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(57) Abstract: A lithography method for fabricating structures of etch-resistant metal-semiconductor compound on 2 substrate with

sub-micrometer scale resolutions is describes. Superposed layers of metal and semiconductor capable of reacting with each other to

form etch-resistant metal/semiconductor compound are deposited on the substrate. Radiation from a X-ray/EUR source propagales

through a patterned X-ray transparent/EUR reflective mask and is projected on the superposed metal and semiconductor layers. The

~~. X-ray transparent mask includes X-ray absorbing paiterns imparted to the X-ray radiation while the BUV reflective mask includes
EUYV absorbing patiemns also imparted to the EUV radiation. The energy of X-ray/EUV photons is absorbed locally by the metal and
semiconductor layers. Absorption of this energy induces a reaction between the two layers responsible for the formation of etch-resis-
tant metal/semiconductor compound with structures corresponding to the patierns imparted to the radiation by the X-ray/BEUV mask.
The metal layer is subsequently etches using selective plasma or wet etching, leaving the stractures of etch-resistant metal/semicon-
ductor compound intact. -
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15 2. Brief description of the prior art: Due to the predicted di m nution
of the critical dinension in integrated circuits, deep ultraviolet

l'i thography will be replaced as the main |ithographiéugwd200520 for
i ndustrial production within five years ["Potentials and chall enges for

it hography beyond 193 nm optics” John Canning, J. Vac. Sci. Technol. B
15(6), N&Q\;Zﬁé% 41997, pp. 2109-2111]. X-ray |ithogr BpHSA%PHEZOELV | 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 nmasks with sufficient resolution and
with no defects. Also, these masks w11l be subnitted, during production,
to a large anount 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, Sugishi g Ehﬁﬁi-ﬁﬁhﬁ 990, pp.
2231-2242] . The ablFltATI éo ucUhE§BENE%§U§ﬁGkON%HFgg%Iutlon has al r eady
been denonstr at ed b(}OMéPH &%W%V?RQE&T@HMWOMHY%Q% and progress
in X-ray I|thography 5 Jerone P. Silverman, J. Vac. Sci. Technol. B 16(6),
Nov/ Dec 1998, pp.3137- 3141]. However, the throughput of mask production is
limted by the high quality criteria that each mask has to fulfill and by
the limted speed of electron beam |ithography. To increase the throughput
of mask production, one st QPYy an ori gi nal mask nade by
el ectron beam | it hography. éé?@ég?@ﬁﬁ%kgpﬂgﬁpgﬁﬂé)generally uses conventi onal
photon-sensitive resists to transfer the

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




patterns fromthe nmask to a wafer, and these resists are not suitable for
sub-100 nmpattern transfer to a thick |ayer of absorber with verti cal
sidewal I s such as needed for mask copying. This is2agust300due to the poor
resi stance of those resists to plasma etching. In turn, the ability of
structures of silicide or other 15 netal/sem conductor corrpound to
adequat elWO PH6P¥:t an absorbent |ayer during pl asnBCEEAMPHY has al ready
been denonstrated in relation to electron beam |ithography ["Method for
fabricating subm cron silicide structures on silicon using a resistles

| ectron beam |ithography process” D. Drouin, J. Beauvais, R Lemre, E
Lavallee, R Gauvin, M Caron, Appl. Phys. Lett. 70 (22), 2 June 1997, pp.
20 3020-3022; and ' "Fabrication of sub2micron silicide structures on silicon
using resistless electron beamlithography” J. Beauvais, D. Drouin, E.
Laval | ee, US patent nunber 5,918,143, 29 June 1999]. The sane kind of
absorbent as for X-ray |ithography nmasks are being 25 considered for EW

|1t hography Maggsicl ! &Sék@“%tff%é{ddg' R Ko R0 R, J&(&%BKG’Wn R

Stul en, D. ene Nov/ Dec
1998, pp. 31423‘@1%9]3 J ﬁl?étr%a%ﬁéﬁd?hg) ey AP0ckm 32 P4 Th@rabllsauv |'i t hogr aphy

are of the ordgrpreduce 8-rddk With h}ghIr@da;uf@nwsraﬁéaafy%e@e&%@ﬁﬁeoabﬁOrptIon a

t hi ckness of a@%rom mat %é 811 %@?ﬁ)f netal. This absorbent i's spaced apart
by 2 August 20B8°ORGERD /leea a&'oaky dﬂf%essgné("ﬁﬂﬁ'?‘éﬁ“amﬂyer typically
a 50 nmthisk Jemnes P.Silvépinkik or Vsl S8l Tekimot. IBe1 6 SeoviTec BodE, pp.orse- of the

O 5SSl Bl o B BRSO 2
lLayers [" St udsritasi thabeash alasiphasde il sk byiibd frgited bpegd of aectrombear ayer of EUVL
mask", E. 5 HQﬁﬁUgFéﬁhér Yo mgrgé’éé’%e t%ugﬁﬁ%@“@sﬁ?wd&hoﬂgh@sﬂafé wapgnashi, N.

H rano, A Ch roocee |ngs of the 17"
Eur opean Mask be to copy an ongmal mask made by electron beam lithography. X-ray

10 lithography generally uses conventional photon-sensitive resists to transfer the
patterns from the mask {o a wafer, and these resisis 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 ["Method 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




Conference in Minich, 13-14 Novenber 2000, pp. 27-317]. This requires a
great level of chem cal selectivity between both etches used to transfer
the patterns to the absorbent and the buffer |ayer 2Algusfpmisher application
of structures of silicide or other netal/sem conductor conpound in

m croel ectronics is the fabrication of transistor gates having a | ow

el ectri caWOpPd61&tivity. Previously, the fabricati onPEFCAMEHY st or gates was
limted in speed by the electron beam|ithography processes used to form
the silicide or 15 other metal/sem conductor compound r"Salicidation
process for subm cronetre gate MOSFET fabrication using a resistless

el ectron beam i thography process” S. Mchel, E Lavallee, J. Beauvais, J.
Moui ne, -El ectronics Letters, 35 (14),322 July 1999, pp. 1283-1284] or in
resolution by the patterning of the gate ["Salicidation process using Ni S
and its device application" F. Deng, R A 20 Johnson, P.M Asbeck, S. S

Lau, WB. Dubbel day, J. Appl. Phys., 81 (12), 1997, pp. 8047-80511. To

overcone these liJntations hi gh. resol ution _projection |1ithographic
technique is r Eh\fﬁgf %‘&e.r' t’ﬁ’f@""oﬂaﬁc’e@? *E‘F‘&‘P)‘Féf’f %ﬂz%ﬁ%ﬁ- i"i"&‘i @ee FEUW: her
met al / sem condoret afthecotivpidesnes ithe Abiltaioetaditheusorbare bial thd Buffetiies e

requirenments. =l T, An_abj e f .the_present invention
is therefore té&o%gcon%egtgﬁseﬁgb%yg@ﬁ&e@gr]i %@V%‘r’@b\%g rl?sf’molfﬁirﬁe prior art. 2
August 2005 4"HMudit sfaemeys| rregessofor bufier [ayerswmutilayeresftiUvh mask't & r epl ace t he

pol ymeric 05  QbBRABITE Ob&wl Ml FakcsHastl, M HOKG, A vaflah sﬁmﬁ@ww@ of
met al / semi conduct or’ conpound.  SUVNVARY OF THEEf I

B-T Lee, M. lio, S. Okazaki, Prooceedings of the 17" European Mask
Conference in Munich, 13-14 November 2000, pp. 27-317]. This requires a great
level of chemical selectivity between both etches used to transfer the patterns to
the absorbent and the buffer layer.

