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

» a wide potential window, sometimes exceeding 4 volts, which gives
access to elements which cannot be electrodeposited from aqueous 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 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
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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, |.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, I.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 liquid as
a basis for a lunar telescope, E.F. Borra, O. Seddiki, R. Angel, D.
Eisenstein, P. Hickson, K.R. Seddon and S.P. Worden, Nature, vol. 447,
pp. 979-981, 21 June 2007

[0008] Various authors have mentioned the low vapour pressures of ionic liquids
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miniaturization of the Damascene process in which copper is
electrodeposited on a diffusion barrier, often Ta or TaN. Electrodeposition
of copper from an aqueous plating solution directly onto Ta is not possible
as Ta will spontaneously cover itself with an oxide (or hydroxide) layer
when brought in contact with air or water. This reaction layer gives rise to
a substantial contact resistance and hampers the nucleation of copper
onto the barrier layer. Hence, before plating, a thin copper seed layer is
deposited onto the barrier layer. This seed layer is deposited by PVD, ALD
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 WO2006/061081 A2, Biermann, Endres and
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would involve transferring a substrate to a transfer module (in which the
pressure is of the order of 10-° Pa) through a load-lock. 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 108 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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onto the substrate by electrolytic or electroless deposition can be used. By
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“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 IIB, IlIA-VIA metals from the
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3+ i gy Where the last three reducing agents are

preferred if the deposit should not contain boron.
[0023] In case of electrodeposition, the deposition takes place either under

controlled current or controlled potential. The applied 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
liquid. Possible reducing agents are LiBH4, KBH,4, NaBH,4, N,H,, HCHO, Ti
3+ ions, where the last three reducing agents are preferred if the deposit
should not contain boron.

[0025] The deposited material and coatings are particularly suitable for the
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[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 to those skilled in the art that various modifications and
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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 voltage 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™3 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



screened by the deposit, even at 25 kV (Figure 2).
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Cu-grid (Figure 5). The EDX analysis after placing the grid in acetone
overnight to dissolve the ionic liquid shows clear cobalt peaks (Figure 6).
EXAMPLE 4
[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(trifluoromethylsulfonyl)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 2 V was applied between the anode and cathode. After 3 hours, a
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2004C ainms 1. A nethod for depositing netallic or

sem conducting el ements or conbi nations thereof on a
substrate froman ionic liquid fromwhich oxygen and
wat er are depl eted by exposing the ionic liquid to an
at nospheric pressure |ower than 10



-2 Pa prior to the deposition and wherein the
at nospheric pressure is nmaintai ned bel ow 10~2 Pa
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2. The nmethod according to claim 1l wherein the
substrate is transferred i nt9'%he ionic liquid after
the ionic liquid is depleted fromoxygen and water by

Clamsosi ng the ionic liquid to a pressure bel ow 10~2 Pa.
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i DN ?‘nga RRRIING Wedlis OprerBicendugling %@m%f‘éﬁﬁé%@r@“ons
SRS A slfBetr e ol e TBhICIR VR A SR En Ry 6T o8 atklare
adm#tletedoby exppdingtheeipai liguidhta an labmesphdranpré8sdreRawebthan 10

met hod  accor di to clainp to 4 erein the
wé & P teﬁh%QﬁPE%ﬂgﬁé‘PF’Nﬂ“%ﬁ RradMASPPREC pressure is

Cﬁ’i%mté‘lﬁgﬂ%%\kh@mqﬂ%d@ﬁ h%g?fé%él tdnhl Bhase of the deposmlon

el ectrodeposition The nethod according to cla

. t'bhé rrvd’llaocdaiancmridmm’mt caim ¢ vadrersenthecutbstrbienig tedrsfmmegdinto the

or Lnations thereo e ,deposi t ed .
Bl N G BB BEI SN GHID 5 Her S UG P Mt EThY exposing
il .&.@m@&@g&% peRAET 0 Padeposi ted on a

tant umor t umnitride coated substrate. 8. The

. meEhdrotethod acdonding t daians or heherem thedoh@rivaicuhaa vapour

tantalum nitrate coated bstrate i s obtained by
SRERUE B CORMERIATRBIS R DAt i do. o The et hod

atRe httRed %@C&Hgﬂid’% Jaiffd o BRER&EM Fh@eatﬁ%'%%)ﬁémftrp%ssure prior

tantal umnitride coated substrate 1s protecte
ebopﬂmmseildrmrw(oddsmm@trmgmucsnmn isrlower thadh ‘tﬂ]‘f Peg t he
obt ai ned

¢ Hi0 testhed dot@ing & Geimaed 1194 iR elsTia & S gopgucting

elements or the combinations thereof are deposited by electrodeposition.

The method according to claims 1 to 5 wherein the metallic or semiconducting

elements or the combinations thereof are deposited by electroless deposition.

The method according to claims 1 to 6 wherein copper is deposited on a

tantalum or tantalum nitride coated substrate.

The method according to claim 7 wherein the tantalum or tantalum nitrate

coated substrate is obtained by sputtering tantalum or tantalum nitride.

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.



