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Influence of M12 Organic Additive
On the Electrodeposition of Tin
From an Acid Sulfate Solution
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The electrodeposition of tin from acid sulfate solu-
tions was investigated. The effect of S-dodecyl-
mercaptobenzimidazol additive (M12) was studied
using an electrochemical quartz crystal microbalance.
In the presence of M12, the overvoltage for hydrogen
evolution was markedly increased. Tin discharge was
controlled by mass transfer; the diffusion coefficient of
the Sn(ll) species was smaller than in pure acid sulfate
solutions. The deposit morphology was much smoother
and brighter and no dendritic growth was observed
over a wide potential range. This was associated with a
change in the preferred orientation of the tin films.

{i 15

E" 10
5 an 3
z T
T . g’
g -
§ ! d
5 1 E
=g 3
a ' ap. H

1 | AT PELY ST TP Wl —l 1]

S0l B LLF, #5081 Sk -0

Potenaind, my g,

Foradaic EHiclenaly, %

de.1] -

B

S

&

5

a i L A i
1000 500 400 00 500

Pomncial, myge,

Fig. 2—Faradaic efiiencies as a function of polarization; Curves 1,

2, 3 recorded for electrolytes A, B and C, respectively.

In the present work, we investigated the influence of
a new organic additive, S-dodecyl-mercaptobenzimidazol
(M12), with the aim of preparing deposits with good sol-
derability for microelectronic purposes. For these applica
tions, the deposits have to be bright and smooth. S-dodecyl-
mercaptobenzimidazol is a precursor of surfactant mole-
cules and may be used as corrosion inhibitor or fungicide.®
Our study was carried out by means of voltammetry, using

Fig. 1—Cathodic polarization results with EQCM (scan rate: 10 mv/s)@n €lectrochemical quartz crystal microbalance and rotating
Curves 1-A, B, C: Current density responses for electrolytes A, B and disc el ectrode. The characterization of the depositswas made
respectively; Curves 2-A, B, C: Mass change responses for eIectrontestjy scanning electron microscopy and X-ray diffraction.

B and C, respectively.

Tin coatings are widely used to improve corrosion resis-
tance, enhance appearance and/or increase solderability.!
The most widely used process is electrodeposition from
acid stannous sulfate solutions,* though sulfonic acid solu-
tions are also used, especidly for tin plate.? However,
in acid baths, tin is electrodeposited with little activation
polarization in the absence of additives:® The deposits
are dendritic or needle-like,*™* which however, may have
application in microelectronics.*? A great number of addi-
tives have been investigated,® such as surface active agents®
and aromatic carbonyl compounds.*+¢°

Nuts & Bolts:
What This Paper Means to You

Acid stannous tin baths are used extensively, but require organic
additives to suppress dendritic (whisker) growth, both as-deposit-
ing and in service. The effect of using a new additive, S-dodecyl-
mercaptobenzimidazol (M12) was studied. The results point
toward a smoother, brighter deposit with a tendency toward
reduced dendrite (i.e., whisker) growth.

Experimental Procedure

The investigation was carried out using a classic three-
electrode cell. The temperature was maintained at 20+ 1°C
(68 + 1.8°F). The solutions were de-aerated prior to each
experiment by nitrogen bubbling. They were either still or
stirred by a magnetic stirrer. The reference electrode was
a saturated calomel electrode (SCE). The auxiliary elec-
trode was a platinum coil or atin plate. The working elec-
trode was either the crystal of an electrochemical quartz
crystal microbalance™ or arotating disk electrode (copper
or iron). The disk surface was polished to a 3-um finish,
degreased and etched prior each experiment.

The composition of the various electrolytesinvestigated
isgiven in Table 1. The S-dodecyl-mercaptobenzimidazol
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Table 1
Composition of the Various Electrolytes

SEM observations were carried out using a high
resolutionfield-emission microscopé. Classical /2
x-ray diffraction was performed using a diffractometer
equipped with a cobalt anticathodé(, = 0.17889 nm).

