 and |l.ower no ogfyé%g | ine si.li.con wagg?]§ 3t'ﬂE§&kgckness
;)1;1 th_eI _u\é\%er npjo&%f_ | 139 i“f?éi fi ’:\ﬁ&){[errafs\/bé_ & fol’lcrﬁc Fhdah Kisess of
e silicon oxi i.1.m was . : 0 r

nmonocrystalline 'ﬁcil'baorrg]\% %O%%ﬁ?shlgj% lgg%a%gfk%zsoreesﬁ%{beef&o%nmel ectron
beam (7EPS20, NG AR 7601 (. oddthy MADEAL 4 11 2 IdUigkeSsy Ofndk® 2

on the surface o per nonocrystall'ine silicon wafer 1 of the transfer

mask substrate 4y, Aand 3 10R) L@ MRS HRIE Idak Ghdhe tIRsSidtciihdTakd Nthaise
of an el ectron beam draw ng machi ne exhibiting an accel erating voltage 15

of 50 kV. Subsequgiid Mnorfeyerpkiald iuse il iacdtewed fgy My isolpdf frried
excl usive use (ZED-N50, N hon Zeon Co.,
15 prior to the formation of the transfer pattern.

On the other hand, if the thickness of the silicon
oxide film 2 is larger than 0.8 um, cracks may be
generated in the transfer pattern, thereby destroying
the transfer pattern due to the stress from the silicon

20 oxide film 2 on the occasion where the silicon oxide
film 2 is permitted to be expose due to wet etching or
dry etching of the lower monocrystalline silicon wafer
3 to form an opening therein.

Namely, when the thickness of the silicon oxide

25 film 2 is confined within the range of 0.2 um to

0.8 um, the phenomenon of generating cracks in the

transfer pattern to destroy the transfer pattern can be



-Ltd.), the devel opnent of the resist was perfornmed, thereby form rpgz @CT 2004
resist pattern 5 as shown in FIG 3B. Next, by making use of the resist
pattern 5 as a 20 nask together with the enploynent of a m xed gas mainly
~consisting of fluorine-containing gas, i.e., SF6, as an etchant, the dry
etching of the upper nonocrystalline silicon wafer 1 was perforned to a
depth extending to the silicon oxide filmg by neans of an ICP 25

(i nductively coupled plasm) dry etching apparatus, thereby formng a
transfer pattern 6 as shown in FIG 3C 2 7 OCT 200 16 Then, the resist
pattern 5 was reaneq:(ﬁnd a silicon nitride film7 having a thickness of
0.3 a mwas forfed Gh-The opposite main surfaces and peripheral wall of the

transfer mask substrfﬁgi@§%§£?¥?0% eg%p '35)é09%5ﬁ§§9§191?§n°£PCVD (Low

Pressure Chem cal Vapor ratus. equent the silicon

nitride film fg%%%‘gl%fs?‘ffié’énti@yéf’%épé@ﬂ@édwﬁahiié neusthkeon

waf er was subj etching by making use of a m xed 10 gas nmainly

cont ai ni ng C"":?bﬂaél%é‘@ipi/cé‘i?a&%i@é aNR £ hfRpass | yepsoDc 68 AGY the
apparatus, thereby formng a protective pattern 8 for wet etching as shown

in FIG 3£ Thagppdhensubhstyat£1 berei 801 iben ewacéhel protective 15 pattern 8
was set on a jig so as to protect the transfer pattern fornmed on the upper

nonocrystal | i ne silip@ptheter inatHewasesener sedehhian, ethhi hyiskhasson
consi sting of an aqueous sol ution of KOH which was heated_to a tenperature
of about 90C. Thfisthé hep@ér ehohoogysesl pené os hbilcosi wgfeheopr bhecubper
pattern 8 as a mask to such an extent that the anisotropic etching of the

| ower nonocrystsilicenslayeonshetbd Brafengbiliebpl uhbhdni ERear2BaCt Ar eof
proceeded down to the silicon oxide film 2 functioning . as an etchin
stopper, 25 the? ebyrorifi P atMop8RitSg PY e£&reRdwn Wﬁt%ﬂé.t . TRARGe &fer ence
nunber 3' in FIG 3F represents the | ower nonocrystalline silicon wafer in
whi ch t 0 openi hgid to 30 oL& T 2004 17 was formed. Next, as shown in FIG

gﬁosgﬂgrf’g‘“ ective pattern 8 vas 8Lcned,2ugy Ry PRKs0g:UsRRhei8h is
to be applied to a scattering type transfer mask, the
thickness of the upper monocrystalline silicon wafer
or the upper silicon layer should preferably be within
15 the range of 0.1 to 3 um. Whereas, if the transfer
mask of the present invention is to be applied to
a shielding type transfer mask, the thickness of
the upper monocrystalline silicon wafer or the upper
silicon layer should preferably be within the range of
20 5 to 50 um.

