FABRI CATI ON OF STRUCTURES OF METAL/ SEM CONDUCTOR COVPOUND BY X- RAY/ EWV
PRQIECTI ON LI THOGRAPHY Abstract: A |ithography nethod for fabricating
structures of etch-resistant netal -sem conductor coapogust2ads a substrate
wWith sub-mcroneter scale resolutions is describes. Superposed |ayers of
metal and sem conductor capable of reacting with each other to form
et ch-r esiv® %033t al / semi conduct or conpound are depBSVEAHOBH t he substrate.
Radi ati on froma X-ray/ FUR source propagates through a patterned X-ray
transparent/EUR refl ective mask and is projected on the superposed neta]j
and sem conductor layers. The X-ray transparent mask includes X-ray
absorbing patterns inparted to the X-ray radiation while the FIN reflective
mask i ncludes EUV absorbing patterns!also inparted to the EUV radiati on.
The energy of X-ray/EUV photons is absorbed locally by the netal and
sem conductor |ayers. Absorption of this energy induces a reaction between
the two | ayers responsible for the fornmati on of etch-resis- tant

nmet al / sem conduct AP g\ﬁa e rl'b%iﬁl .Ag to the patterns
inparted to the r%?gltgl on brwl:t e ;ﬁf&%é'?ﬁ%ﬁ"ﬁgé@\n gjeﬁlrte?ﬁal | ayer is
subsequent |y et chesCOMPRENE VMAWV}MT@NW%%Q, | eavi ng the
structures of etch-resistant nmetal/sem con- doctor conpound intact. 2
August 2005 WD 02/063394 PCT/ CAO /00129 1 FABRI CATI ON OF STRUCTURES OF
MVETAL/ SEM CONDUCTOR COVPOUND BY X- RAY/ EWV PRQIECTI ON LI THOGRAPHY 5
BACKGROUND 8OF THE I NVENTION 1. Field of the invention: 10 The present
invention relates to a net i | uctures of etch-resistant
met al / sem conduct or conpouér}gg%é@yﬁgatg’ﬁwgn@%gh, in particular but not

exclusively, X-ray or extrene ultraviolet (EUV) lithography. 15

1. Field of the invention:

10
The present invention relates to a method for fabricating structures of
etch-resistant metalfsemiconductor compound on a substrate through, in
particular but not exclusively, X-ray or extreme ultraviolet (EUV) lithography.
15

2. Brief description of the prior ari:

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. Vae. Sci. Technol. B 15(6),
Nov/Dec 1897, 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 circult is fabricated.
25
In the case of X-ray lithagraphy, one of the major areas of concem is the
difficulty to produce masks with sufficient resolution and with no defects. Also,
these masks will be submitied, during production, to a large amount of thermal

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




2. Brief description of the prior art: Due to the predicted di m nution of
the critical dinmension in integrated circuits, deep ultraviol et

| ithography will be replaced as the main |ithographéugwo200520 for

i ndustrial production within five years ["Potentials and chall enges for

| i t hography beyond 193 nm optics" John Canning, J. Vac. Sci. Technol. B
15(6), P2E9é§941997 pp. 2109-2111]. X-ray |ithogr BoHGA4PE2°EUV | it hogr aphy
are potentlal replacenent t echnol ogi es 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 |ithography, one of the major areas of
concern is the difficulty to produce masks with sufficient resolution and.
with no defects. Also, these masks W#1| be submitted, during production,
to a large amobunt of thermal stresses caused by the absorption of the
X-rays ["Process technol ogies for 2 August 2005 WO 02/063394

PCT/ CA01/ 00129 2 Ta/SiC X-ray masks", M Yanmada, K Kondo M Nakaishi, J.

Kudo, K, Sugi %)s.ﬁax-ra} mEék@-ctnﬁ d{hgae&a@fmd%% (h?z%](ars}ﬂ 5 Yk

i on
2231-2242]. The abil mask W res u lon has al r eady
been denonst ra?'&ﬁhw J @leéﬁqch% SeedAT (7). 1up 998 prpy 2231 ]ITéﬁg*éiéy and progress
in X-ray lit hoﬂrp?&ﬁ a%a&@ﬁﬁlﬁ'ﬂagﬁ res%luhdheﬁa‘g‘?éﬂ'ead} be¥@@emopirated BFhNOl . B 16(6) ,
Nov/ Dec 1998, Qﬁt % %EF'P I—fp w the throughput of mask production is
limted by theSFitgh bGam egrachy [ihabenges #nc Pragiess iRersieY fitheoreiY ui fil | and by
the |imtedsspéssanef. SHlambm, dnvdmeamTelcmrtoh@grrS@mble'Ee 1998 pRadse- t he t hr oughput
of mask produc @e to €9 L nal mask made by
el ectron beam {4?] d‘%@gh@g {I'%t"s‘%t %aﬁ R @?ogbﬂ g% a"l'qrvﬂﬁl%s conventi onal
phot on- sensi t i &riterie §wit each nagk hasdmrifitt anct Yyahe fngitet epsed of elexiron bmmmuask to a
wafer, and t he:m%gragm 7 Rofle taéqﬁm&dﬁbmﬂh&kfp% d,:%&b- (B tern tr ansf er
toathlcklayer absorber with vertical
be to copy an original mask made by electron beam lithography. X-ray
10 lithography generally uses conventional photon-sensitive resists to transfer the
patterns from the mask to a wafer, and these resists are not suitable for sub-100
nm pattern transfer to a thick layer of absorber with vertical sidewalls such as
needed for mask copying. This is mainly due fo the poor resistance of those
resists to plasma etching. In turn, the ability of structures of silicide or other
15  metal/semiconductor compound to adequately protect an absorbent layer during
plastma etching has already been demonstrated in relation to electron beam
lithography ["Methaod for fabricating submicron silicide structures on silicon using
a resistles lectron beam lithography process” D. Drouin, J. Beauvais, R. Lemire,
E. Lavallée, R. Gauvin, M. Caron, Appl. Phys. Lett. 70 (22}, 2 June 1997, pp.
20  3020-3022; and "Fabrication of sub-micron silicide structures on silicon using
resistless electron beam lithography” J. Beauvais, D. Drouin, E. Lavallée, US
patent number 5,818,143, 29 June 1989].

‘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 (8),
Nov/Dec 1998, pp. 3142-3148). The wavelengths being considered for EUV

| lithography are of the order of 10-20 nm, which requires for adequate absarption

a thickness of approximately 100 nm of metal. This absorbent is spac_-.ed apart by




needed for mask copying. This is mainly due to the poor resistance of those
resists to plasnma etching. In turn, the ability of structures of silicide
or other 15 netal/sem conductor conpound to adequat elasgyst 2¢05ct an absor bent
| ayer during plasma etching has already been denonstrated in relation to
el ectron beam |ithography ["Method for fabricating subm cron silicide
struct ur OB i con using a resistles |ectron beBFCA%UPEYr aphy process”
D. Drouin, J. Beauvais, R Lenre, E. Lavallee, R Gauvin, M Caron, Appl.
Phys. Lett. 70 (22), 2 June 1997, pp. 20 3020-3022; and "Fabrication of
sub-mcron silicide structures on silicon using resistless electron beam
it hography"” J. Beauvais, D. Drouin, E. Lavallee, US patent nunber
5,918,143, 29 June 1999]. The sane ki&d of absorbent as for X-ray

| it hography nmasks are being 25 considered for EUV |ithography masks
["Extreme ultraviolet |ithography", CW Gwn, R Stulen, D. Sweeney, D.
Attwood, J. Vac. Sci. Technol. B, 16 (6) Nov/ Dec 1998, pp. 3142-3149].

The wavel engt hs_bei consj dered raphy are of the order of
10-20 nm whi cﬁbvfgea@??’éép'%h’ aé?d@h’h’ﬁlf l@ye(gs %?p"(" ﬁ@ﬁ" Indhg R RIS of

appr oxi mat el y Mmecoﬁcaimnedisthé'bbllﬁyatmmrtmusorb@t spiareslffenast by 2 August
2005 WD 02/ 06 : fter. r ally a 50 nm
thick | ayer of ﬁ@?@@@éﬁ%&%}g %(r%l%ﬁgvec'g%eﬂ%f % pégl éoro%ﬁ} ﬁger%“ tical issues
i s the abilityl"$tadyeefcemeviakpredssoiob bufier et qnhwltﬂnybrf efrEUMAyeask”, B t h verti cal

si dewal | s agd ﬁ@émng\freobé%%”ﬂn'ﬁﬂéha% eAblkoYA. M@E%ﬁl,ﬁﬁm%ﬁb{bﬂﬁﬁye [" St udy

of renoval process for ayer on mul ayer

Hoshi no, T. OyaleemM 'I*é?ka%e@*'ﬁ?a » HProqggraings of %rﬂ%%‘mpeaﬂ\lmaﬂra’no A.
Chiba, B-T Le€onidnck in®uniSh, 1@1-malemberaomp§@@wlm?srn9fre LiR8 akfeat European Mask

ot erence i AR BENRRE o S BB B Bl T S5
t he patterns tibe abdocbentizndthobnfer mpat. t he buffer | ayer.
10
Another application of structures of silicide or other metal/semiconductor
compound in microelectronics is the fabrication of transistor gates having a low
electrical resistivity. Previously, the fabrication of transistor gates was limited in
speed by the electron beam lithography processes used to form the silicide or
16  other metal/semiconductor compound ["Salicidation process for submicrometre
gate MOSFET fabrication using a resistless efectron beam [ithography process"
S. Michel, E. Lavallée, J. Beauvais, J. Mouine, Electronics Letters, 35 (14), 22
July 1999, pp. 1283-1284)] or in resolution by the patlerning 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. App!. 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.




