Description DEPOSITION FROM IONIC LIQUIDS BACKGROUND OF THE INVENTION [0001] 1.
Field of the Invention: [0002] The present invention relates in general to electrodeposition or
electroless deposition methods of metals or semiconductors on substrates from ionic liquids. 2.
_Des_cription o_f tlwol_:;roi(%o@r%JOOQS] The electrodep_osition of meta_ls f_rom |%EJ$/£€2L@%§§7 3e!l knowr_1 and
is discussed in various publications (Electrochemical aspects of ionic liquids, H."Ohno (editor), Wiley
Interscience, Tokyo (2005) and references therein) and in the patent literature (US 6,573,405, lonic
liquids, from Abbott et al., US 7,196,221, lonic liquids and their use, from Abbott et al.,
W02006/05336R¢8g!ipMiethod for depositing layers from ionic liquids, from Plansee et al.,
W02006/061081 A2, Electrochemicgjgapasiiicn eRamabicapHeisapper in ionic liquids, from
Welz-Biermann et al., W02006/074523 Al, Recavery of metals, from Houchin et al. [0004] The interest
SIS, NG bless deposition from ionic liquids stems from their
properties: a wjdeopptential window, sometimes exceeding 4 volts, which gives access to elements
which cannot bq %(férgg%%qsi\}grqﬁggm agueous or organic solutions. a high solubility for metal salts,
a high conductivity compared"to non-aqueous solvents allow to avoid water, by working with
hydrophobic ior¥fglidéérpeesabifatntiovitieipiesduipan enahissplectiod¢pasitas prelkidedidsside a glove
box),

(4 Vo

deposition methods of metals or semiconductors on substrates from ionic

liquids.

2. Description of the Prior Art:

[0003] The electrodeposition of metals from ionic liquids is well known and is
discussed in various publications (Electrochemical aspects of ionic liquids,
H. Ohno (editor), Wiley Interscience, Tokyo (2005) and references therein)
and in the patent literature (US 6,573,405, lonic liquids, from Abbott et al.,
US 7,196,221, lonic liguids and their use, from Abbott et al.,
WO02006/053362 A2, Method for depositing layers from ionic liquids, from
Plansee et al., W0O2006/061081 A2, Electrochemical deposition of
tantalum and/or copper in ionic liquids, from Welz-Biermann et al.,
WQ02006/074523 A1, Recovery of metals, from Houchin et al.

[0004] The interest in electrodeposition and (to a lesser extent) electroless
deposition from ionic liquids stems from their properties:

« awide potential window, sometimes exceeding 4 volts, which gives
access to elements which cannot be electrodeposited from agueous or
organic solutions.

 a high solubility for metal salts,

« a high conductivity compared to non-aqueous solvents

- allow to avoid water, by working with hydrophaobic ionic liquids in
combination with protective atmospheres (e.g. as provided inside a
glove box).

[0005] Hence, ionic liquids are used or claimed for use in for example batteries,
fuel cells, photovoltaic devices, electropolishing and electrodeposition
processes.

[0006] Another important property of most ionic liquids is their very low vapour

pressure. The low vapour pressure is advantageous from a health, safety



[0005] Hence, ionic liquids are used or claimed for use in for example batteries, fuel cells, photovoltaic
devices, electropolishing and electrodeposition processes. [0006] Another important property of most
ionic liquids is their very low vapour pressure. The low vapour pressure is advantageous from a health,
safety 2/14 and gy tal point of view. The study of the distillation i ionic liquids
has only recently begr%%@&gred, e.g. Earle et al. (The distillation and vola?ﬁ |tg/é%3fki%§&%7l%uids, Nature,
vol. 439, 16 February 2006, 831-834, M.J. Eerie, JNMIS.S. Esperanga, M.A. Gilea, J.N. Canongia
Lopez, L.P.N. Rebelo, J.W. Magee, K.R. Seddon and J.A. Widegren), J.P. Armstrong et al.
(Vapourisation of ionic3fufRIYiIremmemaesr g Bemutse Rudy shiesdiptillatienaad KartitY ovelock, C.J.
Satterley and 1.J. VillaptGayigifg Raysashiavtecdiam oBay sxiRkel, 8821920 @0A7)ihRelative volatilities

of ionic liquids by vacuym, distillation of mixtuges, J. A. Widgren, Y.M. Wang, W, A. Henderson and
S Magee, 3. piys. CRURTED BULIGAENGR E ABEP1 OT R At B bEL e erma
stability of ionic liquid B®1834 3vinke tEaien it kiz8|Bink distaiflzo Mmeids ulfohramige Y.U. Paulechka,

Dz.H. Zaitsau, G.J. KaEBp%EF’L’.AP A é{;\qula\nv\;l_' mﬁﬁ&%cwﬁl?ﬁ%& , (&IJ%QNE%%@%% (2005),

Experimental vapor pressures of 1-alky1-3-methylimidazolium bis(trifluoromet mides and a
correlation scheme for A&tFHaNe ST vefrReLasahcathispeiogidendliqumastrong GzAltsal, G.J. Kabo,