In either case, if the thickness of the upper
monocrystalline silicon wafer or the upper silicon
layer is too thin, the upper monocrystalline silicon
wafer or the upper silicon layer may be fused away as

25 the magnitude of electric current is increased in order

to enhance throughput. On the other hand, if the

thickness of the upper monocrystalline silicon wafer or



-acid heated to about 170C. Thereafter, as shown in 5 FIG 3H the £xpesesiy
portion of the silicon oxide film2 was etched away by naki ng use of
hydrof l uoric acid. The reference nunber 2' in FIG 3G represents the
‘silicon oxide filmin which openings were fornmed. Finally, a

pl ati num pal | adi um al | oy having 10 a thickness of about 0.1 a mwas
deposited on the opposite nmain surfaces of jtghe resul tant body by nmeans of a
magnetron sputtering apparatus to thereby form conductive filnms 10a and
10b, thus acconplishing a transfer mask as shown in FIG 3I. 15 The

transfer nasklnyﬂg In this Was, f r he upper
nonocrystalline Si ?@#%%ﬁ%ﬁtl%ﬁ%e cauifsk%c%'yois’% (r&{éa%g ere(;énﬁlét he
silicon oxide fidymsiereyo OBl M Ngrsnd F@PSHSFtdmsk which was excel | ent
in quality. 20 (Example 2) FIGS. 4A to 41 are cross-sectional views

illustrating stepw sepgpoide] exanbhecRhesds NBAUERET Usi@E process of a
transfer mask by nmaking use of a transfer mask substrate according to
anot her 25 enbodidgfsdrwdtd el i esenicomventédnacddréingft@lihe asrehenn in
FIG 4A, an SO substrate exhibiting a plane orientation of (100) was
enpl oyed & a sulrsterat bord $losuld pre fEAaRDY US withamstlee nasge (ehich is
referred to also as a transfer mask substrate). This transfer mask
substrate 4 was dwnst i 400 ed nbytoa I awi.natBectuasot uife theyithg aknessamd
constituent conponents as described in Exanple 1. 5 The thickness of the
upper nonocryst athé nkower irereelafetallipe SDlicon wWaker hiekhess BhaRhe
silicon oxide filmwas 0.5 ~cm _and the thickness of the |ower
nmonocryst al | i ne 499 édn vids @2Y3 Read S0P eh PRSSIfheh §h sRsr 4B S silicon
nitride film7 was 10, fornmed all ove tranﬁfer mask subgtrate 4

.th
i ncl udi ng the opP&RFEEHE?H %Lﬁ?%%%%éé%% RPY phef afPaF FaRREFEGRABY - means
f the CV th dt t h il ifri filmf th f
of the IoMbr monghr 68t TERE AFdCoht arer Lyl Ghte et FRe tords o U oo
patterning trealyiile, s0ELEPYRLOL PhoR RLOLECLLYELRE! L ohf B { Opaiet

etching as shown in € | ower nonocrystal on waf er

3 having thefeO%é@&n@rﬁfﬂé&%ge%;§5@i§f&@§o§fiy%§ki i:H?aQQbEE'FEEé?d in

an etching solution consisting an aqueous sol ution of KOH which was

heated to a tenperat urendf 180K nRScrfts111he sicheps waseper formed using
the protective pattern 8 as a mask to such an extent that the anisotropic

etching of the |ower gpaocpyskahl tressi-keeenonaieridwakhogihfeopkane 25
orientation thereof proceeded down to the silicon oxide film 2 functioning
as an etcidng stepaepletberebyrinsfiengmaskopkinchgwls asashbantiuned&l By 4D.
"2 7 oCr 2004 19 The reference nunber 3" in FIG 4D represents the | ower
monocryst al | i ne sakingnusafef thewhfchenprtibpeailngubstmsteéolfed. Next, as
shown in FIG 4E, the protective pattern 5 8 was etched away by making use
of hot phosphorisulbgtdaheht €dfes abbuensfec. napkr caepEesentingj 3noEBeTan
el ectron beamwas coated to a thickness of 0.5 a mon the surface of the
upper nonocryst afPPRGiBentcef HREePreSeRRJIBRVBRELERn wWAS BBSER| BBd on the
resi st by making_10 use o% a elegtron bga dramﬁna.nacgine e§§ibiting an
accel erating vol fage 6t 5BSkVE2RAHSEQHBREI y, BYCRARIAY GRe°BP-HSHevel opi ng

sol ution r exclusive use, the, devel g n f the resi rf.o0 d,
t hereby form ng 8@$8§%E?nga?%efﬂé5P5§S§ﬁ§m%n?ﬁnkP§P g%.é%ﬂg@iggﬁgéiégefor
an el ectron bea”EaTgw%P?mQ§§8%gPk9¥1§8EUEE99cBRtQa@@?l9¥eﬂa0§58'Qn“ere t he
sane as those enpl oyed in anpre 1.

opening 9, a silicon oxide film 12 having an opening,

and an upper monocrystalline silicon wafer 11 bearing

therein a transfer pattern 6. |

25 The construction shown in FIG. 2 represents one

embodiment where a conductive film 20a is formed on

the lower monocrystalline silicon wafer 13 having an



‘Next, by making use of the resist pattern 5 as a mask toget her vvit§17t¢[,er 2004
enpl oynent of a m xed gas mainly 20 consisting of fluorine-containing gas,
i.e., SF6, as an etchant, the dry etching of the upper nonocrystalline
silicon wafer 1 was perforned to a depth extending to the silicon oxide
film2 by neans of an ICP (inductively coupled plasma) dry etching
apparatus, 25 thereby formng a transfer pattern 6 as shown in FIG 4G
Then, the resist pattern 5 was renoved as Shown in 2 7 OCT 200 20 FIG

