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The nucleation and growth of cobalt (Co) on blanket Si with extremely thin Co seed was studied in the presence of furil dioxime
(FD). Cyclic voltammetry (CV), chronoamperometry, and galvanostatic nucleation studies were conducted to understand the
effects of FD on Co nucleation process. A potential dependent suppression effect was observed at low potential with a breakdown
of the suppression at high potential, resulting in a hysteresis in CV. The potentiostatic current transient experiments showed that
side reactions and adsorption process both greatly affected Co nucleation. A well-established model, which deconvolutes the
individual contributions to the total current transient, was applied to fit the experimental curves. Progressive and instantaneous Co
nucleation were observed across different FD concentrations and applied potentials. Galvanostatic studies further proved the
suppression effect of FD and the effects on film morphology were studied at different conditions.
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As the semiconductor integrated circuits evolve into 7 nm
technology and beyond,' the concerns about copper (Cu) intercon-
nects increase. The resistance of the finest copper lines at the ground
rule metal level in back-end-of-line interconnects no longer linearly
scales with dimension.”* Instead, the resistivity starts to increase
exponentially because the electron scattering at grain boundaries and
interfaces rapidly dominates the overall resistance.*” High resistivity
not only consumes more energy and demands faster heat dissipation,
but also results in a greater RC delay in the circuit.® This cancels out
the performance gain resulted from scaling and front-end device
innovations. To address the resistivity issue, alternative metals like
cobalt (Co) is thought as a promising material due to its higher
melting point and shorter mean free path. The former relates to a
lower risk of electromigration, whilst the latter decreases the
contribution from electron scattering at grain boundaries and
interfaces.

Copper bottom-up filling process has been well establishe
Varieties of additives known as accelerator, suppressor and leveler
were systematically classified.'® Different influencing factors such
as electrolyte,"*'7!8 applied potential'® were thoroughly investi-
gated. Curvature Enhanced Accelerator Coverage (CEAC)
mechanism'! was proposed not only to explain how additives affect
the Cu filling process but also to enable the filling of other metals
such as gold,2 22 silver®>° and nickel.?° However, studies on Co
electro-filling process has been rarely reported until recently.
S-shaped negative differential resistance (S-NDR) mechanism was
introduced to explain the superconformal Co electrodeposition in
high aspect ratio through silicon vias (TSV).?” Recently, defect-free
filling of Co has been achieved using proprietary additives. The
additives play an important role in such processes creating differ-
ential plating rates between the feature bottom and field regions
because of a current efficiency difference?®*° or a hydrogen-induced
deactivation of additives.>® Different functional groups in organic
additives were found to influence the deposition kinetics.>' * In our
previous study,*=7 additives with a conjugated pair of oxime
groups such as dimethylglyoxime (DMG) and cyclohexane dioxime
(CHD) displayed strong suppression effects on Co deposition and a
suppression breakdown occurred upon the reduction of adsorbed
Co”*-dioxime chelates.
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Previous study®® on the Co nucleation with DMG and CHD
showed an interesting “two-peak” phenomenon, where two different
nucleation peaks were observed in presence of these dioximes due to
a hypothesized two-step reduction mechanism. This paper presents a
study of the effects of furil dioxime (FD), a molecule with not only
the pair of conjugated oxime groups but also additional multiple
conjugated C=C bonds in the furil groups, on Co nucleation process.
Cyclic voltammetry, galvanostatic deposition, potentiostatic nuclea-
tion, as well as numerical curve fitting were carried out not only to
understand the effects of FD on Co deposition and nucleation but
also to deconvolute the current contributions from nucleation and
other competing reactions. A descriptive model of the nucleation
process was provided.

