;e3e\jJ6FTsa WO 02/0133'1-4 1 . FABRI CATI ON OF STRUCTURES OF @
METAL/ SEM CONDUCTOR COMPOUND BY X- RAYI EUWV PROJECTI ON LI THOGRAPHY 5
BACKCGROUNR d¥2/065854! NVENTI ON 10 The present invention rel ai@sché et hod
for fabricating structures of et i met al / sem conduct or conpound
on a substrate through, in partl@my%@mmmﬂgt exclusively, X-ray or extrene
ultraviolet (EWV) lithography. 1 . bBrire escription of the prior art:
Due to the predicted dimnution of t'h&”€ritical dinmension in integrated
circuits, deep ultraviolet lithography will be replaced as the main

| i t hographic tool 20 for industrial produdtion within five years
["Potentials and chal |l enges for |ithography beyond 193 nm optics” John
+Canning, J. Vac. Sci. Technol. B 15(6), Nov/Dec 7997) pp. 2109-2711]. X-ray
| it hography and EUV |ithography are potential replacenent technol ogies

whi ch both use light to transfer patterns froma mask to a wafer on which
‘an integrated circufFABRICAHON QEESIRUGTURES QF MERN/SEMICOMDUCTORgr aphy,

f th ' i A t ks with
Ut icient 1ol uti onCOMPOPNRBDKIYEBYPROIECHON EHBERAEHY To5s

subm tted, during production, to a |arge anmount of thermal stresses caused
by the absorption of the X-rays ["Process technol ogies for WO (12/(1(33W
2 PCT/CAO1 /110121 Ta/Si C X-ray masks", M Yanmada, K Kondo, M Nakai shi,
J. Kudo, K, %ugishim, J. Electrochem Soc. 137 (7), July 1990, pp.
2231-2242]. The ability to prgdéc%ﬁa mask wi th hi%ﬂ resol ution has al ready
been denonstrated by el ectron Dk QQNBQFaBF‘@”T'V E'qu‘énges and progress in
X-ray lithography" 5 Jerone P. Silverman, J. Vac. Sci. Technol. B 16(6),

Nov/ Dec 1998, pp.3137 3141 ]. However, the thro k production is
limted by the high quality criteria that each maw Wulfill and by
the limted spegdrgfy &lisEhi&iioneam it hography. t he t hroughput
of mask producti onl, one sltr%?gg'y woul d be to copy aré%zgi nal mask made by

el ectron belin |ithography. X-ray 10 |ithography generally uses conventi onal

phot on-sensitive resi r e hpat S, £ the mgsk.to a . wafer,
and these resists ar gﬁ%%{és%{}f [nggtﬁtgo rgtapessu -al%%hﬂ)r%%ﬁﬁggfﬁm{qn%ﬁglﬁstOB a
thick I aye[1 of etmaereﬁletantévim&amngémbcte'r dewmpolisd sarcla sabstegs adrdugh, msk
copying. This is_nmain ue to t or resistance of .t e.resists to

pl asma_ et chi ng. P?ch'arr%,“ ’Pﬁ%xcilbﬁ“{‘%%t’ K14 °§F?‘W%P@ V'BIEtégﬁ\?H'té%grﬁPhyot her 15
net al / sem conductor conpound to adequately protect an absorbent |ayer
during pl aS{? etching has already been denonstrated in relation to electron
beam

2. Brief description of the prior art:

Due to the predicted diminution of the critical dimension in integrated
circuits, deep ultraviolet lithography will be replaced as the main lithographic tool
20  for industrial production within five years ["Potentials and challenges for
lithography beyond 193 nm optics" John Canning, J. Vac. Sci. Technol. B 15(6),
Nov/Dec 1997, pp. 2109-2111]. X-ray lithography and EUV lithography are
potential replacement technologies which both use light to transfer patterns from
a mask to a wafer on which an integrated circuit is fabricated.
25
In the case of X-ray lithography, one of the major areas of concern is the
difficulty to produce masks with sufficient resolution and with no defects. Also,
these masks will be submitted, during production, to a large amount of thermal

stresses caused by the absorption of the X-rays ["Process technologies for



|'i thography ["Method for fabricating subm cron silicide structures on
silicon using a resistles |ectron beamlithography process"” D. Drouin, J.

Beauvai s, wig o2kgidoie, E. Lavallee, R Gauvin, M Caron, Appic/€Rvigokett. 70
(22), 2 June 1997, pp. 20 3020-3022; and "Fabrication of sub-mcron

silicide structures on silicon using resistless electron beam|ithography”
J. Beauvais, D. Drouin, E. Lavallee, US patent nunber 5,918,143, 29 June
1999]. The sane kind of absorbent as for X-ray |ithography nasks are being
25 considered for EUV |ithography masks ["Extrene ultraviolet |ithography”,
CW OGwn, R Stulen, D. Sweeney, D. Attwdod, J. Vac. Sci. Technol. B, 16
(6), Nov/Dec 1998, pp. 3142-3149]. The wavel engt hs bei ng consi dered for EW
| i thography are of the order of 10-20 nm which requires for adequate
absorption a thickness of approximately 100 nm of netal. This absorbent is
spaced apart by WO 02/0G339.4 3 PCT/ CA111 /00129 a buffer |ayer,

typical ly a 50 Af{IiQi &Kay dyaskssf Msi amagda, Kolfonda, MaNajwishi,of. KWy, ne of

the critical is i s th LAl t t fer

| ayer with vert?ggﬁh@dgmglﬁﬁ@ég%ﬁygéﬁi @gﬁdgﬁt@ggﬁ{rﬁ? ?%16?%24' W d%%[styf or
both | ayers [" Stagyodote ree masklwithr kigle sssdldtionbrest alreddgymenodemanstrately by  of
EUVL mask", E. shi,.na awa,r, Takahashi, H Hokg, H.. Yamanashi, N.
i rano. A Chi b3 CROT el MpSiRpRY rShaup TRt prabtsscth agay dinderRPnY

Eur opean Mask CdefoatecRCSiliefmbhin. alac. $8: Tédchvoy Be®), 20Med oo pp3didlr- This
requires a gr eat[3 Iﬁvgl of chem cal selectivity between hoth etches used to
transfer the patigHndoygveryibe feughpahef magk Rraduaon fsdimited by the Righ sHglither

application of gfifeHs thHtRack matkHas it6l RN arft Biethe WRiita sESH 6088 BeamP MPOUNd
in mcroelectronics is the fabrication of transistor gates having a | ow

el ectrical resi dthegiaply. Toriageasssthe throughrul gt Mast Prefudipn; engrsiiaterwoltd es was
limted in spee eglhidi | r D S o form
the silicide or g%g%o%@r %hetsg lﬁiés'eﬁlsgf)nr?l(‘jéu&ce['g? %gan%)bguﬁgﬁf @Q??’%ﬁ@gt %(8?&
process f or1@ubfihogwpby generallyuspsspervertiahaliphatdnesenaitive tesists tostransfardise

el ectron beam || Vi s : is, J.
Moui ne, El ect rOh}a@%ﬂ%gr?&etpgFn%%@?o(alw%er,%ﬁglﬁ%s’f r%@%,%y%lﬂ)é.t%ﬁ% ngkaﬁn{@(? in
resol uti on by t he pettenekransfgr tf a tHick Igpdref [ahSarbecwitlatertical pidzoads such ag Ni Si
and its device appligcation; F. Deng. R A .20 Johnson, P.M. Asbec S. S.
o, WL Dubbe PREHe Bt il SobpRgs s & el oo BE 8 oot rasiaiaiainosir,
overcome these kégibté & pRRMa etchihghinrtasolthe bbityof tr@eturednof silididkg bApitee
techni que i rect for or ot her

required. . Th i tion of silicid _
et ol Sem cE e S RE RGO oSy I Sleareio eree H HPsSbRRURYer during
requirements. 2p|dmbEsiEhiRE hikiRIre BMEBEEONeMBn&RitES in RflatfoR&o ISRt bddayent i on

is therefore to overcone the above described drawbacks of the prior art.

WD 02/ 0G339- 4 4 lihegraphy ["Methpd farifabricatiog slérmignon sicide strugirep oa SBigeN HsiN@nt i on
is to replace t } b o R Sdes L6 he j ar ;
structures of rrlé?g %ise\émmé%m%%m’ri @or?@gupﬁglde%% %?MEYJ'%@UH%@’IFEN\}%?OV Mor e
speci fically, i bavalédaRcGawrin Mt Geropr peinPhimkettt TO(Z2) hdvre 189bmpvi ded a
|1t hogr aphya et sl beso. | AR 4GBl O <o HSh HhRe SLHGHY &5 iloPlah

resi stant netal /sem corduct or corrpouna, In ich superposed [ayers o netal
10 and sem conduesisiless efeairbe beédmrlitegraphy” Vi Beawaish DoDneuin t B, favaliéd, U4S

etch-resistant oot number 5,918,143, 29 June 1999].