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.




I n accordance with the present invention, there is provided a |ithography

nmet hod for fabricating on a substrate structures of etch-resistant

nmet aVsem conduct or compound, conprising, depositing on the substrate

super posed |ayers of netal and sem conductor capabl e s@fusig@sting with each

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 radiation fromthe source to

the mask where t hnother ekieah of thpresdnt indehitian isdmreplade thelpelyedcer, t he patterns

are inparted tghBRsist 8thiioib %Ms@ﬁ%lﬁsbrﬂﬂoﬁcﬂ&o%{ﬁ.{n&ed radiati on

fromthe mask to the superposeg nmet al and sem conduct o ayers where

energy of the patterned radiation is absorbed locally by the netal and

sem conductor |ayers to (a)sSUnmdaReOF The INVERGIoNoN bet ween 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 st ant nelralateedancs nwiihc ther pressnp doveatiore cheresipoprdvidegl 80 t he patterns
inparted to t I AL -adj at i < ELEV radiation. In
mp _llm'i?o?faﬁﬁv RAbth& or %ﬁg‘?ﬁ@jb’?h égg%rgﬁystrtggu%% 51?%&@&5@5& :

a resistless hogr aphy ne e above type, e use of X-ray or EW
radi ati on endBgtalSehigNdpetdeRMAcHi. FPMPISinge APROGIIBY raic ther BWbstidteet ch- r esi st ant

net al / seni condiperpoded taaRu) Abtavaidsemieducts edpable ONreddting ith dcler of the
nd t he wavel ength of the

X ray or EUV SRRIBIEE B8 eSS o cemphaLgE GPHERIEE BRI Bboc ment & of
t he | it hogr apbdiatioe thagh @cradiatibn rsgurce, dntérpasing iheteedn tha radiatiddegpoget i ng t he net al
and sem condugl §e dNRES HAMRR SERcHGRRT Il rf'd 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




the semi conduct or | ayer on the substrate, and depositing the netal |ayer

on the sem conductor layer. - Depositing the netal and sem conductor |ayers
conprises depositing the nmetal |ayer on the substrate, and depositing the
sem conductor layer on the netal layer. - The nask,ggRib&ss a substrate

transparent to the radiation and including the radiation-absorbing
patterns, and the lithography nethod conprises propagating the radiation
through the radiation transparent sgbstrate. - The nask conprises a

radi ation reflective substrate including the radiation-absorbing patterns,
and the nethogngeqeprises reflecting the radiation fromthe source on the
radi ation reflective substrate toward the netal and sem conductor |ayers.
- The radiation is a X-ray radiation, the mask conprises a X-ray

transpar ent subst riatecordandarithngnbddimants alth@lithdgiaphpaiethed Bsordmgd t he

| i t hogr aphy mf&tﬂ?ﬂ %g(g;{)ri ses propagating the X-ray radiation through the
X-ray transparen i rate. 2 August 2005 WO 02/063394 PCT/ CAOL/ 00129 6
- The radiation is an EUV radi ation, the mask conprises an EUW reflective

substrate including dé{’%g‘ﬁ%ﬁ%h?fgﬁd Qé?ﬁEEO?i?drE%Haﬁﬁ%OhE'%eSbéé’B%gr aphy et hod

conprises reflectin , Iation ource on-“the EW _
reflective substrat des§OusPRAvstadayesenthe sybgtrate; anddapeditngitarmstall ayers. - The

sem conductor is seligetdathd sepviidigogay@rp consisting of silicon, gernanium
a conbination of silicon and germanium gallium arsenic,
-~ Depositing the metal and semiconductor layers comprises depositing
the metal layer on the substrate, and depositing the semiconductor
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.




al um ni um phosphor, indium and any conbination of gallium 10 arsenic,
al um ni um phosphor and indium The netal is selected fromthe group
consisting of titanium zirconium hafnium vanadi @nugmdtetisum tantal um
chrom um nnlybdenun1 tungsten, nmanganese, iron, cobalt, rhodium iridium
ni ckel, falladlunl pl ati num copper, silver, zinc, and cadm um - The
substratéw9§ ¥ of a material selected fromthe gPEURACIRUMSi sting of
tantal um pol ycrystalline silicon, chromiumor any other suitable nmetal,
sem conductor material, insulator material or a 20 conbination thereof. -
The sem conductor conprises silicon, and the netall sem conductor conpound
- conprises silicide. 25 - The lithography nmethod conprises etching the netal
| ayer while |eaving the structures o6 etch-resistant netal/sem conductor
conmpound intact, and etching the sem conductor |ayer while |leaving the
structures of etch-resistant metal/sem conductor compound intact. 2 August
2005 WD 02/063394 PCTICA01/00129 7 - The Iithography nmet hod further

conprises etching thr 1 n of the thickness of the
substrate except in rﬂﬁ 1051’90?‘?3%9@&3‘1%8'9" ttFF'e"@f'? EROIATPES Aok Ut ch- 1 esi st ant
nmet al / sem conduct or aemqathmnshbstcate inbledli@EUVrama’biag pah@ngaintiehets fromthe
str UCt ures of etch- rqfﬁ‘l g}aEﬁVmetﬁodrEgr‘l SBSI% ec %qg?ljgﬁ\?fadlagﬁ I}g%t o the

substrate. - The substr a plur nd t he
| i t hography nethod fsgrcéean fb@rﬁu\f tsfiertiest sutistigje ttbwapdidive aetal @adt one | ayer of
the substrgte. exceRkmicBnduBt@iiQyas. Protected by the structures of etch

- 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.