Experimental

A traditional three-compartment electrochemical cell was used
for the experimental studies, where the catholyte and anolyte were
separated by a glass frit. A saturated calomel electrode (SCE, 0.24 V
vs NHE) was used as the reference electrode, and all potentials were
referred to this SCE in this report. The reference electrode
compartment was connected to the catholyte through a capillary.
The counter electrode was a Co foil with a surface area much larger
than the cathode. Si coupons cleaved from a 12-inch blanket wafer
with Co (5 nm, CVD) on TiN (5 nm, CVD) were used as cathodes. A
circular deposition area of 0.385 cm® was defined with plating tape.
The thin Co seed was used to mimic the substrates used in industry
and to provide enough conductivity for the electrodeposition studies.
However, this seed layer was not expected to be continuous and Co
electrodeposition behavior was strongly influenced by the under-
neath TiN layer. The wafers were shipped and stored in ultrahigh
pure nitrogen ambient until immediately before the experiments to
minimize the surface oxidation. The substrates were used as received
without further treatment.

The Co makeup solution for CV studies was the same as our
previous study,35 containing 0.3 M CoSO, - 7H,0, 0.4 M H;BO;,
and 0.1 g1~ sodium dodecyl sulfate (SDS). The pH was adjusted to
4.0 with H,SO,; and NaOH. Concentrated furil dixoime (FD)
solutions (2800 ppm) were prepared by dissolving the corresponding
chemical powder in a 1:1 water ethanol mixture. Calculated amounts
of the concentrate were then added into the Co makeup solution up
to various final concentrations. Another diluted version of Co
makeup solution containing 0.01 M CoSO, - 7H,0, 0.1 M Na,SO,,
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0.4 M H;3BO;, and 0.1 g17! SDS with a pH of 4.0 was used to study
the Co nucleation process. All salts and organic additives were at
least ACS grade and used as received. Deionized (DI) water with a
resistivity of 18.2 MOhm-cm was used in all studies.

Co nucleation was studied using electrochemical techniques
(cyclic voltammetry, chronoamperometry and galvanostatic deposi-
tion). An Autolab 302 N potentiostat was used for all electroche-
mical studies. The chronoamperometry curves acquired during
nucleation were analyzed and fit using the Polynomial Fit option
in Origin™ 8.0. Surface morphology of the deposited Co nuclei was
examined with a JEOL 7000 field emission scanning electron
microscope (SEM) operated at 30 kV.

Results and Discussion

The impact of FD on Co electrodeposition was first studied with
cyclic voltammetry (CV) in the Co makeup electrolytes. Figure 1
shows the CV results at different concentrations of FD. The current
density started to decrease at around —0.70 V in the absence of FD,
but the drop of current density at the beginning did not result from
Co deposition. The chronoamperometry studies on the nucleation
(Fig. 2a) showed that the Co deposition started between —0.80 V and
—0.85 V when no additive was added. Therefore, the initial decrease
of the current density was considered as hydrogen evolution
reaction. The addition of 10 ppm FD caused a minor suppression
of Co deposition, where Co deposition was seen at a potential of
—0.82 V. A small hysteresis was observed, where the current density
was slightly higher on the reverse (anodic) sweep at around
—0.82 V. Increasing FD concentration to 100 ppm further sup-
pressed the Co deposition till up to —1.1 V. The deposition current
density increased rapidly from —0.5mAcm > to —10mA cm >
when the potential scanned from —1.10V to —1.20 V. The Co
deposition potential was further delayed to —1.23V and —1.30 V
with the addition of 300 ppm and 500 ppm FD, respectively. In our

previous study,®” the Co deposition potential was respectively
delayed to —1.0V and —1.05V with the addition of 300 ppm
DMG and CHD, which indicated that the suppression effect of FD
was stronger than these two different dioxime additives. A pro-
nounced hysteresis was observed for all the three cases with over
100 ppm FD. While a stronger suppression was observed in the
forward scan when the FD concentration increased from 100 to 300
and 500 ppm, the deposition current extended to a same potential of
about —0.85 V on the reverse scan for all three cases. The surface
adsorption of Co?*-dioxime complex and its reduction was proposed
as the mechanism for the suppression and consumption-based
supzpression breakdown. The higher stability constant between
Co”" and FD than DMG and CHD is consistent with the stronger
suppression reported here.