10 Anot her application of structures of silicide or other

nmet al / sem conductor conpound in mcroelectronics is the fabrication of
transi stor gates having a low electrical resistivity. Previously, the
fabrication of transistor gates was linmted in speed gytbsts el ectron beam
| i t hography processes used to formthe silicide or 15 ot her

net al / sem conduct or conpound r"Salicidation process for subm crometre gat e
MOSFET fabrication using a resistless e4! ectron beam |ithography process”

S. Mchel, E. Lavallee, J. Beauvais, J. Muine, Electronics Letters, 35
(14), 22 July 199‘910ﬂ19p0b1q029t3hqa®a£}ntmventlnn rsé@cﬁplarmtbnpbsvmtemeorpatter ni ng of

the gate [" Sahdafit faikts SRl st application" F.
Deng, R A 20 Johnson. P.M Asbeck. S é’““‘%%*‘@‘“%""a°’%*ﬁ€?@3y, 3. Appl .

Phys., 81 (12), 1997, pp. 8047-80511. To overcone these limtations, a

hi gh resol ution projecti on SUMWARYORIAE INVERGIDN que 1S required. The di rect
formation of silicide or other netal/sem conductor conpound by X-rays or
EUV neets with these requirenents. 25 OBJECT OF THE | NVENTI ON An obj ect of
the present invenin @ncardancheribl theepieserdvievertore thére iabpreddeddescri bed

dr aubacks 'of ' kol BEid for eRrlS! o X0 bulBLISY OBl Lhe present

invention is to relacet rrc or anic resists of the pI’IOI’ art
by structuresm?i?VSﬁ@F%ndP@%rn?mw&tcamprtsﬁlﬁpéﬁnﬁaltmg SOMBERSUDSIE HE | NVENTI ON | n

accor dance vvnstubemb@dmdyeﬁsejﬂnetawméenmﬂdactwb@ablé oPfe@dfihgl@h @ach! i t hogr aphy
met hod for fiqu@e{ﬁatf' ng,, on %u-re Q?Pé)r at e stlcr:u res of ng Crh rl%m st ant
met aVsemi con P TIB{58 R TERRIFR edalisgn QT |°P|“H‘(:fi‘ nPPHENG upst r at e
super posed | agdiation dfrougk taaradiatiod ssae, drderphsing detwearpthbIraziiatidn sopmet i ng wi t h each
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, the patterns are imparted to the
radiation, and propagating the patterned radiation from the mask to the
superposed metal and semiconductor layers where 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 of etch-resistant metalfsemiconductor 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 ELFV radiation.

In a resistless lithography method of the above type, the use of X-ray or
EUV radiation enables the production of pattemed 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




other to formthe etch-resistant metal/sem conductor conpound, producing
radi ati on through a radiation source, interposing between the radiation
source and the superposed netal and sem conductor |ayers a nask defining
radi ati on- absorbing patterns, propagating the radi g%@gtﬁg@mthe source to
the mask where the patterns absorb radiation and, therefore, the patterns
are inparted to the radiation, and propagating the patterned radi ation
fromthe mask to the superposed neta and sem conductor |ayers where
energy of the patterned radiation is absorbed locally by the netal and
sem conductor phay@rs to (a) induce the reaction between the netal and

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

met al / sem conduct or conpound, and (b) thereby produce the structures of

et ch-resi stant netlalaétaneonthimibodimenspihaithogtphy Aepednaicdding0 t he patterns
inparted to tt‘]oel[‘%f?'gé g‘%{i’;‘on. The radiation may be X-ray or ELFV radiation. In
a resistless I1Thog: y nethod of the above type, the use of X-ray or EW
radi ati on enabl es the production of patterned structures of etch-resistant
met al / sem conduct or ' i ' s@rder of the
shorter of the thi (g%ﬁ%gggé‘fggm%%ﬁc%ﬂ%n?@&@l%}%ﬂ%&pﬁ%s& \?Se“fIH ngth of the
X-ray or EW 2 Augudhe seoisgndustoripyst emibe subﬁ%ﬁt@@m@aﬁm the roetalenbodi nent s of
the |ithography nethger cadieemicoftiuctbQafene i nvention: - Depositing the netal
and sem conductor |ayers conprises depositing the sem conductor |ayer on
the substrate, and depositing the nmetal |ayer on the sem conductor | ayer.
- Depositing the metepostingths eetalentshnddonduclopim@rscompises depesiingeposi ting the

'[Tﬁtealrre![ Zre{aggrt he ?hlét?ﬁettél %S/gr’on%dsugs?rgf%,séntdidggosﬁigge ths g&‘ﬁigo%rc]ﬁjclf'o?t or layer on

layer on the metal layer.

- The mask comprises a substrate transparent to the radiation and
including the radiation-absorbing patterns, and the lithography
method comprises propagating the radiation through the radiation
transparent substrate.

- The mask comprises a radiation reflective substrate including the
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
transparent substrate including X-ray absorbing patterns, and the
-lithography method comprises propagating the X-ray radiation
through the X-ray transparent substrate.




- The mask conprises a substrate transparent to the radiation and

i ncludi ng the radi ati on-absorbing patterns, and the |ithography nethod
conprises propagating the radiation through the radizatugasn20ds anspar ent
substrate. - The mask conprises a radiation reflective substrate including
the radiation-absorbing patterns, and the nethod conprises reflecting the
radi ati on"PP¥I¥Phe source on the radiation reflecti PEea8t¥%te toward the
nmetal and sem conductor |ayers. - The radiation is a X-ray radiation, the
mask conprises a X-ray transparent substrate including X-ray absorbing
patterns, and the |I|ithography nmethod conprises propagating the X-ray

- radiation through the X-ray transparent substrate. 2 August 2005 WO

02/ 063394 PCT/ CAOL/ 00129 6 - The radéation is an EUV radiation, the mask
conprises an EUV reflective substrate including EUV absorbing patterns,
and the |I|ithography nethod conprises reflecting the EU/ radiation fromthe
source on the EUV reflective substrate toward the netal and 5

sem conductor |ayers..- The sem c uctor is selected fromthe group
consi sting of silicon® BU7teR N E’Me‘ng f%%a?}ﬁ'?:ﬁ%& Mgk EAMRERSS; oRUMind  ger mani um

gal lium arsenic, alrafecthisusnbstpito splding EUMdibsorbingnatany ananhé nati on of
gallium 10 arsenic,; 1 N h nd, | adi,um_.The tal is selected
fromthe group consi g%@h}égﬁ%}h%dé:ﬁ'?%ﬁsqgs r%percé'@ﬂ%%gv rﬁq?%'% f?fﬂn{ﬁ?/anadi um

ni obi um tantal um cleowne 1om therddUybreientive substiaig dowand teamgtehesd, i ron,

cobal t, rhogium iri dielEbnditeiers. 15 Pal ladium platinum copper, silver,

zinc, and cadm um
- 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,

10 arsenic, aluminium, phosphor and indium.

- The metal is selected from the group consisting of titanium, zirconium,
hafnium, vanadium, niobium, fanialum, chromium, molybdenum,
tungsten, manganese, iron, cobalt, rhodium, iridium, nickel,

15 palladium, platinum, copper, silver, zine, and cadmium.

- The substrate is made of a material selected from the group
consisting of tantalum, polyerystalline silicon, chromium or any other
suitable 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 efch-resistant metal/semiconductor compound intact.