A.A. Strechan, Y.U. Paulechkae£\ pT srRetRICR, /B P LMRIYkitand Axdrgingaqgd. o hys. Chem. A, vol
110, pp. 7303-7306 (ZQé)fa)S.(éOOO]] low volatili onic li alsa led to the use of ultra-high

e ty of | ujds ha ,
vacuum methods such ﬁgfﬁh %@Ie%ﬂ%ﬂ' %ﬁ‘oé@?ﬂﬁy%&gs%g%"(éggé%%%QPy%}?mﬁss
spectrometry (SIMS) toshiiijidenidditqoithsiesdyl onauliquiisiiaticrcoionanakysid. of. Iiddrsuyfaces using
ultra-high-vacuum techpigu R Smith, R R L.Je Viliar ja riggs and P. Licence,
Langmuir, vol. 22, pph&@G@g%@ Y%O/gés ar}\ddé]i%%l?cal%%?gg 'irI\IJ/r v %ﬁa‘;@ﬁ%ﬁﬁﬁas% X-ray photoelectron
spectroscopy, E.F. SmiHblisheginaticareh0BOBREGS AasoPPIseseandfopsretaiathities thermal

evaporation of silver injyaguiamdoniugnionialigHthuasiRronegetammbasis s fldnaddelescope.
(Depostion of et g3 0 LS NS 72 D3 ok i lpseapey £, Do, § St R
June 2007 [00081 Varidhsreatinarsdashatandoitid e drhel E841 68 §DA0F)r Esweresaotadnipdquids 3/14

pressures of 1-alkyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imides

and a correlation scheme for estimation of vaporization enthalpies of ionic

liquids, D.H. Zaitsau, G.J. Kabo, A.A. Strechan, Y.U. Paulechka, A.

Tschersich, S.P. Verevkin and A. Heintz, J. Phys. Chem. A, vol 110, pp.

7303-7306 (2006).

[0007] The low volatility of ionic liquids has also led to the use of ultra-high

vacuum methods such as X-ray photoelectron spectroscopy and static

secondary ion mass spectrometry (SIMS) to study ionic liquids, e.g. lonic

liquids in vacuo: analysis of liquid surfaces using ultra-high-vacuum

techniques, E.F. Smith, F.J.M. Rutten, 1.J. Villar-Garcia, D. Briggs and P.

Licence, Langmuir, vol. 22, pp. 9386-9392 (2006) and lonic liquids in

vacuo; solution-phase X-ray photoelectron spectroscopy, E.F. Smith, |.J.

Villar-Garcia, D. Briggs and P. Licence). More recently, the thermal

evaporation of silver in vacuum onto an ionic liquid was proposed as a

basis for a lunar telescope. (Deposition of metal films on an ionic liguid as

a basis for a lunar telescope, E.F. Borra, O. Seddiki, R. Angel, D.

Eisenstein, P. Hickson, K.R. Séddon and S.P. Worden, Nature, vol. 447,

pp. 979-981, 21 June 2007

[0008] Various authors have mentioned the low vapour pressures of ionic liguids




(10-11-1012 mbar at room temperature) as an interesting property which enables experiments at
temperatures upto 300 C on a longer time scale and 400 C on a short time scale and that the
extremely low vapour pressures allow experiments under vacuum conditions. [0009] However, thus
far, the low vapQus RIBRSWE (which seems to be an intrinsi_c_ property of iq;y'&;/%gz i(%ﬁ)?p%? beer_1 _
overlooked as an important advantage in the electrodeposition or electroless depaosition from ionic
liquids, We have found that the low vapour pressur&f ionic liquids allows the electrodeposition or
electroless deposition of rr1|1ateria!2in a high-vacuum, and allows the evacuation of all gas from the
atmosphere in contact With théQonehrR{LAd pRGY M EREgELpD Sl dHESSERD Gsimg ievivaic liquid to a
high vacuum followed By pgiBghufitiehRratestiyRaarde hto3ole 9as).- aTBigalews theie

electradeposition or electrol§@§ epositjon on substrates that would otherwise oxidize or hydrolyse due
to contact with oxygen Btaiater 6 Ap8 ) ELER S SRR AT HiBK G BB M 4RO thetals. Besides, all
metals when exposed toassygenativwatercforena laydsrofaphysisanitbes.chemisorbed oxygen or

oxygen containi egj imental f ini i ucleation densities. of the
species to be dlﬁgﬁeg@é&% g&%?%%ﬁ%o@?oﬁ%!ﬁgﬁg%%&” th%sﬂig?/%rﬁ]ﬁagﬂqg% v%éntéwgl%f the
problems in the miniat®iRBRIGNDIIRE frardasbendenocuesakntien abpperisntledvardegsosited on a
diffusion barrier, often Qs diadlJalgsSERdpRASiion OEoBRBEIIRA AB-ARIMROMR RIGtRg Solution directly

