;e3ep\”, 6Tper\ m~~nmw~noi ~ 1 n~i e~m ~m~~u SUBSTRATE FOR A TRANSFER MASK,
_TRANSFER MASK, AND METHOD OF MANUFACTURI NG THE TRANSFER MASK 5 Techni ca
Field The present invention relates to a substrate for a transm

which is adapted for use in an exposure process using a charge mmwmmmmmmmmn
as el ectron beam 10 or ion beam The present invention relates alsqQg.a
transfer mask and to the manufacturing nmetRod of the transfer mask.
Background Art Recently, electron beam/lithography, ion beam1

| i t hography, etc., where an el ectron beamor ion beamis enpl oaﬁwmwﬁlmmwﬂ”I”"l

exposure |light source, have conepf @ ke Seer gs usefuhyin a tec
manuf acturing el ements having an ultrafinne pattern of the next genéf8¥on.

In the exposure process utilizing these 20 nmanufacturing techniques, it is

required to enpl oy gubbeRATRr FARSK. ThﬂNb@ER”ﬁﬂBk?C%Eﬁ\ﬁs‘?’ Rt h’ﬁgxtransfer

mask, a substrate fagAEMEeHoBNOPOUAlGFhEeORIG FRBUTARREFERUPSLKAte i S
enpl-oyed because of the easiness in fine working. 25 This SO substrate for

form ng aStransfer pattern is constituted by a | ower nonocrystalline
silicon wafer as a substrate, a silicon oxide filmfornmed on the | ower
monocrystal line silicon wafer and f JTechindaiadg Fieddas an et chi ng stopper,
and an upper nonocrystalline silicon wafer fornmed on the silicon oxide
film the transfer pabeepPieBeniginyemtdodn reatespdo wosobsEsedld i
silicon wafer. 5 The thickness of ;silicon oxide filmconstituting part of
the SO substrafetf8nBEcEnPRrEFeliPdshalsuBSaPAeE £6F HSEr dRsPEr SHROULE
generally within_the range of abgut 1 ~mto 2 g nl'kgme er, there is a
problemin the BhPF&§ieHt B EneRaEredubsaratEctoftsr £ Fﬁérgnl €& i con
oxi de fi havi h gni.t.ud f i ¢gkn .that cracks tend,to be
f or med i%glhe uggeigﬁnﬁggggstghgiﬁgggFF?cgﬁv%é é?ndagiegegtPésg Fﬁposed
QYi0g asigr pattern

th by the gill [ [ h
and hence et e FoF St IRG L ACTE FRRuTactO R of P L eREy BF TTHA Franst e

mask. Thereforernan:phhgét0hakhe present invention is to provide a
substrate for a transfer nmask, which conprises a couple of silicon |ayers
llam nated with a silicon oxide filmpbgtrgrbih@rppsed therebetween, 20 and
whi ch nakes it possible to stably manufacture a defect-free transfer mask,
i.e. a transfer naskRebheneily,aeclleatzber beam arinhbermetyon ildke beper silicon
| ayer is prevented from being destroyed due to stress fromthe silicon
oxi de filb on thétbogaspby, ott25, nahefractur edgcarbnabsber omadnbypeanki ng
use of the substrate. _
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 process 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 transfer 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



Anot her object of the present inventionis to 1.3 provide a transfer mask
~whi ch conprises a transfer pattern fornmed on the upper silicon layer of the
af orement i oned substrate for a transfer mask, and which makes it possible
to prevent the transfer pattern 5 formed on the upper silicon layer from
bei ng destroyed due to stress fromthe silicon oxide filmon the occasion
of manufacturing the transfer mask, thereby providing a defect-free
transfer mask. A further object of the present invention is to 10 provide a
met hod of manufacturing the aforenentioned transfer mask, which nakes it
possible to preagnanteechiﬁQSEﬁépﬁék;eaﬂdfahnagp@@ hBBoBPRaLasilingon | ayer
from bei ng destroyed due to stress fromthe silicon oxide film thereby
enabling a defegiifeer wadssf epsrmeakohoth?d belhebuf agtideedill, scl osure of

I nvention According to the present invention, there is provided a substrate
for a transfer thsktrahsfbrcpaptesasbaihgr $braebi canthayeppear ned of 20
nonocrystalline silicon; a silicon oxide filmfornmed on the first silicon

| ayer and havi ngoaothiyskaédsneaagilngofirwafer2 to 0.8 m and a second
silicon layer formed on the silicon oxide film According to the present
inventiond there is 2Bef Ghikknepsovifded 14 comamsiige sk comshbidivigre fir st
silicon layer forned of nonocrystalline silicon; a silicon oxide film
formed on the fPREF Sfl FBRBnSPayerbstraieahe RgveRglaYeri éRnés$Wosidgiatd fr om
0.2 to 0.8 a m _and a,_second silicon layer fornmed.,opn.the silicon oxide film
and bearing t hef8Fn®at¥?R# FErmﬁﬁgtéane%ﬁéﬁg#M U&gﬁﬁﬁg§h§r§apgﬁh€§ in the
first silicon | ayer nd 5 the portio of the silicaon oxide . filmwhich
correspond to tfi OBBeﬂi I‘itdg Y e réfbve .Owﬁcvceorr’ditﬁbelieo theé 6?%% i enti on,
there is f“rFh?Eh8r8M§?8§m8n€95?°9h§f563”%&%%E%%Eﬁgc%mbEﬁgikg{a”?sk1 the
met hod conpri sing: preparing a substrate conprisingra“fir silicon

| ayer fo d of .nmE y i i i il LC I filan.tar t he
first si{?gon ISgggeg%dahgéknggéﬁth?ggﬁgsgu?gnai%%ggﬁggﬁg.ffrgthg%%g%? and
a second silicognhayerabRsMednantbhgesicbiraien %l ¢@ef upMerf ormng a transfer
pattern 15 on the second silicon layer; form ng openings in the first
silicon layer bgbabergstafitenel aimiinent ha fefradsikeropatirese; iapdserl ectively
renoving portions of the silicon oxide filmwhich correspond to the

- openi ngs. thereon by the silicon oxide film, thereby destroying

the transfer pattern and hence deteriorating the

15 manufacturing efficiency of the transfer mask.