- The substrate is made of a material selected fromthe group consisting
of tantalum polycrystalline silicon, chromumor any other suitable
netal, sem conductor naterial, insulator material oeAagus?@0sonbi nation
thereof. - The sem conductor conprises silicon, and the netall sem conduct or
conmpound conprises silicide. 25 - The |ithography nethod conprises etching
t he met alWQ&peB%4zhil e |eaving the structures of etREFEAREIRPaNnt

met al / sem conductor conpound intact, and etching the sem conductor | ayer
while leaving the structures of etch-resistant netal/sem conductor
conpound intact. 2 August 2005 WO 02/063394 PCTI CA01/00129 7 - The

| ithography nethod further conprises etching through at |l east a portion of
the thickness of the substrate except7in regions protected by the
structures of etch-resistant metal/sem conductor conmpound to thereby
transfer the patterns fromthe structures of etch-resistant 5

net al / sem conductor conpound to the substrate. - The substrate conprises a
plurality of layers, _and the |Iithography method further conprises etching
through at |east one TgjBearaphy mpteod feries ampriges efchipe fivoushatieagt dns pr ot ect ed
by the structures of paiiehofld thiehkssionthe siftratb cRRBPH if REBRCIeEctePMPound to

t hereby transfer theb atterns })r@g t.i‘le stégcture of etch-resistant

net al / seni conduct or ¥ S{OLCEHH I MEEURMICGRRCIPLIPEPORH 1 he subst r at e.
- Etching conprises wetebgrirapdfertmapatembifiog. the dthuckies|of ehvaaaandbf t he present

i nvention igclude co f X3l | it hography; copying of a
mask for EU?/ it hogrgﬁlp)é%d)y‘g,en%i Yo c{égtr%(%&cpgﬁriqdétﬁthgg}j%ﬁvgfﬁbnt S

- The substrate comprises a plurality of layers, and the lithography
method further comprises etching through at least one layer of the
subsirate_except in regions protected by the structures of etch-

10 ' resistant metal/semiconductor compound to thereby transfer the
patterns from the structures of etch-resistant metal/semiconductor
compound {o said at least one layer of the substrate,

- Etching comprises wet or plasma etching.
15
Applications of the present fnvention include copying of a mask for X-ray
lithography; copying of a mask for EUV lithography; the fabrication of elements
of an infegrated circuit through direct formation of conductive
metal/semiconductor compound patterns on the integrated circuit; and micro-
20  machining of three dimensional electrical and mechanical components.

The foregoing and other objects, advantages and features of the present
invention will become more apparent upon reading of the following non restrictive
description of preferred embodiments thereof, given for the purpose of lllustration

25  only with reference to the accompanying drawings.

BRIEF DESCRIPTION OF THE DRAWINGS

In the appended drawings:




of an integrated circuit through direct formation of conductive

nmet al / sem conduct or conpound patterns on the integrated circuit; and mcro
20 machi ning of three di mensional electrical and neehagistadosconponents. The
foregoi ng and ot her objects, advantages and features of the present
invention will becone nore apparent upon reading of the foll ow ng non
restrictiWe2§8%cription of preferred enbodi nents tHMEF@9001Yi ven for the
purpose of illustration 25 only with reference to the acconpanying

draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS |In the appended draw ngs: 2
August 2005 WO 02/063394 PCT/ CA01/00129 8 Figure la is a side elevational
~view of a substrate on which |ayers of sem conductor and netal have been
deposited; 5 Figure Ib is a side elevational view of the substrate with the
sem conductor and netal |ayers of Figure 1 a, exposed to X-ray radiation
through a mask; Figure Ic is a side elevational view of the substrate with
the 10 sem conductor and netal |ayers of Figures la and 1 b after exposure
to the X-ray radiation, showi ng structures of mnetal/sem conductor conpound
formed in the areas previously exposed to X-rays; Figure Id is a side

el evational view ofF.gndaelasubstdéateeaﬁeﬁal lie@ WF & Subkfate loh whkkl layd® olC, i N which
the areas of the. cme (9%’ I_gdi/m | é‘ecte by the structures of

met al / seni condUCY S FT% %aﬁg\(; eﬁ% 'gs hed; Figure | e is a side

el evational view of the substrate of Figures | a, 1 b, 1 c¢c and 1d in

uhich the 2 eas of chlie #2M Qgéjcélé%t:onglyﬂ%wné?tthgrs%)&% Y nd e

structures of nmet al 'sem con uc or ound have been et 0 Ieave on t he
substrat e onl yeepigonduptarang metpblavers of Elﬁ'ilfé & Grrosestio Xomradiation through
amask; '

Figure 1c is a side elevational view of the subsirate with the
10 semiconductor and metal layers of Figures 1a and 1b after exposure to the X-ray
radiation, showing strucfures of metal/semiconductor compound'formed in the

areas previously exposed to X-rays;

Figure 1d is a side elevational view of the substrate of Figures 1a, 1b and
15 1e, in which the areas of the metal layer not protected by the structures of
metal/semiconductor compound have been etched;

Figure 1e is a side elevational view of the substrate of Figures 1a, 1b, 1¢c

and 1d, in which the areas of the semiconductor layer not protected by the

20  structures of metal/semiconductor compound have been eiched 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  except in regions protected by the structures of metal/semiconductor compound;

Figure 2 illusirates 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;




Fi gure'lf is a side elevational view of the substrate of Figures 1 a, 1b, 1

c, Idand le, in which the substrate has been etched through a part of its
thickness 25 except in regions protected by the stipugustesosof :
nmet al | sem conductor conpound; Figure 2 illustrates an alternative to t he

i thography set-up of Figure 1b, for processing the substrate with

sem condu¥P8¥esBM netal |ayers of Figure la, in wWhPEHCAW®IR ray radi ation
source is replaced by an EUV radi ati on source; 2 August 2005 WD 02/063394
PCT/ CA01/ 00129 9 Figure 3 is a mcrograph show ng nickel silicide patterns
formed through the use of X-ray radiation to transfer patterns froma mask
~to a substrate; and 5 Figure 4 is graph presenting a X-ray m cro-anal ysis
of the conposition of silicide struct@res fornmed by exposing to X-rays a

ni ckel |ayer applied to a silicon |ayer. DETAILED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS 10 In the different figures of the appended

~drawi ngs, the corresponding elenents are identified by the sane reference
nuneral s. Appended Figures la, 1b, 1lc, 1d, 1e and 1f illustrate the various
steps of 15 a preferred enbodi ment of the method according to the present

i nvention, for fatﬂrguceeau'samcﬁdgrapﬁtshuwgnﬁkaéur[mtpaﬁdrrmm@emd@ﬁor conpound on

b 3. hod d Fi la,
Tor 1o, ta. e R ey eRBERohug! Ol PR B B GBS ol 8 1) 1o

produce X-ray radr ation 20 9. The X-ray radiation 9 propagates through a

mask 8 madeg of X—rqr:?ucesgg,ﬁﬂ,ﬂgesgﬁhég&quﬁmg@nﬂys}éﬁrﬁg03 gﬁcp‘a&ent substrate

4. The mask 8 repro u rns latton 10
propagat i ng fr%ﬂﬁdﬁﬁ@”%@@e@'@yeﬁ%mswﬁﬁa'lﬁeH%}@eaR}?\iEdéO%ﬂlemrate 3, a
sem conductor jggyer 2 and a netal layer 1. The patterned X-ray radiation
10 forns structures 6 of netal/sem conductor

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

10

In the different figures of the appended drawings, the corresponding
elements are identified by the same reference numerals.

Appended Figures 1a, 1b, 1c, 1d, e and 1f illustrate the various steps of
15 a preferred embodiment of the method according to the present invention, for

fabricating structures 6 of metal/semiconductor compound on a substrate 3.

Generally 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 transparént substrate 4. The mask 8 reproduces the
patterns 5 in the X-ray radiation 10 propagating frorn the mask 8 to the sample

12 made of a subsirate 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 struciures 6 of metal/semiconducior compound,



25 compound at the interface of the netal layer 1 and the sem conduct or

| ayer 2. More specifically, the preferred enbodi nent of the nethod
according to the invention, for fabricating struct gnagusb26us

met al / sem conduct or conpound, 2 August 2005 WO 02/063394 PCT/ CA01/ 00129

10 forned for exanple of ultra-narrow |ines of netallsem conductor conpound
onto theveus¥pate 3, can be sunmari zed as fol | owsPCHEHYIE291a: 5 A | ayer 2
of sem conductor is first deposited on a previously cleaned substrate 3. A
| ayer | of nmetal capable of reacting with the sem conductor to form

met al | sem conductor conpound is then deposited on the sem conductor |ayer
2. As anon [imtative exanple, an el ectron beam evaporation technique or
a sputtering 10 technique in a | ow vd®uum chanber can be used for
depositing both layers 1 and 2. The substrate 3 can be nade of tantal um
pol ycrystalline silicon, chromumor any other suitable netal,

sem conductor material, 15 insulator material or a conbination thereof.