Figure 2 depicts families of potentiostatic current density
transients obtained during cobalt nucleation and growth on blanket
wafer at different overpotentials. Figure 2a shows the Co nucleation
results without FD. Co nucleation did not happen at —0.80 V
because the threshold overpotential for deposition was not reached,
as discussed in the CV curves (Fig. 1). It was clear that Co
nucleation occurred at —0.85, —0.90, —0.95, —1.0, and —1.1V.
An initial sharp current decay was observed, which corresponded to
the double layer charging and surface adsorption. The current decay
is potential dependent and does not follow the ¢~!/2 relation
described by the Cottrell’s equation for mass transport limited
decay. Instead, it follows an exponential decay, a characteristic of
capacitive behavior. This rapid decay was followed by a current rise
due to an increase in the deposition area associated with nucleus
formation on the substrate. After reaching a maximum, the current
density gradually decreased again upon the development of a mass
transport limited process. All cases at these five potentials followed
the same trend. An ideal mass transport limited current decay during
potentiostatic deposition can be described with the so-called Cottrell
f:quation.38 However, the currents in this study did not decay to 0 but
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Figure 1. Cyclic voltammetry of Co electrodeposition at different FD concentrations.
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Figure 2. Current transients for cobalt deposition on thin Co seed blanket wafer at different potentials in 0.01 M Co solutions with (a) O-ppm (b) 10-ppm
(c) 100-ppm (d) 300-ppm (e) 500-ppm FD.

stayed at a constant of around —1.5mA cm™>. This steady state
current density was believed to relate to the side reactions such as
the two below.

2H,0 + 2¢ — H, + 20H" 2]

Since cobalt deposition occurs at a comparably negative poten-
tial, the hydrogen evolution reaction inevitably occurs. However, the

2H" + 2e — H, [1] nucleation current peaks were still evident in the curves because they
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emerged at a time where the capacitance currents had significantly
decayed and the side reaction currents were low. On the other hand,
the proton reduction (Eq. 1) and water reduction (Eq. 2) dominated
the total current when the overpotential was more negative than
—1.1V, resulting in the rapid increase of steady state current density
as the potential became more negative. For example, while this
current density was only around —1.5mAcm 2 at —1.1V, it
reached —5.5mA cm 2 at —1.5V as the water reduction became
more pronounced at such a negative potential.

Figure 2b shows the same current transients during Co nucleation
with 10 ppm FD. Co nucleation did not take place at —0.85 or
—0.90 V but —0.95 V due to the suppression effect of FD. It seemed
to contradict with the CV results, where the Co deposition occurred
at around —0.82 V with the addition of 10 ppm FD. However, it is
worth noting that two different concentrations of Co, 0.3 M and
0.01 M, were separately used for CV and nucleation studies. The
small amount of FD was not enough to completely deplete free Co>™*
in either solution and the deposition behaviors were expected to be
similar as there were plenty of Co®" near the electrode.
Nevertheless, the suppression effect would be more evident when
a low overall concentration of Co®" is used, which explains why
more negative potential was required to initiate the Co deposition in
the nucleation study. Figure 2c describes the same studies with 100
ppm FD, where a stronger suppression effect was observed. Co
nucleation started at a more negative threshold potential of —1.0 V.
As shown in Figs. 2d and 2e, increasing the FD concentration to 300
ppm or 500 ppm further suppressed the Co nucleation. In addition,
the higher FD concentration also resulted in a significant increase in
the steady state current density. For instance, the magnitude of
steady state current density at —1.4 V was 4 mA cm ™ in the FD-free
electrolyte, while it increased to 5.5 mA cm 2 with 500 ppm FD.
Co>*-dioxime complex is known to act as an electrocatalyst for
hydrogen evolution reactions.’**® While the detailed chemical
mechanism and the exact speciation of the catalyst are still under
debate,'™* the Co cation chelated with multiple N-atoms and the
conjugated C=C and C=N double bonds in the organic molecule is
expected to be involved. It is believed that such a complex
accelerated the production of hydrogen on the surface of newly
deposited Co,** resulting in the increase of steady state current
density.