Therefore, an object of the present invention is

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



20 According to the present invention, there is further provided a nethod
.of manuf.acturing a transfer mask, the method conprising: preparing a
substrat & conprising a first silicon |ayer forned of nonocrystalline
Ssilicon, a silicon oxide filmfornmed on 25 the first silicon |layer and
having a thickness ranging from0.2 to 0.8 a m and a second silicon |ayer
formed on the silicon oxide film form ng gpenings in the 5 first
silicon |l ayers selectively renoving portions of the silicon oxide film

whi ch correspond to the openings and formng a transfer pattern in the

second silicon payeide Sa AEERREEEH sk Neh PERSEMhpT NYEAt A Ofrah HEEL 1S
further provided a nethod of irradiating a charged particle beam the

met hod conpri sipgttétn atbatéddor thargssepasiltéen beayeondd the

af orenenti oned transfer mask in such a manner as to shape the charged
particle 10 beaaforememtomedysubstrate fonfaguramsber ahask)randfehich
pattern; and imge-formng a pattern of the shaped charged particle beam on
a substrate throakds aitepsssibléestprefevent ethe thenpfesepatiaventi on t hat
the second silicon layer has a filmthickness of 0.1 to 15 50 a m Further,
the second silitoredyenr theulpbpr efblbedy bevebrfeemopeimpaodessrayefine
silicon. The substrate for a transfer nask according to the present

i nvention shoul @%re? ef bBE§S bEr¢Br FR® ot L hroscrxsdpsE+ BB eoBoMDRi sing two

talli il f 0 d th ' il
oxi de 111 m bei 3 FRTEFDOSEPRRFSHRTRERA, CBF | CTBBSEE (BETbN BROEFAKi ngs
FIG 1 - ' | Vi | bstr at SO bstr at f
ranstor mask 20 GLIOrAING PHEONE EXRhp BB CPRGTBr Bsent i nventi on. FIG 2

is a cross-sectionalAvtﬁykﬁggmgg?eggeogxgﬂglgrggsﬁtggﬁggégﬁggaig %gich was

manuf act ur ed 6 by making use of "a substrat or a

rans er, grask a5coy £ha0a e PR RSy 8L RP1 R CBRDT aEOYEALRLRonELCS. 3A

to 3l are pross-sectlonal VI ews ustrating Stepw se one exanple of a
manuf act uring pgpgessePfmask! apsien ﬂ@ﬁésbYt”EBéQQbyéeth%??§HH§tEﬁEe for a
0

transfer mask according.to the present invention; FIGS. 4 4f are
cross-sectional t¥ag¥Ber 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 formed of monocrystalline silicon;

a silicon oxide film formed on the first silicon layer



illustrating stepw se anot her exanple of a manufactur 10 ing process of a
.transfer. mask by maki ng use of a substrate for a transfer mask according to
the presknt invention; and FIGS. 5A to 5F are cross-sectional views
illustrating stepw se anot her exanple of a manufactur 15 ing process of a
transfer mask by making use of a substrate for a transfer mask according to
the present invention. Best Mdde for Carryigng Qut of the Invention Next, a
substrate for a transfer nask as well as 20 a transfer mask according to
one enbodi ment of the present invention will be explained in detail with
reference to thendrawNEs. aFt&i cknbesarahgdsygsesbhonal eew showphg a
substrate (SO substrate) for a transfer mask according 25 to one exanple
of the present hndeat keBonBekenticbg LayeErGfokmetihensthst satia cobOoxide
substrate) for a transfer mask 4 is constituted by a | am nated structure
conprising a | ofgimmandcbgarahbi hhegkelincantwaherfel patweirah opereigs are to
be subsequently forned, an upper nonocrystalline silicon wafer 1 in which a
transfer patteropesingsbarsufsenedntihy ther feédstamsd 15 cansillayeon exidde film 2

i nt erposed between the | ower nonocrystalline silicon wafer 3 and the upper
monocrystal | i netBel Peshiaasepf1thhsd Iigennaxddesfidat whd dhs dogaesbedd n
that the thickness of the silicon oxide film2 is confined to a range of
0.2 a m10 to 0to BheyORPNERIFhBrEhIFERAESS -0of the silicon oxide film2 is
|l ess than 0.2 ~cm the etching resistance of the silicon oxide film2 my

becone insuffici ent, AEREFERYIe&S I RFESERG & F&TdiR ot hits dish the

t chi is 15 1ited t d i th h the . .sili i fi

>, “because over TBF ERFAGPTSVRAGa: Py T BERPSr HEQTEITAG T Hen praac ter |
di stributi f hi d i i,buti tchi th

dependi ng on ¢ He5ksechr BEERGH B rteld: el TRAGAIT o 50

~perform ng dry ebmBiiginh hNeiuBRCLTRRAE! yahal! e igon vafer 1. When

the etching is perimtted’to proceed passing through the silicon oxide film

2, a wet etchingohbavi,dth31RBEM:E8E0H0 BERRUKALS LXIOF N S$RHNREGN
t hrough 25 hole fornmed in the silicon oxide film2 on the occasion of wet

etching to formpae gReBtNgiP@EbHONakRrt Red BWEH NYDROGNITHKHdING aFid kPN
wafer 3, thereby raising a
from 0.2 to 0.8 um, and a second silicon layer formed
on the silicon oxide film; forming a transfer pattern

