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Today’s interconnects are made of copper, which is 
entrenched in a Ta/TaN barrier to prevent diffusion. The 
copper is deposited by electroplating since superfilling 
allows the void-free filling of vias and trenches. One 
disadvantage of Ta/TaN barriers is that, due to the 
formation of very stable surface oxides, the direct plating 
of high quality copper films has been elusive so far. For 
this reason, the damascene process applies a thin PVD 
copper seed layer prior to electrodeposition. 
Unfortunately, this PVD seed layer hampers the scaling 
beyond the 32 nm node as it occupies too much space. 
 
The direct deposition of copper on tantalum barriers was 
explored from ionic liquids in high-vacuum.  1-butyl-1-
methylpyrrolidinium bis(trifluoromethyl-sulfonyl)imide 
[BMP][Tf2N], 1-butyl-1-methyl-pyrrolidinium chloride 
[BMP]Cl and ethyl-methylimidazolium chloride 
[EMIm]Cl were used as ionic liquids which have a 
relatively low viscosity and high conductivity.  The 
extremely low vapor pressure of ionic liquids allows the 
deposition in high-vacuum (< 10-6 mbar).  As a result of 
this, the tantalum metal does not oxidize because of the 
extremely low oxygen concentration and the 
electrodeposition of copper can take place on tantalum 
metal instead of tantalum oxide. This method was used to 
explore the electrodeposition of ultrathin copper layers on 
tantalum. 
 
Copper(II) bis(trifluoromethyl-sulfonyl)imide was used as 
metal salt. UV-vis spectroscopy showed that Cu(II) is 
unstable in presence of metallic copper; therefore, all 
Cu(II) was transformed into Cu(I) before deposition. 
Crystalline copper was electrodeposited on a 40 nm thick 
layer of tantalum.  The deposition process was carried out 
at pressures < 10-5 mbar and a temperature of 90 oC. The 
electrodeposition of copper was done potentiostatically 
using different deposition potentials and times. For small 
overpotentials, rough layers are formed; for large 
overpotentials and short deposition times, thin and smooth 
layers can be electrodeposited. 
 
The influence of additives, such as polyethylene glycol, 
picolinic acid, lithium fluoride, … on the copper plating 
was investigated. Polyethylene glycol and picolinic acid 
improve the morphology, giving smoother copper layers 
(figure 1) whereas lithium fluoride improves the adhesion 
of copper onto the tantalum substrate. TEM analysis 
proves that crystalline, smooth and dense copper layers 
with sub-50 nm thickness have been deposited on 
tantalum without internal stress. Pulse plating was also 

investigated but the adhesion became very poor. 
 
Diffusion coefficients were determined by rotating disc 
experiments: the steady state current is a linear function 

of ω , following the Levich equation. This information 
is used to simulate the voltammograms of copper in ionic 
liquids using finite element software. Figure 2 shows the 
excellent correspondence between experimental and 
simulated cyclic voltammograms (given as I(t) instead of 
I(E)) of 0.5 M of Cu(Tf2N)2 in [BMP][Tf2N] on a Pt 
working electrode at 90 oC. 
 
A quartz crystal microbalance was used to determine the 
current efficiency of the electrodeposition process and the 
mechamisms of how the additives interfere in the copper 
deposition process. 
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Figure 1: SEM micrograph of a deposit from 

[BMP][Tf2N] with 1 M of Cu(Tf2N) and 1 mM of 
picolinic acid 

 

 
Figure 2: Experimental (-) and simulated (- -) cyclic 

voltammograms of 0.5 M of Cu(Tf2N)2 in [BMP][Tf2N] 
on a Pt working electrode at 90 oC. 