The same kind of absorbent as for X-ray lithography masks are being

25  considered for EUV lithography masks ["Extreme ultraviolet lithography", C.W.
Gwyn, R. Stulen, D. Sweeney, D. Attwood, J. Vac. Sci. Technol. B, 16 (6),
Nov/Dec 1998, pp. 3142-3149). The wavelengths being considered for EUV
lithography are of the order of 10-20 nm, which requires for adequate absorption

a thickness of approximately 100 nm of metal. This absorbent is spaced apart by



met al / sem conduct or conpound are deposited on the substrate. Radiation is
produced through a radi ati on source and a mask defining radi ati on-absor bi ng
patterns wo inkgloposed bet ween the radi ati on source and t hegoRardgesed
nmetal and sem conductor |ayers. The radiation is propagated fromthe source
to the 15 nmask where the patterns absorb radi ation and, therefore, the
patterns are inparted to the radiation. The patterned radiation is
propagated fromthe nask to the superposed netal and sem conductor |ayers.
Energy of the patterned radiation is absorbed locally by the nmetal and

sem conductor layers to (a) induce the redction between the netal and

sem conduct or responsi ble for the formation 20 of etch-resistant

‘net al / sem conduct or conpound, and (b) thereby produce the structures of
etch-resi stant netal /sem conduct or conpound corresponding to the patterns
inparted to the radiation. The radiation may be X-ray or EUV radiation. 25
‘'n a resistless alhuﬁhldgye:ptyplcaﬁy hod nnfthtcheayeboi/aazypsle e theseasetof EUKAY or

EUV radi ation e roduct i stru s of

et ch-resi st ant %ggﬁ?‘? r[r’f %aghséﬂ?:? %?#R%B%éjg?]& C\Mtﬁl‘ﬁa‘ﬂ $oPe @Qg?rﬁﬁ buffer faver he
order of the shaithelertial shiewhid akdeshieod iddMicaresrRictieawiitharst Hdlie 1Y€l engt h
of the X-ray or EUV WO 112/06339a 5 photons. PCT/CAU 1 /UU 129 In

accordance wi t hl ik BfregoXaRIarsas s bgfp’ert IR¥er on Rwhitaysh ¢f ReMkomasie cBr di ng
to the inverdi opfoshino, TPRRRNal MIPafah8sHTEY A1ok@NA, ?%ﬁe%gwméné A Shiba,

conpri ses depositing the sem conductor layer on the substrate, and
deposi ting the Fet diee, dfeltoorS.t Alazakii Bneerdings lohytke . 1710 EurapeposMasing t he

oot and sem COBMRE i MYRER ALPUORERJI9BAS dbl atArHIE ALY GeP” *1°

substrate, and depositing the 'sem con uct or - The
mask conpri ses leveldishemical saledtiviysrebmeent koth hshesidseslt to dnransfadtha patterok wali ng

t he radi ati on- a%o#yoﬂ%o %ro{}ﬁﬁfefﬁg IIhe | it hography nethod conpri ses

propagating the ra radi ati on transparent substrate. -
The mask cotprises a radl ation reflectlve substrate |ncI udi ng the 20

radi ati on-absorbi ng erns t ho ecting the

radi ati on fromthe s &] I‘Pﬁ %&F'ﬁer&ﬁ Ogﬁ'ﬁ‘?' ?r @ 'I( FEOVYALF d t he
metal and semi ceadpedrd ininfiyieeRctroniddie tﬁ@ﬁbﬂ&ati@ﬁ of Fadsistof gates R&UIRS h w t he
mask conprises a X-ray 25 transparent substrate including X-ray absorbing

patterns, and t ﬁ@CW”F?Pr/fS&F%MyPWPHw the fhricatian qfitEpaigter Qﬁfﬁst"\f?é "F(Utieﬁy“

radi ation t hr ougheddy the'ddctiohaRarAlt ra@\@b&%@srs% ¥¥3 Beh KB Sfciad
PCT/ CAO1 /00129 !-%The radiation is aﬁdth radi at i ?)rlljsethe mask coﬂprloges an

EWV refl ectT®e stissmetalisemiconduntercompouns £ Saligidaiiop araasss for submicranaetre
on the BV ref | ot OSEER BT (i & elsfEscbitf oAl @berharatsso " o
| ayers. - The s&nMichellsilevaliés, éBaatvais, J. rf\(bwwmmeEl@tt@OpS(tettsnSs% (1‘94),022
silicon, July 1999, pp. 1283-1284] or in resolution by the patterning of the gate
['Salicidation process using NiSi and its device application" F. Deng, R.A.
20  Johnson, P.M. Asbeck, S.S. Lau, W.B. Dubbelday, J. Appl. Phys., 81 (12), 1997,
pp. 8047-8051]. To overcome these limitations, a high resolution projection
lithographic technique is required. The direct formation of silicide or other
metal/semiconductor compound by X-rays or EUV meets with these
requirements.
25

OBJECT OF THE INVENTION

An object of the present invention is therefore to overcome the above
described drawbacks of the prior art.



germani um a conbination of silicon and germanium gallium arsenic,

al um ni um phosphor, indium and any conbi nation of gallium 10 arsenic,
al um ni umypdrarpder and indium - The nmetal is sel ected fryERG @EDUP
consisting of titanium zirconium hafnium vanadium niobium tantalum
chrom um nol ybdenum tungsten, nanganese, iron, cobalt, rhodium iridium
ni ckel, 15 palladium platinum copper, silver, zinc, and cadmum - The
substrate is made of a material selected fromthe group consisting of
tantal um polycrystalline silicon, chrom umor any other suitable netal,
sem conductor material, insulator material4or a 20 conbination thereof. -
The sem conductor conprises silicon, and the netal/sem conduct or conpound
-:conprises silicide. 25 - The |ithography method conprises etching the netal
| ayer while |eaving the structures of etch-resistant netal/sem conductor
conmpound intact, and etching the sem conductor |ayer while |eaving the
‘structures of etch-resistant netal /sem conductor conpound intact. WO

U2/ 110339-4 7 PCT/ CAlLL 1.,/ 0OJ 129 - The |ithography method further conprises
et chi ng through at Ié&giheéowff?fowe&m? "?V%F@ﬁ%hés@ rSP'af’?léh%%@'E”rea‘fg’? except

in regions prot eryamit royiststod tisd prics tartrigSstaktupéLoFmetal/sehfiddnductor compound.
net al / sem conductor conpound to thereby transfer the patterns fromthe

structures of etch-resistant 5 metal/sem conductor conpound to the

substrate. -5The substrate conmuRERARY OFUHE iINVENfioONayers, and the
it hography nethod further conprises etching through at |east one | ayer of

the substrate except in regions protected by the structures of etch 10

resistant metal/seni WQ%@EQEFica@I?,”WHE%r&%cE%W% hr R85 RVerdddn, ML qE NS

fromthe structures of etch-resistant netal/sem cohductor corr%ound to said
at | east one | apevidet a lifeograpiyt mathed for fabridating oo argubstsais stiattums giletdra
etching. 15 Appli&ald . ] t i | ng _of a mask
For X ray 11t hosraapy theaenidoRer Enpb i MR SRS BgH: Emela
fabricati onl@®f ehesemicendfctarapatiiegi reaatihgavithaach other taufgin tHergteti-redsiztarmt i on

of conductive netal/sem cgnductor conpoun atterns on the integrated
circuit; and m mﬁgﬂlﬁe%%ﬁgH&ﬂbcwp%ﬁ eo‘?ﬁ@ﬁ@?cﬁﬂ%?hee? FPFECE%GC%{IQH 1S
mechani cal conppreited thFbegH @ radistiondsoursk A8 ma¥R Reihing radiRIH-aERPbiAGJ
features of the Er esent. j nvention w ome nore apparent upon readi ng of

| | becor
the foll owing nB tt?’B%isr'Pt?(PQP@déP@E’@qnﬁf‘F6?&%‘f°“p?°é’f‘?r?@dh%ﬁ56%fpﬂﬁﬁ wetdler eof |

given for the pdr®esmicBhdiidtbiig é@lfl%‘ra%@ti@ﬁ'ié’ﬂ‘@ph tb& FrBREIRE Solike! tB8he
acconpanyi ng_draw ngs. BRI EF DESCRI PTI ON OF THE W NGS I n the appended

drawi ngs: T o@shadsye the mattsmesabserh radiation andyuiherefors, the patégrae are
el evat ngagegggﬁgége@ {8 RS oS Ofhe i tfehhd PréBiafiofs prEPadRRRiSh Me ARLK et

to the superposed metal and semiconductor layers. Energy of the patterned

radiation is absorbed locally by the metal and semiconductor layers to (a) induce

the reaction between the metal and semiconductor responsible for the formation

20  of etch-resistant metal/semiconductor compound, and (b) thereby produce the

structures of etch-resistant metal/semiconductor compound corresponding to the

patterns imparted to the radiation.

The radiation may be X-ray or EUV radiation.
25
In a resistless lithography method of the above type, the use of X-ray or
EUV radiation enables the production of patterned structures of etch-resistant
metal/semiconductor compound with high resolution of the order of the shorter

of the thickness of the metal layer and the wavelength of the X-ray or EUV



5 Figure 1 b is a side elevational view of the substrate with the

sem conductor and netal |layers of Figure 1 a, exposed to X-ray radiation

t hrough awepeluessesFigure 1 ¢ is a side el evational view ofpdheadudsior ate
with the 10 sem conductor and nmetal layers of Figures la and 1 b after
exposure to the X-ray radiation, show ng structures of netal/sem conductor
conpound fornmed in the areas previously exposed to X-rays; Figure 1 dis a
side el evational view of the substrate of Figures 1 a, 1 b and 15 1 ¢, in
whi ch the areas of the nmetal |ayer not protected by the structures of

met al / sem conduct or conpound have been etcdhed; Figure 1 a is a side

el evational view of the substrate of Figures 1 a, 1 b, 1 cand 1 d, in

whi ch the areas of the sem conductor |ayer not protected by the 20
structures of netal/sem conductor conpound have been etched to | eave on the
substrate only patterns of netal/sem conductor conpound; Figure 1f is a

‘si de el evati onalphytoa¥ of the substrate of Figures 1 a, 1 b, 1 c, 9dand 1
e, in which the substrate has been etched through a part of its thickness
25 except in regions protected by the structures of netal/sem conduct or
conpound; Figure 2 il léé&drééﬁc% With a.tetf&m%anusdlﬁenish& thetlmgh}tﬁgy Fup of
Figure 1 b, for processing the substrate with sem conduct net a

| ayers of Fi gur @caordingite thghinventione X-ray radi ati on source is replaced by an
EUV radi ati o source; WO 02/ 0G339-1 9 PCT/ CAO1 /110129 Figure 3 is a

m crograph showi ng nickel silicide patterns fornmed through the use of X-ray
radi ation to transfer plaemasﬂtimg the ma’tadaamdasémitmcmctmtwe:rsactomprlaenjdeﬁodéltlggre 4

is graph presenting a ro an si s,,of |t| f silicide
structures formed by ex 8 U%OF %\%r%n WFcﬁk‘é{‘}r?t '89??%"‘5"% li con
| ayer. DETAI LED DESCRI Hﬁy@\brfﬁe'ﬁbﬁldaﬁﬂﬁt&aﬂﬁﬁérENBwI NENTS 10 In the

different figures of the appended drawi ngs, the correspondi ng el enents are
identified by the same reference nunerals. Appended Figures 1 a, 1 b, 1 c,

1d, 1 aangpl f illustpasdsitingene/MetaPtsd SéiBSndRiktot ayarsRioRiREELaefishingi ment
of the met hod according to the present invention, for fabricating

structures 6 of, metal / s@RireetAdaYeraN the sEbsirle. Andziepasitng tecsemicandvstas| | v

speaking, the nethod il ustsAhE%n gures 1 a, 1 b, 1c, 1d, 1aandlf
uses a X-ray I|thography9§'f)urce ét?g@ ure 1 b) to produce X-ray radiation

20 9. The X-ray radiation 9 propagates through a mask 8 made of X-ray
B g P Lerns 50T HidsfRohlyABSE I SRl RIS Alrntho dR%IRREn no

repr oduces the patterns ropagat ng omt he
mask 8 to th® sanple 12|ncrlad|agoﬂ1earad1dim1nrattserbmg @aﬁmmsp(anduttteohthbgwhyZ and

a netal layer 1. The pa ed X-ray radiatio st ruct ur
nmet al / sem conduct or %18%§u99mp£§e¥ﬁéopaﬁ?éqq @8 8?9?@?%9% A zﬂ%éﬁnoﬁ and
t he sem conduct or | ayertr&spﬁtﬁrﬁsammté,l cally, the preferred enbodi nent of

t he met hod according to the invention, for fabricating structures 6 of
met al / sem conduct or conpound, WO 02/ 0G339-1 10 PCT/ CAO01/0012'1

- The mask comprises a radiation reflective substrate including the
20 radiation-absorbing patterns, and the method comprises reflecting the
radiation from the source on the radiation reflective substrate toward

the metal and semiconductor layers.