Layer 1 can be_nade of tals such as titapium zirconiu haf ni um

vanadi um ni obf°mﬁ?r§ﬁ?@$%‘ﬁ1mﬁﬂﬂ?%"ﬂ?ﬁ0%%?(%5ﬁ5'hnfﬂszt°rcf"?]%’g% e ranganese,
iron, cobalt, thaeudbstrate 3jqantie summarizakasliolio?® pal | adi um pl ati num copper,
silver, zinc, cadmum or any other netal or netal alloy wth absorbent
properties in regard to X-ray or EUV photons used' in the photolithography
operation, or BgUred®bi nati on of the foregoing metals. 25 In this preferred
embodi ment, s5the layer 2 @S2 Bl GAHIAHRICRF isl st dEB6kRePbn 8iptdvie@dly and the

net al / sem conduct or conpound which is . .
leaned substrate 3. A layer 1 of metal capabie of reacting with

the semiconductor to form metal/semiconductor compound is
then deﬁosifed on the semiconductor layer 2. As a hon limitative
example, an electron beam evaporation technique or a sputtering

10 technigue in a low vacuum chamber can be used for depositing
both layers 1 and 2,

The substrate 3 can be made of tantalum, polycrystalline silicon,
chromium or any other suitable metal, semiconductor material,

15 insulator material or 2 combination thereof,

Layer 1 can be made of metals such as titanium, zirconium,
hafnium, vanadium, niobium, tantaium, chromium, molybdenum,
tungsten, manganese, iron, cobalt, rhodium, #ridium, nickel,

20 palladium, platinum, copper, silver, zinc, cadmium, or any other
metal or metal alloy with absorbent properties in regard to X-ray
or EUV photons used in the photolithography operation, or a
combination of the foregoing metals.

25 In this preferred embodiment, the layer 2 of semiconductor is
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, galfium, arsenic, aluminium, phosphor,




formed is silicide. However, it is within the scope of the present
invention to use a | ayer 2 nmade of germanium a conbination of silicon and
germanium gal lium arsenic, alum nium phosphor, 22Augs?003005 WO

02/ 063394 PCT/ CA01/ 00129 11 indium or any conbination of gallium

arsenic, alum nium phosphor and indium Figure 1b: 5 The X-ray

| it hogr apmg odeispce 7 produces X-ray radiation 9. TheCT/ersho1l® made of the
X-ray transparent substrate 4 with X-ray absorbing patterns 5 is

i nt erposed between the source 7 and the sanple 12 consisting of the
substrate 3 wth the silicon 2 and netal 1 layers. The X-ray radiation 9
fromthe source 7 10 propagates through the nask 8 to produce the patterned
X-ray radiation 10. More specificalli, the X-ray radiation 9 fromthe
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

radi ation by the patterns 5 inparts these patterns 5 to 15 the X-ray

radi ation 10. The patterned X-ray radi atio 0 is projected onto the |ayer

| of nmetal to alloy tHBUYP, ?rc@}’(yﬁ""i’i'm%%f’aﬂg"f”"}* & aYINURkuce this
reaction, the netal of phesphbeandindiipart|ly absorbs the X-ray 20 radiation
fromthe mask 8. And the energy of these partly absorbed X-rays produces a
diffusion of the nmetal | and silicon 2 layers in each other to formthe
structures 6 ofiggefhici de. OF course, the structures 6 of silicide

correspond §0 the patt efigX-ray Rhogrdphfsdliicel fodubNOdY fftdns. Fhe X-ray
radiation 10. mask 8 made of the X-ray transparent substrate 4 with X-ray
absorbing patterns 5 Is interposed between the source 7 and the
sample 12 consisting of the substrate 3 with the silicon 2 and
metal 1 layers. The X-ray radiation 9 from the source 7
10 propagates through the mask 8 to produce the patterned X-ray
radiation 10. More specifically, the X-ray radiation 9 from the
source 7 propagates through the X-ray transparent substrate 4
but is absorbed by the X-ray absorbing pattems 5. Absorption of
the X-ray radiation by the patterns 5 imparts these patterns 5 to

15 the X-ray radiation 10.

The patterned X-ray radiation 10 is projected onto the tayer 1 of
metal to alloy the silicon 2 and metal 1 layers. To induce this
reaction, the metal of the layer 1 parily absorbs the X-ray

20 radiation from the mask 8. And the energy of these partly
absorbed X-rays produces a diffusion of the metal 1 and silicon
2 [ayers in each other to form the strucfures 6 of silicide. Of
course, the structures 6 of silicide éorrespond to the patterns 5 of
the mask 8 reproduced in the X-ray radiation 10.

25

Figure 1c:

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




25 Figure 1c: The areas of the netal 1 and silicon 2. |ayers 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 | ageygustpocgach 2 August
2005 WD 02/063394 PCT/ CAO /00129 12 other. Figure Id: The sanple 12 of
Figure 1c is imersed in an acid solution or 5 processed in a plasma

et chi ng sW@&P2633%40r etching the nmetal |ayer | whil ePCRGAMEMG29 he structures
6 of silicide intact. The proper acid solution or gas plasma to perform
this task depends on the nature of the netal layer 1. In the case of a

ni ckel |ayer, a solution of HNO3: CH3CHOHCH3: H20 can be used as etching
acid solution. 10 In the case of a chromum | ayer, a solution of

HCl O4: H20: (NH4) 2Ce(NOB) s can be used 1@s etching acid solution. 1In the case
of a platinum|layer, an aqua regia solution (HNGO3:HCl:H20) is a proper
acid solution. A plasma froma Cl2 : 02 mixture would be an alternative to
all of the above wet etching 15 solutions. After this wet or plasnma etch,
only the areas of the m%}al | ayer 1 havi ng been, exposed to X-rays
(structures 6 of silic é) remain on top of the silicon layer 2. Figure
le: 20 The sanple 12 of Figure Id is imersed in an acid solution or is
processed in qﬁgh@§§a etching systemfor etching the silicon layer 2 while

| eaving the strlUctures 6 of silicide intact. CF4: 2 is a
The sample 12 of Figure 1c is immersed in an acid solution or

5 processed in a plasma etching system for etching the metal fayer
1 while leaving the structures 6 of silicide intact. The proper acid
solution or gas plasma to perform this task depends on the nature
of the metal layer 1. In the case of a nickel layer, a solution of

' HNO;:CH,CHOHCH,:H,0 can be used as etching acid solution.

10 In the case of a chromium I[ayer, a solution of
HCIO:H,0:(NH,},Ce{NO,); can be used as etching acid solufion.

In the case of a platinum layer, an aqua regia solution

{HNO,:HCEH,O) is a proper acid solution. A plasma from a Cl, :

O, mixture would be an alternative to all of the above wet etching

15 solutions. After this wet or plasma etch, only the areas of the
metal fayer 1 having been exposed to X-rays (structures 6 of

silicide) remain on fop of the silicon layer 2.

Figure 1e:
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 fask 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 1f;




proper gas mxture to performthis task by plasm etching. Alternatively,
a solution of HF: H2ZO2: H20 can be used as etching 25 acid sol ution.

Fol I owi ng the wet or plasma etch, only the areas of 2dubg&tbegser 2 of silicon
havi ng been exposed to X-rays (structures 6 of silicide) remain on the
substrate 3. Figure 1ff. 2 August 2005 WD 02/063394 PCT/ CA01/00129 13 The
sanpl e 12¥@2/0633%ure le is imMmersed in an acid sol ut PEHCAINGIZY pl aced in a
pl asma etching systemto etch through a part of the thickness of the
substrate 3 while leaving intact both the structures 6 of silicide and the
areas of the substrate 3 5 underneath these structures 6 of silicide. The
proper acid solution or gas plasma to performthis task depends on the
nature of the substrate 3. In the cd8e of a tantalumor polycrystalline
silicon substrate, CF4:02 can be used as gas mixture to performthe

pl asma etch. In the case of a chrom um substrate, a solution of 10

HCl O4: H20: (NH4) 2Ce(NOG3) 6 can be used as. etching acid solution. Figure 2
is an alternative to t set-uz%(}f.Fi gur s 1b. In thedsoitt.-ug_of Figure 2, a
source 17 of extrene ul YPSOTRF & TFEYG)' Is/BmPias AP 8fd tpiotited to | ocal Iy
alloy the layer 1 of netlatkd mralasine elchipesys@mdb efsh thraugha part of thdi s set - up, the
mask 18 conprises a sulg i . f t ace 13 on

whi ch EUV absor bi ng pa?tﬁ'ré%n%‘gssei%ﬂ]gP%\_‘%t%%ngg.ﬁh&%%ﬁnﬁagﬁ&lg&?éthJi nt er posed

bet ween the source 17 d&ftctime bsafrplidde] andc figserpesuob dhepyubstvde Substrate 3,

the metal Imyer | and typerfidatii 1528 sthdiRs 6.4f sifi8e.iTht proper adi@sbulioh Fi gure 2, 20
the reflective substrate 14 ext?nds %E&ggﬁasgbgpgﬁgrpendl cular to the sanple

12 and the EUV radi at i%fasPasme igpegp Sfighenabie ¢l f ace 13. The

|l atter angle is substrate 3. In the case of a tantaium or polycrystalline silicon

substrate, CF,:0, can be used as gas mixture to perform the
plasma eich. [n the case of a chromium substrate, a solution of
10 HCIO,H,0:(NH,},Ce{NGO,)s tan be used as.etching acid solution.