10 resistant netal/sem conductor conpound to thereby transfer the patterns
fromthe structures of etch-resistant netal/sem conductor conpound to said
at | east one layer of the substrate. - Etching conpeirsgst2es or pl asma
etching. 15 Applications of the present invention include copying of a
mask for X-ray |ithography; copying of a mask for EUV |ithography; the

f abri cat iYYh02P6338 enents of an integrated circuit tPREGHESr ect formation
of conductive netal/sem conductor conpound patterns on the integrated
circuit; and mcro 20 machining of three dinensional electrical and

mechani cal conponents. The foregoi ng and ot her objects, advantages and

features of the present invention will becone nore apparent upon reading
of the following non restrictive desgription of preferred enbodi nents
t hereof, given for the purpose of illustration 25 only with reference to

t he acconpanyi ng draw ngs. BRI EF DESCRI PTION OF THE DRAWNGS In the
appended draw ngs: 2 August 2005 WD 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 Jd&p#BEIIPRY methed fyitfies cqmprises efchigg teough ehlepst dnal vi ew of
the substrate with t hertiosemieamtibedthe 3sbiraB bdept itdeghfs Rbtefitgure 1 a,

exposed to X-ray radiatio hr o a mask: Fiqure Ic is a side elevational
view of the substrat é:y%uetsﬁucﬁ%ees Oy%g"'rfﬂﬂ?'gaﬁwn@ﬁtﬂr??B’P%Lf”dlt"ayers of
Figures la and 1 b afttieseby deepsterueepdtternt fremXhe siucturesdif @ich-esistaahowi ng
structures of metal / SerdCORGNGIRF SRIBRHB e AEARA ' N the

- 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:




areas previously exposed to X-rays; Figure Id is a side elevational view of
the substrate of Figures la, |Ib and 15 1c, in which the areas of the netal
| ayer not protected by the structures of netal/seneeagstizéosr conpound have
been etched; Figure | e is a side elevational view of the substrate of
Figures | a, 1 b, 1 ¢ and 1d, in which the areas of the sem conductor

| ayer notWoPH6B¥ ed by the 20 structures of netal /BEH§A98MdNCct or conpound
have been etched to | eave on the substrate only patterns of

nmet al / sem conductor conpound; Figure If is a side elevational view of the
substrate of Figures 1 a, 1b, 1 ¢, 1I1d and le, in which the substrate has

- been etched through a part of its thickness 25 except in regions protected
by the structures of netall sem conducgor conpound; Figure 2 illustrates an
alternative to the lithography set-up of Figure 1b, for processing the
substrate with sem conductor and netal |ayers of Figure la, in which the
X-ray radiation source is replaced by an EW radi ati on source; 2 August
2005 WD 02/063394 PCT/ CA01/00129 9 Figure 3 is a mcrograph show ng

ni ckel silicide patterns formed through the use of X-ray radiation to

transfer patterns fFrgom1a uﬁasiﬁefe@moﬁaubiswroaaeubsﬁété on Which @iy of i S graph
presenting a X-r of t he gorrposi tion of silicide structures

formed by expo eé"?u 05(3'} a{gle a‘ﬁl (?ﬁ'éﬁ’epf’%ﬁ? applied to a silicon |ayer.
-DETAI LED DESCRI PTI ON OF THE PREFERRED EMBODI MENTS 10 In the different

figures of %he appg@%dﬂg vy Qgé’elév%ngl%léﬁsé?otﬂgdﬁgsha@ W%{aar €

identified by the ne reference nunerals I gures 1b, 1c, 1d,
le and 1f il | esmicgndictoraadmetal layess ujﬁewg%fexposed to X-ray radiation through

a maSk, |

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;




15 a preferred enbodi nent of the nethod according to the present invention,
for fabricating structures 6 of netal/sem conductor conpound on a
substrate 3. Generally speaking, the nethod ill ustr atsgustpodsi gures la, 1b,
lc, 1d, le 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¥P&6HEHSorbi ng patterns 5 on a X-ray transpelesiodepstrate 4. The
mask 8 reproduces the patterns 5 in the X-ray radiation 10 propagating
fromthe mask 8 to the sanple 12 nade of a substrate 3, a sem conduct or

| ayer 2 and a netal |layer 1. The patterned X-ray radiation 10 forns
~structures 6 of netal/sem conductor 25 conpound at the interface of the
nmetal layer 1 and the sem conductor layer 2. Mre specifically, the
preferred enbodi nent of the nmethod according to the invention, for
fabricating structures 6 of netal/sem conductor conpound, 2 August 2005 WO
- 02/ 063394 PCT/ CA01/00129 10 fornmed for exanple of ultra-narrow |ines of
nmetal | sem conduct or conpound onto the substrate 3, can be summarized as
follows: Figure la: 5 A layer 2 of sem conductor is first deposited on a
pr exi ours]_l y cl eaneGngmt:etBsita & &iicBogBaph Showitig@ickd! s@j‘dgrﬂaﬁ@hs fereeardugRf I eaﬁti ng

W t the sem uct conduct or co oun is then
deposited on tﬁgﬂg%%lg% g'aﬁonkﬂm ftgfpafem ol & MR PigRUPLERL Y exanpl e, an
el ectron beam evaporation techni que or a sputtering 10 technl gque in a |l ow
vacuum changer can t 2. The
substrate gb can_ be %mﬁgqa&gﬁesgﬁﬂ%ﬁkTWWQ%%SID?%E@H%F@%% chrom um or
any ot her sui t $liside sistusgs, f°’§'é‘i"r'i’ycﬁ’5PR§l!?§iQ%'faM§aQ '@‘P‘ﬂe'el@yer applied to a silicon

layer.

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 frofn 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,




15 insul ator material or a conbination thereof. Layer 1 can be nade of
metals such as titanium zirconium hafnium vanadi um niobium tantalum
chromi um nol ybdenum tungsten, nmanganese, iron, cekabdst20dsodi um iridium
ni ckel, 20 pall adium platinum copper, silver, zinc, cadm um or any other
metal or nmetal alloy with absorbent properties in regard to X-ray or EW
phot ons us@8/06¢3p t he phot ol i t hography operation, orPECAHHMINati on of the
foregoing netals. 25 In this preferred enbodi nent, the |layer 2 of

sem conductor is made of silicon, and the netal/sem conductor conpound
which is forned is silicide. However, it is wthin the scope of the
~present invention to use a layer 2 made of germanium a conbi nation of
silicon and germanium gallium arseriOc, al um nium phosphor, 2 August 2005
WO 02/ 063394 PCT/ CAO1/00129 11 indium or any conbination of gallium
arsenic, alum nium phosphor and indium Figure 1b: 5 The X-ray

| it hography source 7 produces X-ray radiation 9. The nask 8 made of the
X-ray transpargnt substrate 4 with X-r bsor bj atterng 5is

i nt er posed bet @?fﬁéa%@%ﬁeigaﬁa@w&" sr?gx'e@gsr%wg"df‘ggr&g'ﬁgqug? ?'ﬁ% of the
substrate 3 w tha sulis&ateid] ¢ao be silinreanided asddliavs:1 | ayers. The X-ray radiation 9
fromthe source 7 10 propagates through the nask 8 to produce the patterned
X-ray radiation 10. Mre specifically, the X-ray radiation 9 fromthe
source 7 propafgdredait hrough the X-ray transparent substrate 4