- The radiation is a X-ray radiation, the mask comprises a X-ray
25 transparent substrate including X-ray absorbing patterns, and the
lithography method comprises propagating the X-ray radiation

through the X-ray transparent substrate.



formed for exanple of ultra-narrow |lines of netal/sem conductor conpound
onto the substrate 3, can be summarized as follows: Figure 1 a: 5 A layer 2
of sem coG@elfesioys first deposited on a previously cleangselsldopdee 3. A
| ayer 1 of netal capable of reacting with the sem conductor to form

met al / sem conduct or conpound is then deposited on the sem conductor | ayer

2. As anon limtative exanple, an el ectron beam evaporation technique or a
sputtering 10 technique in a | ow vacuum chanber can be used for depositing
both layers 1 and 2. The substrate 3 can be nmade of tantal um

pol ycrystalline silicon, chromumor any @ her suitable netal,

sem conductor material, 15 insulator material or a conbination thereof.
‘Layer 1 can be made of nmetals such as titanium zirconium hafnium
vanadi um niobium tantalum chrom um nolybdenum tungsten, nanganese,
iron, cobalt, rhodium iridium nickel, 20 palladiun) platinum copper,
'silver, zinc, cadm um The adwatmihhnerarfreua/l reQiatioR! tle MBSIOYombfisesa s Ebent

propertles inregard to UV phot ons used' inp, the hot ol i t hogr aphy
operation, or a conbi na‘iq>§ ‘%’f sqq§ga§e0|1 N9y EMit gheorbing P@fPechﬁ sangt dberred

enbodi nent, the |ayer letﬁégrﬁﬁﬁsl ﬁ@ﬂ)@d%bﬁfpnéés r‘éﬁ@@m@ﬁhéEUW@&atn&Pﬁoﬁlhﬁe _
netal / sem conduct or conpound formed is silicid However, it is

within the scope of theSqess&nt thenEéWt reflective gulestente é?‘@ﬁdethﬁawt@if and

ger mani um conbi nati g d germanium gallium arsenic,

al um ni um ;a)%osphor, %q%%@%oggﬁe%gd/ CAO1 /00129 11 indium or any

conbi nation of gallium arsenic, alumnium phosphor and indium Figure 1

b: 5 The X-ray lithogr [ radi ati o The mask 8

made of the X-ray trangg'gé/%eﬁﬁ gﬁcg%: o 2{ ggg&ﬁi{rﬂmﬁ%g{/o%%o&sﬁp%%?alpcfoé'r ns 5

is interposed between t@amnuma combinetidrsf sitiesrparel gePmasion galliung a@éenid?e

substrate 3 with the silicon 1 layers. The X-ra\éo t|on9
e

d
fromthe source 7 10 pr%ﬂ@ﬁ'&{"@’spﬁﬂ?mbh'nﬁpﬁ agY PRI I9@ W2 t er ned

X-ray radi at@on 10. Morgrsemecdlfimmainh, phobpitordnd Mmdiunadi ation 9 from the
source 7 propagates through the X-ray transparent substrate 4 but is

absorbed by the X-ray absorbing patterns 5. Absorption of the X-ray

radiation by the patterfig fefalBabksted hﬁﬁﬁhé’ﬁﬁoﬁﬁ&&%ls%né f t&%l&tﬂ%l%oﬁlﬁ%
radiati on 10. The patterned X-ray radiation 10 is projected onto the'l ayer

1 of metal to alloy thehafibmgomnadibmmg meliwn, tantaiyser §hronuumnmwdenum,

reaction, the metal of {h tEﬁyerﬁalfgaﬂﬁéél YroRP (fber@S E&dlénr a%d@&, g%lkgtl on

fromthe nmask 8. And the ner ese part ure absor
X-rays prodies a di ffu;salledluo‘f ptemeumec@ﬂpen. silvat, an¢ |a0dmaﬁmitmy.ers in each
other to formthe structures 6 of silicide. O course, the structures 6 of
silicide correspond to the patterns 5 of the mask 8 reproduced in the X-ray
radi ati on 10. The areasTld substratetial maderod =irhatedal &Iéc&g@rfmnexp@sgrdupo
X-rays have been convert ed. h%% { quL\J,lql?rjes 6 o{§ Sili l due to the &Pove
menti oned diffusion of THESHAY 8} taqtalumy POCE HIH§S‘I8%IDI§ranu@é)6ﬁnyO 3)
02/ UG339-4 PCT/ CAOL1 / 00di@ble metal, semiconductor material, insulator material or a

20 combination thereof.

- The semiconductor comprises silicon, and the metal/semiconductor

compound comprises silicide.

25 - The lithography method comprises etching the metal layer while
leaving the structures of etch-resistant metal/semiconductor
compound intact, and etching the semiconductor layer while leaving

the structures of etch-resistant metal/semiconductor compound intact.



12 Figure 1 d: other. The sanple 12 of Figure 1 ¢ is inmmersed in an acid
solution or 5 processed in a plasma etching systemfor etching the netal
layer 1 whid ®ok$®@yi ng the structures 6 of silicide intact.pcifi@aRifogpsr acid
solution or gas plasma to performthis task depends on the nature of the
metal layer 1. In the case of a nickel l|ayer, a solution of

HNO3: CH3CHOHCH3: H20 can be used as etching acid solution. 10 In the case of
a chromum |l ayer, a solution of HCI 04: HzO: (NH4) ZCe( NO3) s can be used as
etching acid solution. In the case of a platinumlayer, an aqua regia
solution (HNO3:HCl:H20) is a proper acid §Jolution. A plasma froma C2 OZ
m xture would be an alternative to all of the above wet etching 15
‘solutions. After this wet or plasnma etch, only the areas of the netal |ayer
1 having been, exposed to X-rays (structures 6 of silicide) remain on top
of the silicon layer 2. Figure 1 e: 20 The sanple 12 of Figure 1d is

‘inmersed in an acid SO|‘IZHéIQtIib apﬁy%ahwﬂﬁmeﬂcmﬁpr%eele&:ﬁ@ tﬁFdEtPh'égleEXtSé em for
etching the silicon |ayer 2 | eavi nfg the structures l'icide

intact. CF4:02 is a pr distio '*g%fé %Uﬁkﬂ%ﬁ? he svystiiats exfiept indeaiony pstestet
etching. Alternatively, bﬁhé@trﬁﬁtbt‘ég oPétcl'f'Fes'iQQﬁ nmgls%ﬁ'ﬂ:olﬂﬁuétére& ﬁ& ?’cﬂ' ng 25
aci d sol ution. Followngt e wet or plasma etch e area

| ayer 2 of silicon havit grebeérranefﬁpﬁs%gattatnwrpayme(stucmrewoéetoe -reistint i ci de)
remain on t substr at /CAU 1 /011129 13
The sanpl e ZFL% of Figur 3“%”5%@9§%§°£8%m¥ﬁ‘”ﬁgﬁgg&s& ution or is placed in
a plasma etching systemto etch through a part of the thickness of the
substrate 3 while | eavi ct bot h. the ci de and the
areas of the substrate -@%5 Lﬁ)ﬁﬁ n%oé?ws?ﬁ@s%u@lﬁ'u%@’e@ B”Q)?heslz'th?%rﬁﬂ@’ The

proper acid solution ormghsd Rlrkereoiprigtrdteing tHrbegH étslléaé?l%rléifer% thdre
nature of the substrate 3. In the case of a tantal um or ycrystalline

silicon substrate, CF4: %’?Sﬁ%tﬁ $&eps Bgregiong roigciad b the SB'HFtPEﬁSn‘Pit atshpl asma

etch. In thg case of a e&s@Al Hfétéilé@ﬁt‘idoﬁ&@cto:ac&ﬂb%ﬂoofb meré&, transfer the
HCl 04: H20: (NH4)ZOe(N03)6 can be used as etching acid soluti'on. Figure 2 is

an alternative to the Ratteys fmm the sirectyrep of eichrigsistast mepalisemidogdueion, a
source 17 of extrene ulwhﬁg%ﬁ(@%a&%ggq%e@to %smas rseUsed to locally

alloy the layer 1 of netal and t l'ayer |con n this set-up, the
mask 18 conprises a substrate 14 having one EUV reflective face 13 on which

EUV absorbi ng patterns . is interposed between
the source 17 and the s%ta“ﬁégﬁésﬁgo%s ?ttgﬁbﬁam%%?rﬁgg'substrate 3, the netal

| ayer 1 andi& he silicon Iayer 2. As illustrated in Figure 2, 20 the
reflective substrate,l14, ten enera icul ar toth le 12
and the EUV radiati oﬁ‘pﬁlf%r grfeg%%%’ éﬁvgﬁ Ph 'ﬁét"g © EPHeE 136[8%5% fgragzp

latter angle i sntaegrephyactopying bba ntalstechlE%\r mﬁogrbpkm tﬁeﬁfabﬂéétmtoﬁdletrrethta t he
face 13 is proje ted on of the sample 12. As can be

|
appr eci at ed) th% E&Y r'&g‘?géﬁtﬁgn %L"It eftt"é’b’g'ed ‘?’ieﬁfn feraaliont aefe gandustive

patterned by t heRMbbMiddRdUdRer mcﬁmerpaﬁemfs @ﬁhbh@tegld\éd artuit! A mlGol S
absorbed at_]least in part by the |ayer of netal he energy of the EW

radi ati on @sor W@Gh'ﬁsr/‘gt%@rﬁ%tﬂweﬂs&?éte@d%‘iﬂﬁﬂ‘éQ’QSWH"G@|CQWPQﬂe'ttﬁe netal 1
and silicon 2 layers in each other to formthe structures 6 of silicide. O
course, the EUV |ithography systemof Figure 2 may further include WO
112/ 01339 14 PCT/ CAl The frpagringanshaihersbiests; adveniagdes and featires of the présest | enses

to introduce a [

patterns 15 andilht ﬁgﬁhc‘)’@gb%?{@%%%%@? pﬁ’ﬁgés)é QEG 6f$ﬁee%"6"pﬁﬂgé'l§%asﬂgh\ﬁes ual l'y
made of a par abdﬂbscoptinnmftpreiemedmvmmdemwtmaﬂagwendbrthelpyutpﬂeemtﬂltmndtlm l'i con
layers wit lb5r ef J)rﬁg W|tﬁetef%¥eor%gr § the accompanymg drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

in the appended drawings:



