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A Mathematical Model for Electroless Copper Deposition on
Planar Substrates

M. Ramasubramanian?* B. N. Popov** R. E. White,2** and K. S. CherP»**

aCenter for Electrochemical Engineering, Department of Chemical Engineering, University of South Carolina, Columbia,
South Carolina 29208, USA
bSandia National Laboratories, Engineering Sciences Center, Albuquerque, New Mexico 87185-0826, USA

A mathematical model for the electroless deposition of copper on a planar electrode is presented and used to make timne-dependen
predictions on the various quantities in the system. The model takes into account mass transport by diffusion and migration, But
ler-Volmer kinetics at the electrode surface, and mixed potential theory. A finite difference approach is used to solu®tie equa

and the resultant model is used to predict the concentration profiles, potential response, and plating rate as a functad of time
concentration of various reactive components.

©1999 The Electrochemical Society. S0013-4651(98)02-031-X. All rights reserved.

Manuscript submitted February 9, 1998; revised manuscript received May 22, 1998.

Mixed potential theory has been used to explain electroless depglating bath. It showed that at pH regions 11.0 and above, copper is
sition processes, initially by Pauno¥iand subsequently by Don- completely complexed by tartrate and exists as CugO)ion,
ahue? The electroless plating process has been ascribed to occur dwéhere L is the tartrate ligand. Hence, the reactions that were mod-
to a combination of the partial electrode oxidation and reductioreled in this study are

rocesses, the rates of which are equal and opposing in nature at all _ _ _ _
Emes. Both the oxidation and reduccgion reactigr?s ocgur at the same Cu(OH)pL,* + 2¢” > Cu+ 2 OH™ +2L2 [1]
electrode during electroless plating, and the driving forces for these 2HCHO + 4 OH™ = 2HCOO™ + H, + 2H,0 + 2¢~ [2]
reactions arise from the potential difference that exists between the ] )
metal-solution interface and the equilibrium electrode potential for At very high pH values, formaldehyde has been found to exist as
these (cathodic and anodic) half-reactions. In a typical electrolesgiethylene glycolate ioh!® However, for the purpose of this study,
copper deposition system, the copper reduction and formaldehyd@rmaldehyde was assumed to not dissociate into the glycolate com-
oxidation are the cathodic and anodic reactions, respectively. Eled?ound. Subsequent modeling efforts will include this equilibrium,
troless deposition will continue to occur as long as a positive drivingand the effect this has on the plating rate.
force exists for both of these reactions, and the rate of reaction will
be limited by the slower of these two reactions. Model Development

There is a wealth of information in the literature on the kinetics of  Figure 1 shows the schematic diagram of the electroless deposi-
electroless copper deposition on various substrates, many of them @ion process considered in this study. For the experimental condi-
experimentally determining the plating rate as a function of variougjons’ and the reactions mentioned above, one could deduce the
solution components and conditich®There has not been a great important dependent variables that need to be tracked in the system.
deal of work done on developing mathematical models for the elecThese consist of eight ionic species [Cu(gH)}, HCHO, HCOO,
troless deposition processes. Paurfodéveloped a computer model H*, OH~, SO;2, Na*, L~2], the solution potentiaki§), and the elec-
for studying the effect of pH on the deposition rate. Donatieeel-  trode potential\). The underlying assumptions in the model &re (
oped a mathematical study of electroless copper deposition by asgtilute solution theory is valid;ij transport of the material is one-
suming diffusion to be the major mode of transfer of ions to the elecdimensional and exists only in the direction normal to the electrode
trode surface. He also took into account equations for the microcorsurface; ifi ) the flux of all species is due to diffusion and migration
vection resulting from the bubble formation and evolution at the subonly; (iv) the system is isothermaij)(the bath volume is very large
strate surface. Recently, Kim and SBhieveloped a mathematical compared to the area of deposition, hence the bulk concentration
model for the electroless plating of nickel on a rotating disk electrodr
under steady state. They used the concepts of mixed potential thec
and applied the Butler-Volmer kinetics for determining the plating
rate as a function of the various concentrations in solution at steac
state. However, most of the experimental parameters such as the cc
centrations at the surface, pH, etc., vary at the electrode surface a:
function of time. Since the equilibrium potential is a thermodynamic
quantity that is dependent on the concentrations of the respective io HCHO
near the electrode surface, it also varies as a function of time therel e
changing the rates of electroless plating significantly. . @