15 on the second silicon layer; forming openings in the
first silicon layer before or after forming the
transfer pattern; and selectively removing portions of
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 layef formed

on the silicon oxide film; forming openings in the



8 problemthat the transfer pattern fornmed on the upper nonocrystalline
.Silicon wafer 1 may be destroyed. Further, when the etching is permitted to
proceed passing through the silicon oxide film2, an inert gas 5 as a
cooling nediumis allowed to | eak through this etched through-hole forned
in the silicon oxide film2 on the occasion of dry etching to form an
opening portion in the |ower nonocrystallige silicon wafer 3 while directly
cooling the substrate by naking use of 10 a cooling nmedium thereby raising
a problemthat the discharging for etching is caused to be suspended in a

m dway of the etchifUspPlIOE68S1aybis Lepkagevelyl PehbvIRS pSraksfscaused in
the case where the etching of the | ower nonocrystalline silicon wafer 3 is

performed 15 proprthe sheiéenneki@s of 1hhehicnnsbereppbh@r o ERet he ot her
hand, if the thickness of the silicon oxide film2 is larger than 0.8 a m

cracks may be gepenothes; i andhéotmbangfertpahseen, pabeeehyidesheoyeagntihe
transfer pattern due to the stress fromthe silicon 20 oxide film2 on the
occasi on where shbkicohi tavepxide film2 is pernmitted to be expose due to
wet etching or dry etching of the | ower nonocrystalline silicon wafer 3 to
form an openi ng therépﬁpraﬁﬁﬁI§9 thenprpeenhi érmession,t hKeesel ison oxi de 25
film2 is confined within the range of 0.2 a mto 0.8 m the phenonenon of
generating crackdripefnRrevhdsfer Bathednofolneadiayingeat FRASYEA pattern

can be 9 prevented. Incidentally the way, a nonocrystalline, or
pol ycrystal | i neP2FFiehs PesBr g@%d@??%ﬂdoéoFﬂEl§h?gécér6FdﬁﬁE1§9I?con oxi de

film?2 b bsti d 5 L1ir il f 1.

12 ey be SubeLLAl SO LBE LI SeuBRer, TRICELYBLALLLSE, S LosnvaLer
talli L] i ] h . bl

ronecryotal 1 N giil congbeler ghshp Jopen SULERpLoLGEsbavL iRl a0l

oL 20k S S Hpthenlepnaler mekcohelhe:pLestib dipeiygrees o
nmonocrystal | i nepgttésRp #RECimage~-forming a pattern of 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 jzm. 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 invention;

FIG. 2 is a cross-sectional view showing one

example of a transfer mask which was manufactured



or the upper silicon |ayer should preferably be within 15 the range of 0.1
to 3 am Wereas, if the transfer nask of the present invention is to be
appl i ed to a shleldlng type transfer mask, the thickness of the upper
monocrystal line silicon wafer or the upper silicon |layer should preferably
be within the range of 20 5 to 50 ,u m In either case, if the thickness of
t he upper nonocrystalline silicon wafer or gt he upper silicon layer is too
thin, the upper nonocrystalline silicon wafer or the upper silicon |ayer
may be fused away as 25 the magnitude of electric current is increased in

order to enhanCEYtﬁéﬁﬂﬂBpHEe &n BhguﬁgeﬁétQaQ§OI'EuEQ%rEEb?kES s of the
upper nonocrystalline silicon wafer 10 the upper silicon [ayer is too

thick, it may bgcesendeéiigubk 5@c59&ﬂhé tbaaﬁéeéxaﬁﬁneref EHEt Beksehie

t hi ckness of the | ower nmonocrystalline silicon wafer according to the
present 5 invenihoeanshontd preferably be within the range of about 400 a m
to 1 mm Because, if the thickness of the | ower nonocrystalline silicon
wafer is |ess than 480Ga.nBAI tomdy beencrbesgeechdsaicll eitwsensure its
function as a suEgorting body for the transfer nmask. 10 On the ot her hand,
if the thPcknestlofisthetingesteprbseysnal ekaspdel pfon mahefaekoeédg 1 nm

it may becone difficult to satisfactorily work the substrate, i.e., the
| ower nDnocrystEF@FﬁéSs9ﬁ|@ohrﬁaﬁéﬁr mpek Dyi Bakisgoysesedt romubsiirene
showi ng one 15 le of a transfer mask which was manufactured by making

use of the afor ﬂE Bﬁ%ﬂsgﬁBSFﬁékeaFSEFdéﬂﬁsFPaFB? RIEERNE ﬂﬂﬁﬁ§¢épnmask
representi ng anot her resent i nyention.. As shown in FIG

i t he
2, the transfer naskFggB égPEPngE 8r§n £REF~56CEABBAILEAEWSE the present

anopeni ng o, et EEEC 6T Be PR RREERRE' BnbBEar kG, Sanal BrchbE
monocrysi@l | inesqy | beORoLeT Sk 11chaaLEe higkeh) AakipgsheL pattern 6. 25

The construction F 2 represents e ére a

conductive film208isclopgpdy oersﬂsfgs?wﬁasrzvaeeua&ﬁg' rBechLl Lrancygler 13

havi ng an f 11 opening 9, and he sane tinme, a c uctive Ob is
fornmed on the uppesntPEREryssalline silicon wafer 11 bearing therein a
transfer pattern. However, these conductive filns 20a, 20b are not
necessarily 5 essentFats.abd gaysPea@si tireds-Nextiohhe RamRufsact uring

process of the transfer mask accordi ng to anot her enbodi nent of the present
invention wll bklespratied atepelibewsnother example of a manufactur-
15 ing 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



First of all, a fine pattern is forned on the 10 surface of the upper
_nmonocrystalline silicon wafer 11. This process of formng this fine pattern
is perfotnmed by a sequence of steps conprising, stepwise, a step of forning
a resist pattern on the surface of the upper nonocrystalline silicon wafer
11, a step of dry-etching 15 the upper nonocrystalline silicon wafer 11 by
maki ng use of this resist pattern as a mask, and a step of renoving the
resist pattern. The exposure process of formng the resist pattern can be
suitably perfornmed by directly scanning an 20 el ectron beam using a resi st

for an el ectron.4igam s kg by 1BADS AinSLEPREL] PXROSUE 8; U5HNG, PGt or esi st

In the case where the etching resistance e resis oun
insufficient onif henpEkashOn: Rfs diyet €51 Bg LhssUgRsh ¢ Ipneseyahal | ine
silicon wafer, it is 25 possible to enploy, as-an etching nask, an

