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Tin/lead alloy electr odeposition within methane sulfonic
acid (MSA) solutions was studied. The thickness and
composition of thedeposit formed under static condition
wer einvestigated initially, then contrasted with the data
obtained under areflow system. It was found that when
the electrolyte was stagnant, the high current area ap-
peared on the edgeregion of the electrode surface where
thelead deposition dominates, whilethe central r egion of
the platewasthelow current areathat facilitated thetin
deposition. Moreover, the increase of flow rate could
significantly improvethedistribution of Pb/Sn, although
it had little effect on the composition of the deposition,
which wasmainly controlled by current density. Finally,
the Pb/Sn alloy deposition in aM SA bath wasfound to be
mainly controlled by the masstransfer of activeions. So
theflow patternand cir culation greatly affect thecurrent
distribution of thealloy deposition. Theflow pattern with
acertain cell can beaccurately simulated by mathemati-
cal modeling with the assistance of appropriate flow 3D
software.

Tin-lead alloy plating is an important process for the elec-
tronicsindustry. One major traditional bath using fluoborate
anionshasmet difficulty regarding its effluent treatment and
is increasingly replaced with a methane sulfonate bath.**
Relatively few papers have been published on this system’s
electrochemistry, however, either regarding its chargetrans-
fer kinetics or the deposition distribution as aresult of mass
transfer effect. Researchers here* ® have studied the anodic
dissolution of lead in methane sulfonic acid (MSA) by
square-wave voltammetry and direct current polarography.
They also studied the el ectrodeposition of tin-lead alloy ona
rotating disk electrodeandfound that thereductionsof tinand
lead in MSA bath proceed in parallel without interaction.®

In this study, the aim was to gain more insight regarding
deposit distribution and contribution in response to cell
geometry and flow pattern. This information is understand-
ably critical for precise control of the performance of this
alloy plating system.

Experimental Procedure

Thecell designisshownin Fig. 1. The anode used was 90/10
tin-lead alloy plate (0.09 x 0.12 x 0.003 m) and the cathode
was pure copper plate (0.08 x 0.11 x 0.001 m) . The electro-
lyte was fed into the cell from the bottom in the x-direction
and discharged from the top on the same side. The composi-
tion of the bath was similar to that used by Rosenstein:”

MSA 100 g/L, Pb*? 2 g/L, Sn*218 g/L, MH-1R (additive)
30 mL/L

Bath temperature was controlled at 25 +0.2 °C. The polished
electrodeswere cleaned sequentially by deionized water, 20-
percent sulfuric acid solution and 50-percent H,O, solution.
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Fig. 1—Schematic diagram of the cell.
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During plating,
constantcurrents  a
(1,3,6,8and 9
Aldm?) were ap-
plied to the sys-
temfor fivemin.
Then the deposit
thickness and
composition at
variouslocations
on the cathode
were measured . e e e e e e e
by X-ray fluores-
cence (Fresh
XDVM).

The positions
of these test
points on the
cathode are
shown in Fig. 2.
There are eight
points in the X-
directionandfour pointsintheY -direction, so the uppermost
left point can be designated as A1. After one run, the experi-
ment wascarried out with adifferent agitationratetolearnthe
effect of flow on the deposition.

X

Fig. 2—Thetest positions of the cathode.

Theoretical Considerations
Theflow patternwithinacell ischiefly governed by thecell’s
geometry and agitation mode. Uniform distribution of depos-
itswith respect tothicknessand compositionisakey criterion
for the performance of aplating system. Inmost systemswith
fairly high current density, the distribution is mainly con-
trolled by mass transfer effect, which is naturally directly
related to the flow pattern near the cathode.

Accordingly, a simulation model was established to pre-
dicttheflow patternwithinthecell. Thesimulationresult was
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Fig. 3—Schematic flowchart of the apparatus.
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Fig. 4—Schematic positions of the plates in the reflux tank; cathode’s
measuring points shown by dots.

then compared with the metal distribution obtained from the
experiments. The computation was based on software (cfx-
flow 3D) developed by AEA Technology. The flow pattern
within the cell was calculated by controlled volume and
multiblock grid method,® as shown in Figs. 3 and 4.