This paper presents the results obtained from the development ‘ Cu(OH),L,

a time-dependent mathematical model for the electroless plating « \L'Z @
copper based on fundamental principles. The experimental cond ~a

tions used for the development of this mathematical model ar HCOO- @J
described elsewhePeThe governing equations take into account

mass transport by migration and diffusion, and mixed potential the
ory dictates the reaction rate. A copper-tartrate-formaldehyde bath

considered for the deposition process. Our previous $8ityved  Electrode Surface Diffusion Layer-Bulk Interface

the results obtained from the solution equilibrium studies on such y=0 y=o0
* Electrochemical Society Student Member. Figure 1. A schematic representation of the electroless plating modeling
** Electrochemical Society Active Member. region on planar electrodes.
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does not change during deposition; amg hatural convection

effects are negligible.

Equations—In the diffusion layer, the concentration of each
ionic species is governed by the following material balance equation

e

- yN +R

ot

whereR,; is the rate of homogenous production of species i from all
reactions. The flux of each species i is given by

RT 9y

At the electrode surfacg = 0, the flux for each of the eight ionic
species can be written as

__Sib

3 In the above equatioi),is the current density of either the reduc-
(3] tion or the oxidation reaction. The cathodic current is assumed to

oy [4]

This equation contains the contributions from migration and dif-

fusion only. In solution, water equilibrium exists at all times and

hence the equation

have a negative sign, and the anodic current is assumed to have a

positive signs; is the stoichiometric coefficient of species i in the

electrochemical reaction j which is expressed for the reduction reac-

N = zDFG 9D 5 aC tion (Eq. 1) as
=1 1 _—p—=

Z §M° > ne [9]

In the case of the formaldehyde oxidation reaction (Eq. 2), the

stoichiometric coefficient is calculated by writing the reaction in a

different form, as

CH+COH+ - KW =0 [5]
_ 2,
should be satisfied. The potential in the solution varied in accor- ne - Z §M [10]
dance to the electroneutrality condition given by i
352G =0 6] The stoichiometric coefficients are taken after writing these two
I

sidered in this problem are given in Table 1.

Boundary conditions and sign conventiengt the diffusion
layer-bulk interfacey = <, the concentrations of each of the eight are given in Table II.

species corresponds to its bulk values
C, =CP

tions for the nine variables of interest in the bulk.

reactions differently because of the need for consistency in the direc-
The list of the governing equations for all the ten variables con+ion of the flux. A species that is consumed at the electrode should

have a flux going into the electrode surface, irrespective of whether

it is due to the oxidation or the reduction reaction. The stoichiomet-

ric coefficients for all the different species involved in the reactions

The overall copper reduction reaction (Eqg. 1) and the formalde-
7] hyde oxidation reaction (Eq. 2) may each consist of two or more ele-
mentary steps, the precise kinetic form of which is not known with
The bulk equilibrium conditions are governed by the equationscertainty. However, one can couple the currents due to each of these
described in a previous stutifhese eight equations, along with the elementary steps (as outlined by NewAfaand obtain expressions
electroneutrality constraint, give rise to the nine independent equéfor the overall reaction rate in terms of the concentrations of the

electroactive species. The partial current densities of the cathodic

Table I. Model equations for electroless copper deposition.