Figure 2 is an alternative to the set-up of Figure 1b.

In the set-up of Figure 2, a source 17 of extreme uliraviolet (EUV)

15 radiation 11 is used to locally alloy the layer 1 of metal and the layer 2 of silicon.
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 iliustrated in Figure 2,

20  thereflective 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 onio

the layer 1 of metal of the sample 12. As can be appreciated, the EUV radiation

16 reflected from the surface 13 is patierned 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



selected so that the EUV radiation 16 reflected fromthe face 13 is
projected onto the layer 1 of netal of the sanple 12. As can be
appreciated, the EUV radiation 16 reflected fromthaugistdease 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 nmetal. The energy of the EUWV
radi ati oV p6#Eed by the netal |ayer 1 enabl es difPUECAHHOMI® the netal |
and silicon 2 layers in each other to formthe structures 6 of silicide. O
course, the EUV lithography systemof Figure 2 may further include 2 August
2005 WD 02/063394 PCT/ CA01/00129 14 elenents (not shown) such as
reflective lenses to introduce a reduction or enlargenent factor between
the original patterns 15 and the copyi4(silicide structures 6). These
| enses are usually nade of a parabolic substrate covered by a stack of
mol ybdenum and silicon |layers with reflective properties. 5 Just a word to
mention that the source of X-ray 7 or EWV 17 radiation may be a

source, a laser source, or a source using a laser to

synchrotron,
excite a light® 'é'ﬁ?"ttﬁ nqbSTelesYcR as TefREfivedansesiagitiedete 4 FRSUBABOBNS from t he
source 7, 17 emar@dmmemcﬁoabm el ofigied eatter®NET G) B OFOSiicre | N t he net al

conpound. _DepoS PSSl ARERlerbdl i bl B bRl bR er 5 or
silicon can, ibyasankef mdwdameand@mmmwmmfbmivebroaazutrﬂs. silicide residues
at the rreta{k)/si licon interface. Such undesirable silicide residues can be

renoved using a wet etching 15 solution. A chem cal etch solution
cont ai ni ng an aci dJ4t@nvegsto peniigndiat thecowee offver 7 IFERY A7 cadigtie used for t hat

pur pose. Accorﬁlhmat@nomtra% haﬁaﬁésou@e aués@réoafy@brasogfcem{g%as@an be first
deposited on the g @/I ousaagm ned S bstr yer 2 of silicon
L g ‘Etﬁ@

can then be deB&¥ ht eyt i“93T°fWEtp5‘?t°"si(§'H 'T?SPW@E’ metal of the
| ayer 1 nust bg 12 &uhbdea tohave sufficient energy absorption in the metal layer 1 for the

10 process to form an etch-resistant metal/semiconductor compound.

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

16 solution. A chemical efch solution containing an acid such as HF:H,0,:H,0 or
HNO4:HF.H,O can be used for that purpose. '

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

the previously cleaned substraie 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 spuitering 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

technigues are also the same.

The above described resistless lithography method constitutes a high
" resolution technique capable of producing a structure of efch-resistant




‘reacting with the sem conductor of the layer 2 to form netall sem conduct or
conpound. An el ectron beam evaporation technique or a sputtering technique
in a low vacuum chanber can still be used for deposplaugetesush | ayers 1 and
2. The same operations as described herei nabove can then be used to form
the 25 structures of netal/sem conductor conpound. The subsequent etching
techni queXO Y334 so t he sane. The above descri bed rBci/cAq/dd | it hography
nmet hod constitutes a high resolution technique capable of producing a
structure of etch-resistant 2 August 2005 WD 021063394 PCT/ CAOL/ 00129 15
met al / sem conduct or. conpound on a substrate 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 w5 be applied to the copying of a
X-ray mask. 10 A bl ank nenbrane of silicon. carbide, is cleaned by using an
acetone bath, followed by an isopropyl alcohol bath, and then rinsed in
water. The nenbrane is held flat and rigid by a ring of silicon. First, a
50 nmthick layer of chromumis deposited by sputtering on the surface of
this nmenbrane, MPBYIBIRSEAUSEr GPPgUnd9n ar?H’?ﬁltrﬁ‘ith W@Fhs@ﬁw‘ﬁ’é @ um Afterward,
a 20 nmthick layer of silicon is deposited on the |layer 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 |ayer.
A 20 nmthi ck Examgpiesof nickel is deposited on top of the silicon |ayer,
~also using gold sputtering with heliumas the plasma gas. The grain size 20

that can be achieved using this technique is smaller than 10 nm for both
t he Example 1: X-ray mask copying

In a first exampie, the method according to the present invention will be
applied to the copying of a X-ray mask. .
10
A blank membrane of silicon carbide, is cleaned by using an acetone
bath, followed by an isopropyl alcohol bath, and then rinsed in water. The

membrane is held flat and rigid by a ring of silicon. Firsi, 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
sflicon 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 sificon carbide substrate 4 with X-ray absorbing patiemns 5

* formed of 500 nm thick layer of tantalum. Within this range of wavelengths, 80%




silicon and the nickel layer. This grain size is one of the factors
limting the resolution of the process and therefore, a grain size greater
than the resolution required for the process woul d2bhggistastaquate. 25 The
top nickel layer is exposed to X-ray radiation by neans of a set-up
corresponding to Figure 1 b. This X-ray radiation has a wavelength in the
range ofW@UM6BY 1. 5 nm The X-ray radi ati on propagB€eeAMIBugh 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% 2 August 2005 WO 02/063393 PCT/ CAO /00129 16 of

. the X-ray radiation propagating through the tantalum patterns 5 are
absorbed. The patterns are thereford6i nparted in negative tone on the
surface of the nickel l|ayer. The areas of the nickel |ayer exposed to
X-ray radiation forma silicide with the underlying silicon |ayer.

Approxi mately 40% of the energy of the X-ray 5 radiation is absorbed in the
20 nm ni ckel bsor bed ener&bﬂ‘l nduces the reactjon that forns

er
the structur esa%‘T )ggay{agia Praragaipo thiougidhe tantplum gaftermsdSerg abeaibedthe sili ci de
bei ng et ch- r esTiwtpattdrs dré themfotdimparted hiviebdties fore drﬁl@s(ﬁa&}bw@h[ckeﬂ!t ching the

unexposed regi V|n he, si lde tructures 10
intact. A Hmﬁ%ﬁﬁéfﬁii%éﬁﬂlﬁ%%{”ﬁl’%%%ﬁe‘h Wi a'?ﬂfo%%ﬂf % rature is a
proper acid tothpandasying siitos lewes MppPkmately| 40800f thapeergyafnthalXsey be et ched,

except in the [ or med, using a
HE: H202: H20$]( 3@8'%563)58%6@@3%@%‘1 SR jayaf TS, eﬂé’é‘f‘“ &g OLoed:

removed, only epdioriha; fermgdhesiruciues plailiide ?féffet“'%%ﬂmntmﬁfaﬁént alum |l ayer. A
directi onal etching by a CF4 plasma in a reacti ve | on etching systemis

used to transfer tgﬁ ant IumI In such a system CF4
as nol ecul es are %F?Cé%eqeg'g e&fﬁ-l’%ﬁ! t'tés Fr'éR?sﬁ tﬂé?ﬂ"()’@ Webactive with 20
g
tantal um The etgumgtthenmckpoas regiensaf thonideriajee latiaglthp siigdastugurbar to t he
surface of 10 intact. A HNO;:CH,CHOHCH,:H,O (5:2:50) solution at room temperature is a

proper acid to perform this etch.

