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Electrochemical Nucleation of Au on n-Type Semiconductor Silicon
Electrode Surface
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(State Key Laboratory of Physical Chemistry of Solid Surfaces, College of Chemistry and Chemical Engineering,
Xiamen University, Xiamen 361005, Fujian Province, P. R. China)

Abstract: Cyclic voltammetry and chronoamperometry have been used to investigate the mechanism of gold
electrodeposition on the n-Si(111) electrode surface from a citrate bath, which had successfully applied to
directly electroplate a dense gold film on the silicon surface. The results show that Au electrodeposition on the
n-type silicon surface is an irreversible process, and the nucleation overpotential reaches 250 mV. According
to Cottrell equation, the diffusion coefficient (D) is calculated to be (1.81 + 0.14) x 10™* cm®-s™". The
Scharifker-Hills (SH) model was used to analyze the experimental data. Agreement between the fitting curves
and the theoretical curves confirms that the nucleation process of Au electrodeposition on the n-type silicon
surface follows the progressive nucleation mechanism with three-dimensional growth under diffusion control.
To further confirm the progressive nucleation mechanism, scanning electron microscopy (SEM) was used to
observe the nucleation and growth of Au deposits at the initial stage of electrodeposition. The SEM results
show that the morphology and density of the Au deposits are affected by the electrochemical deposition
potential and time.
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Fig.1 Cyclic voltammograms of n-Si(111) electrode in
Au electrolyte
pH =4.5. (a) The first scan started at —0.33 V; (b) the second scan;
scan rate: 2 mV+s '
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Fig.2 Cyclic voltammograms of Au deposition onto silicon
surface with different scan rates
The scan rates following the arrow are 20, 40, 60, 80, and 100 mVes'
in order. Inset is relationship between the current density of cathodic
peaks and square root of scan rate.
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Fig.3 Chronoamperometric curves on silicon electrode at
different step potentials
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Fig.4 Comparisons of theoretical non-dimensional
(I/1,y’—t/t,, curves to the experimental current transient
curves at different step potentials
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Table 1 Electrocrystallization parameters of Au on
silicon electrode surface under different step potentials

Step potential/V  10°Df(em’ ) 10°4/em’+s)  10'Ng/em
0.84 1.80 0.36 0.39
0.88 1.74 1.20 0.71
-0.92 1.95 3.13 1.08
-0.96 1.81 11.40 21.50
~1.00 1.67 38.40 4.10
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Fig.5 SEM images of electrodeposited Au on n-type silicon surface with different step potentials
deposition potential/V: (a) —0.84, (b) —0.92, (c) -1.00; £ =0.5 s
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E6 AEIRERETE T AufE iR E B TIRAISEME
Fig.6 SEM images of electrodeposited Au on silicon surface with different step time
t/s: (a) 0.5, (b) 1.5, (c) 2.5; deposition potential/V: —0.88 V
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