= o0

Diffusion layer-electrolyte interface

O<y<wx
Diffusion layer

y=0
Electrode surface

aCCu(OH)Z [y

s .
Cu(OH), L54,1'1 _

_4=CR . . =
Couomz* = Ceuom* a0 Nowomrt T 0 Neuor, 134 nF 0
aC i
Cucro = Clero TEHCHO 4 ¥.Nyicpo = O Nucuo + SvcHo2l2 _
ot nF
Chcoo- =0 ac'*ﬂ+v =0 N 4 Svorozl2 _
HCoO HCHO nF
aC JaC_ _ s _ iy
Ch: = Ch+ - a:“ R R e L N oo —“C?]"D: 27 _
Con- = CBy- Ky — Cy+Con- = 0 Ny+ =0
aC__, s ks i
Csgy2 = Clo;2 % VNG =0 o+ O:—F’l + —O"r'“:'Z =0
aC_
Cna+ = Cﬂm B’\ia + V.NNa* =0 Nnar = 0
JC _, S -2.h
= cbh_ L . — L 21t
C2=CpP-2 %t +V NI:2 0 -2 + F
V=0 V=0 ip—iy=0
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Table Il. Physical data and model parameters used in
the simulations

whereU{ andU3$ are the standard electrode potentials for the reduc-
tion and oxidation reactions, respectively.
Since, during electroless plating, there is no net current flowing

D; X 106 Cibulk through any external system, the cathodic and anodic currents
Species z (cm?s) S1 S (molicr?) should be equal and opposite to each other and hence the following
equation has to be satisfied at all times

Cu(OH)yL;* —4 0.7 -1 0 0.06x10°3 ip+i,=0 [15]
HCHO 0 1.2 0 -2 022x10°°
HCOO™ -1 1.458 0 2 0.0 Solution procedure—The set of ten coupled nonlinear equations
Ht 1 9.31F 0 0 063x10°% given in Table | along with the equations for the current density, 11
OH~ -1 5.273 2 -4 016x10* and 12, and the current constraint equation, 15, are solved by a finite
Soi*Z -2 1.06% 0 0 006X 10:2 difference procedure using Newman’s BAND routtA@he govern-
'C‘f‘z _; é;’gﬁ (2) 8 éég; 13,3 ing equations were written using a three-point finite difference pro-

cedure using central differences. Three point backward and forward
differences were used wt= » andy = 0, respectively. The bound-

ary condition signifying/ = > was placed at a fixed length along the

y direction, which corresponds to a fixed diffusion layer thickness.
The minimum thickness, at which there is an insignificant jump in the
and anodic reactions can be assumed to obey Butler-Volmer kinetic§oncentration profile between the bulk-diffusion layer interface and
If the reduction reaction goes through a number of steps, all of whickhe adjacent node points in the diffusion layer, was assumed to be the
are in series, and the intermediate species formed do not diffus@ickness of the diffusion layer. This thickness was typically about
away from the electrode, the partial current density for copper reducd-2 ¢cm for all the conditions modeled in this study.

tion can be written as Model parameters—The transport and kinetic parameters

Py required for carrying out these calculations are detailed in Table II.
i =01 e H Gio exr{ aaF V- @, — Uf ]j The bulk concentrations of each variable under a given set of condi-
' i Ci,ref RT

aAssumed value.
b From Ref. 11.

tions were obtained using the procedure detailed in a previous pub-
lication. The standard electrode potential for the copper reduction
reaction U9) was determined as follows.

The standard potentials tabulated by Shacham-Diamand-®t al.
for various copper complexes were taken and plotted against their
respective i, values. This graph provided a straight line plot, which
indicated that the degree of difficulty of reducing a metal from its
complexed form is directly dependent on the strength of this com-
ep'Iex formed. This plot was subsequently extrapolated for ke p
. . . . ” ! value of Cu(OH)L >*#and assumed as the standard potential for cop-
intermediate. Using the above-mentioned conditions of zero inter: er deposition from this complex. The electrode potentials assumed

mediate loss and series reactions, the overall current density for t r the copper reduction and formaldehyde oxidation reactions are
cathodic reaction can be determined by multiplying a factor of tWo_ 0 266 and 1.5 V respectively.