i norgani c filmguoclogsr anshbdEPe: QX1 dRel i MicanSihEepnInihriydechi I m a
silicon carbide film etc.; a netallic film 12 made of chrom um
tungsten, tantadunransfeni payteatrckes, tal el subsequent19r fapmabl ognaf t hese
metals or a netallic conmpound filmformed through a reaction between any of
t hese metlal s ora a$lbisocmnok bog gbhlm52 nintegeasedabbbreert theTheweret chi ng
masks can be fornmed by neans of various kinds of thin filmform ng nethod.
For exanple, itmeroporstdllbine shploynawapert arang hkehodgpea CVD net hod, a
vapor deposition nethod, etc. 10 As for the dry etching nethod, there is
not any parti cUrRoFrY§Eatl brevwsihieespeeferolt heThbadiambnatedr the
etching. As for the gas to be enployed in the dry etching,.it is possible
to enploy a nmi x¥dH uﬁ%jh?yf%%ﬁ$¥?éih© Shatubkenkhéshbasrfmi A§ §B8 such as
SF6 15 gas and CF4. gas.._ a.m xed gas, mainly.co ising a
chlorine-contai%ﬁﬁbg%%sééh%% éﬁﬂ%l bﬁsC%ﬂgl %Fgogﬁs?aﬁgeaoﬁiQea g8

mai nly copprisifng & ?rﬁgine-containing gas such as HBr gas. As for the dry
et chi ng ‘apparat us, i S '‘possible to enploy that where R E, nmagnetron RIE,
20 ECR, 1 CP, ”‘Cro“affsthge£h§eﬂn$@¥e§f yﬁg’nggﬁgn'8x?HB|9X§ﬁ as ;g

di scharge system Next, openings are forned I | ower “monocr ystal | i ne
si| i con waf er, yhes ebiladry. £16B,NGnd eIt GIGHY Ntbs t{dASONLE MrKi NG, sand
bl asting, etc., 25 can be suitably enployed.” Incidentally, the step of

formng a transéeri@ed tekndé NnEihe 2ppey PBOOREYShalFEDEishti cenRevaber nay
13 be perfornmed prior to or subsequent to the step of form ng openings in

the | ower nonoceysthy|imeising conphehehendexihet8ensthecefchxhgeiki | m
formed on the 5 openings is renoved. Specifically, the .silicon oxide film
can be rlénoved pyrmikied tsepodicdydrpdssbngcthcodghwhhehsiditohl oxedeby t he
formati on of conductive filmon opposite main surfaces if required, thereby
acconpl i shi ng af¥¥Bndf dpepridgke dversetehrintieligonduaiiveprerfarmed is

possi ble to enpl oy, a netal , such as gold,,platinunl pal | adi um tantal um
tungst en, ol yb aree ok Rhinerdhnt aiPelieaneai Arrgiagydepthhege
metal s. These netal s, can, be enpl oyed_sjingly or together with an underlying
| ayer. 15 As fga“fh l%%%‘atbgf?f% n‘FE‘@B%ﬁg é%ﬂﬁhcg%@nfﬂwﬁ] opt the 542§ bl e

t | tper] th CVD, net hod deposi ti t hod,
plati hg nethot S a4t SEE7 otle: BosPt? GHERBEROR, SanhanoRFAEEAY Aot hod, elc-

As descrjded aqggffofﬁﬁhéOégyté98h9£g08§nkﬂgsupper monocrystalline

silicon wafer 1.

When the etching is permitted 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 portion in the lower

monocrystalline silicon wafer 3, thereby raising a



20 i'n the |l ower nonocrystalline silicon wafer can be performed prior to the
formati of a transfer pattern in the upper nonocrystalline silicon wafer.
In this case, part of the silicon oxide filmwhich is exposed through the
openings fornmed in the | ower 25 nonocrystalline silicon wafer may be
selectively renoved prior to the formation of a transfer pattern in the
upper nonocrystalline silicon wafer. On the 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 fpkablémnﬁgathehalhkgﬁgfeflgstEka1@e§aeé Bﬁttﬁé'agp@& this
portion. However, in order to prevent |eakage of the inert gas

enpl oyed for copbhogryBeasubstr aieiesnt hareecashay 8t LB8tEbY gl Ching step
for formng a transfer pattern on the upper nonocrystalline Silicon wafer,

10 it may be necessaFmrthetakehsﬁnEhEOEEcﬁﬁn@EQSUp@&mawﬁbda%ot@&d@e@@eﬁEnt
of the | ower nonocrystalline silicon wafer on a holder which is excellent
in thermal condpessihgythExaghl thel5iNexbp spedef fdlmxappha dhethegpsesent
invention will be explained with reference to drawi ngs. (Exanple 1) FIGS.
3A to 3l are crassaseepldndl medéwn ikl asipuedngosiephi sbronghexhipl e of a
manuf acturi ng 20 _process of a transfer mask by nmaking use of a substrate
for a transfer ﬁﬁgkeﬁcEBFaPﬁb P@lénéoéﬁﬁédﬂﬁe%heoﬁlﬂhéopr@§éd? iEav-@ngi on.
First of all, as sgomn in FIG 3A, .an SO substrate exhibiting a plane
orientation of P10 emﬁgcéﬁbPBygg QEYaegﬁbéPgaFé ioFﬁraé PP8R4NEr 25 nask

(which is referred, to _also transfer E Tbstra . This transfer
mask substrate %° ﬁEéOBOhBtFﬁEt§8W8§ Qopaﬁfﬁﬁ @3 PPUEE FEOEoWﬁfﬁ§|ﬁg 15

I | || I
et or 5, and a S PeontEeRhblyRRRlSh Féspsgéa%’%smﬁ"“%éiﬁ e o "
nvnochSI@lllnease§b§ﬁﬂgwﬁ£8£u& 2BfloLONST - HPUOALYS! Bbbigyethatoungal e

3. The thickness eupper mbnocr yst Ine’'s I|c

the thickness oaléBﬁaﬁgihQOBOQXéeehihbnhﬁﬁéagséd 2 Bed Egﬁehabakﬂﬁss of
t he | ower nonocrystalline silicon wafeér was resist for

an el ectron beaﬂ1ﬁZEEB?OOfhkh@”e&@hiﬁ?npgﬁcesbtd Thﬁ@slﬁﬁﬁbge b® dnert
t hi ckness of 0.5 ~ mon the surface of the upper nonocrystalline silicon

wafer | of the gasnssealsaskassbdtintehd, cand fhpatt ens washdagchirbedeon
the resist by making use of an el ectron beam drawi ng machi ne exhi biting an
accel erati ng volowge Bénotridta&VlisSaebsifileanl yatfby Bakbngemsermbda
developiqg solution for exclusive use (ZED-N50, N hon Zeon Co.
1 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 perforned, thereby formng a
.resist . pattern 5 as shown in FIG 3B. Next, by nmaking use of the resist
pattern 5 as a 20 mask together with the enploynment of a m xed gas mainly
consi sting 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 film3 by neans of an | CP 25