onto Ta is not possible as Ta will spontaneously cover itself with an oxide %or hydroxide) layer when
brought in contact with &YoIWATHaTHIE RS MFBRYAPETSGELHS fogudhalansdhEontact resistance
and hampers the nuclesiticrodtpogpifien ontdethimlas ydayitontdencesdefare migtinge@thin copper seed
layer is deposited onto ier,| . This se Il osited by PVD, ALD or CVD methods.
The conformity and thﬁﬁﬁéﬂ%@gﬁﬁé%@éﬁ ﬁa{);/?gr'f%%gé rﬁ%?ﬁi%mot%)ﬁﬁ%g S Lt%%)vr‘{% vias without
defects by copper depdtionicHiowawsioniteelgstpis pegibeitby Gmesing baitofigliduid ligh-vacuum, the
oxidation of Ta can be mgqidg&@%imgyggt&?p@rmh denesition 55511@5_%5@%@2006/061081
A2, Biermann, Endres and 4/14 Zein El Abedin discuss the possibility to electrodeposit Ta and Cu
from ionic liquids undefB%?&?We”é?rﬁ@ﬁﬂg?Q?ﬁ'téoﬁIBK/@'%W'WSQBW@%H‘éﬁﬁ?ér &RV oxygen and
water concentrations ofnatiglowvid ixefwitielvkalize ety gk glove tb@sisaat WibssB:Fetoct ppm of oxygen
and water), the oxidati lurp s.ve will be covered with an oxide layer in a very
short time. Only by Woﬁ»'(%r%r :@%gi}:ﬁu&rﬂ? égﬁﬁ%ﬁﬁ(jﬁgw A‘of%a%%a%vmaqk\é% rEI{?){J‘\%}S'olééeg\'/?/ﬁ%ufficiently to
enable the direct depogHiBI¢SfcHPpRCDIRAh AMPOIIBNSRNGIFUDTIT T RIS IPfehtisisadiedes to a method
to electrodeposit or eleghifsssiaPesigay erocBRisah R aiRlic ORI RAugHRR Sigments

and/or combinations tr:gere f onto sub trat(?s from jonic liquids in vacuum or in a protective atmosphere
after exposing the ioni C]fq%ﬂf'ﬁ?ir@v LOHFEALP ARG R PefBrsle bR dRBAR B hvention,
" dense layers, free of utiveantiestiretemponents, can be produced at low temperature (preferably below

100 €) In vacuigninhLraLeREys ANLRRERIE AR ADBIALG LTI Lo high vacuum. This

technique and the resulting material are particularly suitable for the micro-electronic industry, where
contamination of materidReAniFaBRTCEstie Eiripascrns erepessitanictheopretivd can be used to deposit

copper directly onto TaeaitthdR-hased barsiarsuishadrtke ores fard tanPekeredkiaydliof0012] One

to directly d it to tantal based barrier | : Id inyolve t ferri
Substrate to a transfer RIGHERERATEN P BHSLEHI SHIRE B 6P 18 Epay fhRstste load-Tock

From the transfer modlaI@,Tehwi&lsbsn’at@maiamwédqib\mdemas&tdimrr@’r_igmtw‘rddhlegexthe deposition of
the tantalum layer take@@ﬁct%@ggt Wq@ﬁ?&%‘w %ﬂy@%@@gﬂ(&g&%ﬁﬁ?& éE&\Pe)sar}s% %ase pressure

of the order of 10' Pa). After the deposition of the tantalum layer, the substrate™s transferred back to

the transfer module an@ StaRiR RN RaHSRIFeIR A IEeomeEdpoditeRativanbespressure below

10-4 Pa) where the sulastiated HaHasrahydnte samasswithiBeng nHiaHiAishpadshey dgresition of metallic
or semiconducting species from th? i%ni quuid onto I&e substrate takes %ace. Prigr to this deposition
process, the ionic liqui ?£%ﬂ%]g& SOGASIURY Sre b (RS %ﬁgéﬁ RS0 P8-2\Bhy i brder to

remove oxygen or CVD methods. The conformity and the thickness of the seed layer
makes it difficult to fill the sub-32 nm vias without defects by copper
deposition. However, if copper is deposited from an ionic liquid in
high-vacuum, the oxidation of Ta can be avoided allowing direct-on-barrier
deposition. In their patent W0O2006/061081 A2, Biermann, Endres and




5/14 and water, thus avoiding the oxidation of the tantalum. [0013] An ionic liquid is a molten salt that
is composed solely of anions and cations. Some ionic liquids are molten below 100 C and some are
even liquid at room temperature. These last salts are sometimes called room temperature ionic liquids

(RTIL). In princiQ,Ig A9,EhQLmous range of ionic liquids can be prepared Q, 3649 inations of
various cations an& an/%ﬁs. [0014] Typical cations that may be used in ion?c?ﬁ%ﬁi%@ ?nc ude:

tetraalkylammonium, tetraalkylphosphonium, trialk¢létilfonium, N,N-dialkylimidazolium,
N,N-dialkyl-pyrrolidinium, tetraalkylphosphonium, N-alkylpyridinium, N,N-dialkyl-piperidinium. The
substituent groups attie&hOrBeinidier)ss Begiassphbydos s@raderssivd RS SmmEGP different
aliphatic or aromatic gyeMB$iqQiiEANEARHEBSIOE R BRerPH: FYRMPIRK. Hidheser-gsoupsinclude alkyl,

alkenyl, alkynyl and aryl groups and heteroaryl groups in which the hetero atoms is selected from N, S,
0, P, Siand Se. The SL}}&{W&W 8?&1?5?%5?%?5% RLBE ABARVERPEPEITh Br 85 as halogens
and/or other functionalgralgsv® tefersed fusttiohal ¢noamsinchugn farahddiEY, Anorxidatiponents of

onic liquids are toi e i le Cl, BF4-, PF6:, NO3-,
alkyisufonate (Re03 o HelE B R R B e BA SIRIRG oh Bhh i En ronre)

alkylsulfonate (RS03-) acetate, trifluorbacetate, substi > (€.
bromide, tetracyanobo?aest HikStatey WRIRBUD R MISHHYTS SFeryEi midetiensttiatieteameenyl)imide and
dicyanamide anions. Taiple {Rewh dithigeatbamaissidRNGR 1 2RpIAMheS HRECS2-), in which the

groups R are as defined a}bove for the cationic components, are also believed to be useful in the
formation of sui%ét'ﬂl’@ﬂfﬁie KB(RGLUC™ WO 2009/019147PCIAP2008/059730 6/14