The 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.
15
Once the layer of silicon is removed, only the silicide structure is left over
the tantalum layer. A directional etching by a CF, plasma in a reactive ion etching
system is used to transfer the pattems to the tantalum layer. In such a system,
CF, gas molecules are excited to ionic state, making them very reactive- with
20 fantalum. The reactive ions are also accelerated perpendicular to the surface of
the substrate, in order for the efched sidewalls to be vertical. Nickel silicide has
an excellent resistance to CF, plasma efching, 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 ¢arbide membrane.
b
The chromium layer can be removed by using a standard
HCI0,:H,0:(NH,),Ce(NO,); wet efching solution, except in the areas protected




the substrate, in order for the etched sidewalls to be vertical. N ckel
silicide has an excellent resistance to CF4 plasnma etching, which allows
the silicide structures to adequately protect the taugadtunos ayer during
the etch. In the regions of the tantalumlayer not protected by the
suicide structures, the tantalumlayer is 25 conpletely renoved and the
chrom umWwey2me3sect s as an etch stop to prevent the PEH/GaMB01I9r om damagi ng
the silicon carbide nenbrane. | The chromi um | ayer can be renoved by using
a standard HCl O4: H20: (NH4) 2Ce( NOB) 6wet et chi ng sol ution, except in the
areas protected 2 August 2005 WD 02/063394 PCT/ CA0O1/00129 17 by the
sui cide structures. The resulting nmask is a negative tone copy of the
original mask such as 8 in Figure 118. An exact copy of the original nmask
can be obtained by copying the 5 result of the first generation copy
obt ai ned through this sane process. In this case, the result will be a
negative tone of the negative tone copy, thus an exact copy of the
original. Ohe tbs. tcﬁept materials can be used in the place of tantal um
?Flé{ii Si

both in 10 th UM% t he copi ed mask. This absorbent material can

be chosen from a group that conprises tantalum tungsten, TaSi, W5, Ta4B
and WIB, TaCGe, Ta : L - aﬁ?ﬂ{g - ofidVori ing In a second
exanpl e, the net hpﬁﬂ?ﬁesgg}@oﬁ%%ﬁége T Jgfcgg’b?eseoﬁ'?maﬁﬁ\%@n %8% will be

appl i ed to thedBbisiienl. Anrexact epy/offesriging mask can beotaingt b goaying the onposed of a

stack of 815al jeguitHietEst lg@eRdtion &lpy obBhEPHRIGINRREMS blob&lNn tyd t h i ndi vi dual
| ayer thickness of 2.8 nr,p for the nol ¥bdenu_m | ayers and 4.0 nmfor the
silicon |ayer Scfas?.ghedpgf;gflé)aawg@m {gne 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, WS, Ta,,E 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
snuttering on a clean silicon wafer. This alternating stack of layers is reflective
for extreme ultraviolet wavelengths in the range of 10 o 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 nicke! Iayers are deposited on
top of the tantalum layer using cold sputtering to limit the grain size and prevent
the diffusion of each layer info the other layer through heating of the substrate,




sputtering on a clean silicon wafer. This alternating stack of |layers is
reflective for extrene ultraviolet wavel engths in the range of 10 to 20
nm with a reflectivity 25 peak around 13.4 nm A 2@ apgost beosk chromi um

| ayer is deposited by sputtering on this substrate, followed by a 40 nm
thick SIQ2 |ayer and a 100 nmthick tantalumlayer. Afterward, 20 nmthick
silicon HA¥EBRE| | ayers are deposited on top of PERCAHMEY um | ayer using
cold sputtering to limt the grain size and prevent the diffusion of each
| ayer into the other |ayer through heating of the substrate. 2 August 2005
WO 02/ 063394 PCT/ CA01/00129 18 The top nickel layer is exposed to EU

radi ati on by neans of a set-up corresponding to Figure 2, using a source
17 which generates an EUV radi ation 18 a wavelength in the range of 10 to
20 nm The EWV radiation 11 fromthe 5 source is reflected by a nmask 18
made of a substrate 14 with an EUV reflective face 13. EUV absorbing
patterns 15 are forned on the face 13 using a 100 nm thick |ayer of
tantalum The patterns 15 are transferred or inparted to the EUV radiation
16 reflected fromthe reflective face 13 and are projected in negative
tone on top of theThe kaeickdl Rysis expbred &y B raghtidnthy meackefla debiyrer exposed to

the EW 10 radigbihinfo F@urgh%fsngsga{]&%vq\hcﬁbéde@tééean%wacﬁamsn under| yi ng

silicon layer. Mre specrf ener hot ons absor bed by

the top nickel atlad%ﬁ'e"%ﬂéf&fa"ﬁe@ 1P éned 'I'"BnThB)Fquﬁ@ﬁ“’l’§1 fraddeed t he
formation of tdvaresisirbfebtdd BFa MhskIBInaaé 6 sabstial2e 4 with 6BV fhbdiigon i nterface.

15 Th ilici bei t istant, it i h i ble t b t
et ching t he. unBgsaaY REgPBEatsT S as{piredon e 15 PR 0 Phe sul ci db
structures i nhieklayer Af taitillom OH8 GhitanSHS atétthntBrrdd db Bpatad tothed®UNAL T OOM
tenmperature i SraffatioR r‘!gpeﬁléctg}ﬁ’{ thﬁg re?lg&géjfﬁ% Huxr{% a?é &Eﬁectgaqn-ll; ge tive 0 nm thick

silicon |ayer can al ich silicide
struct ur es haviendgadep df themiski! layesi Thg a@aH;f ﬂimelliﬂEG %@Sid @@@)El&tl d

10  radiation 16 form structures of silicide with the undetlying silicon fayer. 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
hickelsilicon 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
fantalum and silicon atoms. Nickel silicide has an excellent resistance to CF,

plasma etching, which allows the silicide siructures to adequately protect the




solution. Once this layer of silicon is renmoved, only the silicide
structures are left over the tantalumlayer. 25 A directional etching by a
CF4 plasma in a reactive ion etching systemis usedAugudtbaossfer the
patterns to the tantalumand Si02 |ayers. In such a system CF4 gas

nol ecul es are excited to ionic state, making themvery reactive with

‘tant al um¥¥AeR0833P4 con atons. Nickel silicide has an BXEANEHE? resi stance to
CF4 plasnma etching, which allows the silicide structures to adequately
protect the 2 August 2005 WD 02/063394 PCT/ CAO1/00129 19 tantal um and
Si2 |ayers during the etch. In the regions not protected by the silicide
structures, the tantalumand Si2 | ayers are conpletely renoved and the
chromium | ayer acts as an etch stop ti® prevent the plasma from damagi ng the
reflective stack of alternating nol ybdenum and silicon |ayers. 5 The

chrom um | ayer can be renoved by neans of a standard

HCl O4: H20: (NH4) 2Ce(NOB) 6 wet et ching solution, except in the areas

protected by il IRy 0.The.resul tin UV, mask is a
negative tone %@g;ua A"H§&ﬁay§x Gldﬁ'gggth%etc%f”mteﬁ%g'%'ﬁ" § RgP &%(EW ¥8 obt ai ned by
copyi ng again slllﬂds sinshussi hetanteliw a0d PP, la@rdare cdRpiétairsmovsiiagd it er.i al s can be

used in the plaetenah IhaYRladm etk Qb copi ed nasks.
Thi s EUWV absorbl%naaiyerl aa ca(relclgg)l Epmg)rpechose;deSLr:h(la)‘Wﬁa'| dg‘?'g J‘t Rat conpri ses

tantal um t ant iRFYeTck of feTnatingmpbbdspumnd glicoe lyars | i ci de, TaB4 and \B4,
TaSi N, chrogium ni ckel and nickel silicide. Exanple 3- Integrated circuit

corrponents 20 In a d exa?) Ee net hoﬂw' n accordance with the present
invention will be’ ?) OB FYPThERT BR"PROYEH JM BFRCE 3 SRS dt or gates. The
substrate is aHMi HJO: (0H,)sGN@Rwetditiiy solution], exdshtyh the dets\eolecis@ver al

by the silicide structures.

10 The resulting 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

15  chosen from a group that comprises tantalum, tantalum silicide, tungsten,
fungsten silicide, TaB, and WB,, TaSiN, chromium! nickel and nickel silicice.

~ Example 3- Integrated circuit companents

20 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-

25  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 fayer. The top

- chromium fayer is exposed, in a set-up corresponding to Figure 1b, to X-ray




steps of fabrication, including gate oxide fabrication using conventional
m cro- 25 fabrication. For transistor gate fabrication, a 30 nm
polycrystalline silicon |layer is deposited on top of2Augesteedser by | ow
pressure chem cal vapor deposition, using SiH4 as the main reactive gas. A
50 nm chrom um |l ayer is then deposited by electron gun evaporation on top
of the poWQe¥4&¥4hl |ine silicon layer. The top chroRfTiEdEYIY s exposed,
in a set-up corresponding to Figure 1 b, to X-ray 2 August 2005 WO

02/ 063394 PCT/ CA01/ 00129 20 radiation 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 1b) and propagates through a mask 8 nmde of a silicon carbide
substrate 4 forned with a 500 nmthi @ X-ray absorbing patterns 5 of
tantalum The patterns 5 of tantalumon 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 nmthick chroniun1|ayer. The areas of

t he chromum |at|o silicigde structures
with the underﬂ%%ﬁgr'\’g 88%%9\{%3%%1&( ?é%ﬁe e aki Hé(%%ﬂ-’inﬁ‘o 8Fr. The

chrom um | ayer radisiasriggroduged ﬁwqmﬂr!:aﬁﬂ’lq@eertb) @fd prdpagatesdhrgychafmaske X-r ay
radiation, andg tn%ydﬁ &Q%ﬂ.&&?%rﬁabemﬁa@mf&ﬁtu&gﬁhta%ur.ﬁ@ 5 kKka ©SPONS! bl e for

t he forrratlon of the silici structures at nic on interface.

