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Abstract - CoWP films were electrodeposited in alkali-metal-free electrolytes, and the effects of pH of the electrolyte on the 
film characteristics such as current density, thickness, composition, and structure were investigated. Larger variation of the 
CoWP film composition could be made by changing the pH of electrolyte from 3.5 to 8.5. The films deposited from very acidic 
solutions contained larger amounts of tungsten and smaller cobalt. Regardless of pH of the electrolyte, the CoWP film had 
amorphous-like structure, indicating that the CoWP film electrodeposited in alkali-metal-free electrolytes could be an 
effective capping/barrier layer for copper interconnections. 
 
Index Terms - Alkali-metal-free electrolyte, Barrier layer, CoWP film, Electrodeposition, pH  
 
I. INTRODUCTION 
 
As the minimum feature size of microelectronic 
devices keeps decreasing, the electrical conductivity of 
metal interconnections has been decreased. This 
triggers the use of copper metallization as an 
alternative to aluminum because copper has higher 
electrical conductivity than aluminum [1]. In addition, 
copper offers better electromigration resistance 
compared to aluminum [2]. However, copper is 
vulnerable to oxidation at relatively low temperatures 
(< 200°C) and rapidly diffuses into silicon or oxide 
films, which deteriorates the reliability of the devices 
[3]-[4]. To overcome the limitations in the use of 
copper interconnections, the deposition of 
capping/barrier layers on the surface of copper has 
been introduced. 
Iron group metals such as cobalt and nickel have 
drawn attention as capping/barrier materials for 
copper interconnection due to their good resistances 
against oxidation and diffusion of copper. However, 
the films obtained using iron group metals alone are 
known to contain a lot of grain boundaries, which 
provides diffusion pathways for copper. Efforts have 
been made to use tertiary films containing iron group 
metal (cobalt, nickel, etc), refractory metals (tungsten, 
molybdenum, etc.), and phosphorous (or boron) 
because the grain boundaries of the films deposited 
from the iron group metals can be stuffed with 
refractory metals and phosphorous (or boron) [5]-[6].  
It was reported that the CoWP films had better 
performance as an effective capping/barrier layer up to 
550°C [7]-[8]. These films were formed using plating. 
In most plating baths, alkali-metal-containing 
chemicals have been used. However, it is known that 
alkali-metal ions such as sodium and potassium ions 
have a high diffusivity in an oxide film and produce 
mobile ionic charges, which are detrimental to the 
device performance [9]. Therefore, it is important to 

obtain capping/barrier layers for copper 
interconnection using alkali-metal-free precursors. 
In this work, CoWP thin films were electrodeposited 
on copper substrates from aqueous solution containing 
alkali-metal-free chemicals. The effect of pH on the 
characteristics (current density, thickness, 
composition, structure) of the electrodeposited CoWP 
films was investigated.  
 
II. EXPERIMENTAL 
 
Electrodeposition of the CoWP films were performed 
in a bath containing alkali-metal-free chemicals. 
Cobalt sulfate (CoSO47H2O), ammonium tungstate 
((NH4)2WO4), and ammonium hypophosphite 
((NH4)H2PO2) were used as the sources of cobalt, 
tungsten, and phosphorous, respectively. Ammonium 
citrate was used as a complexing agent. pH of the 
electrolyte was controlled using tetramethyl 
ammonium hydroxide (TMAH). 
Electrodeposition of the CoWP films was conducted 
using a standard three-electrode cell where a 
platinum-coated titanium mesh and a saturated 
Ag/AgCl electrode were used as the counter and 
reference electrodes, respectively. Copper was used as 
a substrate. A potentiostatic technique was applied for 
electrodeposition of the film. Deposition was 
performed at a constant potential of -1.1 V versus 
Ag/AgCl at room temperature for 5 mins. 
Electrochemical studies were made using a 
computer-controlled potentiostat. For the 
electrochemical measurements, a copper stationary 
voltammetry electrode was used as a working 
electrode. The surface composition of the 
electrodeposited CoWP films was analyzed using an 
X-ray photoelectron spectroscopy (XPS). The 
structural properties of the CoWP films was obtained 
using a high power X-ray diffractometer (XRD). The 
surface morphology was examined using a scanning 
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electron microscopy (SEM) and an atomic force 
microscopy (AFM).  
 
III. RESULTS AND DISCUSSION  
 
Fig. 1 shows the changes in the deposition current and 
thickness of the electrodeposited CoWP films with pH 
of the electrolyte. In Fig. 1, it is seen that the 
deposition current increases from 5.2 to 28 mA/cm2 
when the pH value decreases from 8.5 to 3.5. This 
indicates that most of the charges at low pH 
electrolytes are consumed for reduction of protons. 
The thickness of the electrodeposited CoWP films has 
a maximum when it is deposited from an electrolyte of 
pH 7.5, even though the current density is not the 
maximum at this pH. This is because more deposition 
occurs along with larger amount of hydrogen 
evolution. 
 
Fig. 2 shows the dependence of the composition of the 
electrodeposited CoWP films on pH of the electrolyte. 
Cobalt content in the CoWP film monotonically 
increases when the pH of the electrolyte is raised from 
3.5 to 7.5. Then, the cobalt content decrease with a 
further increase in pH higher than 7.5. This is mainly 
due to the formation of cobalt hydroxide in the 
solution. Tungsten content goes through a minimum 
at pH value of 6.5. Phosphorous content does not 
change much with pH. 
 
Fig. 3 shows XRD spectra of the CoWP films 
electrodeposited from electrolytes of various pH values. 
The XRD spectra of all the CoWP films give a peak 
with high intensity showing that the substrate copper 
with preferred crystallographic orientation of [220]. 
Regardless of pH values, a small and broad peak is 
detected, which is related to Co [111]. This suggests 
that the CoWP films electrodeposited in 
alkali-metal-free electrolytes have amorphous-like 
structures. This structure has advantages such that 
diffusion pathway of copper is prohibited. Therefore, 
the CoWP films electrodeposited in alkali-metal-free 
electrolytes can be used as an effective capping/barrier 
for copper metallization. 
 

 
Fig. 1. Changes in the deposition current and thickness of the 

electrodeposited CoWP films with pH of the electrolyte. 

 

 
Fig. 2. Change in the composition of the electrodeposited CoWP 

films with pH of the electrolyte. 
 

 
Fig. 3. XRD spectra of the electrodeposited CoWP films at 

various pH values of the electrolyte 
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