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Electrode (Cathodic) Reactions 

Mn++ne => M 

Faradaic current  I 

Plating time t 

w =  M I t/(nF) 

Atomic weight of metal M 

Deposition of metal M 

Current distribution - Butler-Volmer equation  

Concentration diffusion and mass transfer 

are included 

Plating cell and tertiary current distributions (3) 



Modeling (1) 
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The plating cell 

 t = T 

 t = 1/4T 

 t = 3/4T 

 m=m1+m2 

Meshing 

T is the reciprocating 

period of shear plate 



Modeling (2) 

 The Nernst-Planck Equation 

 Flux = diffusion + convection + migration 
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Electrolyte Transport of Charged and Neutral Species 
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Modeling (3) 

 Current density 

 

 

 

 

 Electroneutrality,  

charge conservation 

sum of charges = 0 

 

 

 Perfectly mixed 

(primary and 

secondary current 

distribution) 
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Modeling (4) 



Basic equations used in this work (1) 



9 

Modeling (5) 

Electric Field 

Fluid Flow Heat Transfer 

Electrodeposition 

Chemical Species 

Transport 

Coupled simulation 
of multiphysics 

 Overvoltage at low current density 

 

 

 Exchange current density 

 

It is known that the local current 

density on the electrode is related to 

the local overvoltage,  on the 

electrode, i.e., 

Basic equations used in this work (2) 

Electrode 

Reactions 



COMSOL Electrodeposition Module (1) 

 Current and potential distribution based on: 

 Charge and current balances 

 Material transport 

 Fluid flow 

 Heat transfer 

 

 Deposited layer thickness and composition 

through: 

 Electrode reactions coupled to surface 

species balances 

 Fixed and moving boundaries coupled 

to surface species balances  

10 

Physics interfaces in Electrodeposition Module 
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COMSOL Electrodeposition Module (2) 

 The Electrodeposition Module is able to 

model arbitrary reaction mechanisms: 

 Electrode kinetics using Butler-Volmer or 

by just typing in arbitrary expressions 

 Multiple competing reactions 

 Adsorption reactions including diffusion 

of adsorbed species at the electrode 

surface 

 Stoichiometric Coefficients  

 Positive for reduced species, i.e. the 

species getting oxidized in the reaction 

 Negative for oxidized species, i.e. the 

species getting reduced (same side as 

the electron) 

Cu(s) → Cu2+ + 2e- 
1- 

1 
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Computational conditions 



13 

Results (1) 

 = /2  = 3/4 

 = /2 

Flow velocity 

The copper electrodepostion 

from an acid sulfate 

electrolyte composed of 

CuSO4 5H2O of 2.4 g/L and 

H2SO4 of 90 g/L was 

considered in this work. 

Reference:  

B.Q. Wu, Z. Liu, A. 

Keigler, J. Harrell, J. 

Electrochem. Soc. 152 

(5), C272 (2005). 
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Results (2) 

Pressure Current density Flow velocity 
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Results (3) 

Reduced 

current density 
Reduced 

concentrations 

Distributions of tertiary current densities and concentrations on the wafer  
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Results (4) 

 = 3 mm  = 4 mm  = 2 mm 

Tertiary current distributions on the wafer for  = 2 , 3, 4 mm  

at the different phases of the reciprocating cycle 
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Conclusions 

 This paper presented the study of tertiary current distributions on 

the wafer in an industrial plating cell. The coupled solution of fluid 

equations and mass-transport equations were performed.  

 The simulation results included the velocity and pressure of fluid 

flows, ion concentrations, potential, and current densities in a 

plating cell.  

 The obtained distributions of tertiary current densities and ion 

concentrations on the wafer present an oscillating wave form, 

indicating the strong effect of shear-plate agitation on the current 

distributions.  

 The study of the distance between the wafer and shear plate 

allows us to control the current distributions on the wafer so as to 

further improve the quality of the deposited film in the plating cell in 

future. 
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