Just a word to nention that the source of X-ray 7 or EUV 17 radiati on nmay
be a synchrotron) a plasma source, a | aser source, or a source using a

| aser to woci2tms3m4l i ght emitting material. The wavel engt h @fr/éh@/ppdt ons
fromthe source 7, 17 is chosen to have sufficient energy absorption in the
netal layer 1 for the 10 process to forman etch-resistant

nmet al / sem conduct or conpound. Deposition of the layer 1 of nmetal on top of
the layer 2 of silicon can, in sonme instance, cause formation of sone
silicide residues at the netal/silicon interface. Such undesirable silicide
resi dues can be renoved using a wet etchi g 15 solution. A chemical etch
sol ution containing an acid such as HF: HZOZ: H20 or HNO3: HF: HzO can be used
‘for that purpose. According to an alternative, the layer 1 of netal can be
first deposited on the previously cleaned substrate 3. The ,layer 2 of
silicon can then be deposited 20 on the layer 1 of nmetal. Again the netal
of the layer 1 nust be capable of reacting with the sem conductor of the

| ayer 2 to formneta Lconduct or, C ound. An el ectron beam evaporation
techni que or a sputtEi@ﬁ%ﬁé%ﬁrﬁ'c&u%le\’%%gall %W@é@uﬂfﬂsﬁﬁ nﬂbwﬁ@gﬁa@r? of be
used for deposi témigoheidiod aylenetallhagthedn dBpesigae operations as descri bed
her ei nabove can then be used to formthe 25 structures of

met al / sem conduct or conpound. The subsequent etching techni ques are al so

the sane. Tie above drmed ifeds raeSsi.iéé|&é§tibhélhvﬁmwyth895m@'rafe0%{rﬁ L es a

hi gh resol ution techni que capabl e of producing a structure o

et ch-resi st ant SeN\ePRFMCtSr 339 metdl byprsof Eigune 12, Bxpasesl ted-ral radiatioo dirdugit or
conmpound on a syhsddkate with |inew dths bel ow 50 nm Exanples 5 Exanple 1:
X-ray mask copying In a first exanple, the nethod according to the present
invention will be applied to the copying of a X-ray nmask. 10 A bl ank

menbrane of silicon | de, .d . ea si:ng a cet gn at h) foll owed
by an i sopropyl al coﬁ@ﬁjpéogﬁh,'é Zan%cfeheréﬁglrap%% dV'Fﬁ \R/gtts?. s%ﬁaﬁe% atle i s
hel d flat dfd rseynidomxuctor ahchgetdi laybisi of Gigurds Tasdnd b &Fter erpdsbiettls theayesy of
chromumis depgsit. sputterin n the surface of this nenbrane)

fol l owed 15 by %Sd?é'gﬁn%ﬁ“ﬂi%%“fcéﬁg °§Pefaé(ﬁ?'a|°a “i‘?’t%&i’#&? formed in e hi ck
| ayer of sili coarels peafmsiyt@gossy foherdy@yer of tantal um by cold sputtering,

using heliumas a plasma gas in order to reduce the sputtering rate and
therefore reduce the grain size of the silicon layer. A 20 nmthick |ayer

of nickel is depositpgduridion stfe did\atishd bi@ﬁr/rr?éltlﬁ%vs%fbstrétb%‘f’ﬁggﬁegqaCPA Ghd

sputtering wth heliumas the plasna gas. graln size that can be
achi eved using 1ile whiehteqareas of dhmmesal layeimol protasted bybiberstiubtaras of con

and the ni ckel” hgifomEBhdudlh B8 nhe G5 Gbnddie factors 1imiting the

resol ution of the proces ore, a graln size greater than the
resol ution

Figure 1e is a side elevational view of the substrate of Figures 1a, 1b, 1c
and 1d, in which the areas of the semiconductor layer not protected by the
20  structures of metal/semiconductor compound have been etched to leave on the

substrate only patterns of metal/semiconductor compound:

Figure 1f is a side elevational view of the substrate of Figures 1a, 1b, 1c,
1d and 1e, in which the substrate has been etched through a part of its thickness

25  exceptin regions protected by the structures of metal/semiconductor compound;

Figure 2 illustrates an alternative to the lithography set-up of Figure 1b,
for processing the substrate with semiconductor and metal layers of Figure 1a,

in which the X-ray radiation source is replaced by an EUV radiation source;



required for the process woul d be inadequate. 25 The top nickel layer is
exposed to X-ray radiation by neans of a set-up corresponding to Figure 1
b. This Xwoagssmdyati on has a wavel ength in the range of Gdytibokonm The
X-ray radi ation propagates through a mask such as 8 in Figure 1 b, nade of
a silicon carbide substrate 4 with X-ray absorbing patterns 5 forned of 500
nmthick |ayer of tantalum Wthin this range of wavel engths, 80% WD

02/ 11G339. 16 PCT/ CA01/ 00129 of the X-ray radiation propagating through the
tantal um patterns 5 are absorbed. The patterns are therefore inparted in
negative tone on the surface of the nickel9|ayer. .The areas of the nicke

| ayer exposed to X-ray radiation forma silicide with the underlying
‘silicon layer. Approximately 40% of the energy of the X-ray 5 radiation is
absorbed in the 20 nmnickel |ayer. The absorbed energy induces the
reaction that fornms the structures of silicide at the nickel/silicon
‘interface. The silicide being etch-resistant, it is then possible to renove

by wet etching the u i ons,_ of then a | eavi ng t he

silicide structures %“{)%ﬁésc? °$ﬁﬂ5%s@%@@ﬁkf—l§%ﬁ§8 p%ger@sggwegglﬁrgygr@m at
room t enper at ur ¢hd SsecofX-RiyaradiativrtotianBRi bafidmt o £hfak tol Beulsdtliats Gngl ayer
can al so be etched, except in the areas in which silicide structures have

been formed, using a HF: H202: H20 (3:1:300) acid solution. 15 Once the |ayer
of silicon i% renovegiguph s drigh ﬁr‘ebérﬁing% )@-Fag':l'lﬁlfckﬁ _Endlyiid &the CHRSosiR of

tantalumlayer. A directional etchin |l asnma in a reactive i1on
et chi ng syst em Bicige stqugtyes farmed by exmmatpmamg atn@:keH@yqr anpligdderalsiigen . | n
such a system f{f4,gas nolecules are excited to ionic state, making them
very reactive w h 20 tantalum The reactive ions are al so accel erat ed
per pendi cular to the surface of the substrate, in order for the etched

b pl asma. et chi ng. DR oIPE S RN F T e RRER g RN o1 y
protect the tantalumlayer during the etch. In the regions of the tantalum

| ayer not ptltected by the silicide structures, the tantalumlayer is 25
conpletely renoved and the chrom um | ayer acts as an etch stop to prevent

the plasma from dama n bi nbrane. The chrom u ayer
can be renoved by us?'{ng% a&,@? ?1’3159 f—i@l(f\&e ﬁgﬁe%ﬁd‘j@w@ﬁn 59955338?'&#‘91
sol uti on, exceptlementheareddedified bpthecdantk refdh&2nAS3aR. 17 by the silicide

structures, PCT/CAULl/ (10129 The resulting mask is a negative tone copy of
the original mask such as J 8 in Figure 9 b. An exact copy of the original

nmask can be obt ai ned ApgesFigaes Ne 18, 1@%' e ahd 1 iRustrbfeshe ger&esafép%fcor)y
obtai ned thyough this sanme process. In this case, the result wl

negative tohe of Ft’?fé”ﬁ@&ﬁ"th"?@"ﬁ% péthegpsthod rgeordingde e P'@-‘éﬁ'ﬁ}t 'BYeflt'ﬁ@ fOT
original. O her faﬂ?i%@ﬁrt@ﬁ”l?ucﬁﬁé@é 'o?‘hw%ta%é\nﬁ@ndlﬁf&r dofhgoliRd Bh 3GibSiatk &0t al um

both in 10 the origin and the copi ed mask. This absorbent material can be
chosen froma group that conprises tantal um tungsten, TaSi, Wsi, Ta@ and

WIB, TaCe, TaReGe angsgWktally speaking, the method iliustrated in Figures 1a, 1b, 1c, 1d, 1e
and 1f uses a X-ray lithography source 7 (Figure 1b) to produce X-ray radiation

20 9. The X-ray radiation 9 propagates through a mask 8 made of X-ray absorbing

patterns 5 on a X-ray transparent substrate 4. The mask 8 reproduces the

patterns & in the X-ray radiation 10 propagating from the mask 8 to the sample

12 made of a substrate 3, a semiconductor layer 2 and a metal layer 1. The

patterned X-ray radiation 10 forms structures 6 of metal/semiconductor

25  compound at the interface of the metal layer 1 and the semiconductor layer 2.