Si nce the sili 8fsa@ingPaitrss o fantgiugn. Theatierassh eftentaium pn the substiée4 possi bl e to

remove by wgt e&fé&sonastbhv@gareemﬁé@&smsu@ﬁ@am&taneenﬁlpsﬂ@a gayer, |eaving
the 15 silicide, st ure i on of HCI O4: H20; (NH4)2Ce(NCB)6

at room t enpe?rajfeﬁ? 0'? eé“‘fﬂ"% nge QQ:P’B trt"ig CB‘@F‘f”BT Ryey- h1h§ agpg A thehe
pol ycrystal | i nenrenilrh dsyer bxppsdd 10 3Gray ff@j’htlhefdhﬁrﬁmmwstﬁjcﬁmrwdhythélSI ng a
controlled-pla rmthe plas or a
conventi onal @%@ g%@rn&g 'Hisﬂolﬁn S%Hm ?gcgﬁ "’%er eeg’]éfﬁi“ﬁ' %VST%PFBE such as
HF: HNCB: H20: Ténempertant partrofjthg anesgy Qﬁthe Xrrepcradiagion cind s absorsddleneriggle, whi ch
Presents aqg  induces the reaction responsible for the formafion of the silicide structures at the

nickel/silicon interface.

Since the silicide structures are etch-resistant, it is then possible fo
remove by wet etching the unexposed regions of the nicke! 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
controfled plasma etching using SF; gas fo form the plasma, or a conventional

20  polycrystalline silicon wet etching solution such as HF:HNQ:H,O:

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 fimitation.
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




greater conductivity than the polycrystalline silicon used for the
fabrication of gates in conventional processes. This would be an advant age
over the 25 conventional method, especially for MOSataugispsdsor s operating
at high. frequencies where the Iimted conductivity of polycrystalline
siliconis alimtation. This method does not require a resist to

f abri cat eWPBH6EAt es, which allows a better resol ut PEHCAMI |inmited by the
grain size of the nmetal deposition). The fabrication of a nmetal silicide
gate is also conpatible with the conventional fabrication 2 August 2005 WO
02/ 063394 PCT/ CAO /00129 21 processes for other elenents of integrated
circuits. Several other netals can be used to formthe silicide with the
polycrystalline silicon |layer. The crdlteria for choosing this metal are the
5 conpatibility with the MOS process, the ability to absorb X-rays, and the
chem cal selectivity of the netal layer in regard of the silicide forned
with the wunderlying polycrystalline silicon |ayer. Exanple 4-

M cr o- machi ni ngﬁogeggééfglaottﬂepg?né%résoﬁf@@%{ﬂ@c@g&sgccordi ng to the present

i nvention has SO applica m cr'o-fabrication of electrical
and/ or mechani cal elenents. As an exanple, a 50 nmsilicon |ayer and a 50

nm ni ckel |ayer ar eqggR08hdeHletaly Ghaskt (LA BUR m HERRGA i@@ @ top of a

f
substrate containi n% a 5000 nmthick |ayer of over a 500 nmthick
sacrificial | afRivongRlige gieon feyee Thepotiptekier chespibe this mstoedhe o X-ray
r1 g;ﬂn ation thr om#paﬁbilﬁptéu@wme mosg rp&&@ﬁpmenﬁnilﬁyotolz?t@%%—ﬂa?s. a?aﬁstﬁé” ce 7 ]g Fb ggr e
generates X-ray, radjati aving a elength in the range o .5 to
15 PmThe. x- FEyEALGRRRI TG e Dol g dieke SR S WSS 8 nmde of o
si licon car bi dendsiyirgtpolytrestalinessitidon Yayeray absorbing patterns 5 nade of 500 nm
thick layer of tantalum In this particular
Example 4- Micro-machining applications
10
The method according fo the present invention has also applications to
the micro-fabrication of electricat andfor mechanical eleiments. As an example,
a 50 nm silicon layer and & 50 nm nickel layer are deposited by electron gun
evaporation on top of a substrate containing a 5000 nm thick layer of SiC over
156 a 500 nm thick sacrificial layer of glass. '

The top nickel layer is exposed o X-ray radiation through a set-up
corresponding fo 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 patierns 5 made of 500 nm thick layer of tantalum. In this particutar
example, the patterns 5 represenis the elecirical and/or mechanical micro-
elements. The patterns 5 are therefore projected in negative tone on the surface
of the nickel [ayer. 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
efching the unexposed regions of the nickel layer, leaving the silicide structures




exanple, the patterns 5 represents the electrical and/or nmechanical mcro-
el ements. The patterns 5 are therefore projected in negative tone on the
surface of the nickel layer. As explained herei nabewagudtbheosar eas of the

ni ckel |ayer 25 exposed to X-ray radiation formsilicide structures with
the underlying silicon layer. Since the silicide is etch-resistant, it is
t hen possWOP¥6BH r enove by wet etching the unexposkdl/esagharys of the nickel
| ayer, leaving the silicide structures 2 August 2005 WO 02/063394

PCT/ CA01/ 00129 22 intact. A HNOZ: CH3CHOHCH3: H20 (5: 2: 50) sol ution at room
tenperature is a proper acid to performthe latter etch. The 50 nmthick
silicon |layer can also be etched, except in the areas 5 protected by the
silicide structures, using a HF: H202: 2220 (3:1:300) acid solution. Once the
| ayer of silicon is renmoved, only the silicide structure is left over the
SiClayer. A directional etching by a SF6: Q2 plasma in a reactive ion
etching systemis used to transfer the patterns to the SiC |ayer by

chem cal ly rempyin ARl er ept _in the region rotected by the
silicide str ucpﬁ%%ﬁ%@‘*@ﬂ%&? gﬁ%?@'“@@@&"@?@ r%‘érgﬁse?ldi cular to the
surface of t heprepsostid twtperforinrihedettbeeichi.or t he etched sidewalls to be

vertical. In the regions of the SiC |ayer not protected by the silicide
structures, this SiC layer is conpletely renoved down to the sacrificial
a

gl ass layer. This dh&8%nmakjek siliceiiayes carodles lea elphedr ey bdheisieay a strong HF

15 sol utions | frote@éd byt WlliciRE Qiistlreb, Nisih§'® HFH,G.H,0 {3: 03b0) dolilighss materi al
(Si2) wll dissolve conpletely, including the portions |ocated underneath

the patterned SiC mnmicro-elenents. These micro-elenents will therefore
separ at e t hensel ve®ngshé byer olailicaaiiemeted) onlyftiiesmctibsrugiu@ssiet er , and can

af tervard be rgobRylal 8okl RERYEYYSE, BLARIEIRLER. hecbRTgn @ mechani sm

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 fortﬁe
stched sidewalls to be vertical. In the regions of the SiC layer not protected by
the silicide structures, this SIiC 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 (SiQ,) will
dissolve completely, including the portions located underneath the patterned SiC
micro-elements. These micro-elements wili therefore separate themselves partly
or completely from the glass iayer, and can afterward be manipulated
independently and assembled to form a machanism.

20
Just a waord fo mention that Figure 3 is a micregraph showing nickel
silicide structures (squares} for using X-rays to transfer the patterns from a mask
{arid) 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 fitm 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.




Just a word to nention that Figure 3 is a mcrograph show ng ni ckel
silicide structures (squares) for using X-rays to transfer the patterns
froma mask (grid) to a silicon substrate. 25 Fi gup@udustSo0d X-ray

m cro-anal ysis of silicide structures formed using the nethod of the
~invention conpared to the initial nickel filmover the silicon |ayer. _Due
to the |iwoo2sisen i n depth resol ution of X-ray anal pei/€z018hze under | yi ng
silicon layer is visible in the initial nickel film 2 August 2005 WO
02/ 063394 PCT/ CA01/ 00129 23 An advantage of the present invention over
conventional processes using organic resists is that it enables a very

hi gh resolution in the fabrication of these mcro-elenents. This

resol ution can be achieved in part beéXause of the excellent selectivity of
some netal silicides such as nickel silicide over Si and SiCin a 5
fluoride plasma. Such a selectivity allows to perform deep directional
etches in Si or SiC wthout the necessity of a thick etch mask. 100 nm

thick silicide structures s fficient to protect adequately Si
S & bartorns| AR HBRSe SR et v Strove SmerPeoSeea R oot or | ng

fromthe wear brbatic reélsten theleisénablysa Vén;ehlgrpbmmm is e daliicatien sfgiwisst S currently
used for the s t i has been
descri bed her eﬁfg@be(ﬁ)ﬁ\y/{{ Sﬁns r&s%luﬁ}n pr e er rbel%’ﬂ%%g&%é %%%eﬁ%éf it can be
nmodi fi ed at wi $glectiyity Bf Wmeh@e@@tbfs@eswch aseckglniicidel ever @ﬂdrﬁJC it t hout
departing fsomuhe sadisl éucﬁa@eze@wa% V@k%nﬁ uQéped;r&ct.ohaméf%ﬁgsl iPn. 2 August

2005 WD 02/ 063394 PCT/ CAQ1/
Si or SiC without the necesswy of a thtck etch mask 1 00 nm thlck ‘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 ofien 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.



