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Abstract: Electrochemical systems are devices
or processes in which an ionic conductor
mediates the interconversion of chemical and
electrical energy. This paper presents a model to
simulate the electroplating of copper in a
microcavity typically found in the plating of
copper onto circuit boards. We successfully
demonstrate the use of moving meshes for
plating processes and we investigate the
influence of the cavity on the plating result. The
moving mesh makes it possible to simulate the
growth of the cathode boundary as the process is
carried out.
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1. Introduction

Today, copper films have draw great interest to
fabricate the printed circuit boards, electronic
devices such as sensors, wearable electronics,
batteries, and Radio Frequency Identification
(RFID) tags, and electric lead in narrow bezel
touch screen owing to their high -electrical
conductivity in the electronic industry [1-3].

A two-chamber galvanic cell enabled the
simultaneous study of both oxidation and
reduction processes involved in electroless
copper  deposition  presented in  [4].
Electrochemical impedance spectroscopy (EIS)
results interpreted with regard to other recent
experimental studies for copper deposition in the

presence of polyethylene glycol and Cl ™ in [5].

Futhermore, Galvanostatic studies of the kinetics
of deposition and dissolution in the copper +
copper sulphate system presented in [6]. In this
work, we design the electroplating of copper in a
microcavity typically found in the plating of
copper onto circuit boards. In addition, we
investigate the influence of the cavity on the

plating result using the finite element method
(FEM) with COMSOL multiphysics package.
COMSOL modeling is performed by following a
procedural flow as in Figure 1 [7].

Geometry
and
Materials

1

Physics

* Boundary
S
and
Loadings

Matrix
Equation

—

Solution

Pre-processing

Post-
Processing

Figure 1: The steps in COMSOL modeling [7]

2. Results and Discussion

The model simulates the deposition process at
pH4, which implies that the proton concentration
is very low compared to the copper and sulfate
ion concentrations. The deposition at the cathode
and the dissolution at the anode are assumed to
take place with one hundred present current
yields. During the process, differences in
electrolyte density arise in the enclosed cell,
giving higher density at the anode compared to
the cathode.
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The process is inherently time dependent
because the cathode boundary moves as the
deposition process takes place. The model is
defined by the material balances for the involved

Tons copper, CU*", and sulfate, 3042_ and the

electroneutrality condition. This gives three
unknowns and three model equations. The
dependent variables are the copper ion, sulfate
ion, and ionic potentials. Additional variables
keep track of the deformation of the mesh.

The model geometry is depicted in Figure 2. The
upper horizontal boundary corresponds to the
anode, while the cathode is placed at the bottom.
The vertical walls represents the pattern on the
master electrode with the assumption is to be

insulating.
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Figure 2. Cross section of the Model with
boundaries corresponding to the anode, cathode,
and vertical symmetry walls

The flux for each of the ions in the electrolyte is
given by the Nernst-Planck equation as:

N, =—(D,V¢; + zu,Fc,V ) (1)

where

—

N, : the transport vector (mol/(m?s)),

D, : is the diffusion coefficient (m?s),

C, : the concentration in the electrolyte
(mol/m?),

Z; : the charge for the ionic species,

U; : the mobility of the charged species
(m*/(s-J-mole)),

F : Faraday’s constant (As/mole), and
¢| : the potential in the electrolyte (V).

The material balances are given by:

oc; =

—=-VeN. 2)
ot

one for each species, thatis | =1, 2. The

electroneutrality condition is given by:

3 26 =0 3
i=0

The boundary conditions for the anode and
cathode are given by the Butler-Volmer equation
for copper deposition. The deposition process is
expressed through:

Cu' =Cu* +e )
Cu=Cu’ +e" (5)

The first step (4) is rate determining step (RDS),
and the second step (5) is assumed to be at
equilibrium. This provides the following relation
for the local current density as a function of
potential and copper concentration as given by:

CCuz* e(_%] (6)
C

Cu®*,ref

where

¥ : the overpotential

The overpotential is expressed through:

n= ¢S,0 _¢1 _A¢eq O]
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The total reaction of this model is given by

where
¢s,o: the electronic potential of the respective Cu=Cu* +2e (13)
electrode. ) .
This provides the following condition for the Figure 3 shows Mesh of the model consists of
cathode: 6117 elements with minimum quality 0.6088 and
average quality 0.9357, while Figure 4 illustrate
LSF{i ) the Surface concentration of the copper ion.
RT
. |-€
. I
Nof* 3 =—— 05F(~hq+ei+0tg) | ¢ (7)
2F C., — &
O.I +
+
Cof*,ref
Where

&, : the normal vector to the boundary.

The condition at the anode is given by

—15F(~han Mg
RT
i —€
NQJZ+ g =2 05~ i 0e) | ¢ (8)
2F Co || m
+ Figure 3. Mesh of the model consists of 6117
Ccuz*,ref elements
. . . . Surface: Concentration (mol/m*®) Contour: Concentration (mol/m®)
All other boundaries are insulating which o streamline: Totalux
expressed through: im
NOJ2+ .gn :O (9) 35
For the sulfate ions (5042_ ), insulating *r
conditions apply everywhere as given by: s
Nsof eg =0 (10)
The initial conditions set the composition of the 1o}
electrolyte by:
Copr =Co (11) ol . . : . . .
Csoj’ =6 (12) Figure 4. Surface concentration of the copper

0on
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Figure 5 presents the stream line, while Figure 6 Pl ety ot il

the arrow surface of the model. wf 7T T T T T A
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From our model, Figure 8 (a-d) shows the
potential distribution analysis in different
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Figure 7 shows the thickness of the deposition
along one of the vertical cathodic surfaces.
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Figure 8. Analysis of potential distribution of
the model (a — d)

3. Conclusions

This paper has demonstrated the use of the FEM
method COMSOL multiphysics to 2-D model of
the electroplating of copper in a microcavity
typically found in the plating of copper onto
circuit boards. We successfully illustrated the use
of moving meshes for plating processes and the
influence of the cavity on the plating result. The
results obtained in this research are encouraging
and motivating for further study.

4. References

1.

C. Wei, G. Wu, S. Yang, and Q. Liu, “
Electrochemical deposition of layered
copper thin films based on the diffusion
limited aggregation”, Nature Scientific
Report, 34779, 1-7, 2016.

C.D. Gu, Y. H. You, X. L. Wang, and
J. P. Tu, “Electrodeposition, structural,
and corrosion properties of Cu films
from a stable deep eutectics system with

Excerpt from the Proceedings of the 2019 COMSOL Conference in Boston



additive of ethylene diamine”, Surface
and Coatings Technology 209, 117-

123,2012.
S. J. Joo, H. J. Hwang, and H. S. Kim,
“Highly conductive copper

nano/microparticles ink via flash light
sintering for printed electronics”,
Nanotechnology 25, 265601, 1-11,
2014.

S. M. El-Raghy and A. A. Abo-Salama,
“The Electrochemistry of Electroless
Deposition of Copper”, Journal of
Electrochemical Society, 171-176, 126
(2), 1979.

J. J. Kelly and A. C. West, “Copper
Deposition in the Presence of

Polyethylene Glycol: 1L
Electrochemical Impedance
Spectroscopy”, Journal of

Electrochemical  Society, 3477-3481,
145(10), 1998.

E. Mattsson and J.O’M. Bockris,
“Galvanostatic studies of the kinetics of
deposition and dissolution in the copper
+ copper sulphate system,” Trans. Far.
Soc., vol. 55, p. 1586, 1959.
https://www.comsol.com/

Excerpt from the Proceedings of the 2019 COMSOL Conference in Boston