(number of electrons involved in the reaction) to the elementary But- . .

ler-Volmer expression in Eq. 2.1t is also worth noting here that Results and Discussion

the concentration profiles of the various components depend only on Figure 2 shows the predicted electrode potential during electroless

the overall reaction rate and hence the exact kinetics of these reaplating for various combinations of copper complex and formalde-

tions are not necessary for this purpose. hyde in the bath. One can see that there is a significant change in the
A similar treatment of the overall formaldehyde oxidation reac- potential in the positive direction during the initial stages of the depo-

tion results in the current density for the formaldehyde oxidationsition. The electrode potentidl, is the mixed potential that is real-

reaction to be given by ized as a result of the constraint in the current (Eq. 15). This mixed

potential is also dependent on the open-circuit potentials for the
. \P2 reduction and oxidation reactions that are governed by the Nernst
is =i H Gio ex;{ﬁw—(b _Ue])
2 02,re i Ci,ref RT o 2

equations 13 and 14. As one can see from Eq. 13, the electrode poten-
Qi2 |
Cio J ;{_QCZF 9 o4
—|| : exg —=—V — ®, — Uz]|p [12] ,
i [Ci,ref RT

wherep,, = 5, whens; < 0 andg;, = s, whens; > 0.

In Eq. 11 and 12 the driving force for the electrochemical reac:
tion is provided by the potential difference tetvhf &, — UJ]. V
is the electrode potentiaby is the solution potential adjacent to the
electrode surface, arld} is the open-circuit potential for the reac-
tion i. The open-circuit potential is calculated for these two reaction:
by a Nernst equation as o1 f

qj
1 [&] ' ex;{%cfw . UE]) [11]

wherep;; = §; whens;; > 0 andq;; = 5, whens; < 0. The terms in
parentheses in the above equation signify the driving force for a on
electron transfer reaction to the Cu(QHJ“ complex forming an

—— Cu'? - 0.1 M; HCHO = 02233 M
Cu'? - 0.2M; HCHO = 02233 M
=== Cu'?=005M, HCHO - 0.2233 M
Cu'?-0.05M; HCHO = 0.1233 M
—— Cu?=0.1M,; HCHO =0.1033 M

Electrode Potential (V vs. SHE)

RT _[Cu(OH), L,

0 0 . . X X .
= + — In——*~——%5 13
Ui ! nF [OHT] 2[ Lfﬁ 2 [13] 100 300 500 700 900
5 Time (sec)
RT H B
Ug = US +—1n [HCOO | [14] Figure 2. Predicted electrode potential values during electroless plating for

nF [OH_]A[ HCHQ 2 various concentrations of copper and formaldehyde in the bath.
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tial is a function of the hydroxide ion concentration squared. One ca
also see from the electrochemical reactions that two hydroxide ior
are consumed for each copper complex reduction. Hence, during tt
initial times of electroless plating, the hydroxide ion concentration
would decrease significantly, thereby causing the open-circuit poter
tial to move in the positive direction for both the anodic and cathod
ic reactions. Since we have assumed that the cathodic and anot
reaction transfer coefficients do not vary with concentration, a move -
ment in the open-circuit potentials for these two reactions in the
anodic direction would cause the resulting mixed potential to move il
the positive direction. This movement in the mixed potential alsc o, |
causes the partial current densities to decrease considerably duri
the initial plating periods. Similar behavior of the overall potential at
the electrode surface shifting rapidly during the initial stages of elec
troless plating has been observed experimentally, and the duration |
to which this occurs has been termed as the induction péridte time (s)
existence of this induction period has also been attributed to the ditigyre 3. Electroless copper deposition current density as a function of time
ference in the nature and properties of the substrate on which ttor a bath containing 0.1 M Cu§@.2233 M HCHO at a pH of 12.25.
deposition occurs as time progres¥es.