4H, and at the sane tinme, the exposed portion of the silicon oxide film?2

hed b Ki f f f Qf | i i d...The..ref
humber 2 i n £l GPeRR oSl &5 R Ve ad [T G 8 G ngs
were formed. Fingllopras shownd B wbloo LANAUDAAY NG ot hifnESS, Of

about 0.1 ~ mwas depos opposite n surfaces of the res ant

body by means of,cai 1614/ HEAMAARAIE HCRONILI AN AMRAIAILS Liheklb  her eby

form conductive filns "10a and 10b, thus acconplishing a transfer nask. The

transfer mask mapmlRcitured fin dhizd ety es ddteeddeyyariacks of the upper
nonocrystalline silicon wafer that m ght be caused by stress fromthe

silicon 18 oxi desfsien®ialhernghy meht ddickd tedd.ansf er mask which was
excellent in quality. (Exanple 3) FIGS. 5A to 5F are cross-sectional views
illustrating stepw saeleatf,urtitee maxafgdtaumiing prowdsor 0 the firgngpfecess of
a transfer mask by maki ng use of a transfer mask substrate according to a
further enbodi meatskofacdoedimes drt anotdred ambddimsntofofathe grestwvin in FI G
5A, an SO substrate exhibiting a plane orientation of (100) was enpl oyed
as a substrate ﬁ@WGEEi@ntNdd§fgﬁ|ﬂ¥ﬂéain€ﬂﬂ%$tﬂQ%kﬁ%ﬂ-nask substrate 4 was
constituted by a |am nate structure having the sane constituent conponents
as described in Exanpiigst of 2¥.ofr Digyy BAC e ths dQiesed At tHee upper
nonocrystal line siljcon waf 1 was 2 ,um the thickness of the_ silicon

r
oxi de fi % was @PF@?Q%‘%%&ﬁﬁhéﬂﬂﬁ§ﬂ5ﬂ¥9§§¥sQQﬁ;HQﬁwﬁl MASKeH

silicon wafer 3 s 500 ~cm 5 Then,., as ,shown..n FI 5B, .a resist pattern
S s formed on WS SFAREE GF FAGHED oGE St Ta ThERl | T PRI by
means of ordinary, phatolithograph b | b J use of this
resist pattern as & er%lﬁlci%gogfhée(trepv%u t«:ﬁo‘?;ﬂ#@n%lry ’oy&;r/rtiae osrf]eq’a am'sxtgedp gg;fé 10

mai nly consisti %l?r{lé’l?;% %s%.rktezﬁg@i;?t@r %IPWJ{E% Qi {N& | oMo gpper

nmonocrystalline si wafer 3 pertornmed by neans of an |

(inductively cowpiRe R}AHTR)i il ¥ 18lidH N GrARRanal Us 6 d&) ehyr J U HBIORENT NgS
9 as shown in FIG 5C~ 15 Wien all of the portion of the |ower

nonocrystdl | i ne t3id gieadcdiod y<ifa Fi0ime ngi T ropeiagsl © pasnLoimy et el y
removed by way of etching, the silicon oxide film2 having a thickness of
0.7 ,umwas suffuse et Ihhicapadd istofpatctid g &8 eamedlchiarg] 20 steappef .
Further, the cross-section of the | ower nonocrystalline silicon wafer 3
whi ch was provi deshoamiidy deniregsi s watrieesuis of t he af orenenti oned etching
was found as having substantially perpendicular sidewalls. 25 Then, as
shown in FIG 5D, thdheszpopie proGansef chovrindytizan pehi g pathenent
usi ng oxygen plasma, and the portion of the silicon oxide film2 which was
2 7 OCT 2004 22can be suitably performed by directly scanning an
20 electron beam using a resist for an electron beam, or

by means of stepper exposure using a photoresist.

In the case where the etching resistance of the
resist is found insufficient on the occasion of dry-
etching the upper monocrystalline silicon.wafer, it is

25 possible to employ, as an etching mask, an inorganic
film such as a silicon oxide film, a silicon nitride

film, a silicon carbide film, etc.; a metallic film



-exposed through the openings 9 was conpl etely etched away by maki nQ 7u8&T @604
buffer hydrofluoric acid. The reference nunber 2' in FIG 5D represents the
silicon oxide filmin which openings were forned. 5 Thereafter, a resist
for an el ectron beamwas coated to a thickness of 1.0 a mon the surface of
t he upper nonocrystalline silicon wafer 1, and a pattern was descri bed on
the resist by making use of an electron begm drawi ng machi ne exhibiting 10
an accel erating voltage of 100 kV. Subsequently, by making use of a

devel opi ng sol ution for exclusive use, the devel opnent of the resist was

per for ed, -t her ey, QT 10, Bt 621 SLuPALLELD B, A5 BIOWN (L) G, 8F oKt bY

maki ng use of the resist patterrf 5 as”a t'0get her w

enpl oyment of a a{‘l‘diﬁqlxﬂﬂs d@l nl y?lc%iasﬂé(;%n@fmyg%s%sm@{hﬁFWt , the dry

etching of the upper nonocrystalline si was performed by nmeans

of an I CP (i nduc{ insd 31 LY REStbALias B LT o B &d)| ¥ ARPRT AL Sa c 181 eby
formng a transfer pattern 20 6 enabling the charged particle beamto pass