5 A layer 2 of semiconductor is first deposited on a previously

cleaned substrate 3. A layer 1 of metal capable 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,




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 radiation 10 is ppeug&tgshsonto the |ayer -
| of metal to alloy the silicon 2 and netal | layers. To induce this
reaction, the netal of the layer 1 partly absorbs the X-ray 20 radiation
fromthe waskes9+ And the energy of these partly abBoFeedoddr ays produces a
diffusion of the netal | and silicon 2 layers 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 ation 10. 25 Figure 1lc: The areas of the netal 1 and silicon 2. |ayers
exposed to X-rays have been converteld to structures 6 of silicide due to

t he above -nentioned diffusion of the metal 1 and silicon 2 layers in each
2 August 2005 WD 02/063394 PCT/ CAO /00129 12 other. Figure Id: The
sanple 12 of Figure 1c is imrersed in an acid solution or 5 processed in a

pl asma etching systemfor etching the ta] layer | while |eaving the
structures 6 of silici dB9T Yt "T‘?ﬁ'g""ﬁgﬁ‘pggr gﬂ'&’}/'hi Py fIBRIUBY gas pl asma to
performthis task depensesphordandéndivai ure of the nmetal layer 1. In the case
of a nickel layer, a solution of HNG3: CH3CHOHCH3: H20 can be used as

etching acid sol ution.
Figure 1h:

5 The X-ray lithography source 7 produces X-ray radiation 9. The
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




10 In the case of a chromum | ayer, a solution of HC O4: H20: (NH4) 2Ce( NO3) s

can be used as etching acid solution. 1In the case of a platinumlayer, an
aqua regia solution (HNG3:HCl:H20) is a proper aci¢asglsiboosn. A pl asna
froma Cl2": 02 mxture would be an alternative to all of the above wet

etching 15 solutions. After this wet or plasma etch, only the areas of the
met al | ay@ 024063Hyi ng been, exposed to X-rays (struck@ire¥i@df silicide)
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 a plasm etching
system for etching the silicon layer 2 while leaving the structures 6 of
silicide intact. CF4: 2 is a proper gas mxture to performthis task by
plasma etching. Alternatively, a soldtion of HF: H2Q2: H20 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 1ff. 2 August 2005 WO

02/ 063394 PCT/CAOl/OOlZg 13 The sanple 12 of Figure le is imersed in an
acid solution or is W in a pl asma etching systemto etch through a
part of the thickness of the substrate 3 while leaving intact both the
structures 6 Ofyslhd.Ccide and the areas of the substrate 3 5 underneath

t hese structure% 6 of silicide. The proper acid solution or gas plasma to
performthis task depenkh§ sawpled offdguie & sfmmerged 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;




substrate 3. In the case of a tantalumor polycrystalline silicon
substrate, CF4:02 can be used as gas m xture to performthe plasnma etch.
In the case of a chrom um substrate, a solution of 2Qugust2005

HCl O4: H20: (NH4) 2Ce(NCB8) 6 can 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 1M@92063%%4 ene ul traviolet (EUV) 15 radi ati oPCTIGAOI/801sed to | ocal |y
alloy the layer 1 of netal and the layer 2 of silicon. In this set-up, the
mask 18 conprises a substrate 14 having one EUV reflective face 13 on

whi ch EUV absorbing patterns 15.are forned. This mask 18 is interposed
bet ween the source 17 and the sanple 12 constituted by the substrate 3,
the metal layer | and the silicon laylér 2. As illustrated in Figure 2, 20
the reflective substrate 14 extends generally perpendicular to the sanple
12 and the EUV radiation 11 is projected at an angle on the face 13. The
|atter angle is selected so that the EUV radiation 16 reflected fromthe

face 13 is projected o e 12. As can be
appr eci ated, the EW rgf ezf?'f'gﬁd%%'g}"éa Fésc'?"g‘ars?c%@ﬁp?ﬂ%s@?ﬁd% 13 is
pat t er ned by t he patterpncmtﬁapTdsmaemEngyystafntQEtcbhmouﬁmvpamd‘itm| on 16 is

absor bed at | east in paghRy biie '&xaraiels%mg%s@gf B nafGhay of the ELV

radi ati on absorbed by t enab usi on o the netal |
and silicon 2 layers i rFtré‘é’eB'ﬁsét PifeF' ddg ensk thet areassof et sbskate Df silicide. O

course, thes EUWV | it hograpiiveatisdse thefureS b atkiiide m@ymﬁéﬂa&@ﬂunbmcl ude 2 August

2005 WO 02/063394 PCT/ CA01/ 00129 shown) such as
reflective |enses to irff PEHRASEE 0?@1%'2?64??3 pe“é?rﬂ“é?eg'@‘l'ﬁ‘ﬁ?f thect or bet ween
the original patterns Isubsiatk 2 Irethe ogag of & itdntatintler polrystalingrsiisort) . These

| enses are usual ly made rab ubst r at vere a stack of
sttra% Bgl qﬂ hc%%) b ugecp as Jgs ﬁ Btgr% t? F%rg)'nnlﬁ}/e

nol ybdenum and silicon ﬁuaye 5 I"ecti
plasma etch. [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