It can also be seen from Fig. 2 that the mixed potential goe o ) ) )
through a maximum and subsequently stabilizes at a value signifiduring the initial periods and then increase due to the arrival of new
cantly positive of the potential at which the electroless plating startions from the bulk by diffusion and migration. The initial decrease
ed. The maximum in deposition potential occurs due to the compe the concentrations of Cu(O$); * and HCHO is caused by the
tition between the variations in the open-circuit potentials. As wefast initial reaction rate. This depletion is offset by the diffusion and
have noted before, the hydroxide ion concentration takes predommigration components of these species to a small extent, which caus-
nance in the early stages due to its initial concentration being dimin€s the surface concentrations to recover. Similarly, the concentration
ished. However, at longer periods of time, the mixed potential for thedf free tartrate increases rapidly, and subsequently decreases due to
cathodic reaction tends to shift in the cathodic direction because diiffusion toward the bulk. Figure 4b shows similar plots for the sur-
the decrease in the copper complex concentration and a correspor
ing increase in the free tartrate ligand concentration. This causes tl
mixed potential to go through a maximum and subsequently shift ii 2
the cathodic direction. This stabilization in the mixed potential alsc 12 r L e
causes stabilization in the current density for the most part, eve '
though there is a slight further decrease in the current mainly due
the depletion of the reactants as a function of time. Figure 2 als g -
shows the electrode potential responses obtained for various comtg 1.0 |
nations of copper and formaldehyde concentrations. An increasin, X
copper concentration causes a net shift in the mixed potential in tt4 oo | HCHO
anodic direction. This is dictated in part by the Nernst equationé P
where the concentration of the complex increases and a correspor g 038 |
ing decrease is observed in the concentration of hydroxide and th2
of free tartrate. Such a shift in the positive direction has also bee o7 | AN Cu(OH),L,™*
experimentally observed by Bindra et.&lfor an ethylenedi-
aminetetraacetic acid (EDTA) based bath. The magnitude of a shi (¢ — . ‘ . .
is much less when the concentration of formaldehyde is increase 0.1 0.3 0.5 0.7 0.9
keeping all other variables constant. An increase in formaldehyd
contributes to an increase in current through the Butler-Volmer equa-
tion (Eg. 12), which causes additional depletion of hydroxide ion
concentration, thereby contributing to a shift in the potential in the
positive direction. However, the magnitude is less because th
increasing formaldehyde concentration, by itself, tends to move th T S
potential toward the cathodic direction as dictated by Eq. 14. '

Figure 3 shows the predicted current density plot for the electro
less copper plating from a bath containing 0.1 M Cy$2233 M
HCHO at a pH of 12.25. The partial current density plot shows ¢5 1.0 -
very significant decrease in current density in the initial time period:g
closely following the potential plot shown in Fig. 2. At very short §

times, the driving force for the reaction, the difference between thg . | =
open-circuit potential and the mixed potential for the cathodic ancg

0.100

<

0.010 F

i(A/em

300 800 1300 1800

tration

Na’

S0,

Time (s)

ncentration
T
Z,
o

09 1

anodic reactions, is significantly high. Thus, the greater driving force” 07 t x ~_ Cu(OH),Ly*
causes a large current. Due to the movement of the open-circt -

potentials in the positive direction and the concentration depletion¢ 0.6 |

the surface, the polarization decreases with time causing the curre — : .

to decrease rapidly. At subsequent times, the electrode potential st 300 800 1300 1800
bilizes, which again causes the current and the corresponding st Time (s)

face.concentrauons to decrease. . . . Figure 4. @, top) Concentrations of the copper complex, formaldehyde, sul-

Figure 4a shows a plot of the concentrations of various species fate, sodium, and the free tartrate ligand'3Lat the electrode surface for
the surface for very short plating times. The concentrations of all thvery short times. (b, bottom) Concentrations of the species mentioned in
components that get consumed at the surface decrease very shaiFig. 4a for longer times.
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face concentrations at larger times for these five species. The sulfe
concentration does not change throughout the bath at all times di
to its not being consumed at the electrode surface. The sligt
increase in the sodium concentration arises because of the need  71c.004 |
maintain electroneutrality condition throughout the diffusion layer.
The dimensionless concentrations of Cu(@H)*, HCHO, and
L2 can be divided into three regions) the initial region from 10
to 200 s where the surface concentrations remain relatively constar § :
(i) the intermediate time zone region between 200 and 800 s whe S 1.8¢-004
the concentration decreases significantly; daid {he longer time