theret hrough. Subse@mmntdny dhechesd Slefls esn HL Vegs LD VELydan maki ng use
of an organic solvent. As a result, as shown in FIG 5F, a transfer mask

havi ng t hes t r ansfirrqpdn erdafoovas ecconplhsdedet &oiddhemdslanséat wask

manuf actured in this nmanner was nounted on a charged particle beam exposure
appar atus, and tfvmnespdoy meanasoSumeittes kinds ekposim ef plroecEssming 7 ocr
200 23 using an electron beamas a charged particle beam Nanely, the

el ectron beam emattheztl f r dfomrexdnet e oni gubs viees $ i beli e celmpley ahe transfer
mask nmounted on the stage arranged at _a predeterm ned position in such 5 a
manner as to shafRuthrr BHamREh s 13 T eaifhedy cdNTILN t§erpsht 1o
configuration of the transfer pattern, the resultant shaped pattern of the
charged particlé® imﬁ?@'subsequently reduced by means of an el ectron

I d.i -f th f f.the 10 ' hayi h i st
i hs W acul 0. 1 (PRaEOT ol PoLerbrBies BerRGim LRCERpbS PEL ot Rl gh

i Si whi ch Ly, £h : ' Lve: le 1) A
[ anst er mack wh RSt U 0 CRAET™ (RS Lo e e R TrbredE TREE o

Exanpl e 1 excepteghaty & el oknese ofof e o1 460, Opd At A ges, set. to

0.1 ~ m Wen the upper nonocrystalTine si n waf er ransfer mask

of The 20 transr el Aot o v tHeTt of F Ko vt Brehy e sat o vt s Scdemi zed.
(Conparative Exanpi€l¢)cdindF AHEA&ra BBk MBse PBOWE ALH L § Ay a8 0l hes seue
15 gas and CFq gas.; a mixXed gas mainly comprising a
chlorine-containing gas such as Cly gas and SiCly gas;
or a mixed gas mainly comprising a bromine-containing
gas such as HBr gas. As for the dry etching apparatus,
it is possible to employ that where RIE, magnetron RIE,
20 ECR, ICP, microwaves, helicon waves, NLD, etc., is
employed aé a discharge system.
Next, openings are formed in the lower
monocrystalline silicon wafer, wherein dry etching,
wet etching, ultrasonic working, sand blasting, etc.,
25 can be suitably employed.

Incidentally, the step of forming a transfer

pattern in the upper monocrystalline silicon wafer may



-conditions as those of Exanple 1 except that the 25 thickness of i]-pgc-r 2004
silicon oxide filmwas set to 1 a m Wen the upper nonocrystalli®he silicon
waf er of the transfer mask thus manufactured was investigated 2 7 CCT
"2QQ~ 24 through observation thereof, cracking of the upper nonocrystalline
silicon wafer due to stress by the silicon oxide filmwas recogni zed, and
hence the yield of the transfer mask whichas free fromcracking was 5
found to be 0~. As explained above, according to the present invention,
since the transfer mask substrate which is constituted by a | am nated
structure conprlsi " layers, L1 £Qn i i
i nterposed 10 gg%d%%%ﬁqﬁﬁéﬁ zﬁég%ﬁé%i§?c%ﬁ8€%§%§%£iggc%ﬁétgﬁ%%eéﬁguch t hat
t he thickness 4. ' fj S [ -4, b r 0.2 ~
mto 0.8 ~cm %Oﬁi%%@ﬁ%% %IH%%{\% %ﬁgéf@ﬁ?&\%%ﬁg%%gﬁ?rﬁggfﬁé@ﬁpatter n
formed on the yppesy nonocrystalline silicon wafer is caused to 15 fracture
due to stress by the silicon oxide film Furthernore, the transfer mask
manuf act ured by nekimgxtisethé sheiebarereaei 6ned FoamsfieonmBik substrate is
of such a high quality that the upper nonocrystalline silicon wafer can
hardly bes dest rayy@tin@$ Moreswevedaccdpechniitallihe bhausatioconngxidehod of
the transfer mask by making use of the aforenentioned transfer mask
substrate, it ifilossabllzetoestadd ybyanakingunseaofchgdroflvericanstdr
mask. Additionally, according to the nethod of 25 irradiating a charged
particle beam wietehthe Eoblevedtbyntiet farnabionngk Fondupreyed, it is now
possi ble to perform at high precision, the patterning ~ 7 OCT 20a4 25
exposure of thefikmier Pppositenmalaupdrfaces AE BedAvihed; PRE¥EPXing such
as the patterning of a sem conductor. can be perfornmed with high yield. 2
7 OCT 2004 26 QAMFNEPIishIRYanstERRAEEk Ra¥Kng opposed main surfaces, which