More specifically, the preferred embodiment of the method according to

the invention, for fabricating structures 6 of metal/semiconductor compound,



15 Exanpl e 2: EWV mask copying In a second exanple, the nethod in
accordance with the present invention will be applied to the copying of a
EUV nask. wo2Ackdoank substrate, conposed of a stack of 81 miwexmnaiig

| ayers of nol ybdenum and silicon, with individual |ayer thickness of 2.8 nm
for the nol ybdenum | ayers and 4.0 nmfor the silicon layers, is prepared by
cold sputtering on a clean silicon wafer. This alternating stack of |ayers
is reflective for extrene ultraviolet wavelengths in the range of 10 to 20
nm with a reflectivity 25 peak around 13.4 nm A 20 nmthick chrom um

| ayer is deposited by sputtering on this tdbstrate, fol |l owed by a 40 nm
thick Si02 |ayer and a 100 nmthick - tantalumlayer. Afterward, 20 nm
‘thick silicon and nickel |ayers are deposited on top of the tantalum | ayer
using cold sputtering to Limt the grain size and prevent the diffusion of
each layer into_the other |ayer through heating of the substrate. WO

‘02/ 0G339. 1 PCT/ tosme ferexgmpls of yliracnasromi inre pf meglplisemisondusios sempeureionto

radi ati on by ne p ] i . Figure 2, using a source 17
whi ch gener at esmﬁs%ﬁ‘%?g’t"P%%eﬁ‘ﬁ'gﬁﬂgiftgﬂgtgh in the range of 10 to 20
nm The EUWV radiation 11 fromthe 5 source is reflected by a nask 18 nade
of a substrate ﬁéu}%]@ an EUV reflective face 13. EUV absorbing patterns 15
are formed on t ace 13 using a 100 nmthick layer of tantalum The
patterns 15 &@re transferrédager 2 mpaetdcbntioctohes fildy depatitatii ovna Ihevieddiect ed

fromthe reflective face 13 _an r rojected i p negati tone on top of
the nickel layer. The aref 38?&1?%?@?90%& %IVQ&LPPW%%%‘%? Ofrl"?@"tﬂg\)""
radiation 16 form struct Ugssérhicohductdrd® fofr métarsemesidution ToRipbLE®"s | ayer .
More specifically, the energy of the photons absorbed by the top nickel

| ayer induces the reacti of'ghdepasited qrithe saTNCERdYGRr IavAr2at\s gmogrlimitative
structures of silicide at i nl i ; ; ul el de

bei ng etch-resistant, it iegi}tﬁﬂg,né?ﬁd;écglﬁiglHg‘éﬁ{)b\)ﬁ@%\i}éﬁ%&hr\xé‘% gﬁﬂ%hf e
unexposed rtQi ons of the tfchrighe img taw vaceaui ehpmbes cai b dised ftdepasiting s
intact. A HNO3: CH3CHOHCH3Hk(Q )ga?]ég: gg) solution at roomtenperature is a
proper acid to conduct this ettch. 5 he 20 nmthick silicon |ayer can al so
be etched, except in the areas in which silicide structures have been

formed, using a HF: H202: H ~ ka0 id. solution. Once this |ayer of
siliconisr grmved, only t%ﬁ%gg?ﬁjtﬁaief géaiﬁ? ﬁ’hﬁdgroggangé]‘éml %éi¥°r¥)§}@ﬁnet§a1%°°f"ant al um
| ayer. 25 A directional ethohignlay any Giiver puitsbia metalasemiachductorinpategaic hi ng
systemis d to transfer tGF patterns to the .tag{ﬁgl L#m and SiOz layers. In
such a syst CF4 gas nolnsUfEateral ot aicprnglion Bigfeofst at e, maki ng t hem
very reactive with tantalumand silicon atons. N ckel silicide has an

excel l ent resistance to CF4 plasma etching, which allows the silicide
structures to adequately b?&rektca'? e ma%%m%@!sﬁwbew@w'm@lmmq@e
tantal um and Si 02 |ayers Hufniu vaR&diGhCRobilif fameam;ﬁ,gwaﬁiuﬂeho%{b%ﬁlﬁﬁq,ed by
the silicide structures, the tantalumand Si 02 | aéers are conpletely
removed and the chroni um fugstenadnangagesen igare heabalp rhasliym.eigivm.t niskg)l asma
from damagi the reflect hyedind i I L1 con

| ayers. 5 TZPPeJ chrom um | a?élfa caﬁ%@g@ﬁkégﬁﬁ%’v%g@% aﬂ@&ﬁ%}&@h Cl 04
H20: (NH4) zCe(NO3) 6 wet emetdl g metal @loyowith elxsosipentipropehtiesdn esgargtooX-eayt ed by

the silicide structures. i Ell% 1S a negative tone copy,
and an exact copy of the é?l’s%gﬁoqégénh%%gb ai ﬁ@oiglgbogé%%yi %geratboan' P t%hi s
negative tone copy. O her ciobinatimosfithe épregdiy metas.can be used in the pl ace

of tantalum both in the original and the copied masks. This EUV absor bi ng
mat eri al can be 15 chosen froma group that conprises tantalum tantalum

.silicide, tafgsten, tungsireihis ptdfarateembodithent)dhd\Bier 2agh ddmicdcabior i

ni ckel and ni ckel silicide. Ex?n'PI e 3- Integrated circuit conponents
made of silicon, and the metal/semiconductor compound which is
formed is silicide. However, it is within the scope of the present
invention to use a layer 2 made of germanium, a combination of

silicon and germanium, gallium, arsenic, aluminium, phosphor,



20 In a third exanple, the nethod in accordance with the present invention
w il be applied to the fabrication of MOS transistor gates. The substrate

i s a waf ewoof/mssdoiscon whi ch previously underwent several sg@pea®@fiont2o
fabrication, including gate oxide fabrication using conventional mcro 25
fabrication. For transistor gate fabrication, a 30 nm pol ycrystalline
silicon layer is deposited on top of the wafer by |ow pressure chem cal
vapor deposition, using SiH4 as the main reactive gas. A 50 nm chrom um

| ayer is then deposited by el ectron gun evaporation on top of the

pol ycrystalline silicon layer. The top chitdmi um | ayer is exposed, in a
set-up corresponding to Figure 1 b, to X-ray WO 02/ 06339 20 PCT/ CAO1

-/ 0(1129 radi ati on having a wavel ength situated in the range of 0.5 to 1.5
nm The X-ray radiation is produced by a source 7 (Figure 1 b) and
propagates Through a mask 8 nade of a silicon carbide substrate 4 forned
‘with a 500 nmthick X-ray iRt B RyYypaernkipations obfoalligi, aprganic.TekiniaiteGr ns 5
of tantalumon the substr%hgsﬁhoaaﬁ@[ngmonds to the gates of the
transistors in negative tone. The patterns 5 are projected on the surface
of the 50 nmthick chromum |l ayer. The areas of the chrom um | ayer exposed
to X-ray radi ati,:g&g%.m silicide structures with the underlying 30 nmthick
pol ycrystal |l i ne M ayer. The chromi um | ayer absorbs an inportant part
of the enerdy of the X-rayheatistittayraphydoulves? plogocdsexranaidiyiod ®. Theuces

the reaction responsible for the for i of the si]icide structures at
the nickel/silicon interf&&sK %mgg o?ﬁée g{-]qayctﬁglép%rgp ByRptrate 4 vgth X-ray
etch-resistant, it is thembpebmpatierns 51ieMesrPodiy babledt HBisBOrcE MeariditRg Posed
regions of the nickel layer, |eaving the 15 silicide structures intact. A

sol ution of HC 04: H20: ( NHERPRIS NDS9Bisting i dhe cubstatafuwith the dlisepchand aci d
to performthis etch. Thegakhyerikgem! |THae xsial| f%\‘afbtigﬁy@fr&ﬁ?th%hg&@?hfermved
s gas to e

either by using a controlled plasfra etching uUsing form
pl asma, or ¥ conventi onal Prapagstepdhrpugiathe mesisBito pwduge theepaitarnes ¥obut i on

such as HF: HNO3: H20: The [ e f . 111 Gjde,
whi ch presents a greater 5%%%}@1{%”‘?@%%;%&@%@?% 3crra§rs}?§'?}'ﬁl’1ﬂgsﬁé‘%“i‘ﬁhgn used
for the fabrication of gatesrcer’ propagates tmalghpthe dermydrmansphriest suliskrdtebé an

advant age over the 25 conyepiion t ho eci.al | or transi stors
operating at high frequen\élgg'é amﬁ%&’%%%@ﬁ%‘ﬁﬁ%&%@%éﬁ%ﬁ C?Prp%n of

pol ycrystalline silicon i sheXiraynddationby tApattemd b drpattctihesopatterasibne a
resist to fabricate the g?%qei, whi ch al1hovvs a better resolution (only
limited by the grain size TR IHANN 1eposi tion). The fabrication of a
nmetal silicide gate is also conpatible with the conventional fabrication
WO 02/ OG339: ~ 21 processes for other elenents of. int e%r ated circuits.

PCT/ CA011110129 Several ot'hePalgingd X-rayradiations s proiegtedopiodha iavee i @& wit h

the polycrystalline silicogethiaselioy TRE sifitdd 8Tdnd rhéal ¢MaRSs M falise MREal are
the 5 conpatibility with the MOS process, the ability to absorb X-rays, and

the chenical selectivity &fadtine Het metalasfeine; yeredapartipfabspbssiei Xiraw
formed witmghe underlyi ng.RgiorCfrymt He' MaSk S8.| AGPIhd BBFgy B tBRECpHy

M cr o- machi ni ng applications
absorbed X-rays produces a diffusion of the metal 1 and silicon

2 layers in each other to form the structures 6 of silicide. Of
course, the structures 6 of silicide correspond to the patterns 5 of
the mask 8 reproduced in the X-ray radiation 10.
25
Figure 1¢:
The areas of the metal 1 and silicon 2 layers exposed to X-rays
have been converted to structures 6 of silicide due to the above

mentioned diffusion of the metal 1 and silicon 2 layers in each



10 The nethod according to the present invention has also applications to
the mcro-fabrication of electrical and/or nechanical elenents. As an
exanpl e, woaR/09s89%i | i con | ayer and a 50 nm ni ckel |ayer argdepnsoied by

el ectron gun evaporation on top of a substrate containing a 5000 nmthick

| ayer of SiC over 15 a 500 nmthick sacrificial |ayer of glass. The top

ni ckel layer is exposed to X-ray radiation through a set-up correspondi ng
to Figure 1 b. A source 7 (Figure 1 b) generates X-ray radiation 9 having a
wavel ength in the range of 0.5 to 1.5 nm The X-ray radiation 9 20
propagates through the mask 8 made of a si%i con carbide substrate 4 with
X-ray absorbing patterns 5 made of 500 nmthick |ayer of tantalum In this
particul ar exanple, the patterns 5 represents the electrical and/or
mechani cal micro elenents. The patterns 5 are therefore projected in
negative tone on the surface of the nickel layer. As explained herei nabove)
‘the areas of the nickel |&8f 25 exposed to X-ray radiation formsilicide
structures with the underlying silicon layer. Since the silicide is
etch-resistant, it is then possible to renove by wet etching the unexposed
regi ons of the Rigukeld:l ayer, leaving the silicide structures WO