The current transient curves during potentiostatic nucleation of
Co with a simpler dioxime molecule, dimethylglyoxime or DMG,
were reported previously to show two current peaks, resulting from a
two-step reduction reaction. The first peak corresponded to the
reduction of Co>"-dioxime chelate adsorbed on the surface, and the
reduction of free Co®>" cations was responsible for the second peak.
While such double peak curves were not observed in this study, it is
believed that the two-step deposition mechanism remains the same
in presence of FD. The Co”*" reduction reaction is related to the
nucleation peak in the FD-free electrolyte. As the potential decreases
to below —1.2 V, the proton and water reduction reactions gradually
become more pronounced and dominant. When 10 ppm FD is added
into the solution, only a small amount of Co-FD complexes are
formed and the majority of Co®" cations remain free in the solution.
The nucleation curves are similar to the FD-free cases.

In the presence of 100 ppm or more FD, the complexed Co*"-FD
chelates are still of a small fraction of the total Co”". The complex
adsorbs on an active site on the electrode resulting in strong
suppression. Subsequently, the Co>" chelate reduction reaction
occurs upon the application of a voltage more negative than the
threshold value and the chelate is quickly reduced. Co nuclei are
formed on the electrode and the organic fragments of dioxime are
desorbed from electrode or get incorporated into the film during this
process. Immediately afterwards, the reduction of free Co®" cation
starts. These two Co reduction processes both lead to nuclei formed
on the electrode and an increase of the overall reactive area. They
would have also resulted in two distinct nucleation peaks in an ideal
situation. However, the strong suppression effect of FD requires a
highly negative potential to overcome, at which the reduction of free

Co®" becomes extremely rapid. Therefore, the Cottrell decay is
expected to occur immediately upon the reduction of Co-FD
complex, convoluting the two nucleation steps. In addition, and
probably more importantly, the surface area of nuclei increases
rapidly and the hydrogen evolution reaction on the newly emerged
surface becomes so overwhelming at these potentials that they not
only amplify the nucleation current, i.e. the increase of nucleus
surface area, but also further mask and convolute the two nucleation
current peaks. It is believed that this “amplification effect” is the
main reason for the single nucleation peak observed across all high
FD concentrations.

Metal deposition on foreign substrates including thin seeded
substrate typically follows the so-called Volmer-Weber three-
dimensional nucleation with diffusion-controlled growth of
nuclei.*>*¢ Such behaviors have been well studied and mathemati-
cally described.*”**® For the two extreme cases, the ideal progressive
and instantaneous nucleation processes, the current transient re-
sponses for a potential step on a stagnant electrode are described by
the following equations:

Instantaneous nucleation

ZFD'/%¢
i(t) = W[l — exp(—N7kDt)] [3]

Progressive nucleation

. _ ZFD'2c 1 g
l(t) = W 1 - €Xp _EANocTrk Dt [4]

where z is the number of electrons transferred during Co nucleation,
F is the Faraday constant, D is the diffusion coefficient of Co”, cis
the bulk concentration of Co”*, 7 is the time, A is the steady state
nucleation rate constant per site, N is the number of nuclei, N, is the
maximum number of nuclei obtainable, k and k’ are dimensionless
constants, where k = (87cM/p)'/? and k' = 4/3(8mcM/p)/2. A
simplified form can be obtained by nondimensionalizing the current
and time with the values at the current peak, i\,.x and 7.
Instantaneous nucleation

1/2

. 2
i _ ) 19542 [1 - exp(1.2564L)] (51

imax (t/tmax ) tmax

Progressive nucleation

N
- exp[—2.3367(%] ] (6]
max

The nucleation current transients in Fig. 2 where a current peak
was observed were normalized with the current peaks and are
presented together with the ideal instantaneous and progressive
nucleation cases in Fig. S-1 in Supplemental Material (available
online at stacks.iop.org/JES/167/022509/mmedia). Since the total
current is the result of different processes, and cannot be treated as
Co nucleation alone, the deviation of experimental data from ideal
model is observed in all cases studied. Efforts are therefore aimed to
deconvolute the total current density i, (¢) following a method
proposed by Manuel Palomar-Pardavé et al., where the side reactions
and adsorption process were taken into consideration.**~>* Hydrogen
produced in the side reactions are assumed to dissolve into the
electrolyte or detach from the electrode immediately upon forma-
tion. Such detachment is possible as SDS is used in the electrolytes
as a surfactant. However, the bubbles have to be extremely small so
that the agitation effect of such detachments can be negligible during
the nucleation process. While the experimental quantification of the
effects of hydrogen bubble is extremely challenging and worth
future exploration, the assumption here that the hydrogen produced
from the side reaction does not block the electrode surface simplifies