5 Just a word to nention that the source of X-ray 7 or EUV 17 radi ation
may be a synchrotron, a plasma source, a |laser source, or a source using a
laser to excite a light emtting material. The wavelagggtbooaf the photons
fromthe source 7, 17 is chosen to have sufficient energy absorption in
the metal layer | for the 10 process to form an etch-resistant

met al / serV@ B#disé4 or conpound. Deposition of the | ayB¢T/¢AGHPOIet al on top of
the layer 2 of silicon can, in sone instance, cause formation of sone ;
silicide residues at the netal/silicon interface. Such undesirable 5
silicide residues can be renoved using a wet etching 15 solution.. A

chem cal etch solution containing an acid such as HF: H202: H20 or
HNC3: HF: H20 can be used for that purpégse. According to an alternative, the
| ayer | of metal can be first deposited on the previously cleaned
substrate 3. The.layer 2 of silicon can then be deposited 20 on the |ayer
1 of nmetal. Again the netal of the layer 1 nust be capable of reacting with
t he sem conductor of the layer 2 to form netall sem conductor conmpound. An
el ectron beam ¥FBPY 4¥i W?Wf%’gi‘ﬁhiaﬁﬁ@eﬁ}"e denses fotidtadugs 3 EHAP®E in a | ow
vacuum chanber ertagensant ralct_oge%tw?]@dhé Qrigitke pattainis TBJadlDttl;lB cbﬁwglli&dél-f and 2.h gge
sanme operation | erei napove can thep used to, formthe
structures of %%‘ afeg gg%ﬂ%sgﬁe&a%stag? ”ség‘ﬁﬁ%%?ﬁafa W%ogclﬁﬁlggrdq <Y chi ng

t echni ques ar ebysd stackiochmolgtaasum drtdesilisdndayersordth cefledtivel propesiiest | ess | i t hogr aphy
met hod consgitutes a high resolution technique capable of producing a

structure of etch-resistant 2 August 2005 WO 021063394 PCT/ CAO1/00129 15
met al / sem conduct orUst 86 A eneplipnahal s sevreg ef Xnfay § o EHY WY sedigiotbel ow 50 nm

Exanpl es may be a synchrotron, a plasma source, a laser source, or a source using a laser
to excite a light emitting material. The wavelength of the photons from the source

7, 17 is chosen to have 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



-5 Exanmple 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 nenbrane of silicon carbide, is cleaned by usppgganzéset one bath,
foll owed by an isopropyl alcohol bath, and then rinsed in water. The
menbrane is held flat and rigid by a ring of silicon. First, a 50 nmthick
| ayer of Wep#P4am i s deposited by sputtering on thBCECAM/BIY of this
menbrane, followed 15 by a 500 nmthick |ayer of tantalum Afterward, a 20
nmthick layer of silicon is deposited on the |ayer of tantalum 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 nm
thick | ayer of nickel is deposited onmstop of the silicon Ilayer, also using
cold sputtering with heliumas the plasm gas. The grain size 20 that can
be achi eved using this technique is smaller than 10 nmfor both the
silicon and the nickel layer. This grain size is one of the factors
limting the resolution of the process and therefore, grain size greater
than the resol (@ m@@%ﬁowamf’w o Rsubsiratesdt lingyisthg bB'éwlsﬂa'aequate 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 of 0.5 to 1.5 nm The X-ray radi ati on propagates through a nask such
as 8 in Figurexamgles nade of a silicon carbide substrate 4 with X-ray
- absorbing patterns 5 formed of 500 nmthick layer of tantalum Wthin this
range of wavel engths, 80% 2 August 2005 WD 02/063393 PCT/ CAO /00129 16 of
the X-ray radi 5’{%#% KoRvatrsk coryinghr ough the tantal um patterns 5 are
absorbed. The patterns are therefore inparted in negative tone on the
surface of the nickel i . o
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 sificon 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
sificon and the nickel layer. This grain size is one of the factors limifing 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%




| ayer. The areas of the nickel |ayer exposed to X-ray radiation forma
silicide with the underlying silicon |ayer. Approxinmately 40% of the
energy of the X-ray 5 radiation is absorbed in the 2Qugmetpéggkel |ayer. The
absor bed energy induces the reaction that fornms the structures of silicide
at the nickel/silicon interface. The silicide being etch-resistant, it is
t hen posHOI6HY renove by wet etching the unexposBE¢MyPBis of the nicke
‘layer, leaving the silicide structures 10 intact. A HNO3: CH3CHOHCH3: H20
(5:2:50) solution at roomtenperature is a proper acid to performthis
etch. The silicon layer can also be etched, except in the areas in which
.silicide structures have been fornmed, using a HF: H202: H20 (3:1:300) acid
solution. 15 Once the layer of silicd8 is renoved, only the silicide
structure is left over the tantalumlayer. A directional etching by a CF4
plasma in a reactive ion etching systemis used to transfer the patterns
to the tantalumlayer. In such a system CF4 gas nolecules are excited to

ionic state, n%krlﬁr}g ver reac ive with 20 tantalum The reactive ions
are al so accel & ‘@yﬁ’@{% p@%ﬁ"gﬁt foda throtadgjpm gaterns arg 3heoreithst rat e, in
order for the Eieghatansirethuaforsimpatel i negativd 1ond on thé QJﬁGd:e dﬁihlehrekdﬂe has an
excel | ent resi tchi whi. C. silicide
structures @%?%Sa{egﬁ%/ h%rnot(ég% teﬁbé)g‘{ye{%gﬁyd?é'ﬁ%g e %I%fcf [?he etch. In
‘t he regions ofthe twaderlyipg siéi¢on Hayen /pproxmatelyr4dtieft thel ehgrgst bcthg mrey de structures,
the tantal ugn | @yigton shbgorodd MRS 8 i e ﬁ@@.\/@%@%&a@ﬁﬁ@mﬁaml ayer acts as

an etch stop to prevent the Iasma con car bi de

nenbr ane. | ﬁﬁé“t'E'Pﬁhé“rfPrﬂﬁlﬂFeaS‘ré'Pt“’é'ﬁ?f stieide af 9145 canditeiface st andar d
HCl O4: H20: ( NH4) 2Ce( NCB) 6vvet etchl ng solution, except in the areas protected

2 August 2005 VO Q‘I%e snpm e elng /hcr:epé?s a(nto ?t |52 &en possible to remove by wet

etching the unexposed regions of the nickel layer, leaving the silicide structures
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




17 by the suicide structures. The resulting nmask is a negative tone copy of
the original mask such as 8 in Figure 1 b. An exact copy of the origina
mask can be obtained by copying the 5 result of the Adugisgbo@eneration copy -
obtai ned through this sanme process. In this case, the result will be a
negati ve tone of the negative tone copy, thus an exact copy of the

ori gi nal .WepM6E9absorbent materials can be used in PERCASMMBUY of tantal um
both in 10 the original and the copied nask. This absorbent material can
be chosen from a group that conprises tantalum tungsten, TaSi, W5, Ta4B
and WIB, TaCGe, TaReGe and Wt 15 Exanple 2: EUV mask copying In a second
exanple, the nethod in accordance with the present invention wll be
applied to the copying of a EU nask.1720 A bl ank substrate, conposed of a
stack of 81 alternating layers of nolybdenum and silicon, with individual

| ayer thickness of 2.8 nmfor the nolybdenum!|ayers and 4.0 nmfor the
silicon | ayers, is prepared by cold sputtering on a clean silicon wafer.
Thi s alternatl 4§ ers is reflective for extrenme ultraviolet
wavel engt hs in %a‘% jﬁ“%W' 0to20 nm with areflectivity 25 peak around
13.4 nm. A 20 nmthick chromum/layer is deposited by sputtering on this

substrate, followe t hi ck
tantal um | ayer. Af 'ﬁ—g??/{e\/gr &6%%%%%‘7%%%@%@;%% ﬂ?ng%l?% Fg%/er s are
deposi ted on 8 B5igure 1o+ exasheqry of el asigieal maskcambeabtained by ropyindthey to |imit the

grain si ze @ndreRiiteds elattirst gBifraibd &d@loaa.néﬁth@agmis%ﬁé pl‘o@ésg [h*aﬁs other layer

t hrough heating of the s l,istr at ust
PCT/ CAO1/ 0012 sg_éhe result will be a negative {one 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
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,