2.2e-004

2.0e-004

entration (M)

1.9¢-004

regions where the concentration levels off. 1.7e-004 1 18005
The three regions can be further understood with the help of | ( 0. |
plot of the concentration profiles from the bulk to the electrode sur . ; . . P . . .
face for the copper complex presented in Fig. 5. One can see th 020 018 016 014 012 010 008 0.06 004 002 0.00
there is very significant concentration depletion in the initial stage: electrode surface distance (cm) bulk

of deposition since the current density is very high. Subsequently ggyre 6. Concentration profiles between the bulk and the electrode surface
combination of the replenishment caused by mass transfer from ttfor HCHO molecule at different plating times.

bulk and a rapid decrease in the current density causes the surfe
concentration to remain constant up to 200 s, thereby giving rise t
the first region in Fig. 4b. Once the mass-transfer profile stabilizes ¢*
around 200 s, at subsequent times, the surface concentration starte | ge.00s |
decrease because of the inability of the complex to reach the ele
trode surface. This phenomenon gives rise to the intermediate co
centration depletion region in Fig. 4b. At significantly larger times,  13e-005 |
the plating current density decreases further and almost reaches _ S0
steady-state value as shown in Fig. 3. This also causes the conct2
tration depletion to reduce thereby causing the third constant cor.§ 80006 [
centration region in Fig. 4b.
Figure 6 shows similar concentration profiles for the formalde-
hyde from the bulk to the surface. One can see that the formaldehy S %% [ 1800 s
concentration profiles also show a similar behavior as the coppe
complex, thereby giving rise to three regions in the surface concer . P . s P s ‘
tration-time curve. The model was run for an electroless depositio 020 0.8 016 014 012 010 008 006 004 002 000
period of 5 h, and the surface concentrations of CugO¥f) and electrode surface distance (cm) bulk
?Clliol\:/yere St'7” fo_und to b? ‘?5 ?ntﬂ 75% of thtelrt_bulk val;_Jles, refsgﬁci:igure 7. Congent_ration p_rofiles betV\_/een_the bulk and the electrode surface
Ively. Figure 7 gives a plot of the concentraton profiles o €for the hydroxide ion at different plating times.
hydroxide ions as a function of time. The concentration of OH
decreases rapidly, and the profile falls into a straight line even befor
500 s of plating. One can see that the hydroxide ion tends to limit thtsibute to a significant decrease in the hydroxide concentration. The
electroless plating process, and the plating rate is predominantlinitial stages of electroless plating have high currents because of the
dependent on the hydroxide ion concentration at the surface. Figuret8gher surface concentrations and lower polarization. These high cur-
shows the surface concentration of the hydroxide ion at various timexents cause a rapid decrease in the active species concentrations at the
during the plating process. For a pH of 12.25, the concentration isurface as seen in Fig. 8. However, at longer times, the deposition rate
four orders of magnitude lower than that at the bulk. This significantslows down and reaches a somewhat steady value that is dependent
decrease in OHion concentration is due to the fact that the initial
concentration of OH is significantly small when compared to both

500s

oncentrat:

the copper complex and formaldehyde. Moreover, according to th
mechanism taken into account in our model, two Géhs are con- H
sumed during the reduction of one copper ion. These factors coi 3
5
= 1
E -
g 100 b ! —— pH-1225,Cu=0.1M
1.1e-004 s 10 i P 2o, Lu .
S A ERRE pH=1225,Cu?=0.05M
6 _ 2
g s T PEts pH=1175,Cu?=0.1M
1.0e-004 [ € 4 R PR pH=11.25Cu2=0.1M
‘2 3 .
. 2 ) : ___________________________________________________
2 90c005 | - i
.E 'g -10 | :
§ 5 10 8 :l
g 8.0e-005 E H M
o 3 F 000000 Tteemessmemssmmm—EsTmT
o 3
7.0e-005 L L L L
1800 s !
300 800 1300 1800
6.0e-005 . ) ) ) ‘ ) ‘ ‘ Time (sec)

