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Plating cell and tertiary current distributions (1)

The reciprocating paddle cell is a known practical method for depositing

alloy films on wafer substrates. 25
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Plating cell and tertiary current distributions (2)
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Plating cell and tertiary current distributions (3)

Electrode (Cathodic) Reactions

anode — —— cathode
Mn++ne = M {positive) (negative}
ox;u:sa!ieln reduction
Deposition of metal M @ Faradaic current | | s | e
Plating time t (Gations
W - _ M 3 I B t/(nF) electr!olyte

Atomic weight of metal M \

Current distribution -  Butler-Volmer equation

S aqFn ackn

Concentration diffusion and mass transfer
are included

o ¢\ (aaFn) ¢\ ( aan)
Hloc = fo H Ci,ref exp RT H Ci,ref exp RT




Modeling (1)
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Modeling (2)

Electrolyte Transport of Charged and Neutral Species

= The Nernst-Planck Equation
= Flux = diffusion + convection + migration

Concentratign Flow velocity Charge

Diffusivity Mobility
v
N. =-D.Vc, +cu—-zmFcVag
— "

. Faraday’s constant lonic potential
Electrochemical y P

Systems

Third Edition




Modeling (3)

Electrolyte Current Density

= Current density sum of charges

j=F> zN, == j=F|» -zDVc +u Zzici —V@Z(zi)zmtii

= Electroneutrality,

charge conservation ) ’
sum of charges = 0 J=F [Z_Zi DVe -V Z(Zi) m; Fcij

= Perfectly mixed

(primary and ) ’
secondary current J=- FZ(Zi) mFc, (Vg
distribution) N

K= conéuctivity



Modeling (4)

Basic equations used in this work (1)
-. Continuity equation
V-(pu) =20
= Momentum equation
p2+pu-Vu=—"p+7-(u(u+ @u)) - 2u(7 - wl)+F

= Material balance equation for the species /

ac;
at

= Current density i, in the electrolyte

i, = FYi, zi(—DiVei — ziup i FeiV )

+ V- (=DiVe; — zjupm, i Fc;Ve, + ci) = Ry 4ot

» Charge balance in the electrolyte
V-ip =0Q
= Electroneutrality
2zic; =0



Modeling (5)

Basic equations used in this work (2)

It is known that the local current [ }
\

density on the electrode is related to
the local overvoltage, 7 on the /

electrode, i.e., : :
. Chemical Species
Electric Field
Transport

n= V- d)o
= Overvoltage at low current density
Electrodeposition
i RT

N = i @arao)2F

= Exchange current density _
, Coupled simulation
iy = (i_:) io(cp) of multiphysics

s

N



COMSOL Electrodeposition Module (1)

Physics interfaces in Electrodeposition Module

= Current and potential distribution based on: e _
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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

s 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)

=1
=-1

VCu(s)
Cu(s) — Cu?* + 2e-

VCUZ*

Equilibrium potential:

E.q |User defined =

Equilibrium potential at reference temperature:

Ep,ref Eeq_rel v
Temperature derivative of equilibrium potential:

dE/dT 0 VK
Reference temperature:

Tref 288.15[K] K

Eoq=Egeq T dEeq.n"dT(T =T ref)

= Electrode Kinetics

Kinetics expression type:

User defined -

| User defined
Butler-vVolmer
i Linearized Butler-volmer
Anodic Tafel equation
Cathedic Tafel equation
¥ Concentration dependent kinetics

Mumber of participating electrons:
Nm 2 1

Stoichiometric coefficient:

Vel -1 1
Vez 0 1
R-' _ yi.m‘iloc.m

m F
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Computational conditions

Shear plate
Dimension: 5 mm thickness and 90 mm height
Stroke length, S: 5 mm
Reciprocating frequency: 5 Hz
Distance between wafer and shear plate, 3: 2-6 mm

Electrolyte properties
Density: 1000 kg/m?3
Kinematic viscosity: 1x10® m?%/s
Bulk concentration of cupric ions: 9.6 mol/m?3
Diffusion coefficient of cupric ions: 5.37x10° m?/s

Electrode characteristics
Factor for the effect of concentration, y: 0.6
Exchange current density, i,(c;): 10 A/m?
Average current density on the wafer: 10 A/m?

Boundary conditions
The solved domain is limited up to the interface between air and solution.
The boundary for the interface is regarded as free-slip wall.
The bottom and side boundaries as well as the surfaces of electrodes are
stationary no-silp walls.
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Results (1)
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Results (2)

Flow velocity Pressure Current density
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Results (3)

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

Tertiary current distributions on the wafer for 6 =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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