The top nickel |layer is exposed to EUV radiation by neans of a set-up
corresponding to Figure 2, using a source 17 which generates an EW
radiation at a wavelength in the range of 10 to 20zmiyusTPesEUV radi ation
11 fromthe 5 source is reflected by a mask 18 nmade of a substrate 14 with
an EUV reflective face 13. EUV absorbing patterns 15 are fornmed on the
face 13 PHPSHI 00 nm thick |ayer of tantalum ThECHAWRHs 15 are
transferred or inparted to the EUV radiation 16 reflected fromthe
reflective face 13 and are projected in negative tone on top of the nickel
| ayer. The areas of the nickel |ayer exposed to the EUV 10 radi ation 16
formstructures of silicide wwth the underlying silicon |ayer. Mbore
specifically, the energy of the photdfs absorbed by the top nickel |ayer

i nduces 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 renove by wet etching the unexposed
regions of the nickel |ayer, |eaving the suicide structures intact. A
HNOB: CH3CHOHCH3: H20 (5:2:50) solution at roomtenperature is a proper acid
to conduct this et dhe topBickihby( exeseite kU radiatiunrbyInzepes ofeaset-ap so be et ched,

except in the orned, using a
TE 02 1oo (3&?’5‘_@ ndlﬁb torfgbrga fn%:agér)]ﬂ@e 1~°ft\nrh5éﬁ éHe s'%ﬂ‘égv? rlf on i s

renoved, only Qtﬁ’é*"%’f*’ P"Q?I 'ﬂéhes"ta'f'ﬁ?dtfdp&z%'ﬂ"@ ThéfEtUV 'B@@P"t"hém'ﬂ‘éhﬁ alum | ayer. 25
A directionml @meisrimebud&;ﬂﬁésknbaﬁa@oﬂarbuestrra@alqwﬁwen EQNreRbHtd Ng systemis
used to transf ,{?Dg @%‘F rns etant SQZ | ayers. In such a
system CF4 3§e e aheg '”grpé taé%fo °§t1 P9 HHI™MY t hem very
reactive w th thcklayenloiiamtalord. 'B‘E|pﬂtt‘an1'$ 1amcm5fbitrezi«mimmrtéd oitteleEUNAS an excel | ent
resistance to !%l structures to
adequately pr or'?gét onqhﬁgaﬂmhg%s@m @B" @%@%@8 Lﬁ%ﬁ%ng

tone on top of the nickel layer. The areas of the nickel fayer 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

hickel/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
fantalum and silicon atoms. Nickel silicide has an excellent resistance to CF,

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




19 tantalumand Si Q2 layers during the etch. In the regions not protected
by the silicide structures, the tantalumand SiQ2 | ayers are conpletely
renoved and the chromiumlayer acts as an etch stopAugugtbeosent the plasma-
fromdamaging 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: H2OVQ R¥E32Ce( NOB) 6 wet et chi ng sol ution, excePfT/€HIPHY ar eas
protected by the silicide structures. 10 The resulting EUV nask is a
negative tone copy, and an exact copy of the original can be obtained by
copying again this negative tone copy. OQther EUV absorbing materials can be
used in the place of tantalum both in the original and the copied nasks.
This EUWV absorbing naterial can be 1® chosen froma group that conprises
tantalum tantalumsilicide, tungsten, tungsten silicide, TaB4 and WB4,
TaSi N, chrom um nickel and nickel silicide. Exanple 3- Integrated circuit
conmponents 20 In a third exanple, the nethod in accordance with the present

invention wl | o brication.of MOS trapsistor gates. The
substrate is ala\'}\ig@renraaggfé lcgzﬁ?ylg%oqtﬁjn?%nﬂk%ﬁ{cqu'é%neﬁq\? n %@?%ﬁ?y tE"é\ver al steps
of fabri cat i onsilicidaslrustiirasgthejtantelumyand 8iOf ajers ratimpletalyemopedand/ibat i onal mi cro-
25 fabrication i I J ‘ crystalline
silicon |ayer ?héfnggrgldg?{%{ S‘%%ﬁ? oggtgrf {O%E%éepﬁyg g‘?%@\%@%@%?e chem cal
vapor deposi t i GiectiyRstasy of atipmatingsnalykdeny@iand silicag feygre gas. A 50 nm chromi um

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

pol ycrystal line si 'COB | ayer. The Eop chrqom um | ayer is exposed, in a
set -up correspondi hbe {CHTORIGL f3yer c3h ?dery@"F"‘éﬁ’yZm%"@ t3 SiF9serd\wp 02/ 063394
PCT/ CA01/ 00129HCIO,:H,0:(NH,),Ce(NO.); wet etching solution, except in the areas protected

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




20 radi ation 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 made of a silicon carbide substrapaufudtososed with a 500
nmthick X-ray absorbing patterns 5 of tantalum The patterns 5 of
tantal umon the substrate 4 5 corresponds to the gates of the transistors

i n negatiWeow#HdM The patterns 5 are

proj ected on PEECAWMIZce of the 50 nm

thick chromum |l ayer. The areas of the chromumlayer exposed to X-ray

radiation formsilicide structures with the

underlying 30 nmthick

pol ycrystalline silicon |layer. The chrom um | ayer absorbs an inportant

. part of the energy of the X-ray radiation,
i nduces the reaction responsible for 4he formation

and this absorbed energy 10
of the silicide

structures at the nickel/silicon interface. Since the silicide structures
are etch-resistant, it is then possible to renove by wet etching the
unexposed regions of the nickel layer, leaving the 15 silicide structures