2004 26 CRPFMEPLISHLRG ahsernaEsk § ed mai n surf a

7T con Bk de 111 m (OPrER oh EnEORRREL-8pI FUOR! | Ayed SaRHORAUMRGCR t hi ckness
i f 0.2 1 .8 L hi f a1 h il

oxi de 711 m and BBAFR? ReFat o 38R AR FhtapoPr et Ry cPATEAMNA(Y 21 ¢ PO

formed on sald ££ﬂ9§i&ﬁ,P@ﬁﬁ&ggensaﬁglgbﬁéﬁuﬁ!éh?oesh§ﬁﬁ“1o§n9nsﬂh@o§i|iC0n

oxide film wherein opehings are forned in sai irst sificon layer and the

portions of saigdysihifPRgOXhgeoki LALYRI RBtE0E! espRBdet fetald BRANHEYS are
removed, said transfer nmask being produced by . preparing the substrate

conprising the &hpsbyss! scRg1yayer tbgerrdrofvifmnasar ustiaklliyaagsikiyeen, the
silicon oxide filmformed on the first silicon |ayer and having a thickness
rangi ng fsom 0. Rst oP. Bhe method bhefsemdnd shki condhayérwef diimgd ob the
silicon oxide film formng a transfer pattern in said second silicon

| ayer; form ng ppesibls to smplofi asspstkecongl mpshodfit er CVOr metiodai d
transfer pattern; selectively renmoving portions of said silicon oxide film
whi ch correspona V@pgaideppéhthgs;maﬁgoﬂﬂrﬁiﬁéaél@§nﬂﬁ§hpde Rl m on the
opposed main surfaces of the resultant structure including said transfer
pattern, said feteetspApcBASLAjeR, mghhodai @n 1on7pdetipgafethod, etc.

As described above, the formation of openings

20 in the lower monocrystalline silicon wafer can be
performed prior to the formation of a transfer
pattern in the upper monocrystalline silicon wafer.
In this case, part of the silicon oxide film which is
exposed through the openings formed in thg lower

25 monocrystalline silicon wafer may be selectively
removed prior to the formation of a transfer pattern

in the upper monocrystalline silicon wafer. On the



-27 silicon oxide film 2. The transfer mask according to clai m 12 MAET o+
said second silicon |layer has a thickness ranging fromO . 1 to 50 a m 3.
The transfer mask according to claim1l1l, wherein said second silicon |ayer
"is fornmed of nonocrystalline silicon. 4. A nethod of manufacturing a
transfer mask, the nethod conprising: preparing a substrate having opposed
mai n surfaces and conprising a first silicon | ayer forned of
nonocrystalline silicon, a silicon oxide filmfornmed on the first silicon
| ayer and having a thickness ranging from0.2 to 0.8 a m and a second

silicon |ayer foLopdi O dBCroHhlfioNa Okt dRsELL HALEELAIA EHESHRECRALE Er

on said second siTicon | ayer; ng openings I n sai irst silicon |ayer

after formng sgigrdrpgsi erepathos8ipsel €6t ENgLYLhemR¥hngreer phopsraf said
silicon oxide filmwhich correspond to said openings and formng a

conductive fil m@n-thexkeQPosede FBLHyEdr aceso0bttBSsr gebtanedsinuchyre. 5.
The met hod according to claim4, wherein said second silicon |ayer has a

t hi ckness rangi gl {&om Ox1déof5lma sinbe The sklbodnacroddi Aiglhodokai m 4,
wherein said 2 7 OCT 2pp~ 28 second silicon layer is fornmed of
nmonocryst®@l | i nenst!| éxbst at #hietpodtbdbnirradi ating a charged particle
beam the nethod conprising: irradiating a charged particle beamonto the
transfer mask as cl aHowdven, Cini arderntoupheyentnderkaget o fshhpe ingrrd
charged particle beamin conformty wth the configuration of a transfer
patterns and i ngge- terhengmalexedefarofogaindskhpedubrhrgta parfhel e beam
on a substrate through a Lens. . AN .AL. A a3. A YL.A _As; .

Yr. AL(L. AL. AOF9O@Fasaor| Ofi Shaodyy @fchpng step for forming a transfer

- AONFT. AL A Y'Aﬁéktégn'éﬁ—tﬁglﬁpéé@ Ebﬁbcfgs@glfghé silicon wafer,

10 it may be necessary to take some sort of measures such
as the placement of the lower monocrystalline silicon
wafer on a holder which is excellent in thermal
conductivity.

Examples

15 Next, specific example of the present invention
will be explained with reference to drawings.
(Example 1)

FIGS. 3A to 3I are cross-sectional views
illustrating stepwise one example of a manufacturing

20 process of a transfer mask by making use of a substrate
for a transfer mask according to one.embodiment of the
present invention. First of all, as shown in FIG. 3A,
an SOI substrate exhibiting a plane orientation of
(100) was employed as a substrate 4 for a transfer

25 mask (which is referred to also as a transfer mask
substrate) . This transfer mask substrate 4 was

constituted by a laminated structure comprising
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}xsnid_ Z]ca]ca]ca]ca]ca]ca]ca]ca]cRa]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca
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5F6y666666778J8r 88 cal ca ca]ca]ca]ca]ca]ca]ca]ca]caU]ca]ca]ca]c
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s10% & () - ss10vB&1OLi%h0%Rs ErcdpsivedBeNC (ZED-N50, Nihon Zeon Co.,
Ltd.), the development of the resist was performed,
thereby forming a resist pattern 5 as shown in FIG. 3B.
Next, by making use of the resist pattern 5 as a
20 mask together with the employment of a mixed gas mainly
consisting of fluorine-containing gas, i.e., SFg, as an
etchant, the dry etching of the upper monocrystalline
silicon wafer 1 was performed to a depth extending
to the silicon oxide film 2 by means of an ICP
25 (inductively coupled plasma) dry etching apparatus,

thereby forming a transfer pattern 6 as shown in

FIG. 3C.
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Then, the resist pattern 5 was removed, and a
silicon nitride film 7 having a thickness of 0.3 um
was formed on the opposite main surfaces and peripheral
wall of the transfer mask substrate as shown in FIG. 3D

5 by means of an LPCVD (Low Pressure Chemical Vapor
Deposition) apparatus.