[0011] This invention relates to a method to electrodeposit or electroless deposit
layers comprised of metallic or semiconducting elements and/or
combinations thereof onto substrates from ionic liquids in vacuum or in a
protective atmosphere after exposing the ionic fiquid to a vacuum and the
resulting material. According to the invention, dense layers, free of
unwanted components, can be produced at low temperature (preferably
below 100 °C) in vacuum or in a protective atmosphere after exposing the
ionic liquid to high vacuum. This technigue and the resulting material are
particularly suitable for the micro-electronic industry, where contamination
of materials and devices is critical. More specifically, this method can be
used to deposit copper directly onto Ta and Ta-based barriers without the
need for a copper seed layer.

[0012] One way to directly deposit copper onto tantalum based barrier layers
would involve transferring a substrate to a transfer module (in which the
pressure is of the order of 10° Pa) through a isad-léck. From the transfer
module, the substrate is transferred to a deposition chamber where the
deposition of the tantalum layer takes place (e.g. by means of Physical
Vapor Deposition (PVD) at a base pressure of the order of 10 Pa). After
the deposition of the tantalum layer, the substrate is transferred back to
the transfer module and subsequently transferred to a second deposition
chamber (pressure below 10 Pa) where the substrate is brought into
contact with the ionic liquid and the deposition of metallic or
semiconducting species from the ionic liquid onto the substrate takes
place. Prior to this deposition process, the ionic liquid is subjected to a

vacuum step (with a pressure below 10 Pa) in order to remove oxygen
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and water, thus avoiding the oxidation of the tantalum.

[0013] An ionic liquid is a molten salt that is composed solely of anions and
cations. Some ionic liquids are molten below 100 °C and some are even
liquid at room temperature. These last salts are sometimes called room
temperature ionic liquids (RTIL). In principle, an enormous range of ionic
liquids can be prepared based on combinations of various cations and
anions.

[0014] Typical cations that may be used in ionic liquids include:
tetraalkylammonium, tetraalkylphosphonium, trialkylsulfonium,
N,N-dialkylimidazolium, N,N-dialkyl-pyrrolidinium, tetraalkylphosphonium,
N-alkylpyridinium, N,N-dialky!-piperidinium. The substituent groups
attached to the nitrogen or phosphorous atom may be the same or
different aliphatic or aromatic groups, or combinations of these groups.
Examples of these groups include alky!, alkenyl, alkynyl and aryi groups
and heteroaryl groups in which the hetero atoms is selected from N, S, O,
P, Si and Se. The substituent groups may themselves be substituted by
such groups as halogens and/or other functional groups. Preferred
functional groups include F and CN.Anion components of ionic liquids are
typically smalier species, and include by way of example Cl, BF,, PFg,
NOj3, alkylsulfonate (RSO3) acetate, trifluoroacetate, substituted
sulfonates (e.qg. trifluoroethanesulfonate), bromide, tetracyanoborate,
alkylsulfate, bis(trifluoromethylsulfonyl)imide, bis(trifluoromethyl)imide and
dicyanamide anions. Thiols (RS"), dithiocarbamates (RNCS,) and
xanthates (ROCS,’), in which the groups R are as defined above for the
cationic components, are also believed to be useful in the formation of

suitable ionic liquids.
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[0015] Any suitable source material capable of depositing the desired species
onto the substrate by electrolytic or electroless deposition can be used. By
“species” in this context is meant metal, inorganic oxide, including metal
oxide, non-oxide semiconductor/conductor or organic polymer. Suitable
source materials will be apparent to the person skilled in the art.

[0016] One or more source materials may be included in the mixture in order to
deposit one or more species simultaneously. Different species may be
deposited simultaneously from the same mixture. Alternatively, different
species may be deposited sequentially into layers from the same mixture,
by varying the potential or current density such that one or another species
is preferentially deposited according to the potential selected.

[0017] Suitable metals include for example Group 1B, HHA-VIA metals from the




I+ [0015] Any suitable source material capable of depositing the desired species onto the substrate
by electrolytic or electroless deposition can be used. By "species" in this context is meant metal,
inorganic oxide, including metal oxide, non-oxide semiconductor/conductor or organic polymer.

Suitable sourceynaigkalswill be apparent to the person skilled in the art.llgp/]@ogg%gg%more source
materials may be included in the mixture in order to deposit one or more species simultaneously.