At A 5! o) i AL SR e SBRL BE PLure L3,@
then be renovethdigfiantieprodipedini argurge 7 figute b) sreibrqpagetesehretgblinmgk usi ng SF6 gas
to formthe pl 3sime ofh sﬂicﬁﬁﬁﬁf%#ﬁ%@i& gr@mggwﬁws%wd K ey | G0N wet

as : : : I

etching solution suc

chrom um si | i cRRFerbingRAttansH of fbigium. The Ryfteras Bef tandaiamen

he resu t1ng tga es ar
@B

made of

yhytraterdn t he

pol ycrystal i Neur@hpon§Pi8 thesifbs bthe irdiBisoRM hegBivi e Ofne pd@dnRS 4§ convent i onal

processes. This wou

e over the 25 conventi onal

met hod,

) 4d ﬁe an advgnta ; |
especi al | 'y f or PRIBEE] PryiRe sufage of theyat B iR chrempimyiaver- e @geAtPes where t he
| imted conducthrsmitiny |gyer papoye i t-al Iradigiors fdr Glitidé StnRturdsndithathé on.  Thi s
net hod does not r i 1.es] o fabricate the gates. which allows a
better resol u@ngﬁw(%)?’g/ne*?'%krﬁolvérgst%lﬂyets ﬁcé’n !js\y%ri ﬁ]e ?@%&'ayteh%bs f al
_ Tﬁei_miﬂ@rtant Mtdf_ﬂ)ﬁ enaugy chthektray ragidtion cind thiscps@bdadenalggo conpati bl e
with the cqfvepiiceifb rda@Rh t&EAinsBE for the formation of the silicide structures at the

deposi tion).

15

20

25

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

silicide structures intact. A solution of HCIO4H,0O:(NH),Ce(NQO;); 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

polycrystalline silicon wet etching solution such as HF:HNO,: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

conventional method, especially for MOS transisiors 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




2 August 2005. WD 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 |ayer. Theugidtb&rs a 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 |ayer in regard of
the silicVe&4&hed with the underlying pol ycryst aPET/Ga018012% con | ayer.
Exanpl e 4- M cro-nmachi ning applications 10 The nethod according to the
present invention has also applications to the mcro-fabrication of

el ectrical and/or nechanical elenments. As an exanple, a 50 nmsilicon

| ayer and .a 50 nm nickel |ayer are deposited by electron gun evaporation
on top of a substrate containing a 5600 nmthick |ayer of SiC over 15 a
500 nmthick sacrificial |ayer of glass. The top nickel |ayer 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 0.5to 1.5 esl’&efg%g{eegé[e;g%}qgrOﬁn’ge%%te\% cﬁguitgfopagat es through the mask 8

made of a silicton car a ray absorbing patterns 5 nade
of 500 nmthick layer of tantalum In this particular exanple, the

patterns S5 represenfegerhingnd! Rebis| &Rl b2 8HiOh RRR NAD skiBke WififRs ©l ements. The
patterns 5 are therefore projected in negative tone on the surface of the

ni ckel |ayer. PRIvcBR{sling ﬁ@??“h']éﬁfeéi Heneiigia fop shepsibgsthigrmetelcarnithkel | ayer 25
exposed to X-r gympatslit® Witio thef MO pRdckdst trdearity CAHEBSX W, hankihie Under | yi ng
silicon layer. Si nf:e tth% sth!]i Ci qg i s, etch-resi s,t_gn;, iJ 1s then possible
to renove by mical 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 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 ére 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




etching the unexposed regions of the nickel layer, leaving the silicide
structures 2 August 2005 WO 02/063394 PCT/ CA01/00129 22 intact. A

HNQZ: CH3CHOHCH3: H2O (5:2:50) solution at room tenpepalugtst206s a proper acid
to performthe latter etch. The 50 nmthick silicon |ayer can al so be
etched, except in the areas 5 protected by the silicide structures, using
a HF: H202¥eexeg33t 1: 300) acid solution. Once the | apelCa9i/0m9l i con i s
renoved, only the silicide structure is left over the SiC layer. A
directional etching by a SF6: 2 plasnma in a reactive ion etching systemis
used to transfer the patterns to the SiC |ayer by chemcally renmoving 10
this layer except in the regions protected by the silicide structures. The
reactive ions are accel erated perpend2cul ar 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 structures, this
SiC layer is conpletely renoved down to the sacrificial glass layer. This

gl ass |l ayer can, he et | l using. a stro HE 15 solution. If
left |'ong enoufi% ﬁ*ﬁ@é%ﬂ%ﬁﬁ%&%@ SQ&‘@?E?&?&FB&F%W“‘(%#S@) wi l |

di ssol ve conpl pbrsErgeid forpetferditimglattenetcipor t i ons | ocat ed underneath the
patterned SiC mcro-elenments. These mcro-elenents will therefore separate

thensel ves partly _or conpletely fromthe glass |layer, and can afterward be
mani pul at ed i ndepdR¥iéhim yhigkrilicsiaenparaisa ke elelieth AcersbHbmp9As 20 Just a

word to mensi Ogtotbéiéd byftheBiliciBe structBred ulthg s REHRBIM,G [EV800ac Bieidn. Silicide
structures (squares) for using X-rays to transfer the patterns froma nask

(grid) to a silicon substrate. 25 Figure 4 is a X-ray m cro-anal ysis of
si licide structur e®ntatheagbr oisiliog is lemovadpintyask dibidé StricturRveak sven conpared to

the initial ni tﬁggljc Iefq}-e#'. i ur)naE Q&insgi bly ia“s‘%E:‘o.". &Q’s%%‘in a reactive ion eiching

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.




Due to the limtation in depth resolution of X-ray analysis, the underlying
silicon layer is visible in the initial nickel film 2 August 2005 WO
02/ 063394 PCT/ CA01/ 00129 23 An advantage of the prgaggktmnmentlon over
conventional processes using organic resists is that it enables a very

- high resolution in the fabrication of these mcro-elenents. This
resol ut i oMo 620433e achi eved in part because of the eRCECANMI29 select|V|ty of
sonme 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 SIiCwthout the necessity of a thick etch mask. 100 nm
thick silicide structures should be sufficient to protect adequately S
and SiC patterns in layers as thick23 5 mcroneters w thout suffering
fromthe wear that often destroys the photon sensitive resists currently
used for the same purpose. 10 Although the present invention has been
descri bed herei nabove by way of preferred enbodi nents thereof, it can be
nodified at will within the sc _he appended cl ai ns, w t hout

Gopart i ng from t he AogPnbSsrlieRer veston o S0 BeR PorsRomEren. 5 August
2005 WO 02/ 06888 rE’ﬁ&é CAaH SEh2Oa veyhighHAdouith iRthalfAdatatibrtof these A | 1 t hogr aphy
met-hod for fabﬁmlc&aeﬁérﬁéﬂtsoﬁ\.sar%s%lé?o%tcraﬁﬁeeac%{eée‘dgﬁ ;'(rjé"rt%écaﬂa%e o%ﬁh%%xceg?‘jn?' stant

met al / seni conduct or € substrate
super posed | aygstestidy Oﬁﬁf@l mﬁﬂd"wl@e@rﬁiﬁfbwwiwldap@bISeaﬂglfS@ #meting with each

other to fosm §RREshmal Siith 2ls8Btivity 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 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.