(i nductively coupled plasm) dry etching apparatus, thereby formng a
transfer pattern 6 as shown in FIG 3C 16 Then, the resist pattern 5 was
renoved, and a $idi&opeditride film?7 having a thickness of 0.3 ~ mwas
formed on the opposite nain surfaces and peripheral wall of the transfer

mesk substrate as showe:iienfhGiy3Bn5 BiylreansoabcahskREYRnELaw Pressure
Chem cal Vapor Deposition) apparatus. Subsequently, the silicon nitride

filmformed on pdieystyédesel Dhet HE11 VLT 1 apapcCay¥Sbat téAeosi LheoBuwahee was
subjected to dry etching by making use of a m xed 10 gas mai nly containing
CHF3 gas and by fredns of 1 aroil &x {Reatiine? | nay Bbehstpyt appaeat esr ther eby
formng a protective pattern 8 for wet etching as shown in FIG 3E Then,

-~ the subst¥ate bpenguetherepstas hbipeoteticor Wdfeatiern 8 was set on a jig
So as to protect the transfer pattern forned on the upper nonocrystalline
silicon wafer, and wasrthe®r séd Fheapresehitngnventitpon tbesikbickgest an
aqueous sol ution_of KOH which was heated to a tenperature of about 90C.

Thus, the 20 etThi e RPHErRORAREY 857 hlRfes bt bEeRt VoEepaPt eEhegupRes nask
to such an extent. t hat #%; anisotigpic tc%éf% of the | ower nonocrystalline
silicon wafer PP tHRYSF apROBId Rfetsh ePRoYIpRoBeERRITABUA P56 t he
silicon oxide film 2 functdoning as_an_etching.sto .. 25 thereby farmng
an opening 9 asd 'sﬂ]oﬁﬁl iq:ﬁj I—:J’IOG“?F. Ph& PEF%F&R@&YM%E?H e Iﬁla@\gyeeﬁ’fr
represents the { ower rystalline silicon wafer in which the opening 9
17 was géfned. %bé?ﬁtggggﬁd%%'in FIG 3G the protective pattern 8 was

et ched away by maki ngeu o} ri Ld : 4t 17QC.
Thereafter, as shomng§n§§eF%E?H%E§P?ﬁgggx%gsggépgggsgﬁgogﬂyﬁgeg%Piégn oxi de

nurber 2 in G B0 Ty bt hea T R e FE T AR AT RSN GpERi nos
were formed. thickness of the upper monocrystalline silicon wafer
or the upper silicon layer should preferably be within
15 the range of O.l.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
fhe 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



Finally, a platinumpalladiumalloy having 10 a thickness of about 0.1 a m
.was deposited on the opposite main surfaces of the resultant body by neans
of a maghetron sputtering apparatus to thereby form conductive filnms 10a
and 10b, thus acconplishing a transfer nask as shown in FIG 3l. 15 The
transfer mask manufactured in this manner was free fromcracks of the upper
nonocrystalline silicon wafer that m ght bggcaused by stress fromthe
silicon oxide film thereby obtaining a transfer nmask which was excel | ent
in quality. 20 (Exanmple 2) FIGS. 4A to 41 are cross-sectional views

i llustrating StEH@‘ﬁﬁp@BOEE?Ec@ﬁaﬂgbgroﬁsatBBnHE§9k9rEknﬁa?rB%g%ﬁeOf a
transfer mask by nmaking use of a transfer mask substrate according to

anot her 25 enbodi Fentudt therprRsgntrhA%eBti pActEirhst of all, as shown in
FIG 4A, an SO substrate exhibiting a plane orientation of (100) was

enpl oyed as a substr@uetédekor thel8hacknassfl ef mask 1owairch is referred to

al so as a transfer nmask substrate). This transfer mask substrate 4 was
constituted by mohanrmateldfinacsiutéchavivaferhacsamreiagnsbi thenpresepanent s
as described in Exanple 1. 5 The thickness of the upper nonocrystalline
silicon wafer limgenkdor mhouhd prhefRnebdvobet Wethilhi tbe oringe bifl m was 0.5
~ m and the thickness of the | ower nonocrystalline silicon wafer 3 was 500
~ m As shown i APPRE 48B, ansho ikdmuni tBe@Rusel ¥ Wae toitkbreed afl over
the transfer mask substrate 4 including the_opposite main surfaces and
peripheral wal | thRet8BEr pPORRGRYSERLL hBeCIDLAEPROWATRKD iBhdgSSt AEa% | i con
nitride filn1for§§d on the surface of_the | ower ﬁgfocr stalline silicon

Fadt #din ot ghaY BT 1Y ntTRT AR FRHELe t her 8BYUFer ifRg a

waf er 3 was sub ) e
en e | owner

i | hi . h in FILG _4C.
ﬁ;g2§552¥§|F?;E%éﬁF?%Sﬁrﬁéférg%£ﬁé£?ﬁ§§t§83§gﬁggh§k6r5F€8FE&E Bacern 8 was

nocrystalline’ F8r°3PHaor fo 5t& :
aaucous b1 Ut {on”of KCH WAT ChoGe. healad 0 5" SRserh ITE 4P Rout S0C