Different species may be deposited simultaneously’fiém the same mixture. Alternatively, different
species may be deposited sequentially into layers from the same mixture, by varying the potential or
current density such thRR"05E R RARJheREFRIERENS SrsEiem sl HalBsieliEELdrdivGg to the potential
selectee. [0017] Suitakleametatminshiledamexanieeraup, HBt IHésdAd netalfrem the 7/14 periodic

table, in particular zinc, cad ium,{a indium, thallium, tjn, lead, antimony and

luminium, galli , tin, |
bismuth, first, second ARG TN %W#g]}bghl%?%cﬁﬁ Eg‘g’?‘i{‘#’ﬂi‘aﬂﬂlﬁ 'P@I’a?ﬂé?ﬁt‘%%ﬂﬁbium, gold, rhodium,

ruthenium, silver, iridiumthesiviunjveckisbtobaitrcoppercke wobblotpperaimdrmengainese, and most

preferably copper. andJanianiARad Acinide mefalss fPEa3AMbIRAMALhIEY ARpaYRN. gadolinkum

and uranium. [0018] The ionic Tiquid may or may not contain additives that improve the solubility of the

source material. [0019] BRISORICHGHIA PrEal B TRy NSO YBREINCAdaINS Bt WiabieVe the nucleation
density of the dgpasitinthasitsifuig0re] dhednekisdna rdsrasited fremibeiesalts as single

metals or as alloys. solubility of the source material.

[0019] The ionic liquid may or may not contain additives that improve the
nucleation density of the depositing material.

[0020] The metals may be deposited from their salts as single metals or as alloys.

[0021] The pressure to which the ionic liquid is exposed during plating or before
plating is comprised between 100 and 10" Pa and preferably below 10
Pa. The temperature during deposition is comprised between 0 °C and
350 °C and preferably between 20 °C and 200 °C.

[0022] The concentration of metal ions to be deposited from the ionic liquid is
comprised between 10 to 10 mol/l, and preferably between 10 and 1
mol/l.

[0023] In case of electrodeposition, the deposition takes place either under
controlled current or controlled potential. The appliéd current densities lie
between 107 and 10 A/dm?, depending on the concentration of the
reducible metal ion and stirring rate of the ionic liquid. The electrolytic
deposition can take place either using a two-electrode or a three-electrode
configuration. The material of the anode can be any metal or material that
is sufficiently conductive and does not generate products that interfere with
the deposition process at the cathode. In case of copper deposition a
copper anode can be used, but an inert anode made of Pt is also possible.

[0024] In case of electroless deposition, a suitable reducing agent, capable of
reducing the ions to be deposited from the ionic liquid is added to the ionic
liguid. Possible reducing agents are LiBH4, KBH,4, NaBH,4, NoH,, HCHO, Ti
3+ jons, where the last three reducing agents are preferred if the deposit
should not contain boron.

[0025] The deposited material and cecatings are particularly suitable for the




[0021] The pressure to which the ionic liquid is exposed during plating or before plating is comprised
between 100 and 10-'1 Pa and preferably below 10-4 Pa. The temperature during deposition is
comprised between () C and 350 C and preferably between 20C and 200 C. [0022] The concentration

of metal ions topg fepgsited from the ionic liquid is comprised between 1953 0],9/0@3%13/1, and
preferably between 191 and 1 mo1/1. [0023] In case of electrodeposition, the deposition takes place

either under controlled current or controlled potenti@ll“The applied current densities lie between 10 and |
10 A/dr-n2, depending on the concentration of the reducible metal ion and stirring rate of the ionic

liquid. The electrolytic T8pBEHHHRAATRKY RABRSEHRER B SO £ BREMIEdHddE vrengireBselectrode

configuration. The maigrdaatihs axees sanserany Pl dnatetiabtaaiis syfficiantly conductive
and does not generat rgdu%:%gos%%lat interfere with the deposition process at the cathode. In case of
obe?

copper deposition a ¢ & be used, but an inert anode made of Pt is also possible. [0024]
In case of electj@less depibsitisrnpe siirablieakifiycihthagerte dapeadidat wdtheingéehe ions to be

deposited from the ionggggkggtiﬁcggwc;&éngdig% HB&H@'J?}%%#@%&%%@rﬂ%\ﬁ@%ﬁj{""re LiBH4, KBH4,

NaBH4, N2H4, HCHO, Ti ions, where the last three reducing agents are preferred if the deposit
should not contain bor&RRYB0RE TR depd Sirtdha deiAiaberpedaiinyandrensaicerampssitable for the

811 4 manufacturing of/HikeTeaRARSESHREMIGFORIPLEIANIS dusiBhivhelR iepresanse of oxygen or
water hampers the diret}; | %gosition g}n Ta and Ta-bz%iaed barriers.é%?%dﬂl;urt 1er scope of applicability
BUBMR Mo SRS AFISHP (HEA8eSI R FRLHRII Y LN Eizinafter.

{
of the present inventioR' Wit
However, it should be spideastb echiimb e detarsohdeis tréptior apd:specifichexarsiples, iwhile indicating

preferred embodiments, of 6, iy IR G Get ANV o1 elialion gal shigs vafious changes

and modifications within the spirit and scope of the invention will become apparent to those skilled in

the art from this detaildarée@ipa e # fetsiidiomasddiso@ tpuinsciptaiedorsgtnigyerferal description

and the following detailgd flBRe(RHAEABR AXSRY RIAIY AAhRXRERSLBNCO b BRAENGH restrictive of the
invention, as claimed. Brief Description of Drawings [0027] Figure 1 displays a SEM picture of surface

of a copper layer depo%li?gae&“u a gold TEM grid in high-vacuum.
Brief Description of Drawings

[0027] Figure 1 displays a SEM picture of surface of a copper layer deposited on
a gold TEM grid in high-vacuum.

[0028] Figure 2 shows the EDX spectrum of surface of a copper layer deposited
on a Au TEM grid in high-vacuum.