/ - / / i . : - H 28
ol Ut on at _room t enper at UNE P08 T2 BFEouR FRigrigined AT At Salas o8, b,

The 50 nmthsck silicon | pysessaiinalpasnizectehiod sybtere fsrefdhingthe hestainges 5
protected by the silicide,st r.ucit ur es u&i%ﬁ a HE: H202: H20 cid
| the SirucHitea

i 3:1:300) .
sol ution. Once the |ayer drwhile TEE9 ciof@H'PVeﬂméctsﬁ“? Ricger %“E‘ ucture
is left over the SiC |ayekoluffortbr e plaeialto pbEdthitBistxskepERddeh hedatiRe i N a
reactive ion etching systemis used to transfer the patterns to the SiC

| ayer by chenical |y renovichfleinetehlayer 4ylarthe casmet @ nickeldayergp se4tipn of ect ed
by the silicide structuregndgheHcERSLEMEH b i di cul ar
to the surface of the sub?’tra:’te,a In %«Fﬁ%rz?g§nt€ﬁ§s§<§gﬁef§h§{g§gﬁ l@f\dt?](') be
vertical. IPthe regions & tthe Saee| afera nehroprigmeciayer, bya t kelution | of de
structures, this SiC |ayend oo il t Q .t jficial
glass layer. This glass | z'i—lydé?"@én' ﬁbggﬁ%@g%ﬁhﬁ gs%gde?%@ﬁ%aigéwdghg HF
15 solution. |If left |onglirerbeagbasenof e pHitinsiol Udyeon,ant hgugl mega saluton al

(SiOz) wll dissolve conpl | Va1 d ina the. tiong located underneath
the patterned SiC mcr o-el(lg@ﬁ%’sg"%tgg FFF.gB?’oa-Céqosg‘ﬂ’é‘l?Ps \Bl?ﬁm%ﬁ%m@fgge
separate thensel ves part!| Y,mixtorspout &k vn faltemativedo all atthel abpes webgtohiagn
afterward bg. mani pul ated in endently and assenbled to forma mechani sm
20 ust & Wi d Lo mentt on SOREOTRATEF ds HeE of HRSERE g MSuPIRgS i RSl
silicide structures (squamn@sal lhgsr HehRABg )Seéﬁ)éigééé&tb%éﬁ (strhguRat & @t ns
froma mask (grid) to a silicon substrate. 25 Figure 4 is a X-ray

m cro-anal ysis of silicidélligidel@mainan foprofdie siisondayeie. met hod of t he
invention conpared to the initial nickel filmover the silicon |ayer. Due
to the limtation in depth resolution of X-ray analysis, the underlying
silicon layer iFKigWsi®le in the initial nickel film WO 02/ 0l 339-t

20 The sample 12 of Figure 1d is immersed in an acid solution or is
processed in a plasma etching system for etching the silicon layer
2 while leaving the structures 6 of silicide intact. CF,.:0, is a
proper gas mixture to perform this task by plasma etching.
Alternatively, a solution of HF:H,0,:H,0 can be used as etching
25 acid solution. Following the wet or plasma etch, only the areas of
the layer 2 of silicon having been exposed to X-rays (structures

6 of silicide) remain on the substrate 3.

Figure 11



PCT/ CAU 1 /00129 23 An advantage of the present invention over conventional
processes using organic resists is that it enables a very high resol ution
in the faWg@akip of these micro-elenents. This resol uti girg@kvigiMchi eved
in part because of the excellent selectivity of sonme netal silicides such
as nickel silicide over Si and SiCin a 5 fluoride plasma. Such a
selectivity allows to performdeep directional etches in Si or Si C wthout
the necessity of a thick etch nmask. 100 nmthick silicide structures should
be sufficient to protect adequately Si and SiC patterns in |layers as thick
as 5 mcroneters without suffering fromth® wear that often destroys the
phot on sensitive resists currently used for the sanme purpose. 10 Al though
‘the present invention has been described herei nabove by way of preferred
enbodi nents thereof, it can be nodified at will within the scope of the
appended cl ai s, without departing fromthe spirit and nature of the

'subj ect invention. WO 0ZheEa3®eles20f Rigysd 1e & iTimeraghinia®; agkFyigtian dris 10129
1. A lithography nethod f i i ] res etch
resi stant netal |l sem condu [38@?{)%%%%@%%‘%“%?%%%‘; %ﬁé@%[déﬁ%:}gﬁg Oégﬁ? he
substrate superposed | ayethicloessradfatheasubstrate Somthile tleaviog datakie bofh tiesact i ng
Wi th each other to formth tch-resi stant ne | sem condyct or, conpound;
produci ng radi ation throu@ﬁuéurreﬁdﬁa?i Shc' u?r&i:?#'? ikl iﬁ\ﬁ B'é*?‘%@g fhe
radi ati on sdurce and the sHganhesn Geseiradtur@d @ of SiliGeTe bl atidlsagss a

mask defini ng radi ati on-absorbin tterns; propagati the radi ation from
t he source tg t he mask whéf 83% Pl'@g'ﬂg?? e?rF&m%fB@d?% ‘?‘%P&ng PR neRRiure i dherf or e,

said patterns are inpartegubdiratBdin eicaté @Na tamediupt BPPAFA 8Nk 8iligaH t er ned
radi ation fromthe mask to the su egé)osed nmetal and sem conductor | ayers

where energy of said patt EHPRIES {efffei 630 be used apaaspBYtUre daPPfoy thehe
metal and sem conduct or | R digh (Rlnd GG ol AorERFRAPeREL U0 BE et

and sem conduct or responsi E\%Fen%for the formation of ch resistant

net al / sem chduct or  conpo 0. st (NHb).CeN® ddsanheatsed s etahing aciccsalutes. of
etch-resi stant netal /sem conduct or conpound corresponding to the patterns
inparted to said radiation. 20 2. A nmethod as defined in claim1l, wherein
deposi ting the netal Figuk 2 énarcaltexnativerto theyset-sipod Figurestis:  depositing the
sem conductor |ayer on the substrate; and depositing the netal |ayer on the
sem conductor layer. 25 3. A method as defined in claim1, wherein

depositing the metal Irafik seticoNBiyLioR, haytrice aprairdx@eme dieausiet BV} he
et ayer!s Fadfation 11 it Gsed toJoually Shoy the aper 1 oSl B e 1svers of Sicon, O the
In this set-up, the mask 18 comprises a substrate 14 having one EUV reflective
face 13 on which EUV absorbing patterns 15.are formed. This mask 18 is
interposed between the source 17 and the sample 12 constituted by the
substrate 3, the metal layer 1 and the silicon layer 2. As illustrated in Figure 2,

20 the reflective substrate 14 extends generally perpendicular to the sample 12 and
the EUV radiation 11 is projected at an angle on the face 13. The latter angle is
selected so that the EUV radiation 16 reflected from the face 13 is projected onto
the layer 1 of metal of the sample 12. As can be appreciated, the EUV radiation
16 reflected from the surface 13 is patterned by the patterns 15. The energy of

25 the EUV radiation 16 is absorbed at least in part by the layer 1 of metal. The
energy of the EUV radiation absorbed by the metal layer 1 enables diffusion of

the metal 1 and silicon 2 layers in each other to form the structures 6 of silicide.

Of course, the EUV lithography system of Figure 2 may further include



WO 02/ UG33l -1 25 PCT/ CAO1 /00129 4. A nmethod as defined in claim1, wherein
said radiation is an X-ray radiation. 5 5. A nethod as defined in claim1,
wher ei n s@ighliasiogt i on is an extrene ultraviol et radiatiorpePead/dipiohod as
recited in claim1, wherein said mask conprises a substrate transparent to
said radiation and including the radiation-absorbing 10 patterns, said

met hod conpri sing propagating the radiation through the radiation
transparent substrate. 7. A nethod as recited in claim1, wherein said mask
conprises a radiation reflective substrate including the

radi ati on-absorbing patterns, said 15 nethéd conprising reflecting said
radi ation fromthe source on the radiation reflective substrate toward the
-metal and sem conductor |layers. 8. A nethod as defined in claim4, wherein:
said mask conprises an X-ray transparent substrate 20 including X-ray
absorbing patterns formng said radi ati on absorbing patterns; and said

et hod conpri sgelemeotsigaﬁishgwhheudﬁ] aayeﬂ@girauérﬁgs Hd&lﬁrﬁr@f&cé @re\?/\&;huf:ﬁ(}h or g
transparent substrate. . nmet hod as. defin in claimb, erei.n: sai
mask conprises SHak eé'\%r&a%ﬁ f’%’\WGSPéF'e roé'plr@_LPﬁgﬂ'”édﬁs??%tﬂé‘? CRBY (Riliciee
extreme ul travi glrgdturebByr1Heas Ikt aregsu=0y fMaa8 &agféré&f_ﬂbébw&t@%@?@d ng
patterns; and WO 112/116339-4 26 PCT/ CAO1 /U0129 said nethod conprises

reflecting the BXxPstask Qimavhdepyuaandsiican layarsiwithiefle@ive prerastiesn t he extrene
ultraviolet geflective substrate toward the netal and sem conductor |ayers.
5 10. A nethod as recited in claim1, wherein the sem conductor is selected
fromthe group consi dustrigwerd toirméntion thajdhensoiraenof X-rap Todrf2WV dif rafliation i con

and ger mmni um - Bl byl 360 & AL, IOSRNAr o b ASIMELGRNY 80y

combi nati on of rum’ arseni’c, um ni um pho
met hod as reci t tdexcite allightrandiftingdmateriah Thé evanelerdth obths phetohe thomrtitersduree gr oup

consisting of titaniu zirconium. hafniu vanadi u ni_opi ntal um
chrom um nol bee%'ﬁf%ﬁ%@t ?Sﬁﬁ'ﬁﬁﬁL@?ég} AhseRPte Ry %Weghté%htﬁ’fit?? di um
ni ckel , pal1Gdi process fiformamn etehpieeistans mettsemitioRduct G EbnidbdiRH UM

Deposition of the layer 1 of metal on top of the layer 2 of silicon can, in
some instance, cause formation of some silicide residues at the metal/silicon
interface. Such undesirable silicide residues can be removed using a wet etching

15 solution. A chemical etch solution containing an acid such as HF:H,0,:H,O or
HNO3;:HF:H,0 can be used for that purpose.