Subsequently, the silicon nitride film formed on
the surface of the lower monocrystalline silicon wafer
was subjected to dry etching by making use of a mixed

10 gas mainly containing CHF3 gas and by means of an RIE
(Reactive Ion Etching) apparatus, thereby forming
a protective pattern 8 for wet etching as shown in
FIG. 3E.
Then, the substrate bearing thereon the protective
15 pattern 8 was set on a jig so as to protect the
transfer pattern formed on the upper monocrystalline
silicon wafer, and was immersed in an etching solution
consisting of an aqueous solution of KOH which was
heated to a temperature of about 90°C. Thus, the
20 etching was performed using the protective pattern 8 as
a mask to such an extent that the anisotropic etching
of the lower monocrystalline silicon wafer 3 along
the plane orientation thereof proceeded down to the
silicon oxide film 2 functioning as an etching stopper,
25 thereby forming an opening 9 as shown in FIG. 3F.
The reference number 3' in FIG. 3F represents the lower

monocrystalline silicon wafer in which the opening 9
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was formed.

Next, as shown in FIG. 3G, the protective pattern
8 was etched away by making use of hot phosphoric
acid heated to about 170°C. Thereafter, as shown in

5 FIG. 3H, the exposed portion of the silicon oxide film
2 was etched away by making use of hydrofluoric acid.
The reference number 2' in FIG. 3G represents the
silicon oxide film in which openings were formed.

Finally, a platinum-palladium alloy having

10 a thickness of about 0.1 um was deposited on the
opposite main surfaces of the resultant body by means
of a magnetron sputtering apparatus to thereby form
conductive films 10a and 10b, thus accomplishing
a transfer mask as shown in FIG. 3I.

15 The transfer mask manufactured in this manner was
free from cracks of the upper monocrystalline silicon
wafer that might be caused by stress from the silicon
oxide film, thereby obtaining a transfer mask which was
excellent in quality.

20 (Example 2)

FIGS. 4A to 41 are cross-sectional views
illustrating stepwise another example of a manufac-
turing process of a transfer mask by making use of
a transfer mask substrate according to another

25 embodiment of the present invention. Firsﬁ of all, as
shown in FIG. 4A, an SOI substrate exhibiting a plane

orientation of (100) was employed as a substrate 4 for
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t10%: () - 4 was constituted by a laminate structure having the
same constituent components as described in Example 1.
5 The thickness of the upper monocrystalline silicon
wafer 1 was 20 um, the thickness of the silicon oxide
film was 0.5 um, and the thickness of the lower
monocrystalline silicon wafer 3 was 500 um.
As shown in FIG. 4B, a silicon nitride film 7 was
10 formed all over the transfer mask substrate 4 including
the opposite main surfaces and peripheral wall thereof
by means of the CVD method, and then, the silicon
nitride film formed on the surface of the lower
monocrystalline silicon wafer 3 was subjected to
15 a patterning treatment, thereby forming a protective
pattern 8 for wet etching as shown in FIG. 4C.
Then, the lower monocrystalline silicon wafer 3
having thereon the protective pattern 8 was set on
a jig and immersed in an etching solution consisting
20 of an aqueous solution of KOH which was heated to
a temperature of about 90°C. Thus, the etching was
performed using the protective pattern 8 as a mask to
such an extent that the anisotropic etching of the
lower monocrystalline silicon wafer 3 along the plane
25 orientation thereof proceeded down to the silicon
oxide film 2 functioning as an etching stopper,

thereby forming an opening 9 as shown in FIG. 4D.
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The reference number 3' in FIG. 4D represents
the lower monocrystalline silicon wafer in which the
opening 9 was formed.
Next, as shown in FIG. 4E, the protective pattern
5 8 was etched away by making use of hot phosphoric acid
heated to about 170°C. Thereafter, a resist for an
electron beam was coated to a thickness of 0.5 um on
the surface of the upper monocrystalline silicon wafer
1, and a pattern was described on the resist by making
10 use of an electron beam drawing machine exhibiting
an accelerating voltage of 50 kV. Subsequently, by
making use of a developing solution for exclusive use,
the development of the resist was performed, thereby
forming a resist pattern 5 as shown in FIG. 4F. The
15 resist for an electron beam and the developing solution
both employed herein were the same as those employed in
Example 1.
Next, by making use of the resist pattern 5 as a
mask together with the employment of a mixed gas mainly
20 consisting of fluorine-containing gas, i.e., SFg, as an
etchant, the dry etching of the upper monocrystalline
silicon wafer 1 was performed to a depth extending
to the silicon oxide film 2 by means of an ICP
(inductively coupled plasma) dry etching apparatus,
25 thereby forming a transfer pattern 6 as shbwn in
FIG. 4G.

Then, the resist pattern 5 was removed as shown in
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of buffer hydrofluoric acid. The reference number 2'
in FIG. 4H represents the silicon oxide film in which
5 openings were formed.