met al / sem conduct or conpound; producing radiation through a radiation
source; interposing between the radiation source and the superposed netal
and 10 sem conductor |ayers a mask defining radiat b@agapssusbi ng patterns;
propagating the radiation fromthe source to the nask where the patterns
absorb radi ation and, therefore, said patterns are inparted to said

radi at i orwwO8d33%pr opagati ng the patterned radi ati onPETOAMBNE mask to the
superposed netal and sem conductor |ayers where energy of said patterned
radiation is 15 absorbed locally by the metal and sem conductor |ayers to
(a) induce the reaction 'between the nmetal and sem conductor responsible

. for the formation of etch- resistant netal/sem conductor conpound, and (b)
t her eby. produce the structures of et2h-resistant netal |l sem conductor
conmpound corresponding to the patterns inparted to said radiation. 20 2. A
met hod as defined in claim1, wherein depositing the netal and

~sem conductor |ayers conprises: depositing the sem conductor |ayer on the
- substrate; and de i1 etal |ayer on the sem conductor |ayer. 25
3. A nethod as def&ﬁiﬁg$2§é i gﬁ, wherein depositing the nmetal and

sem conductor |ayers conprises: depositing the netal |ayer on thg

substrate; and depogi; wp& ] tal layer. 2
August 2005 WO ‘02;}0}23@ 4 _@%@%%ﬁ%ﬁgggéé%ﬁ%Stn@taﬁ'tgggfaéﬁdefi ned in
clai m 1, wher efepistanfinptalsemieantyntr cempokindd coragrising:

5 depositing on the subsirate superposed layers of metal and

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.



radiation. 5 5. A nethod as defined in claim1, wherein said radiation is
an extrene ultraviolet radiation. 6. A nmethod as recited in claiml,
wherein said mask conprises a substrate transparentgaugussa2ogd radi ati on and-
i ncludi ng. the radi ati on-absorbing 10 patterns, said nmethod conprising
propagating the radiation through the radiation transparent substrate. 7.
A net hod ¥80¥EEPt ed in claim 1, wherein said mask cBeém€ABH2% radiation
reflective substrate including the radiation-absorbing patterns, said 15
met hod conprising reflecting said radiation fromthe source on the
radiation reflective substrate toward the netal and sem conductor | ayers.
8. A nethod as defined in claim4, wherein: said mask conprises an X-ray
transparent substrate 20 including X%5ray absorbing patterns formng said
radi ati on- absorbing patterns; and said nethod conprises propagating the
X-ray radiation through the X-ray transparent substrate. 25 9. A nethod as
defined in claimb5, wherein: said nask conprises an extrene ul traviol et
reflective substrate including extreme ultraviolet absorbing patterns
formng said radiation-absorbing patterns; and 2 August 2005 WO 02/063394
PCT/ CA01/ 00129 26 4sainwthed 2h defined inpofdire d swheedih eaid radiptidnhie apxtmene ul travi ol et
radi ation fromgag,source on the extrene ultraviolet reflective substrate
toward the netal and sem conductor |ayers.

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




5 10. Anethod as recited in claiml, wherein the sem conductor is selected
fromthe group consisting of silicon, germanium a conbination of silicon
and germanium gallium arsenic, alum nium phosphemrugisigéssm and any
conmbi nation of gallium arsenic, alum nium phosphor and indium 10 11. A
method as recited in claiml1l, wherein the netal is selected fromthe group
consi st i NYOBF6P4 ani um zi rconi um haf ni um vanadi uR§T/@A0BIIRMM t ant al um
chrom um nol ybdenum tungsten, nanganese, iron, cobalt, rhodium iridium
ni ckel , palladium platinum copper, silver, zinc, and cadm um 15 12. A
met hod as defined in claim1, wherein the substrate is made of a material
sel ected fromthe group consisting of tantalum polycrystalline silicon,
and chromum 13. A nethod as define®6in claiml, wherein the substrate is
made of a 20 material selected fromthe group consisting of netal,

sem conductor material, insulator material, and a conbination thereof. 14.
A nethod as defined in claiml, wherein the sem conductor conprises
silicon, and the netal /sem cogdutﬁtqo]r corroo%lgc%. cgnprjses silicide. 25 15. A
met hod as defined in clai m I PareheMPesmbT %I“ﬂg‘.e UL WY netal | ayer
whi l e | eaving t he struckdsies fiofm the salker @sths Eairdmenutravioles esfiectivaduct or
conpound intact; and 2. { [ CAO /00129 27 etching
t he sem conductor | ayeréﬁy\%lléfeetmﬁée?g@ie#g%%/sggﬁ?%@f@%se%f et ch-resi st ant

met al / sem conductor conpound intact. 16. A nethod as defined in claiml15,

Iﬁrther conpri si Ng10. rRdtedaiad Eeckddth Hith § IWhaieR 1R ARbnduSoriE€QicRBs Protected by
e

from the group consisting of silicon, germanium, 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 claim 1, whereln the metal 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




structures of etch-resistant nmetal/sem conductor conmpound to thereby
transfer said patterns fromthe structures of etch-resistant

met al / sem conductor conpound to the substrate. 10 13.AufusiBégzod as defined
in claim15, further conprising: etching through a portion of the thickness
of the substrate except in regions protected by the structures of

et ch-r esi %@ 84633%het al / seni conduct or conpound t o t hePEBGAMPHNST er sai d
patterns fromthe structures of etch-resistant nmetal/sem conductor 15
conmpound to the substrate. 18. A nethod as defined in claim 15, wherein:
the substrate conprises a plurality of |ayers; and said nethod further
conpri ses etching through at | east 20 one |ayer of the substrate except in
regions protected by the structures3f etch-resistant netal/sem conductor
conpound to thereby transfer said patterns fromthe structures of
etch-resi stant netal/sem conductor conpound to said at | east one |ayer of
the substrate. 25 19. A nmethod as defined in claim15, wherein said

etching conprises wet etchi August 05, WO 02/ 063394 PCTI CAO /00129
28 20. A nethod as defined F%ﬁf&q é’i-lems @%O'ﬁg?reilﬂxers %ie g‘?’"(‘f’ﬂ‘i’ 18° conpri ses

pl asma etching. 21. A n¥wutigds Qfstcu@ﬁiﬁstam’dwtdﬂsemicahdm&omd @taat sai d et ching
conprises wet 5 etching.
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.
2 August 2005
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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