In this study, agitation was achieved by a reflux flow
pattern. Theplating solution entered thecell fromtheleft side
of the bottom, flowed through the plating cell, and went out
at the left side of the cell top. The governing hydrodynamic
equations were numerically solved by the computer soft-
ware. In the computation, the density and viscosity of the
plating solution were assumed to be constant and were 1080
kg/m? and 0.0015 kg/msec, respectively. The boundary con-
ditions were then as follows:

Inlet u=Q,v=0adw=0
Outlet QOUT = QIN
Free-Wal (Y =0.126 m)
Otherwalls u=v=w=0

=0,and7,=0

where 7, and 1, , are the viscous fluxes of X and Z-momen-
tumintheY-direction, Q  istheinlet flow quantity, Q. is
the outlet flow quantlty, and u, v and w are the velocity
componentsin the X, Y and Z directions, respectively.

The computation can be divided into three stages, namely
preprocessing, solving, and post-processing. In the pre-
processing stage, the appropriate grid mesh was set up. The
cell was then divided into multi-blocks to speed up conver-
gence and increase the accuracy. In this case, the cell was
divided into four blocks. In the solving stage, the conver-
gencecriterionwasset at 1 x 10 and it wasal so assumed that
the flow is laminar, isothermal and incompressible.
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In the 1 2 3 4 5 6 7 8
post-proc- " ' ' ' ' j "
essing stage,
thesizeof the
grid mesh
was evalu-
ated. It was
found neces-
sarytodivide
blocks 1 and
4intheX,Y,
and Z direc-
tionsinto 40,
6 and 20 di-
visions, re-
spectively,
and blocks 2
and 3into40,
20 and 20 di-
visions, re- o+—~—r+—r——F——F—+—7——710
spectively. ooz s 4 5 6T 8

) Lo X-direction
Finer divi- gig 5 thickness distribution of deposit at 3 Aldnt
sionsdid not without agitation.
Ieadto better 1 b 3 4 5 6 7 8
results. The ®oorr—r+——v++++——1+—+—1+ 18
electrol yte ) Y-direction
flows very 16 R T
fast near the ]
inletinblock 14
landasoin
areasnear the
cell’s walls.
The center
region has
the slowest
flow. One
noteworthy
zoneisat the ]
right bottom 4
corner where _
the flow was 2
very slow. ]
Thisisprob- o]
ably because 1 2
the flow en-
countered a
sharprectan-
gular corner,
formed adead-end and obstructed the smooth progression of
the electrolyte.

The simulated flow pattern seems reasonable. It is suffi-
cient to use a two-dimensional model in this case, but the
model devel oped can be applied to athree-dimensional case.
Its function to predict the flow pattern will become apparent
in amore complex cell configuration.
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Fig. 6—Thickness distribution of deposit at 9 A/dn?

without agitation.
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Results & Discussion

Current Distribution & Composition Change

In Unstirred Conditions

In a system without agitation, the deposition distribution on
acathode and theratio of Pb/Sn are chiefly dependent on the
geometry of the cell and the charge transfer kinetics. The
result for typical Pb/Sn depositioninaM SA systemisshown
inFig. 5, whenthe applied current was 3 A/dn?. Itisobvious
that in the vertical direction, positions A and D possess a
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Fig. 8—Compositiondistribution of deposit at 6 A/dn¥
without agitation.