Finally, as shown in FIG. 4I, tantalum having
a thickness of about 0.1 um was deposited on the
opposite main surfaces of the resultant body by means
of an electron beam vapor deposition apparatus to

10 thereby form conductive films 10a and 10b, thus
accomplishing a transfer mask.

The transfer mask manufactured in this manner was
free from cracks of the upper monocrystalline silicon
wafer that might be caused by stress from the silicon

15 oxide film, thereby obtaining a transfer mask which was
excellent in quality.
(Example 3)

FIGS. 5A to 5F are cross-sectional views

illustrating stepwise a further example of a manufac-
20 turing process of a transfer mask by making use of

a transfer mask substrate according to a further

embodiment of the present invention. First of all, as

shown in FIG. 5A, an SQI substrate exhibiting a plane

orientation of (100) was employed as a substrate for
25 a transfer mask 4. This transfer mask subétrate 4 was

constitutéd by a laminate structure having the same

constituent components as described in Example 1.



L 10%& ()- 8SL0%& () - <*=~=>8> ?B?dEbC 10JJ! #10%& ()-1 Y 00
109%& ()-y 1 10%& ()-1 10%& ()-10%& ()-1 10%p& ()- B?@ @ @@gdedc 635
410%& ()- 310%& ()-1 1t10%& ()- @ S10%& ()-L-- 10%& ()-

940% & () - A" ACAAAAAAADC 10JJ! Fs109%& () -, &Y10% ()- 10z 10z 10z :10%& () -
810%& ()-610%& () - AABB4BKBBAEDC 10JJ!  10%&' ()-M 10%&' () - &10%&' ()- Y
:10%& ()- S10% ()- s410%& ()-B' CXC* DeDDDEELC 10JJ! F ' z10%: () - 3

V0% ()- 9##10%& ()-3 Fs100& ()-9y- 10%& ()- 10%&' ()- DEOEeE/ FcFFAEDC
10JJ'Y 8g109%& ()-L6 109& ()-F /10%& ()-L9-109& ()- Y+YL09%& ()-F

y) MLO%& () - FFFFEREGERE AL Q¥ ek upbt® & dnbide v 1 et M oy 10 10
wafer 1 was 2 um, the thickness of the silicon oxide
film was 0.7 um, and the thickness of the lower
monocrystalline silicon wafer 3 was 500 um.

5 Then, as shown in FIG. 5B, a resist pattern 5
was formed on the surface of a lower monocrystalline
silicon wafer 3 by means of ordinary photolithography.
Subsequently, by making use of this resist pattern 5
as a mask together with the employment of é mixed gas

10 mainly consisting of SFg as an etchant, etching of the
lower monocrystalline silicon wafer 3 was performed
by means of an ICP (inductively coupled plasma) dry
etching apparatus to thereby form openings 9 as shown
in FIG. 5C.

15 When all of the portion of the lower
monocrystalline silicon wafer 3 for forming the
openings 9 was completely removed by way of etching,
the silicon oxide film 2 having a thickness of 0.7 um
was sufficiently capable of acting as an etching

20 stopper. Further, the cross-section of the lower
monocrystalline silicon wafer 3' which was provided
with openings as a result of the aforementioned etching
was found as having substantially perpendicular
sidewalls.

25 Then, as shown in FIG. 5D, the resist pattern 5
was removed by an ashing treatment using oxygen plasma,

and the portion of the silicon oxide film 2 which was
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away by making use of buffer hydrofluoric acid.
The reference number 2' in FIG. 5D represents the
silicon oxide film in which openings were formed.
5 Thereafter, a resist for an electron beam was
coated to a thickness of 1.0 um on the surface of
the upper monocrystalline silicon wafer 1, and
a pattern was described on the resist by making use
of an electron beam drawing machine exhibiting
10 an accelerating voltage of 100 kV. Subsequently, by
making use of a developing solution for exclusive use,
the development of the resist was performed, thereby
forming a resist pattern 5 as shown in FIG. 5E.
Next, by making use of the resist pattern 5 as a
15 mask together with fhe employment of a mixed gas mainly
consisting of HBr as an etchant, the dry etching of
the upper monocrystalline silicon wafer 1 was performed
by means of an ICP (inductively coupled plasma) dry
etching apparatus, thereby forming a transfer pattern
20 6 enabling the charged particle beam to pasé
therethrough. Subsequently, the resist pattern 5 was
removed by making use of an organic solvent. As a
result, as shown in FIG. 5F, a transfer mask having
the transfer pattern 6 was accomplished.
25 The transfer mask manufactured in this manner was
mounted on a chafged particle beam exposure apparatus,

and this specimen was subjected to an exposure process
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10ee using an electron beam as a charged particle beam.
Namely, the electron beam emitted from an electron
gun was irradiated onto the transfer mask mounted on
the stage arranged at a predetermined position in such
5 a manner as to shape the charged particle beam in
conformity with the configuration of the transfer
pattern, the resultant shaped pattern of the charged
particle beam being subsequently reduced by means of
an electron lens and image-formed on the surface of the
10 specimen having the resist film. As a result, it was
found possible to perform an exposure of high precision
which was exactly the same as designed.
(Comparative Example 1)
A transfer mask was manufactured under the same
15 conditions as those of Example 1 except that the
thickness of the silicon oxide film was set to 0.1 pum.
When the upper monocrystalline silicon wafer of the
transfer mask thus manufactured was investigated
through observation thereof, destruction of the
20 transfer pattern due to the wet etching solution was
recognized.
(Comparative Example 2)
A transfer mask was manufactured under the same
conditions as those of Example 1 except that the
25 thickness of the silicon oxide film was sef to 1 um.
When the upper monocrystalline silicon wafer of the

transfer mask thus manufactured was investigated
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monocrystalline silicon wafer due to stress by the

silicon oxide film was recognized, and hence the yield

of the transfer mask which was free from cracking was
5 found to be 0%.