Thus, the etChiﬁanﬁ@§KB€EfLQEH8ds§!§EEQnt asf@&%ﬁ%b&g Ralke’ At8y@% @ mask to

such an extent that the anisotropic etching of the | ower nonocrystalline

silicon wafer 3batene bherptane 28 guteBFatkeritiensek phecaesad dew) to
the silicon oxide film2 functioning as an etchi ng stopper, thereby fornlng
an opening 9 asisboynthe EbEerdionoct9stheliatesenceonupbeger3d’ in FIG 4D
represents the | ower nonocrystalline silicon wafer in which the opening 9
was forned. Next, asFibowa is El Groék;-skhtiphatlecticwe shattiergn ched was
etched away by maki ng use of hot phosphoric acid heated to about 170C.
Thereaftk?, a rexkmpleopfan trentfen meal whscbowbedmpoudachiuglkededy of 0.5
a mon the surface of the upper nonocrystalline silicon wafer 1, and a
pattern was desBfkbedE BActAé EBSi afoppnmakirgedosubstartan (SI0dct ron beam
drawi ng nmachi ne eéh%bitigg a acce%eratin vol tage of 50 kV. Subsequently,
by making use ofUY3SHEGEF pﬁngogoﬁu FBRSEEF BREKusteRresSEntiRg d&edGsment
of the resist was tforped ereby form.ng a resist _pattern 5 as shown in
FIG 4F. The 15e?8§§§PePg$°£nEBFeEF¥8ﬁnﬁeéﬁgﬁﬁalpﬁe d&FeFE0MRy ol ut i on

bot h I d heregi I d in Ex e 1. Next, b
moking Use of tBeCT o8l SEBal BN A B abo a0k SPRGRRCH W T Sl oymont

of a mxgd gas ERbBLYN2HcCRRSEAL] BYedbnt! HALLARIEANLA NG GA%dg Gy SO

as an etchant, ry etching pf e upper.npnocryspal Imesilicon waf er 1
was performed tg @o¢ept aoﬁzstcgpgtam&ﬁet Be13kbihceR st dg fwa'x%& by, means of

an | CP (inductively coupled plasma) dry etching apparatus, t her eby
formng a transépenpatt e, nNabsasishBawBxile 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



FIG 4G Then, the resist pattern 5 was renoved as shown in 20 FI G- 4H,
.and at the sane tine, the exposed portion of the silicon oxide film2 was
et ched aMay by maki ng use of buffer hydrofluoric acid. The reference nunber
2" in FIG 4H represents the silicon oxide filmin which 5 openings were
formed. Finally, as showm in FIG 4], tantalum having a thickness of about
0.1 ~ mwas deposited on the opposite mainsurfaces of the resultant body
by neans of an el ectron beam vapor deposition apparatus to 10 thereby form
conductive filnms 10a and 10b, thus acconplishing a transfer mask. The

transfer mask GYUHAM W eLAR 4! enBONRL VBRI 2IAAMELGEKE O ShE uPPer

nonocrystalline silicon water that m ght be caused by stress fromt

silicon 15 oxi dgs fidhed 6K o¥e qpé%f&rﬁ@%%w@@émnmh%&ﬁw@ér 11

excellent in quality. (Exanple 3) to 5F are cross-sectional views

i1 lustrating stsgw ey acfardera exoams feof par f@AMT acCHARevoEf | AgePEOCESS Of
a transfer mask by meking use of a transfer nask substrate according to a

further enbodi mordwitihe PrEse0aNvelt i Hne fbt Ste@éseddilas shown in FIG
5A, an SO substrate exhibiting a plane orientation of (100) was enpl oyed
as a subsirate dxgerdsial 4 ramdfreay neskomitTdds transfer mask substrate 4 was
constituted by a | am nate structure having the sane constituent conponents
as described in Exanpp¥ti.the mampgachiickneseroteshectippbe hbansfgstal | ine
silicon wafer 1 was 2 -rg_the t hi ckness of the silicon oxide filmwas 0.7
~ m and the t MAHNASCWAiME TR0 HRpocepRedinenk of | FrenPr@sert3 was 500
am 5 Then, as, shown in FI 5B, a resist pattern 5 was fornmed on the

surface of a | ovef® Wit hihe xRt 1ReG @i EP L 5°%§- neans of ordinary
hotolith hy. S | b Ki f thi i.st [t 5

ok togetner i i h tPES ST byRbht BT AhAr RERTEEE 18 RAFRRY CBRERELi ng of

SF6 tch [ L 1ine.sili 3

er for e by meie i BT ik MGl PR S LRLSon, §RERER By ©

apparatus 1o {Re{eoY IR ORAI A9 haScplOvRi Al SlG o AL 5 45 JPL0 AL Of

the portion of the ['ower nonocrystalllne si rmng the

openi ngs 9 was W@'ﬁfléhd@@ﬁ/eﬁté’p’s WemoF 1 €164 NPredBBssl | 4 COPepXxbde film
2 having a thickness of 0.7 a mwas sufficiently capable of acting as an

etching 20 stopfemidgrd hessidthep L sen secttiod olrfdee | opernaongseystal line
silicon wafer 3' which was provided with openings as a result of the

af or ement i oned nedrodu s tveelsl Froeinsti Bscdrawiafe s ubsL ant  eép yo ped perdt enl ag

Sldewalw% the upper monocrystalline silicon wafer 11 by making
use of this resist pattern as a mask, and a step of
removing the resist pattern.

The exposure process of forming the resist pattern
can 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



25 Then, as shown_.in_ FI.G 5D, . the resist pattern 5 was renoved by an ashing
.treatnment using oxygen plasma, and the portion of the silicon oxide film2
whi ch wak 22 exposed through the openings 9 was conpletely etched away
by maki ng use of buffer hydrofluoric acid. The reference nunber 2' in FIG
5D represents the silicon oxide filmin which openings were fornmed. 5
Thereafter, a resist for an electron beamyas coated to a thickness of 1.0
~ mon the surface of the upper nonocrystalline silicon wafer 1, and a
pattern was descri bed on the resist by making use of an el ectron beam
drawi ng machi ne i Bist | n ti I e KV :
Subsequent |y, b?gﬁgk?ggbﬂggﬁgPﬂé gg&é%%%?thESF§%P§% Fg%aéggpﬂsp&gkgéé, t he

devel oprment of hhemigeh$t e¥@s, PEL QhMBY1olNBEERY kRN FeRY 1R ;M @3 St pattern 5
as shown in FIG 5E. Next, by making use oOf the resist pattern 5 as a 15