Pb deposition. This is rea-
sonable, inasmuch as lead
deposition in the MSA sys-
tem has a higher exchange
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thicker deposit than positions B and C, which are in the
middle section. Similarly, in the horizontal direction, posi-
tions 1 and 8, which are onthe edge, show the highest current
density. Thisedgeeffect isquite common for primary current
distribution, and actually became more significant as the
current was increased. This means the charge transfer resis-
tance was relatively insignificant in this system, otherwise
the secondary current distribution would be more uniform
than the primary current distribution when the applied cur-
rent wasincreased. In fact, Pletcher and Walsh also found a
similar effect in their case.® They further found that if the
current approached the limiting current, the distribution
became more uniform. A similar result in our system is
shown in Fig. 6, which shows a distribution pattern totally
different from Fig. 5. Thisisbecause, inthiscase, the current
density intheedgeareaapproachedthelimiting value, soside
reactions occurred and actual deposition was severely inhib-
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tionwhentheinlet flow rate
was increased from zero to 0.0556 m/sec. There was a
thickness decrease in the edge area and a thicknessincrease
in the central region in the latter case. If the flow rate was
further increased to 0.0973 and 0. 1390 m/sec, the improve-
ment trend continued. As the flow rate was increased, how-
ever, to 0.1807 m/sec, the overall improvement trend still
existed, but the thickness at location 8 increased dramati-
caly, asshownin Fig. 10. Thismeansthat thedistributionis
not necessarily more uniform if circulation is indefinitely
increased. In this particular case, if the plating rack can be
designed to avoid location 8, then fast and uniform plating
results with sufficient circulation.

The Pb/Sn ratio in the deposit must also be precisely
controlled in the electronics industry. For instance, for IC
lead-frame manufacturing, the common requirement for tin
content is from 80 to 95 wt pct. In production, various
methods, including adummy anodeor shield, wereempl oyed
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1. The Pb/Sn aloy deposi-
tion in a MSA bath was
found to be mainly con-
trolled by themasstransfer
of active ions. The flow
patternandcirculationthen
greatly affect the current
distribution of the alloy
deposition.

2. The flow pattern within
acertain cell can be accu-
rately simulated by math-
ematical modelingwiththe
assistance of cfx-flow 3D
software.

3. Increase of flow rate
could significantly improve
the distribution of Pb/Sn
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Fig. 11—Composition distribution of depositionwithinlet

velocity of 0.1390 m/sec and 6 A/dn?.
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Fig. 13—Velocity simulation of plating tank with inlet vel ocity of 0.0556 m/
sec and Z-coordinate at 0.03 m, where simulation positions correspond
with measuring points.

to control the current distribution and composition consis-
tency.! Very few publications address the effect of circula-
tion on composition consistency. Theresult inthisrespectis
showninFigs. 11 and 12, where theflow rate was controlled
at 0.1390 and 0.1807 m/sec, respectively. A comparison of
Figs. 8and 11 showsthat the alloy composition changed very
littlewith agitation. For instance, at locationsD1 and D8, the
tin content was 83.2 and 83.5 wt pct in Fig. 8 and 83.5 and
83.3wt pctin Fig. 11.

Correlation of Simulation 8 Experiment
Themajor purpose of model simulationisnaturally to reduce
the amount of experiment. Figure 13 shows the simulated
flow distributionwhentheinlet flow ratewasset at 0.0556 m/
sec. Apparently, in the Y -direction, the D-region shows the
highest flow rate, with the A-region coming next. Theflowin
the B or C region increases rapidly, however, when it ap-
proaches the edge in the X-direction. This flow distribution
matcheswell with the thickness distribution showninFig. 9.
A similar match can also be found when the circulation
rate was increased to 0.0973 and 0.1390 m/sec. Thus it
impliesthat the system is basically mass-transfer controlled
and that our model simulation can accurately predict theflow
pattern that directly influences the mass transfer.
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Fig. 12—Composition distribution of deposit with inlet
velocity of 0.1807 m/sec and 6 A/dn?.

75 distribution, althoughithad
little effect on the compo-
sition of thedeposit, which
was mainly controlled by
current density.
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Editor’s note: Manuscript received, September 1998; revi-
sion received, December 1998.
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