1. Alithography nmethod for fabricating on a substrate structures of etch-
resi stant netal /sem conduct or conmpound, conprising: 5 depositing on the
substrate superposed | ayers of nmetal and seni conduetsgustagabl e of reacting
wi th each other to formthe etch-resistant netal/sem conductor conpound;
produci ng radi ation through a radiation source; interposing between the
radi at i orweounedet and t he superposed netal and 10 se@i/caovout or | ayers 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 inparted to said radiation; and propagating the
. patterned radiation fromthe mask to the superposed netal and
sem conductor |ayers where energy of Zaid patterned radiation is 15
absorbed locally by the netal and sem conductor layers to (a) induce the
reaction between the nmetal and sem conductor responsible for the formation
~of etch- resistant netal/sem conductor conpound, and (b) thereby produce
- the structures of N@S@hﬁr@i@éﬁgt met al.| sem conduct or conpound
corresponding to t at't hparted to said radiation. 20 2. A nethod
as defined in claim1, wherein depositing the nmetal and sem conductor
| ayers conprises: de i 1.l 1 substrate; and
depositing the net gIR aéfefﬂgw&pﬁdeﬁggarﬁ%%@ggﬁ%g@rﬁrﬁ%@ﬁw&E ?%'._ A nmet hod as
defined in cl afegptant pemiepneleging sPRoMad, coteprigegial and semi conduct or | ayers
conprises: geposi t'daﬁbsftih% el duB@le Qb d?agecﬁq%ié?zsr %E%eté”gnd depositing the

sem conduct or | %¥er on the netal | a%er. 2 Augus
semiconductor capable of reacting with each other to form the etch-resistant

mefal/semmiconductor compound;
producing radiation through a radiation source;
interposing between the radiation source and the superposed metal and

10 semiconductor layers a mask defining radiation-absorbing patierns;
propagating the radiation from the source to the mask where the patterns
_absorb radiation and, therefare, said pattems are imbarted to said radiation; and
propagating the pattemed radiation from the mask to the superposed
metal and semiconductor layers where energy of said patterned radiation is
16  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.

20
2. A method as defined in claim 1, wherein depositing the metal and
semiconductor layers comprises:
depositing the sémiconductor layer on the substrate; and
depositing the metal layer on the semiconductor layer,
25

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



WO 02/ 063394 PCT/ CA01/ 00129 25 4. A nethod as defined in claim1, wherein
said radiation is an X-ray radiation. 5 5. A nmethod as defined in claiml1,
wherein said radiation is an extreme wultraviolet radugistesos 6. A nmethod as
recited in claim1, wherein said nmask conprises a substrate transparent to
said radiation and including the radi ati on-absorbing 10 patterns, said

met hod co¥®P¥#3kYy propagati ng the radi ati on t hr oughPETeAM/BUaAL i on
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 nethod conprising reflecting said
radi ation fromthe source on the radiation reflective substrate toward the
metal and sem conductor layers. 8. A2%thod 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

nmet hod conpri ses propagating the X-ray radiation through the X-ray
transparent substrate. 25 9. A nethod as defined in claim5, wherein: said
mask conprises an extrene ultraviolet reflective substrate including
extrenme ul travi ol et Abwdobiangefped tnedlais 1f wherdim gpid saiadorriadh atriapn- absor bi ng
patterns; and gqAggust 2005 WO 02/ 063394 PCT/ CAO1/ 00129 26 said method
conprises reflecting the extreme ultraviol et

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

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

substrate fransparent 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 subsfrate including the radiation-absorbing patterns, said
15  method comprising refiecting said radiation from the source on the radiation

reflective substrate foward the metal and semiconductor layers.

8. A method as defined in claim 4, wherein:
sald mask comprises an X-ray transparent substrate
20 including X-ray absorbing patterns forming said radiation-
absorbing patfems; 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;
o said mask comprises an extreme ulfraviolet reflective
substrate including extreme uliraviolet absorbing patterns forming
said radiation-absorbing patterns; and



radiation fromthe source on the extreme ultraviolet reflective substrate
toward the netal and sem conductor |ayers. 5 10. A nethod as recited in
claim1l, wherein the sem conductor is selected fromauget@igBup consi sting
of silicon, germanium a conbination of silicon and germanium gallium
arseni c, alum nium phosphor, indium and any conbination of gallium
arseni c, WP BMHSHPUM phosphor and indium 10 11. A nBETOWPUEN2Y ecited in
claim1l1, wherein the netal is selected fromthe group consisting of
titanium zirconium hafnium vanadium niobium tantalum chrom um

nol ybdenum tungsten, nanganese, iron, cobalt, rhodium iridium nickel,
pal | adi um plati num copper, silver, zinc, and cadmum 15 12. A nethod as
defined in claiml1, wherein the subst2ate is nade of a naterial selected
fromthe group consisting of tantalum polycrystalline silicon, and
chromum 13. A nethod as defined in claim1l1l, wherein the substrate is nade
of a 20 material selected fromthe group consisting of netal,

sem conductor material, insulat nmat eri a a conbi pation thereof. 14.
A nethod as defined in cl ai ﬁ?“ime@ﬂ%?%]pﬂsefﬁeé'e%t@ q@cﬁ’fﬁ?ﬁﬁ‘ﬂ{;&"" npri ses
silicon, and the netal/rediationdmuutbe eoureonpibe eatrarendiravioess refisttivei de. 25 15. A
met hod as defined in C'é’&béﬂai'et L&#E{hg ta?ﬁméhﬁ:b ctoﬁ& Pssng the netal |ayer

while [eaving the structures o etc -resi sta em conduct or
conmpound intact; and 2 August 2005 WO 02/063394 PCT/ CAO /00129 27 etching

the semi congluct or h@maﬁetwwalabeecie%@deIM1tumgeln%%ers%fcwdﬁ&or@ése%hﬁ@ resistant

net al / sem cond conpoun ? r} A nethod as defined in claiml5,
further conpri gqnhtge group consisting o con germanrum a combination of silicon and

germanium, gallium, arsenic, aluminium, phospher, indium, and any combination
of galfium, arsenic, aluminium, phosphor and indium,

10 11. A method as recited in ¢laim 1, wherein the meta! is selected from the
group consisting of fitanium, 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, polyerystalline 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,
insulafor material, and a combination thereof.

14. A method as defined in claim 1, wheérein the semiconductor
comprises'siﬁcon, and the metal/semiconductor compound comprises sflicide,
25
15. A method as defined in claim 1, further comprising:
efching the metal layer while leaving the structures of
- etch-resistant metal/semiconductor compound intact; and



5 etching the substrate except in regions protected by the structures of
etch-resi stant- netal /sem conduct or conpound to thereby transfer said
patterns fromthe structures of etch-resistant netemmg@mp@gnductor
conpound to the substrate. 10 17. A nethod as defined in claim15, further
conprising: etching through a portion of the thickness of the substrate
_except i WQediIsHEPs protected by the structures of et BENEHIDHIaNt

met al / sem conduct or conpound to thereby transfer said patterns fromthe
structures of etch-resistant metal/sem conductor 15 conpound to the
substrate. 18. A nethod as defined in claim 15, wherein: the substrate
conprises a plurality of layers; and said nethod further conprises etching
t hrough at |east 20 one |layer of the&7substrate except in regions protected
by the structures of etch-resistant netal/sem conductor compound to
thereby transfer said patterns fromthe structures of etch-resistant

net al / sem conductor conpound to said at |east one |ayer of the substrate.

25 19. A nethod as defined i rein sai corrprl ses wet
etching. 2 August 2005 WO 6@?@%%1?%%%@@ JE1%8 ‘ije %‘"ﬁ@) A met hod as
defined in claiml15, whsliteimes ofaickregistantimetpl/ssoinondustescompbumg imteciet chi ng. 21. A

nmet hod as defined in claim 16, wherein said etching conprises wet 5

et chi ng.
g 16. A method as defined in ciaim 15, further comprising:

5 etching the substrate except in regions protected by the
structures of etch-resistant mefalfsemiconductor compound to
thereby transfer said patterns from the structures of etch-resistant
metal/semiconductor compound to the substrate.

10 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
15 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 af least
20 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 structurés of etch-resistant
metal/semiconductor compound to said at least one layer of the
substrate.
25
19. A method as defined in claim 15, wherein said efching compriges wet
etching.




22. A nmethod as defined in claim 16, wherein said etching conprises
et chi ng.
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20. A method as defined in claim 15, wherein said etching comprises
plasma etching.

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

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

pl asma