[0029] Figure 3 displays a SEM picture of surface of a cobalt layer deposited on a
copper TEM grid in low-vacuum.

[0030] Figure 4 shows the EDX spectrum of surface of a cobalt layer deposited
on a copper TEM grid in low-vacuum.

[0031] Figure 5 displays a SEM picture of surface of a cobalt layer deposited on a
copper TEM grid in high-vacuum.

[0032] Figure 6 shows the EDX spectrum of surface of a cobalt layer deposited
on a copper TEM grid in high-vacuum.

[0033] Figure 7 displays a SEM picture of surface of a copper layer deposited on
a gold TEM grid in high-vacuum.

[0034] Figure 8 shows the EDX spectrum of surface of a copper layer deposited
on a gold TEM grid in high-vacuum.

[0035] The following examples do not limit the invention. Instead, the scope of the
invention is defined by the appended claims and equivalents thereof. It will

be apparent {o those skilled in the art that various modifications and




[0028] Figure 2 shows the EDX spectrum of surface of a copper layer deposited on a Au TEM grid in
high-vacuum. [0029] Figure 3 displays a SEM picture of surface of a cobalt layer deposited on a
copper TEM grid in low-vacuum. [0030] Figure 4 shows the EDX spectrum of surface of a cobalt layer
deposited on a GRPRES M grid in low-vacuum. [0031] Figure 5 displaysp% )d%;%w?% of surface of a
cobalt layer deposited on a copper TEM grid in high-vacuum. [00 32] Figure 6 shows the EDX
spectrum of surface of a cobalt layer deposited on #'éopper TEM grid in high-vacuum. [0033] Figure 7
displays a SEM picture of surface of a copper layer deposited on a gold TEM grid in high-vacuum.

[0034] Figure 8 shows\REAHPIR SHERH IIRAIST B GREREUSH andipe sisjeh deBrEwG AN gold TEM grid in
high-vacuum, [0035] Thertoentigeesampiesdodtailintirihedavestionn kstead ithe scope of the

invention is defined by the appended claims and equivalents thereof. It wil| be apparent to those skilled
in the art that various %%%HEA%%%&%&% 93?%%%}? % r}rgeﬁg’?ﬂ%%%giH‘Sd?@ﬁ%ﬁ%t%?the system and
method and more partiadeauiy ot théhdepesifidrsohetatariat frepnsitings higtads! withakdcuum or in a

protective atmosphereo%fﬁgﬁﬁ@pggpgléhgcé%giggi%m 5‘?1’?&%’9}%\#%@ in the use of this method for
. . !

depositing material without departing from the scope or spirit of the invention. [0036] Other

embodiments dPERElin{ARIoPpRdkBea a1 iRy anEes wiilkedapPaierdriorforsecaiidsddrdtion of the
specification and practg;efmnﬁ%ﬂg\mg%hdjsm%ggdmﬁanIg,i@iﬁtg&@gcgm@g thessascification and
examples be consider%gsc gs%)éer?é e!%r.yltc?gln}giended that the specification and examples be
considered as exemplary only.
EXAMPLE 1
[0037] Copper was deposited in high vacuum on a Au grid with pore sizes of 7.5
micron wide. The plating bath was 1-butyl-3-methylimidazolium
bis(trifluoromethylsulfonyljimide in which 0.1 mol dm- of copper
bis(trifluoromethylsulfonyl)imide was dissolved. Before use, the plating
solution was placed inside a vacuum chamber and the pressure was
reduced to 2 10° mbar. Next, the solution was placed inside the e-SEM
and the pressure was reduced to 10 mbar. During the electrodeposition
process, the pressure dropped further to 2 10°® mbar. The plating solution
was held in a copper crucible that was heated to 80 °C. This crucible also
served as counter electrode, no reference electrode was used. After a few
hours, a deposit of about 1 micron thick was formed on the Au-grid. The
deposit was smooth and adhered firmly to the substrate (Figure 1). The
EDX analysis after placing the grid in acetone overnight to dissolve the
ionic liquid shows a clear copper peak and the Au substrate is totally
screened by the deposit, even at 25 kV (Figure 2).
EXAMPLE 2
[0038] Deposits of cobalt were made in low vacuum using the e-SEM. The
pressure was 3 torr of N, and the acceleration voitage 25 kV. The
substrate was a copper grid, whose pores are 200 micron wide. The
solution that was used was 1-butyl-1-methylpyrrolidinium
bis(trifluoromethylsulfonyl)imide in which 0.1 mol dm™ of anhydrous Col,
was dissolved. Before use, this solution was dried at 120 °C under

reduced pressure. The solution was contained in a copper crucible, in




EXAMPLE 1 [0037] Copper was deposited in high vacuum on a Au grid with pore sizes of 7.5 micron
wide. The plating bath was 1-butyl-3-methylimidazolium bis(trifluoromethylsulfonyl)imide in which 0.1
mol dm' of copper bis(trifluoromethylsulfonyl)imide was dissolved. Before use, the plating solution was
placed inside a vacuum chamber and the pressure was reduced to 2 10-6 mbar. Next, the solution
was placed insi#&@HE@18ER and the pressure was reduced to 10' mbar POURRYHEEBctrodeposition
process, the pressure dropped further to 2 10' mbgg,4khe plating solution was held in a copper crucible
that was heated to 90C. This crucible also served as counter electrode, no reference electrode was

used. After a few hoursvtacHepagisrof abbstt Anissen sickoasdatsaaebandinadiedadd; e deposit was
smooth and adhered fi to the substrate (Fiqure 1). The EDX analysis after placing the grid in
acetone overnight to d|{95%s][l'c§ll\7aer1 ijr}gllso%rﬁ'ﬂ%%is é\%(l)év@s? YR &5 r@?%’é@i@’%@%%gﬁ&y%bstrate is totally
screened by the depodigiéeraien@d kvatRighte T}, £XANGELE 3 D38} Rdpisite wiccolialt were made

in low vacuum using thg&REM, TOR RGSSUEE BT 138 PN RORReERleralion ypltage 25 kV.

