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Electrodeposition of copper metal is used for 
interconnects in silicon integrated circuits. [1] while 
specific Cu(I) species are generated electrochemically in 
some solar cell devices [2]. These applications and others 
require copper at a desired oxidation state. However 
unlike noble metals such as Pt, copper is easily oxidized 
under various conditions [3]. Corrosion studies also 
require oxidation state speciation. Localized corrosion 
reactions are often involved. Spatially resolved techniques 
are needed to get detailed information about corrosion 
mechanisms, electrochemical stability and the influence 
of morphology on corrosion rates [4,5]. Electrochemical 
methods and spectromicroscopy techniques are actively 
employed in both metal electro-deposition and corrosion 
fields. We use soft X-ray scanning transmission X-ray 
microscopy (STXM) to study ex-situ and in-situ 
electrochemical processes with quantitative chemical 
speciation analysis at a spatial resolution of 30 nm [6,7]. 
In-situ electrochemical measurements in STXM have 
been demonstrated [8] and are the target of the present 
studies of copper electrodeposition.  
 
The formation of different copper species is strongly 
influenced by both pH and potential [9,10]. We have used 
STXM to study copper electrodeposition from Cu sulfate 
solutions at different pH and at a range of potentials, 
under conditions where different copper species can be 
formed electrochemically in a controlled manner [9,10]. 
We have used spectromicroscopy at the Cu 2p and O 1s 
edges to speciate and  quantitatively map  different copper 
species. Ex-situ samples were prepared using a gold 
seeding electrode as working electrode, a Pt counter 
electrode, and a Ag/AgCl reference electrode in a 3-
electrode configuration. In-situ experiments  use a gold 
working electrode and a Cu pre-coated gold electrode as 
counter electrode in a 2-electrode configuration. In-situ 
studies provide detailed kinetic and mechanistic 
information. [11] 
 
1. R. Rosenberg, et al., Copper metallization for high 

performance silicon technology. Annual Review of 
Materials Science, 2000. 30, 229-262. 

2. Mittiga, A et al.,  Heterojunction solar cell with 2% 
efficiency based on Cu2O substrate.Applied Physics 
Letters, 2006, 88, 163502. 

3. Brusic, V et al., Copper corrosion with and without 
inhibitors. Journal of the electrochemical society, 
1991, 138, 2253. 

4. Thomas, S et al., Self-repairing oxides to protect 
zinc: Review, discussion and prospects. Corrosion 
Science, 2013, 69, 11-22. 

5. Ralston, K., Effect of Grain Size on Corrosion: A 
Review. Corrosion, 2010, 66, 075005-13. 

6. A.P. Hitchcock, Soft X-ray Imaging and 
Spectromicroscopy  in Handbook on Nanoscopy, eds. 
G. Van Tendeloo, D. Van Dyck and S. J. Pennycook 
2010.  (Wiley) 

7. de Groot, F.M.F., et al., In-situ Scanning 
Transmission X-Ray Microscopy of Catalytic Solids 
and Related Nanomaterials. Chemphyschem, 2010. 
11, 951-962 

8. D. Guay, J. Stewart-Ornstein, X. Zhang and A.P. 
Hitchcock, in situ spatial and  time resolved studies 
of electrochemical reactions by scanning 
transmission X-ray microscopy, Analytical Chemistry 
2005.  77  3479-3487  

9. Wu, Lingling et al., Photoelectrochemical Stablily of 
Electrodeposited Cu2O Films. Journal of Physical 
Chemistry C, 2010, 114, 11551-11556. 

10. Donepudi, V.S. et al, Electrodeposition of Copper 
from Sulfate Electrolytes. Electrochem. Solid-State 
Lett., 2001, 4, C13-16. 

11.  Research funded by NSERC (Canada), Canada 
Research Chairs, CARPE-FC network, AFCC. 
STXM studies carried out at the Advanced Light 
Source (supported by DoE BES) and at the Canadian 
Light Source (supported by U. Saskatchewan, 
NSERC, CFI, CIHR, NRC and WED). 

Abstract #1779, 224th ECS Meeting, © 2013 The Electrochemical Society