According to an alternative, the layer 1 of metal can be first deposited on

the previously cleaned substrate 3. The layer 2 of silicon can then be deposited

20 on the layer 1 of metal. Again the metal of the layer 1 must be capable of

reacting with the semiconductor of the layer 2 to form metal/semiconductor

compound. An electron beam evaporation technique or a sputtering technique

in a low vacuum chamber can still be used for depositing both layers 1 and 2.

The same operations as described hereinabove can then be used to form the

25  structures of metal/semiconductor compound. The subsequent etching
techniques are also the same.

The above described resistless lithography method constitutes a high

resolution technique capable of producing a structure of etch-resistant



15 12. A nethod as defined in claim1, wherein the substrate is nmade of a
material selected fromthe group consisting of tantalum polycrystalline
silicon, eedaksoyium 13. A nethod as defined in claiml,pyvhesqivnidone
substrate is nade of a 20 nmaterial selected fromthe group consisting of
metal , sem conductor material, insulator material, and a comnbi nation
thereof. 14. A nethod as defined in claim1, wherein the sem conduct or
conprises silicon, and the netall sem conductor conpound conprises sificide.
25 15. A nethod as defined in claim1l1, further conprising: etching the
metal |ayer white |eaving the structures #b etch-resistant

nmet al | sem conductor conpound intact; and WO 02/ 06339. 1 PCT/ CA01/ 00129 27
-etching the sem conductor |ayer while | eaving the structures of

etch-resi stant netal | sem conductor conpound intact. 16. A nethod as defi ned
in claim15, further conprising: 5 etching the substrate except in regions
‘prot ected by theefalfseoticondsctof carhpdundam ssubstrateawitt lireeudthe bdlowt50rnng.onpound
to thereby transfer said patterns fromthe structures of etch-resistant

met al / sem conductor conpound to the substrate. 10 17. A nethod as defined
in claim15, further conprising; etching through a portion of the thickness
of the substrat exc?%e in regions protected by the structures of

et ch-resi st ant m conduct or conpound to thereby transfer said
patterns frognthe structures of etch-resistant netall sem conductor 15
conpound to the substrate. 18. A nethod as defined in claim15, wherein:
the substrate cEXdMPEk Xaray|iasqopyingf | ayers; and said method further
conprises etching through at feast 20 one | ayer of the substrate except in
regions protected by the structures of etch-resistant netal |l sem conductor
conpound to thereby imafist examplieothpanetbotigcdording tatbe pteseot inverioofwill be

et ch-resi st ant I cl.Qr d to said at | east one | ayer of

t he substrate. gg&%éj tgiﬁé &%ﬁfﬂ% &f%)ég%nﬁ'g ‘in claim15, wherein said etching
conprises wel - etching. W O 02/06339:1 28 PCT/ CAO1/U0129 20. A nethod as

e Lt B0 115, et e 34t of S, SR eo B35 el Shifdpnt A
etching. 22. A sei)ddloaieddsf anasbpropy | sdofibP bathWard @héh Fisst @1 GRIRIThe
conpri ses membrane is held flat and rigid by a ring of silicon. First, a 50 nm thick layer of
chromium is deposited by sputtering on the surface of this membrane, followed
15 by a 500 nm thick layer of tantalum. Afterward, a 20 nm thick layer of silicon is
deposited on the layer of tantalum by cold sputtering, using helium as a plasma
gas in order to reduce the sputtering rate and therefore reduce the grain size of
the silicon layer. A 20 nm thick layer of nickel is deposited on top of the silicon
layer, also using cold sputtering with helium as the plasma gas. The grain size
20 that can be achieved using this technique is smaller than 10 nm for both the
silicon and the nickel fayer. This grain size is one of the factors limiting the
resolution of the process and therefore, a grain size greater than the resolution

required for the process would be inadequate.

25 The top nickel layer is exposed to X-ray radiation by means of a set-up
corresponding to Figure 1b. This X-ray radiation has a wavelength in the range
of 0.5 to 1.5 nm. The X-ray radiation propagates through a mask such as 8 in
Figure 1b, made of a silicon carbide substrate 4 with X-ray absorbing patterns 5

formed of 500 nm thick layer of tantalum. Within this range of wavelengths, 80%
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an excellent resistance to CF, plasma etching, which allows the silicide structures

to adequately protect the tantalum layer during the etch. In the regions of the

tantalum layer not protected by the silicide structures, the tantalum layer is
25 completely removed and the chromium layer acts as an etch stop to prevent the

plasma from damaging the silicon carbide membrane.

)
The chromium layer can be removed by using a standard
HCIO,:H,0:(NH,),Ce(NO;); wet etching solution, except in the areas protected
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by the silicide structures.

The resulting mask is a negative tone copy of the original mask such as

8 in Figure 1b. An exact copy of the original mask can be obtained by copying the

5 result of the first generation copy obtained through this same process. In this
case, the result will be a negative tone of the negative tone copy, thus an exact

copy of the original.

Other absorbent materials can be used in the place of tantalum, both in

10 the original and the copied mask. This absorbent material can be chosen from

a group that comprises tantalum, tungsten, TaSi, WSi, Ta,B and W,B, TaGe,
TaReGe and WTi.

15  Example 2: EUV mask copying

In a second example, the method in accordance with the present

invention will be applied to the copying of a EUV mask.

20 | A blank substrate, composed of a stack of 81 alternating layers of
molybdenum and silicon, with individual layer thickness of 2.8 nm for the
molybdenum layers and 4.0 nm for the silicon layers, is prepared by cold
sputtering on a clean silicon wafer. This alternating stack of layers is reflective
for extreme ultraviolet wavelengths in the range of 10 to 20 nm, with a reflectivity

25 peak around 13.4 nm. A 20 nm thick chromium layer is deposited by sputtering
on this substrate, followed by a 40 nm thick SiO, layer and a 100 nm thick
tantalum layer. Afterward, 20 nm thick silicon and nickel layers are deposited on
top of the tantalum layer using coid sputtering to limit the grain size and prevent

the diffusion of each layer into the other layer through heating of the substrate.
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The top nickel layer is exposed to EUV radiation by means of a set-up
corresponding to Figure 2, using a source 17 which generates an EUV radiation
at a wavelength in the range of 10 to 20 nm. The EUV radiation 11 from the

S  source is reflected by a mask 18 made of a substrate 14 with an EUV reflective
face 13. EUV absorbing patterns 15 are formed on the face 13 using a 100 nm
thick layer of tantalum. The patterns 15 are transferred or imparted to the EUV
radiation 16 reflected from the reflective face 13 and are préjected in negative
tone on top of the nickel layer. The areas of the nickel layer exposed to the EUV

10  radiation 16 form structures of silicide with the underlying silicon layer. More
specifically, the energy of the photons absorbed by the top nickel layer induces
the reaction by which is induced the formation of the structures of silicide at the

nickel/silicon interface.

15 The silicide being etch-resistant, it is then possible to remove by wet
etching the unexposed regions of the nickel layer, leaving the silicide structures
intact. A HNO;:CH;CHOHCH;:H,0 (5:2:50) solution at room temperature is a
proper acid to conduct this etch.

20 The 20 nm thick silicon layer can also be etched, except in the areas in
which silicide structures have been formed, using a HF:H,0,:H,0 (3:1:300) acid
solution. Once this layer of silicon is removed, only the silicide structures are left

over the tantalum layer.

25 A directional etching by a CF, plasma in a reactive ion etching system is
used to transfer the patterns to the tantalum and SiO, layers. In such a system,
CF, gas molecules are excited to ionic state, making them very reactive with
tantalum and silicon atoms. Nickel silicide has an excellent resistance to CF,
plasma etching, which allows the silicide structures to adequately protect the



10610%& ()-f!13 10%8S& ()-f!qg3 | . MLOY& ()- gF+10%& ()- F( 109%& () - S3

&910%&' ()-(((((())*nN'S, 10% u& ()- 10% u& ()- L10% u&

() -

F's10% u&wo 021fd%s0e& () - 10% u& ()- 10 10***) +l +++aBnlN S, 1080T1/CA01/00129
"S10% u& ()-10% u& ()-10% u& ()-y 10% u& ()-10% u& ()-!{
f910%uu& ()-++,j,,=--aBmN'S, 10% . ML0% u& ()-!~) 10% u-u& ()-zF

F(10% u& ()-F &10% u& ()- FIMLO% u& ()-#10% u& ()---+.°

dYNCS, 10% 10-u

10-u 10-u &9 10% u& ()-&610% u& ()-310% u& ()-F 110% u& ()-F
010% u& ()-....6///~?YNCS, 103 , 10%& ()-! @ 10%<& ()-!3
SMLOY@ER' () - 3" 109%@& () - 10%@& () - 910%@& ( 19/ gooowl1B2z[ 9YNC! ( 109%&' () -
YL0%E@® ()-!\! 10%@@& ()-3 10%@& ()-!~S 109%& ()- !aS 10%@e& ()-
.B22n3344444z7] "P1L10%@%' ()- 10@@ 10@® 10@@ 5' 10%@@& ()- / 109%a& ()- !/
1098 ()- '} ( 109%& ()-4445f556dEAP1L10% 10%@& ()-2zS 109%@& ()- F 10%@& ()-3
&10%@& ()- 3" 10%@& ()- 10%@& () - 6@06667a7dEMPLL10% % 10%@& () -

#L10%@&' ()-F L1déengum) amsl $ihdaxges dyring teg@tol.)In tis1 osai@ms(not arateesd By the P1LY

10

15

20

25

silicide structures, the tantalum and SiO, layers are completely removed and the
chromium layer acts as an etch stop to prevent the plasma from damaging the

reflective stack of alternating molybdenum and silicon layers.

The chromium layer can be removed by means of a standard
HCIO,:H,0:(NH,),Ce(NO,); wet etching solution, except in the areas protected
by the silicide structures.

The resuiting EUV mask is a negative tone copy, and an exact copy of

the original can be obtained by copying again this negative tone copy.

Other EUV absorbing materials can be used in the place of tantalum,
both in the original and the copied masks. This EUV absorbing material can be
chosen from a group that comprises tantalum, tantalum silicide, tungsten,

tungsten silicide, TaB, and WB,, TaSiN, chromium, nickel and nickel silicide.

Example 3- Integrated circuit components

In a third example, the method in accordance with the present invention

will be applied to the fabrication of MOS transistor gates.