The substrate was a copper grid, whose pores are 200 micron wide. The solution that was used was
1-butyl-1-methylpyrroli¥igfutpesiiHHUIBPARRBSIHNIRRAYIHE ROALIBRPE &S CoHE! BRPesiaphydrous Col2

was dissolved. Before wisesdhisselutiopavasdgired)at Ag 6O RagK sakta P BIGSSHHE gliRgmsolution was
contained in a copper cru?ible, in 1,0/]@ wk ichla l%ﬁr of cgobat had been electrodeposited from an
aqueous CoClI2 bath, &G HIE RAFGIHE L RIRRPNE dBUIRMNF ML ARk M ALEHERERPEY a Peltier element
to about 90C. A voltagehoi3:0¢Ny viatncoiotrmtwesn(theweotking and counter electrode for about 2
hours. No refergnog legtrode was used. After the deposition, dendritic cobalt deposits could be seen
on the copper substrate (Fi?ure 3). The EDX analysis after placing the grid in acetone overnight to

dissolve the ionfeiflid-aRalaMgE HIROBIRArBINEBYERIUENREYD BidanerwihaRdaisarigdee 4).

EXAMPLE 3 [0039] Cahalsvagsedepasitednwg Bracmgnpi a«%w@m&tm%w wide pores.
The plating bath was [BMP ngZ(g\\/I‘l in\%gich 0.2 érg(ﬁ?lt? n{1-3 Co(T12N)2 Wzas dissolved. Before use, the
el

plating solution was pl3CEd Rl RAGHEN GO P AL PR PR EYE&d to 2 10 mbar.
Next, the solution was ydagen isice¢hers SEMraswl thevpsesducedias rediticeditdNkdOtembar. During

the electrodeposition pLgrRSs ¢ AIERAHIR AORBRILLIALIS2 4. JA G bal, LR Al solution was

held in a copper crucible that was heated to 90C, This crucible also served as counter electrode, no
reference electrode walPUSBRRARISIRHB S £ A 0ie8 25T Brpraire dittAESRWEIdranBegathode. After 90

minutes, a deposit hadifieree e thesGuabarid (Eigktn P3olinerfiRd RaalysisiteE piacHgethe grid in
acetone overnight to dissolve the ionic liguid shows clear cobalt peaks (Figure 6). EXAMPLE 4 [0040]
Copper was depositedklna%\f\é S\ngﬁel?rgoo%&a j] %ﬁ r\yv?f@%g?séossi e?adcl)(]a?.%‘j%ﬂ@o SEIeThe plating
bath was 1-butyl-1-methygigreotidiniestidsis (tviftuecremnéthglagkariyl)imide applilithedv@anol dm-3 of

copper bis(triluorometindsifoRydimidenas AissobvestBRIOTE UsR.dheRIRRGQIH D was placed

inside a vacuum chamber and the pressure was reduced to 2 10" mbar. Next, the solution was placed
inside the e-SEM and the#idd5isd e 2ls T8GR 3021veis-alteinircba tir e isleesterrposition process,

the pressure dropped feviheigto B dQseMmathd nipliing Seludaeweasbald karsqeRRES eiucible that was
heated to 90C. Thi l];‘ ihle also served as counter electrode, no reference electrode was used. A

voltage of 2 V was applied between the anode and cathode. After 3 hours, a
[0040] Copper was deposited in high vacuum on a Au grid with pore sizes of 7.5

micron wide. The plating bath was 1-butyl-1-methylpyrrolidinium
bis(trifiuoromethylsulfonyl)imide in which 0.2 mol dm® of copper
bis(trifluoromethylsulfonyl)imide was dissolved. Before use, the plating
solution was placed inside a vacuum chamber and the pressure was
reduced to 2 10°% mbar. Next, the solution was placed inside the e-SEM
and the pressure was reduced to 1 10" mbar. During the electrodeposition
process, the pressure dropped further to 2 10°° mbar. The plating solution
was held in a copper crucible that was heated to 90 °C. This crucible also
served as counter electrode, no reference electrode was used. A voltage

of 2V was applied between the anode and cathode. After 3 hours, a




WO 200 019147PC1'/171120 /059783 11/14 smooth deposit had formed (Figure 7). The EDX analysis
after placing the grid in acetone overnight to dissolve the ionic liquid shows a clear copper peak '
(Figure 8). EXAMPLE 5 [0041] The substrate is transferred to a transfer module (in which the pressure

is of the order 0%%%%@1 prough a load-lock. From the transfer modulepgj']f;@g §}5§9L§;;13 transferred
to a deposition chamber where the deposition of the Tantalum layer takes place (e.g. by means of