i(n _ | 12254
imax (t/tmax)
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the decomposition of the total current. The contributions from
diffusion controlled 3-dimensional nucleation and growth, i3p(2),
as well as other processes including the capacitive adsorption, i, (?),
and side reactions on the surface of Co nuclei, i4(f), can be
described with the following equations.

ftotal (1) = Taqa(t) + B3p (1) + isige () [7]
iaa(t) = iaq0 €Xp (—1/Tua) [8]
. _1¢
lSD(t) = Ccottrellt 2*0(1) [9]
®
~ —c. @
iside (1) = Ciide - o(t) [10]

In these equations, i 40, Tua, Ceomrer> and Cyige are time independent
constants characterizing various processes. While some of them can
be further described with physical parameters, some only depend on
empirical parameters. Nevertheless, these time independent con-
stants can be potential dependent and therefore can be obtained by
fitting the experimental current transients at different potentials. On
the other hand, 6 is the actual fraction of area covered by diffusion
zone, ¢ is the “retardation” of the current by slow nucleation,”* and
¢ is the “retardation” of the growth of the extended coverage.>* The
ratio between ¢ and ¢ represents a correction factor to covert the
projected 2D extended surface coverage, 0, into the actual 3D
surface area of nuclei. All these three are time dependent parameters
and have to be further described as functions of time with time
independent coefficients, as shown in following equations.

g(t) =1- exp[_cvoverage ot ‘p(t)] [11]
o =1— M [12]
At
o) = 1 — SEAD | % exp (DA
Anz YO

1
0.0513 + 0479 - (A - 1)2

[1—1207-(A-1)2 + 1186 - (A- D] - (A - )2
[13]

~1 -

The numerical values of A, the steady state nucleation rate
constant per site, and other parameters such as Ceoyerage are both
independent of time and could be obtained by fitting the current
transient curves. Thus, the model described by Eq. 7 can be used to
fit the experimental current transients and allow the deconvolution of
each different contribution during the Co nucleation. Overall, there
are six fit parameters across Eqs. 7-13 iw0, Tud> Ceomrets Csides
Ceoverage» and A, all of which are all potential or additive concentra-
tion dependent.

Figure 3 shows some examples of experimental current transients
at different potentials and FD concentrations and the current break-
down obtained with non-linear fitting of the experimental data. The
fit parameters are listed in Table I. It can be seen that i,y and 7., are
strongly dependent on the applied potential, but the effect of additive
concentration is minimal. This is consistent with the capacitive
charging or adsorption behavior of the double layer. On the other
hand, the two parameters describing surface coverage and cobalt
nucleation rate, Ceoperage and A, are strongly dependent on the
additive concentration. The time independent prefixed ratio con-
stants for the time dependent current transients of Co deposition and
hydrogen evolution reaction, C.ouey and Cygqe, respectively, are
mainly dependent on the diffusion coefficients of cation species
and are both relatively independent of additive concertation.
Additional curve fittings were included in Fig. S-2 in the
Supplemental Materials. Figure 3a shows the Co nucleation at