The substrate is a wafer of silicon which previously underwent several
steps of fabrication, including gate oxide fabrication using conventional micro-
fabrication. For transistor gate fabrication, a 30 nm polycrystalline silicon layer
is deposited on top of the wafer by low pressure chemical vapor deposition, using
SiH, as the main reactive gas. A 50 nm chromium layer is then deposited by
electron gun evaporation on top of the polycrystalline silicon layer. The top

chromium layer is exposed, in a set-up corresponding to Figure 1b, to X-ray
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g pa(téfns 5 of tantalum. The patterns 5 of tantalum on the substrate 4
5 corresponds to the gates of the transistors in negative tone. The patterns 5 are
projected on the surface of the 50 nm thick chromium layer. The areas of the
chromium layer exposed to X-ray radiation form silicide structures with the
underlying 30 nm thick polycrystalline silicon layer. The chromium layer absorbs

an important part of the energy of the X-ray radiation, and this absorbed energy

10  induces the reaction responsible for the formation of the silicide structures at the

nickel/silicon interface.

Since the silicide structures are etch-resistant, it is then possible to
remove by wet etching the unexposed regions of the nickel layer, leaving the
16  silicide structures intact. A solution of HCIO,:H,0:(NH,),Ce(NO;); at room

temperature is a proper acid to perform this etch.

The polycrystalline silicon layer can then be removed either by using a
controlled plasma etching using SF; gas to form the plasma, or a conventional

20  polycrystalline silicon wet etching solution such as HF:HNO3:H,0.

The resulting gates are made of chromium silicide, which presents a
greater conductivity than the polycrystalline silicon used for the fabrication of
gates in conventional processes. This would be an advantage over the

25 conventional method, especially for MOS transistors operating at high
frequencies where the limited conductivity of polycrystalline silicon is a limitation.
This method does not require a resist to fabricate the gates, which allows a better
resolution (only limited by the grain size of the metal deposition). The fabrication

of a metal silicide gate is also compatible with the conventional fabrication
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processes for other elements of integrated circuits.

Several other metals can be used to form the silicide with the
polycrystalline silicon layer. The criteria for choosing this metal are the

5 compatibility with the MOS process, the ability to absorb X-rays, and the
chemical selectivity of the metal layer in regard of the silicide formed with the

underlying polycrystalline silicon layer.

Example 4- Micro-machining applications
10
The method according to the present invention has also applications to
the micro-fabrication of electrical and/or mechanical elements. As an example,
a 50 nm silicon layer and a 50 nm nickel layer ére deposited by electron gun
evaporation on top of a substrate containing a 5000 nm thick layer of SiC over
15  a 500 nm thick sacrificial layer of glass. |

The top nickel layer is exposed to X-ray radiation through a set-up
corresponding to Figure 1b. A source 7 (Figure 1b) generates X-ray radiation 9
having a wavelength in the range of 0.5 to 1.5 nm. The X-ray radiation 9

20 propagates through the mask 8 made of a silicon carbide substrate 4 with X-ray
absorbing patterns 5 made of 500 nm thick layer of tantalum. In this particular
example, the patterns 5 represents the electrical and/or mechanical micro-
elements. The patterns 5 are therefore projected in negative tone on the surface
of the nickel layer. As explained hereinabove, the areas of the nickel layer

25 exposed to X-ray radiation form silicide structures with the underlying silicon

layer.

Since the silicide is etch-resistant, it is then possible to remove by wet

etching the unexposed regions of the nickel layer, leaving the silicide structures
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intact. A HNO,:CH;CHOHCH;:H,O (5:2:50) solution at room temperature is a
proper acid to perform the latter etch.

The 50 nm thick silicon layer can also be etched, except in the areas
5  protected by the silicide structures, using a HF:H,0,:H,O (3:1:300) acid solution.

Once the layer of silicon is removed, only the silicide structure is left over
the SiC layer. A directional etching by a SF4.O, plasma in a reactive ion etching
system is used to transfer the patterns to the SiC layer by chemically removing

10 this layer except in the regions protected by the silicide structures. The reactive
ions are accelerated perpendicular to the surface of the substrate, in order for the
etched sidewalls to be vertical. In the regions of the SiC layer not protected by
the silicide sfructures, this SiC layer is completely removed down to the sacrificial
glass layer. This glass layer can be completely removed using a strong HF

15  solution. If left long enough in the HF solution, the glass material (SiO,) will
dissolve completely, including the portions located underneath the patterned SiC
micro-elements. These micro-elements will therefore separate themselves partly
or completely from the giass iayer, and can afterward be manipulated

independently and assembled to form a mechanism.

20
Just a word to mention that Figure 3 is a micrograph showing nickel
silicide structures (squares} for using X-rays to transfer the patterns from a mask
(grid) to a silicon substrate.
25 Figure 4 is a X-ray micro-analysis of silicide structures formed using the

method of the invention compared to the initial nickel film over the silicon layer.
Due to the limitation in depth resolution of X-ray analysis, the underlying silicon

layer is visible in the initial nickel film.
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‘08109 ()-{|m|]|] || peadvantage of the present invention over conventional processes using

organic resists is that it enables a very high resolution in the fabrication of these
micro-elements. This resolution can be achieved in part because of the excellent
selectivity of some metal silicides such as nickel silicide over Si and SiC in a
5 fluoride plasma. Such a selectivity allows to perform deep directional etches in
Si or SiC without the necessity of a thick etch mask. 100 nm thick silicide
structures should be sufficient to protect adequately Si and SiC patterns in layers
as thick as 5 micrometers without suffering from the wear that often destroys the
photon sensitive resists currently used for the same purpose.
10
Although the present invention has been described hereinabove by way
of preferred embodiments thereof, it can be modified at will within the scope of
the appended claims, without departing from the spirit and nature of the subject
invention.
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WHAT IS CLAIMED IS:

1. A lithography method for fabricating on a substrate structures of etch-
resistant metal/semiconductor compound, comprising:

depositing on the substrate superposed layers of metal and
semiconductor capable of reacting with each other to form the etch-resistant
metal/semiconductor compound;

producing radiation through a radiation source;

interposing between the radiation source and the superposed metal and
semiconductor layers a mask defining radiation-absorbing patterns;

propagating the radiation from the source to the mask where the patterns
absorb radiation and, therefore, said patterns are imbarted to said radiation; and

propagating the patterned radiation from the mask to the superposed
metal and semiconductor layers where energy of said patterned radiation is
absorbed locally by the metal and semiconductor layers to (a) induce the reaction
between the metal and semiconductor responsible for the formation of etch-
resistant metal/semiconductor compound, and (b) thereby produce the structures
of etch-resistant metal/semiconductor compound corresponding to the patterns
imparted to said radiation.

2. A method as defined in claim 1, wherein depositing the metal and
semiconductor layers comprises:
depositing the semiconductor layer on the substrate; and

depositing the metal layer on the semiconductor layer.

3. A method as defined in claim 1, wherein depositing the metal and
semiconductor layers comprises:
depositing the metal layer on the substrate; and

depositing the semiconductor layer on the metal layer.

Y
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4. A method as defined in claim 1, wherein said radiation is an X-ray
radiation.

5 5. A method as defined in claim 1, wherein said radiation is an extreme
ultraviolet radiation.

6. A method as recited in claim 1, wherein said mask comprises a

substrate transparent to said radiation and including the radiation-absorbing

10  patterns, said method comprising propagating the radiation through the radiation
transparent substrate.

7. A method as recited in claim 1, wherein said mask comprises a
radiation reflective substrate including the radiation-absorbing patterns, said
15  method comprising reflecting said radiation from the source on the radiation

reflective substrate toward the metal and semiconductor layers.

8. A method as defined in claim 4, wherein:
said mask comprises an X-ray transparent substrate
20 including X-ray absorbing patterns forming said radiation-
absorbing patferns; and
said method comprises propagating the X-ray radiation
through the X-ray transparent substrate.

25 9. A method as defined in claim 5, wherein:
said mask comprises an extreme ultraviolet reflective
substrate including extreme ultraviolet absorbing patterns forming

said radiation-absorbing patterns; and
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said method comprises reflecting the extreme ultraviolet
radiation from the source on the extreme ultraviolet reflective

substrate toward the metal and semiconductor layers.

5 10. A method as recited in claim 1, wherein the semiconductor is selected
from the group consisting of silicon, germanium, a combination of silicon and
germanium, gallium, arsenic, aluminium, phosphor, indium, and any combination

of gallium, arsenic, aluminium, phosphor and indium.

10 11. A method as recited in claim 1, wherein the metal is selected from the
group consisting of titanium, zirconium, hafnium, vanadium, niobium, tantalum,
chromium, molybdenum, tungsten, manganese, iron, cobalt, rhodium, iridium,

nickel, palladium, platinum, copper, silver, zinc, and cadmium.

15 12. A method as defined in claim 1, wherein the substrate is made of a
material selected from the group consisting of tantalum, polycrystalline silicon,

and chromium.

13. A method as defined in ¢claim 1, wherein the substrate is made of a
20 material selected from the group consisting of metal, semiconductor material,

insulator material, and a combination thereof.

14. A method as defined in claim 1, wherein the semiconductor
comprises' silicon, and the metal/semiconductor compound comprises silicide.
25
15. A method as defined in claim 1, further comprising:
etching the metal layer while leaving the structures of

etch-resistant metal/semiconductor compound intact; and
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etching the semiconductor layer while leaving the
structures of etch-resistant metal/semiconductor compound intact.

16. A method as defined in claim 15, further comprising:
etching the substrate except in regions protected by the
structures of etch-resistant metal/semiconductor compound {o
thereby transfer said patterns from the structures of etch-resistant

metal/semiconductor compound to the substrate.

17. A method as defined in claim 15, further comprising:
etching through a portion of the thickness of the substrate
except in regions protected by the structures of etch-resistant
metal/semiconductor compound to thereby transfer said patterns
from the structures of etch-resistant metal/semiconductor
compound to the substrate.

18. A method as defined in claim 15, wherein:
the substrate comprises a plurality of layers; and
said method further comprises etching through at least
one layer of the substrate except in regions protected by the
structures of etch-resistant metal/semiconductor compound to

thereby transfer said patterns from the structures of etch-resistant

metal/semiconductor compound to said at least one layer of the

substrate.

19. A method as defined in claim 15, wherein said etching comprises wet

etching.

F

F
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plasma etching.

21. A method as defined in claim 16, wherein said etching comprises wet

5 etching.

22. A method as defined in claim 16, wherein said etching comprises
plasma etching.