Physical Vapor Deposition (PVD) at a base pressuréiéf the order of 10-8 Pa). After the deposition of
the Tantalum layer, the substrate is transferred back to the transfer module and subsequently

transferred to a secon@fepbigsastianfirmetdsiame Belbie FX paglvsiferdienslatingtite is brought

into contact with the iogigliduiskane hreepesiigasehaeaialimenisemniaaniistingspessirs from the ionic
liquid onto the substrate takes place. Prior to this deposition process, the ionic liquid has been
subjected to a vacuumpﬁab(f\}ﬁ%ﬁeagbressure below 10-4 Pa). REFERENCES [0042] US 4,624,753,
Method for eledixaEiphsiting of metals, G.E. MacMannis Il et al. [0043] US 6,573,405, lonic liquids,

from Abbott et 4 : ic liqui i t . [Q045]
W02006/05336 OALgH Mﬁ%gag%%r%gﬁéﬁtﬁ!’%‘géfé%gé% rfr%%ﬂiﬁ%ﬁ%s{@@ﬁ%%%o%%g%'esr Fierwig et
al., [0046] W02006/06 PO8E AEeE Rictocheica giepdenidadst EHatmihemteansfer masive: Hsonic liquids,

from Welz-Biermann et abs[A047 ¥WRSAAGIFAS 33-AbiRAIVAYI @ tupdsRYsiaN et al. [0048]

W02007039035, Electrochemical deposition of selenium in ionic liquids, Welz-Biermann and Endres
Frank. the Tantalum layer takes place {(e.g. by means of Physical Vapor

Deposition (PVD) at a base pressure of the order of 10 Pa). After the
deposition of the Tantalum layer, the substrate is transferred back to the
transfer module and subsequently transferred to a second deposition
chamber (pressure below 10 Pa) where the substrate is brought into
contact with the ionic liquid and the deposition of metallic or
semiconducting species from the ionic liquid onio the subsirate takes
place. Prior to this deposition process, the ionic liguid has been subjected
* to a vacuum step (with a pressure below 10 Pa).
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2004 14/1411Crs5bP ndidBethRth R IR BrOIRRARIIM ERRABF OB habiRidayer coated substrate

from an ionic liquid from which ox%%en and water arc depleted ﬁﬁ@)osmﬁe Ionic liquid to an

atmospheric pressure roerHaR! .E%Pd#ﬁ'ﬂ&"th@%%o%rﬁ'é TAWRBHE lfl:“é"\al’cmospheric pressure

is maintained below 1Q}QFRNALIOF &ESEMRDE initRHPpISGALOE teMIshEsitRICHEThe Anethod according

to claim 1 wherein the é%{&@ 91%??5?&6? |§1%Hle ionic liquid after the ionic liquid is depleted from
ic liqui

oxygen and water by exposing the 1o 0 a pressure below 10-2Pa. 3. The method according to
claims 1 or 2 wherein the ionic liquid has a vapour pressure at room temperature below 10-4 Pa. 4.
The method according to claims 1 to 3 wherein the atmospheric pressure prior to deposition and/or
during the deposition is lower than 104 Pa. 5. The method according to claims 1 to 4 wherein the

copper is deposited by electrodeposition.




6. The method according to claims 1 to 5 wherein the copper is deposited by eleetroless deposition. 7.
The method according to claims 1 to 6 wherein the barrier layer coated substrate is a tantalum or
tantalum nitride coated substrate. 8. The method according to claim 7 wherein the tantalum or
tantalum nitride coated substrate is obtained by spwijtesing tantalum or tantalum nitxides | 9.FThe method
according to claims 7 and 8 wherein the tantalum or tantalum nitride coated substrate is protected from
exposure to oxidising agents prior to and during the transfer to the ionic liquid. 10, A material obtained

through the uke OFTHENEERD i%&’é’réﬁi’é’sﬂéi’&?&‘fﬁ@ﬁr {igt barrier layer coated substrate from an

ionic liquid from which oxygen and water are depleted by exposing the ionic liquid
to an atmospheric pressure lower than 10 Pa prior to the deposition and wherein
the atmospheric pressure is maintained below 107 Pa during at least the initial phase

of the deposition.

2. The method according to claim 1 wherein the substrate is transferred into the ionic
liquid after the ionic liquid is depleted from oxygen and water by exposing the ionic

liquid to a pressure below 107 Pa.

3. The method according to claims 1 or 2 wherein the ionic liquid has a vapour

pressure at room temperature below 10" Pa.

4, The method according to claims 1 to 3 wherein the atmospheric pressure prior to

deposition and/or during the deposition is lower than 10" Pa.

5. The method according to claims 1 to 4 wherein the copper is deposited by

electrodeposition.

6. The method according to claims 1 to 5 wherein the copper is deposited by

electroless deposition.

7. The method according to claims 1 to 6 wherein the barrier layer coated substrate is a

tantalum or tantalum nitride coated substrate.

8. The method according to claim 7 wherein the tantalum or tantalum nitride coated

substrate is obtained by sputtering tantalum or tantalum nitride.

9. The method according to claims 7 and 8 wherein the tantalum or tantalum nitride
coated substrate is protected from exposure to oxidising agents prior to and during

the transfer to the ionic liquid.

10. A material obtained through the use of the method according to claims 1 to 9.