mask together wathetheleapkeypBihdofiadnmryefe8ashFBghy aCesicstiong of HBr
as an etchant, the dry etching of the upper nonocrystalline silicon wafer 1
was performed bpetwass afiyaofl ERegenduchilveby a0upkedaplasggledry etching
apparatus, thereby formng a transfer pattern 20 6 enabling the charged
particl e beam t pipasgenhecetrhpnughtcSubSkhguentkyhinhemaakisscapabkern 5 was
renoved by maki-ng use of an organic solvent. As a result, as shown in FIG
5F, a transfer hasRedabyngeshe pfamstépupakiods 6fwabiacdddpHfeedng25 The
transfer mask manufactured in this manner was nounted on a _charged particle
beam exposure aPpaPatus, FarndekANBlepedtnidf RASSIbBbEeEPe@MPd O8N 2exposur e
process 23 using,an,el ectron beam as a charged particle beam Nanely,
the el ectron beﬁﬁ?gﬁ?Ffag PEShPdn 81 E¥Pr BRLEEA was VAPPEIPEPeS 16408 t he
‘transfer nmask qgugﬁeg on,_the stage arranged at a predeterm ned position in
such 5 a manner™&s"? 'sﬁBSe the charged particle beamin conformty with

t he confjguration of 4{h r f pattern, the.resultant shaped pattern of
t he char%gd particIeA%egﬁ%ng%ggégbgéﬁuéﬁpl?e%gaﬁieE ené&h?é% Y

el ectron |ens apd-{uggeatos srdyon;bhe,sun! 208 0l he 1RcsRsgl TR having the
resist film As a result, 1t was %oung possi P& to periorman exposure of
hi gh preci sion wgfchpua ly e S sikgned. at:i.ve Exanpl e
1) A transfer mask was ﬁ%ﬁﬁ?ggtur%g Sﬁgg?h?hgggaﬁg %g go%ﬁ?&%@hgbas t hose
of Exanple 1 exerptdthattthenthi eknesspebstiBeestbi %E&Bl@?i denfike Wag set to
0.1 a m Wen the upper nonocrystalline silicon wafer of the transfer mask
thus manuf act ureaindy compsisgayed fhuougheobsatuahiag yher eokh desiiycti on
of the 20 transfer pattern due to the wet etching solution was recognized.
(Conpar atdve Exaapl an@)CPRgt ganst ea maskdwgssmaaihagt eomgrisdery the sane
conditions as those of Exanple 1 except that the

chlorine-containing gas such as Cl, 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 as 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



25 thickness of the silicon oxide filmwas set to 1 ,um Wen the upper

. monocrystalline silicon wafer of the transfer mask thus manufactured was
investigbted 24 through observation thereof, cracking of the upper
nmonocrystalline silicon wafer due to stress by the silicon oxide filmwas
recogni zed, and hence the yield of the transfer mask which was free from
cracking was 5 found to be 0~. As expl ai ngdy above, according to the present
i nvention, since the transfer mask substrate which is constituted by a

| am nated structure conprising two silicon layers, and a silicon oxide film
i nterposed 10 VeSS A j fosidic iS.C t ed-such that
t he thickness 2%£silié%§h%§i ef?f|%§w%§ %@%%?%g%ﬁaﬁ?%i§ﬁ§h%9§%ng£ of 0.2 ~
mto 0.8 a m ifor®imPSHdhend® M IaE 18GerihesctPlatNenlransiegnpattern
formed on the upper nobnocrystalline silicon wafer 1S caused to 15 fracture
due to stress hyatfdwe. silicon oxide film Furthernore, the transfer mask
manuf act ured by making use of the aforenentioned transfer mask substrate is
of such a high qual iXgxthathé heiluppen orbaer §stal Fohrredi bhcbRewaf er can
hardly be destroyed. 20 Moreover, according to the manufacturing method of
the transt er negermingmkingremseved . t hpad Df Brehl y onelde t s Ahséen omsde
substrate, it is possible to stably manufacture a defect-free transfer

mask. Additionaflyn caitdveli rrneeed Hey meakibely ofs@5o f rivpdi af 1 nor ic chaiged
particle beam where the aforenentioned transfer nmask is enployed, it is now
possible to perfoidh bt fhloyrddrxibre foenphierref ngenduestekposure of the
resist formed on a substrate, As a result, patterning such as the
patterning of a sEhiUbMRRASItedAHe Perfaseedt fi FadwiBedyi Bherebyos c L A

| MS 1. A substrate for,_a trangfer Eask, mgich conprises a first silicon
| ayer formed ofHENETYRHY i het ST Lo ™35Ki i con oxide filmformed on 5

and a sadond si i contT e Foeredtcthe P ont but BeorpPRboS Chng ©

and a second silicon yer TOrnme e siTicbn

substrate for fer r Qi i mﬂg i id second

silicon | ayer ﬁggglg J?t |cgﬁé§§ﬁ?§%%i gI??g%?%E%&%%’S éﬁi%gf " The

substrate for addedsier tBSksBEEO b NodOn&h 34 1o sihEh i&rséfidaff&?Ed
nmas

e
silicon layer is formed of nonocrystalline silicon. 4. A transfer

conprising a fidaitsidigpradp ¢ ayEiesOrmeeaDs. nomossy shatdigecshlheon; a
silicon oxide filmformed on the first silicon |ayer and having a thickness
rangi ng from O0.éndloyed singlynsk atseetnsr sirl tig osn | ayesr L ot ngdl gpet he
silicon oxide filmand bearing therein a transfer pattern; 20 wherein

openi ngd fare f Giaetbr tisainkthodtosi foxxoing ayies , camdutbheveoriimpsiofisaid
silicon oxide filmwhich correspond to said openings are renoved. 5. The
transfer mask RXTTRIR) 1D <RIy 42 swviet oo ningimetednda sEVPcoathager has a

t hi ckness 25 ranging fromO0.1 to 50 ~ m 6. The transfer mask according to
claim 4, a vapor deposition method, a plating method, an

electrode position method, an ion plating method, etc.
As described above, the formation of opeﬁings