—1.0V without FD. It is evident that the experimental current
transient can be well described with the theoretical equations with
the fit parameters. The adsorption process started immediately when
the potential was applied and this capacitive current decayed to a
negligible value after 23 s. The Co nucleation and side reaction also
started simultaneously upon the application of potential, gradually
increasing with time. As depicted in Eqgs. 9 and 10, the descriptive
model here assumed that both the Co nucleus growth and hydrogen
evolution reactions only occurred on the Co nuclei. Therefore, both
currents increased simultaneously along with the surface coverage,
0, corrected with the ratio between the 3-dimensional surface area
and the 2-dimensional coverage projected on the electrode surface,
¢/ . As the deposition continued, the Co nucleation current density,
i3p, graduplly became governed by the Cottrell decay, as described
by the 12 term in Eq. 9, resulting in a current peak. On the other
hand, the side reaction remained at a constant after 10 s because the
surface coverage, 6, approaches 1, and the water molecules were in
excessive amount. Figure 3b shows the Co nucleation at —1.0 V with
10 ppm FD. The steady state current density for side reactions
slightly increased. This was believed to relate to the catalytic effect
of Co(FD), for hydrogen evolution reaction. Due to the presence of
conjugated C=C bonds and the C=N bonds, the catalytic effect was
expected to be even stronger than those without conjugated C=C
bonds such as DMG and CHD.>> On the other hand, the current
density for Co nucleation remained unchanged or slightly decreased
from the FD-free case because of the suppression effect of FD on Co
deposition. Figures 3c—3d show the decomposed current densities
during Co nucleation with two FD concentrations at —1.2 V, where a
similar trend was observed in both cases. Namely, as the FD
increased from 100 ppm to 300 ppm, the current density of side
reaction increased whilst Co nucleation current slightly dropped.
The enhancement of side reaction was insignificant in this case,
where the catalytic effect of Co(FD), had been saturated at this
applied potential. Figure 3e shows the Co nucleation with 500 ppm
FD at —1.4 V, where an overwhelming water reduction was clearly
observed.

The numerical fitting and deconvolution of the chronoampero-
metry curves not only allow to break down the contributions of
different electrochemical reactions on the surface, but also enable
further analysis of the nucleation behavior. Figure 4 shows the Co
nucleation current transients obtained from the numerical fitting
shown in Fig. 3, normalized with the current peak. The ideal
progressive and instantaneous nucleation processes were also in-
cluded for comparison. It was interesting to find that almost all the Co
cases studied followed a progressive nucleation process. The two
exceptions were the cases with 100 ppm and 300 ppm FD at —1.2'V,
where a more instantaneous nucleation character was observed.
Progressive nucleation has been widely observed in electrochemical
deposition of metal on non-metallic substrates, such as Si and glassy
carbon.***%7 The TiN substrate used in this study was expected to
have a thin layer of oxide, resulting in a non-metallic surface.

Galvanostatic deposition at different current densities of —2, —4
and —10 mA cm ™2 were carried out to microscopically examine the
effects of FD on Co nucleation. A constant charge density of
—15.58 mC cm 2 was used. The deposition time needed for this
charge density varied up to 7.79 s, corresponding to a small portion
at the beginning of current transients shown in Fig. 2. Figure 5
shows the top down SEM images of deposits. Needle-shaped Co
nuclei were deposited from the additive free electrolyte. Nuclei with
various sizes were observed, consistent with the progressive
nucleation behavior determined on the current transients in Fig. 4.
Deposition at —4 mA cm ™2 resulted in the highest density and the
largest size of Co nuclei, which may correspond to the highest
current efficiency. Little suppression effect was observed at a low
concentration of 10 ppm FD on Co deposition, consistent with the
results from electrochemical studies. The nucleation density sig-
nificantly decreased as the FD concentration increased to 100 ppm at
—4 mA cm72, and a smaller size of cobalt nuclei was observed at —2
and —10mA cm™2. A change in nucleus shape and decrease in
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Figure 3. Individual contributions to the experimental Co nucleation current transients due to the adsorption process, Co nucleation process and side reactions at
(a) 0-ppm, —1.0 V (b) 10-ppm, —1.0 V (c) 100-ppm, —1.2 V (d) 300-ppm, —1.2 V (e) 500-ppm, —1.4 V.

nucleus number were observed upon the further addition of FD up to interesting finding was that there were more needle-shaped Co nuclei
300 ppm. Spherical Co nuclei in addition to the needle-shaped ones at —2mA cm™ 2 with 500 ppm FD. However, more spherical Co
were observed across all current densities studied. Specifically, the nuclei were formed at —10 mA cm ™ 2.

number of Co nuclei drastically decreased and only two spherical Co Galvanostatic deposition with extended deposition time was

nuclei were observed at —4 mA cm™2. The addition of 500 ppm FD conducted to further study the morphology of Co film, i.e., the
resulted in little difference compared with the 300 ppm FD case. One growth of Co grains. In this set of experiments, Co deposition was
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Table 1. The fit parameters used to decompose the experimental current transients in Fig. 3.

