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1. Introduction – the sputtered tantalum-base film has superior barrier and adhesion properties between

copper and dielectric (or silicon). Until now, it has become a

standard barrier material for the copper-damascene interconnects.

The new generation of technology node will be continuously 

reduced copper interconnections of linewidth. The thickness of 

tantalum-base barrier layer has to be limited to 2 nm or less as an

ultra-thin diffusion barrier, in order to leave minimized trenches

with sufficient space for Cu-filling. However, it may be suffering 

by insufficient to effectively prevent copper diffusion, due to

weakened barrier capacity and discontinuous film structure. It is

well-known that the silane-base self-assembled monolayers (SAMs) 

which can be a benefit where molecular-scale thickness and

variable surface chemistry property capability, they have highly

potential as an ultra-thin Cu diffusion barrier or adhesion promotor. 

[1,2] In this study has demonstrated that tantalum film has formed

hydroxyl groups surface to enhance a uniform silane-base SAMs

growth via tantalum anodization processes. Then also developed the

method of electro-assisted SAM deposition to improve SAMs 

molecular of surface packing density, structural orientation and 

barrier properties on tantalum-base films. The barrier properties and 

adhesion of ultra-thin tantalum layer can be strengthening by 

electro-assisted SAM for copper metallization. 

2. Experimental - The sputtered tantalum layer was deposited on silicon wafer. Prior to the SAMs

growth, the tantalum samples were anodized at anodization voltage with in ethanol-1 wt% H2O solutions

with three electrodes electrochemical cell. The aminopropyl-trimethoxysilan (APTMS) SAM was formed

on tantalum anodic oxide layer either by a traditional self-assembling method or by the electro-assisted

assembly in ethanol with diluted LiClO4 electrolytes solution.

3. Results and Discussion - Image 1 shows that the high resolution N 1s XPS spectra of the anodic

oxidation of tantalum films were immersed into the 0.1 M APTMS-ethanol solution for 30 min under (a)

+3 V, (b) +1.5 V, (c) 0 V, (d) -1.5 V and (e) -3 V, respectively. It has evaluated that the modest potentials

(+1.5 V) will induce a highly preferred orientation of amine (NH2) terminated SAM formation on anodic

oxidation of tantalum surface.

4. Conclusions - In this study has demonstrated that (i) growth of tantalum oxide on ultra-thin tantalum

film by anodic oxidation mothed, (ii) the highly preferred orientation of APTMS-SAMs have been

successfully deposited on tantalum anodic oxide by electro-assisted technology, (iii) electro-assisted

APTMS-SAM can as a copper barrier or an adhesion promoter for copper metallization.
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Image 1. High resolution N 1s XPS spectra, 

anodic oxidation of tantalum-base films were 

immersed 0.1 M APTMS-ethanol solution under 

(a) +3 V, (b) +1.5 V, (c) 0 V, (d) -1.5 V and (e) -3 

V, respectively.
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