SnSO, HSO, Absolute M12 Additive,

Electrolyte  \y/4ms  M/dm®  C,H.OH, vol% M/dm Results

A 0.14 0.56 0 0 Polarization Studies

B 0.14 0.56 20 0 To characterize the deposition of tin a voltammetric

C, 0.14 0.56 20 0.156 x 20 investigation was carried out using an electrochemical

A, 0.0467 0.118 0 0 quartz crystal microbalance (EQCM) with a scan rate of

B, 0.0467 0.118 12.5 0 10 mV/s. Figure 1 shows the cathodic polarization curves

c 0:0467 o.118 125 1.05x 10 and the mass changes for the three solutions. All polariza-
tion curves showed a peak for a potential close to -550

Table 2 mV,. related to the diffusion-controlled reduction of the

Total, i, & Partial Current Densities, i, i,
for Tin Deposition & Hydrogen Evolution (mA/cm?)
at two Potentials

Electrolyte E =-600 m\, . E=-700 m\, .
iG iSn iH iG iSn iH
A No stirring 11.3 89 24 311 16.0 15.1
B No stirring 6.4 49 14 6.2 47 15
Mech. stirring 16.2 120 4.1 23.8 18.7 5.1
No stirring 6.1 49 13 5.8 46 1.2
Mech. stirring 125 89 36 142 11.2 3.0

was preparetl by condensation of 2-mercaptobenzimidazole wit
bromododecene in the presence of tetra-n-butylammonium as ¢
lyst® The formula of M12 is:

N,

©|: >C_S_(CH2)r (CH)
N
|

H

@

Since M12 is insoluble in water, it whsst dissolved in ethanol.
The basic electrolyte, denoted Electrolyte A in Table 1, containe
stannous sulfate (0.14 M/drand sulfuric acid (0.56 M/dn To
determine the effect of ethanol, the electrolyte denoted B, identic
to electrolyte A plus 20 vol% of ethanol, was investigated. The elec
trolyte, labeled C, contained tin sulfate and sulfuric acid in the san
concentrations as electrolyte A plus 1.56 ¥ 3dm* M12 and 20
vol% ethanol. Dilute electrolytes were used to characterize the diffi(b)
sion behavior of the Sn(ll) species (ElectrolytesBA C' - Table 1).
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Fig. 4—Koutecky-Levitch plots: Curve 1, Electrolyte A’ (E = -63QMCurve
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stannous species. For the basic electrolyte without the additive
(curve 1-A), the current increased rapidly with cathodic polar-
ization. In the presence of alcohol (curve 1-B) or in the presence
of alcohol and M12 (curve 1-C), the peak current was slightly
reduced. For potentials ranging between -650 and -10QQmV
the current was nearly constant and remained markedly smaller
than in the absence of the additive.

The response of the EQCM showed that the deposition started
at a potential close to -450 g for all the solutions. For elec-
trolyte A, the mass increased rapidly with polarization up to
700 m\, . (curve 2-B). For more negative potentials, the mass
increased no further because of the formation of non-adherent
dendrites, which were stripped off the electrode. By contrast, in
electrolytes B and C, the mass increased regularly (curves 2-B,

é(;) and adherent deposits were formed.
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Fig. 3—(a) Partial current density for tin deposition; Curves 1, 2, 3 recorded for
: electrolytes A, B and C respectively.
(b) Partial current density for hydrogen evolution; Curves 1, 2, 3 recorded for
electrolytes A, B and C, respectively.

2, Electrolyte B’ (E = -750 my,); Curve 3, Electrolyte C' (E = -850 m\).
In insert: Curve 4, Electrolyte A (E = -600 rg}J; Curve 5, Electrolyte C (E =
-800 m\,..
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Fig. 6—Texture coefficient of films deposited from electrolytes A, B and C.
1: izl | penns 1) Tin JLPDE fila 4573 potential range as for tin deposition, indicates that the reduction of
i the protons was involved with tin discharge.
Ea. 80
‘.: -~ iy LE Influence of Mass Transfer
2
e M [ NCTE—Y | RN ) g For all the solutions, mass transfer partly controlled the deposition
k] A C] & i B kinetics. In the presence of mechanical stirring, the current density

Fig. 5—(8) X-ray diffracti tt'ﬂ" iis denosited f lectrolyt and the deposited mass were increased. Table 2 summarizes the

19. o—(a) X-ray diriraction patterns oitms deposited from electrolytes f FE H

A, B and C. (b) Reference patter of tin (JCPDS file 4-673). results. Mechanlcal stirring markedly |ncrg§sed the total current as
well as the partial currents for metal deposition and hydrogen evolu-

The cathodic current féiency was calculated from the resultstion- Hence the Faradaidieiency was not markedly changed.
of the EQCM, using Faradaylsaw. In the absence of additive, ~Rotating disc electrode studies (0-2500 rpm) were carried out
the eficiency was about 80% at a potential of -60QmVbut to estimate thg diffusion pdﬁflents for thgse e!ectrplytes and for
decreased at larger overpotentials (Fig. 2, curve 1). For electrolytB§ dilute solutions (solutions denoted with prime index, Table 1).
B and C, the diciency remained constant at more negative poteffouteckyLevich plots were drawn (Fig. #)For electrolytes Aand
tials, especially for electrolyte C, containing both alcohol and M12' (curve 1), the apparent diffusion cbefent was 5.G 0.5x10°
additive (Fig. 2, curves 2 and 3). qm?/s, i.e., on the same order as for deposition from sulfqnatg solu-