020 0.8 016 014 012 010 008 006 004 002 0.00 Figure 8. Concentration of OH at the surface as a function of time for three
electrode surface distance (cm) bulk different bulk pH and two different bulk copper concentrations. The concen-

trations simulated for are (—) C& = 0.1 M, pH 12.25; {+-) Cu"2 =
Figure 5. Concentration profiles between the bulk and the electrode surfac 0.05 M, pH 12.25; —) Cu™2 = 0.1 M, pH 11.75;4——-) Ctr¢ = 0.1 M,

for Cu(OH)L ;% ion at different plating times. pH 11.25.
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gram laboratory operated by Sandia Corporation, a Lockheed Mar-
tin Company, for the United States Department of Energy.
0.0005 | The Ur_]ivers_ity of South Carolina assisted in meeting the publication
e costs of this article.
5 pH = 1225 List of Symbols
;f 0.0002 G concentration of species i, mol/ém
= Cib bulk concentration of species i, mol/&m
o Ci, surface concentration of species i, moffcm
T g0001 } Ciet reference concentration of species i, moficm
= D; diffusion coefficient of species i, cits
F Faraday's constant, 96,487 C/quiv
i current density due to reaction j, A/Bm
0.0000 1 ioiref €Xchange current density at reference concentrations for reaction, Alcm
“' ' ' ' K, ionic product for water equilibrium, (mol/ch?
300 800 1300 1800 o T
. M{ symbol for species i with charge
Time (sec) n number of electrons transferred in reaction j

Figure 9. Electroless copper deposit thickness as a function of time for var-\;
ious bulk pH values. Bjj
gj

chiefly on the hydroxide concentration at the surface. A decrease iR
the copper concentration changes the surface pH very sllghtly Th§
slight decrease in surface Olik due to a very slight decrease in the t
current with a decrease in copper concentration. According to thé
mechanism assumed, and the results obtained in Fig. 7 and 8, one dén
see that the plating rate will be influenced by pH more than any othel#.
parameter in the deposition process.

The copper deposit thickness as predicted by the model is pIotte¥i
for various solution pH values in Fig. 9. In all the three pH rangesz'

flux of a species i, mol/chs

anodic reaction order of species i in reaction j
cathodic reaction order of species i in reaction j
universal gas constant, 8.314 J kg 1

net homogenous production of species i from all reactions, nmo§cm
stoichiometric coefficient of ionic species i in reaction j
time, s

temperature, K

standard electrode potential for reaction i, V
open-circuit potential for reaction i, V

electrode potential, V

directional coordinate, cm

charge number of species i

the model was run for, the partial current density was very high ini-Greek

tially, and subsequently decreased significantly as witnessed by the;
change in slope of the plating thickness. Subsequently the curreft;
stabilizes, and we obtain a linear relationship of the plating thicknes
with time. Experimental studies carried out in the literdftsféhave
shown that there is a maximum that exists for the plating rate as a
function of pH. This has been attributed to the dissociation of meth-1.
ylene glycol, which is formed under conditions of high pH. The 2
model developed here does not take into account the formation or thé
subsequent dissociation of methylene glycol. An inclusion of the s
methylene glycol formation and the dissociation reaction equilibri-
um has to be done in order to predict the observance of a maxmun‘?‘
in the plating rate.

0

8
Conclusions 9.

A mathematical model for the electroless copper deposition ong.
planar substrates from a copper-tartrate bath is presented. The model
predicts the surface concentrations, electrode potential, and the plat-
ing rate as a function of different electroactive species concentra==
tions in the bath. The predictions obtained for the electroless coppeg.
deposition from tartrate baths show that Oidn concentration is  14.
mass-transfer limited and hence dictates the plating rate. 15.
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