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 the 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



wherein said second silicon layer is fornmed of 27 nonocrystalline
.Silicon. 7. A nethod of manufacturing a transfer mask, the nethod
conprisihg: preparing a substrate conprising a first silicon 5 |ayer forned
of nonocrystalline silicon, a silicon oxide filmforned on the first
silicon layer and having a thickness ranging from0.2 to 0.8 ,um and a
second silicon layer formed on the silicompoxide filmformng a transfer
pattern on said second silicon 10 layer; formng openings in said first
silicon |l ayer before or after formng said transfer patterns and
selectively re LG perd o ab dy-sili j il Lch pond
to said opening§¥é§%L%9 %%eﬁﬁgﬁ%%g %c%gég%ﬁgPtg§EP§F%1%g1§ﬂ%%eP%8§%?§’

second silicon {gyes Nas1 et e CckHesspL 20GYNEnAE OFKE. £rhRs8Br~pHLt8rnThe
met hod according to claim7, wherein said second silicon layer is fornmed of

nmonocrystal | i nei 20csatkeé@nor 18esAropedoguef toasttaskugbAgratbhansf enemask,
the nmethod conprising: preparing a substrate conprising a first silicon
| ayer formed ofsibhost yskbdiei Aelsj | stn0e Bhei 5iTo0oR50rkHderfilhmibesned on
the first silicon | ayer and having a thickness ranging from0.2 to 0.8 ,um
and a second sitotoexislyentfohiedpontibe.silicon oxide film .. ._ 128
formng openings in said first silicon |ayer; selectively renoving portions
of said silicon oxidéoWevarwhighotderespontdevensaldaspari rds thandnkotni ng a
transfer pattern in said second silicon 5 |ayer. 11. The nethod according
to claim10, w2k saf ereteradsFer cencl ayer thassabehrakress £BAgi ng from
0.1 to 50 ,um_ 12. The tagd ccording to claig110 wherein said 10

r e i og; f

second silicon P&7271¢R ¢ FYnBhoRtyet 8F#Pn PEBANI13. CAGRELRED of

'rradiating a charged, Paf gl e B8aM nb RS IBLRQY, CRIPLLSLAG: water,

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



irradiating a charged particle beamonto the 15 transfer mask as clained in
.Caim4.in such a manner as to shape said charged particle beamin
confornily with the configuration of a transfer pattern; and imge-form ng
a pattern of said shaped charged particle beamon a substrate through a

| ens.
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&} xsni d_Z] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca]ca]ca]calca
] ca] ca] ca] ca] cahgahpgbeRabABLEFILER184E silicon wafer 1, a lower
@1[ K| w mhc”Y] ca] ca ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cafca]ca]ca]ca]ca]ca]c
a] ca] ca] ca] ca] cathealgatealeakcalcaten! WiBe#VEY0RExsnkd14kheabgakhea] ca] caj
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ca] ca] ca] ca] ca] sa}ltapnajedpeal cahdalowe##rnbt#$8teR@YdMAEilicon wafer

&D&z &| &&& M ' W (f))))5*nr**}xsni d_Z] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca
] ca] ca] capca] caPea] €apchhiakvapeapfalrbe] vpper] mahoaskyakedldak* sitacen, ,, <, s
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gyﬁygggP%%PCFCUéfggngg;Z]ngI%aYgg]88 ngcgfcg]ggf%%ﬁ@&fcéf%é?éﬁfﬁg]%%]ca]c
a]Ca]Ca]Ca]Ca]C%hEaLﬁﬁkﬁékPBECELEaLE?LEahSELE%yﬁﬂ'E RIRRRBE8 RhFer
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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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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 meaﬁs 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 iﬁ
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
a thickness of about 0.1 ugm 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 shbwn in FIG. 3I.

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.

(Example 2)

FIGS. 4A to 4I 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
embodiment of the preéent invention. First 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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transfer mask substrate). This transfer mask substrate
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 pum, 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 6n
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
dpening 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 shown in
FIG. 4G.

Then, the resist pattern 5 was removed as shown in
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the silicon oxide film 2 was etched away by making use

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 SOI substrate exhibiting a plane

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

constituted by a laminate structure having the same

constituent components as described in Example 1.
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monocrystalline silicon wafer 3 was 500 pum.

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 the 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 pass
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 charged particle beam exposure apparatus,

and this specimen was subjected to an exposure process
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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 um.
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 etéhing 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 set to 1 um.
When the upper monocrystalline silicon wafer of the

transfer mask thus manufactured was investigated
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silicon oxide film was recognized, and hence the yield
of thé 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 pm to 0.8 um, 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 the

aforementioned transfer mask is employed, it is now

possible to perform, at high precision, the patterning
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As a result, patterning such as the patterning of

a semiconductor can be performed with high yield.
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comprises a first silicon layer formed of
monocrystalline silicon; a silicon oxide film formed on

5 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.

| 2. The substrate for a transfer mask according
to claim 1, wherein said second silicon layer has

10 a thickness ranging from 0.1 to 50 um.

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

4. A transfer mask comprising a first silicon

15 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 and
bearing therein a transfer pattern;

20 wherein openings are formed in said first silicon
layer, and the portions of said silicon oxide film
which correspond to said openings are removed.

5. The transfer mask according to claim 4,
wherein said second silicon layer has a thickness

25 ranging from 0.1 to 50 pum.

6. The transfer mask according to claim 4,

wherein said second silicon layer is formed of
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7. A method of manufacturing a transfer mask,
the method comprising:
preparing a substrate comprising a first silicon
5 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
10 layer:;
forming openings in said first silicon layer
before or after forming said transfer pattern; and
selectively removing portions of said silicon
oxide film which correspond to said openings. |
15 8. The method according to claim 7, wherein said
second silicon layer has a thickness ranging from 0.1
to 50 um. |
9. The method according to claim 7, wherein said
second silicon layer is formed of monocrystalline
20 silicon.
10. A method of manufacturing a transfer mask,
the method comprising:
preparing a substrate comprising a first silicon
layer formed of monocrystalline silicon, a silicon
25 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;
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11. The method according to claim 10, wherein said
second silicon layer has a thickness ranging from 0.1
to 50 um.
12. The method according to claim 10, wherein said
10 secoﬁd silicon layer is formed of monocrystalline
silicon. |
13. A method of irradiating a charged particle
beam, the method comprising:
irradiating a charged particle beam onto the
15 Eransfer mask as claimed in Claim 4 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.