The partial currents for the deposition of tin and for the hydrogdipns:* For electrolytes B and'Bcurve 2), the apparent diffusion
evolution reaction were calculated from the results of the EQCMOeficient was approximately half of the A-#alue (2.3t 0.5x10°
Figure 3a shows that, in baths B and C (curves 2 and 3, respectiveéf//s)- For the electrolytes containing the M12 additive, the inter-
at -600 m\(., the partial current for tin deposition was approxi£ept was not zero, indicating a kinetic contribution to the gleposr
mately half that measured in the basic electrolyte (curve 1). At -7 current. In electrolytes C and (€urve 3), the apparent diffu-

< the partial current value was one-third of the basic electr§ion coeficient was dependent on the potential, as already observed
K/ét\g value. This shows that alcohol and M12 had an inhibiting effetit Sulfonate solution¥. This occurred when Sn(ll), before charge
on tin discharge. Figure 3b clearly shows that, in the presencet@nsfer, had to diffuse through an orgafiim whose orientation
the additives, the overvoltage for hydrogen evolution was markedhPuld change with potentiéd. The diffusion codfcient was also

increased. In addition, the presence of a current peak in the saifeater in the dilute solution,’' @2.7-3.3 x16 cn¥/s), than in the
more concentrated one, C (2.0-3.0 Xi¥/s). This

might indicate interactions between the stannous species
Table 3 and the M12 compound.
Lattice Parameters of the Films Deposited from the three
(vyElectrolytes Compared to that of the Reference Pattern ~ Morphology & Structure
Tin layers, 1Qum (394p-in.) in thickness, were depos-

Lattice JCPDS Electrolyte  Electrolyte  Electrolyte ited at 4.0 A/drh (37.2 A/ff) on an iron disc rotating
Parameter, nm __ File 4-673 A B C at 2000 rpm, from the three solutions. They were then
a 0.5831 0.587 0.585 0.589 examined by scanning electron microscopy XAy

c 0.3182 0.321 0.319 0.321 diffraction about a week after their preparation.
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Fig. 7—Scanning electron micrographs of films deposited from electrolytes A, B and C, magnification 500X.
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TheX-ray patterns are shown in Fig. 5, together with)@RDS 11. M. Clarke& J.A. Bernie,Electrochim. Actal2, 205 (1967).
file of tin (No. 4-673). They all exhibit a tetragonal structure. Th#2. CL. Rinne, JJ. Hren& PS. Fedkiw,J. Electrochem. Sac.
lattice parameters of the depositedftims were greater than that 149 C150 (2002).
for bulk tin (Table 3). Thédigure clearly indicates that the texturel3. D.B. SaxenaR.K. Khajuria & O.P. Suri, J. Heterocyclic
changed in the presence of the additives. For each diffraction peak, Chem, 19, 681 (1982).
we calculated the ratio 14. AJ. Bard & R.L. Faulkner,Electrochemical Methodslst

Edition, JohnWiley & Sons, Newvork, NY, 1980.
(1AM 5 (1 /1),

where | /I, is the ratio of the intensity of the line with the corAbout the Authors
responding line of the reference pattern (Fig. 6). The least textus’
sample came from bath B containing alcohol. Tilre deposited

from the electrolyte A (without additives) showed a strong (20(
preferred orientation whereas the layer deposited from bath C w
M12 showed a strong (101) preferred orientation. .

Further, Fig. 5 shows relatively broad lines indicating that th il ™
films had a small grain size. According to Scherrer’s formula, tt i 2 I o N L N
B Ll
i

- m

o
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films deposited from electrolyte A have grain sizes on the order ]
100 nm. As often observed, the grain size was further reduced i
the presence of alcohol (70 nm) and M12 (55 nm). S. Bakkali Dr.
Figure 7 shows that the morphologies offthras were quite sim-
ilar and rather irregular for layers deposited from electrolyte A wit
out additive or from bath B with alcohol (Fig. 7a, b). By contrast, i
the presence of M12, the morphology was much more regular
smooth (Fig 7c). Th&élms were quite stable, and no dendrite form

Dr. M. Cherkaoui

tion was observed even after long storage periods at ambient t 2 4

perature in the laboratory atmosphere. ‘ _,."
. ! -
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