Potential (V) FD concentration ia0 (MA cm™2) Utag (s7H Ceonrenn (MA cm %) Ciige (MA cm’z) Ceoverage s AisH
—-1.0V 0-ppm 2.7300 0.21377 1.27475 0.58594 2.29474 0.20237
—-1.0V 10-ppm 3.2155 0.21853 1.20417 0.83724 0.61919 0.55943
—1.2vV 100-ppm 5.6418 0.78972 2.05634 1.98398 0.32457 1.49307
—1.2V 300-ppm 4.9966 0.46934 1.95293 2.06556 0.16650 2.65070
—1.4V 500-ppm 8.7783 0.41869 0.49378 5.35393 0.46385 0.46211
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Figure 4. Comparison of experimental normalized Co nucleation current transients with instantaneous and progressive nucleation model at (a) 0-ppm

(b) 10-ppm (c) 100-ppm (d) 300-ppm (e) 500

-ppm FD.



Journal of The Electrochemical Society, 2020 167 022509

Figure 5. SEM images of cobalt nuclei deposited thin Co seed blanket wafer from solution containing 0.01 M Co with (a-c) 0, (d-f) 10, (g-i) 100, (j-1) 300, (m-0)

500 ppm FD at (a,d,g,j,m)—2, (b,e,h,k,n)—4, and (c,f,I,,0)—10 mA cm 2. The total deposition charge was—15.58 mC cm 2

in (k).

respectively conducted at —2 and —4 mA cm ™2 for 500 s with the
addition of 100 ppm FD in 0.01 M Co solution. Figure 6 shows the
top down SEM images of the deposits. The Co nuclei grew much
bigger with the grains of 100 nm. However, needle-shaped ridges of
Co grains were still evident regardless of the deposition current used
in the study. Also, fewer Co nuclei with needle-shaped ridge were
observed at —4 mA cm™2 than —2 mA cm ™2

Surfactants are known to alter the crystal growth behavior b6y
selectively adsorbing and blocking certain crystalline facets.’
The crystals formed therein grow preferably in the unblocked facets
and result in planes or ridges in different directions. A lower current
is expected to allow the nuclei or grains to grow at a more
equilibrium state, where a strong influence by the surfactant
adsorbates would be expected. On the other hand, a higher current
density may force the crystals to grow even at the facets with

. The blanket substrate was shown

surfactant adsorbate, resulting in less ridges and more randomly
shaped grains, as observed in Fig. 6b.

Conclusions

The effect of a dioxime molecule with conjugated C=C bonds,
furil dioxime, on Co electrodeposition was studied. Suppression
effect on Co deposition by FD was observed in CV as well as
chronoamperometry nucleation studies. While the threshold poten-
tial for nucleation decreased upon the increase of FD concentration,
the reduction reactions of proton and water were much facilitated at
the same time. The total current transients during potentiostatic
nucleation were deconvoluted into contributions from the capacitive
charging, 3-D Co nucleation and growth, and the surface area
dependent side reaction. Not only the Co(FD), complex was

Figure 6. SEM images of cobalt nuclei deposited thin Co seed blanket wafer from solution containing 0.01 M Co with (a) 100-ppm FD and—2 mA cm

(b) 100-ppm FD and—4 mA cm 2 for 500 s.

2



Journal of The Electrochemical Society, 2020 167 022509

confirmed to enhance the side reaction rate, but also the initial Co
deposition was found to follow the progressive nucleation behavior
for almost all cases. Galvanostatic deposition along with electron
microscopic characterization was carried out and the nucleus shape,
nucleation density as well as the morphology of thick films were
found highly dependent on the FD concentration and deposition
current.
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