As explained above, according to the present
invention, since the transfer mask substrate which is
constituted by a laminated structure comprising two
silicon layers, and a silicon oxide film interposed

10 between this pair of silicon layers is constructed such
that the thickness of silicon oxide film was confined
within the range of 0.2 um to 0.8 pm, it is possible
to attain the effect that the transfer pattern formed
on the upper monocrystalline silicon wafer is caused to

15 fracture due to stress by the silicon oxide film.

Furthermore, the transfer mask manufactured by
making use of the aforementioned transfer mask
substrate is of such a high quality that the upper
monocrystalline silicon wafer can hardly be destroyed.

20 Moreover, according to the manufacturing method of
the transfer mask by making use of the aforementioned
transfer mask substrate, it is possible to stably
manufacture a defect-free transfer mask.

Additionally, according to the method of

25 irradiating a charged particle beam where fhe
aforementioned transfer.mask is employed, it is now

possible to perform, at high precision, the patterning
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a semiconductor can be performed with high yield.
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CLAIMS
1. A transfer mask having opposed main surfaces,
which comprises a first silicon layer formed of
monocrystalline silicon; a silicon oxide film formed on the
first silicon layer and having a thickness ranging from 0.2
to 0.8 um; a second silicon layer formed on the silicon
oxide film and bearing therein a transfer pattern; and a
conductive film formed on said transfer pattern, said first
silicon layer, and said silicon oxide film.
wherein openings are formed in said first silicon
layer and the portions of said silicon oxide film which
correspond to said openings are removed, said transfer
mask being produced by :
preparing the substrate comprising the first
silicon layer formed of monocrystalline silicon, the
silicon oxide film formed on the first silicon layer and
having a thickness ranging from 0.2 to 0.8 um, and the
second silicon layer formed on the silicon oxide film;
forming a transfer pattern in said second silicon
layer;
forming openings in said first silicon layer after
forming said transfer pattern;
selectively removing portions of said silicon oxide
film which correspond to said openings; and
forming a conductive film on the opposed main

surfaces of the resultant structure including said

transfer pattern, said first silicon layer, and said



210% & ()-p{}{{e|l O} k} F~}"<YNC ol
—LsS"lO%&f()-f‘#lOW&f()-y!‘#lO@b.&f()-y!“!lOW&f()-SYLlO%&f()-&10@23(%-Fﬂpic
3}[M?1 10 10 10'6"10%& ()-Y
4109 () - sU#I0%R () -! s%L0Y%66& () -s3"10%& ()-fBtuvwdYNC 10 1 10( 10(
10(3 10% & ()- @O0% & ()-3 310% & ()273s 10% & () - S&10% & () - WA(*<YNC
100 10%z& ()-! 10%14& ()-'4
10%| 4] & ()-,:10%1 & ()-10%t| & ()-S&10%H| & ()-(>zXJ<C 10 1044 1044!"
109%44& () -! 5110%nhd o&ide 'F11M0%14& () -!" 10%14& ()-" 10%12& ()-(uv/C 10
10% h& ()-10% h& ()-10% h& ()- 10% h& ()-10% h& ()-f&10% h& ()- 1044([dE7C
10 F10% h& () -, 10% HEhg ) trdNsfer 1asNZ40&0h&ify- 16%ch&ifh) 1 10%hbeth- 4;
ndE7C 10 +10% h& ()-*10% h& ()-3(F10% h& () - S&&10% h& ()- $10% h& ()-- 10%
h& ()-S?pdEp€id second silicon layer has a thickness ranging from

0.1 to 50 um.

3. The transfer mask according to claim 1, wherein
said second silicon layer is formed of monocrystalline
silicon.

4. A method of manufacturing a transfer mask,
the method comprising:

preparing a substrate having opposed main surfaces
and comprising a first silicon layer formed of
monocrystalline silicon, a silicon oxide film formed on
the first silicon layer and having a thickness ranging
from 0.2 to 0.8 um, and a second silicon layer formed on
the silicon oxide film;

forming a transfer pattern on said second silicon
layer;

forming openings in said first silicon layer after
forming said transfer pattern;

selectively removing portions of said silicon oxide
film which correspond to said openings and

forming a conductive film on the opposed main
surfaces of the resultant structure.

5. The method according to claim 4, wherein said
second silicon layer has a thickness ranging from 0.1 to

50 um.

6. The method according to claim 4, wherein said
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beam, the method comprising:
irradiating a charged particle beam onto the
transfer mask as claimed in Claim 1 in such a manner
as to shape said charged particle beam in conformity with
the configuration of a transfer pattern; and
image-forming a pattern of said shaped charged

particle beam on a substrate through a lens.



