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Abstract

Gold nanowires have been fabricated between two Pt electrodes by applying sinusoidal signal voltage and DC
offset from an electrolysis process. Factors for the growth and morphology of the nanowires include the
frequency and magnitude of AC and DC offset, growing time, and distance between the electrodes.
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1. Introduction

Research on fabricating nanowires has attracted a great deal of attention due to the potential applications of
nanowires in electronic devices and mechanical devices in the field of nanotechnology. Nanowires made of a
variety of materials have been presented. Among them, gold nanowire is of great interest due to its low
resistivity, inertness, and biocompatibility. A variety of fabrication techniques have been reported in the past
years. These techniques include electrodeposition of materials into templates [1-5], such as anodic aluminum
oxide (AAO), self-assembled nanowires®, dielectrophoresis [7-10], channels patterned by lithography [11],
electrolysis [12-15] etc. Among these methods, electrolysis process is one of the most facile approaches to
fabricate a single nanowire or a nanowire array between different electrodes [12-15]. Factors to control the
growth of the nanowire, however, are not studied. In this work, we report factors that affect the growth and
morphology of the nanowires from an ionic solution of gold acetate using an electrolysis process. These factors

include the magnitude of AC and DC voltage, the frequency of AC, the growing time, and the distance between

electrodes.
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2. Experimental

In our experiments, two parallel platinum electrodes with different gap distances were patterned using a
standard UV lithography and lift-off technique. A 10-nm-thick of chromium was sputtered on a SiO2/Si wafer,
following with two platinum pads with a thickness of 150 nm. Six samples with various distances between the
two pads were fabricated. These distances include 60 ym, 80 pm, 100 pm, 120 ym and 1 mm. Figure 1 shows
the schematic diagram of the fabricated device used in the experiments. Parallel electric field will form between

the electrodes, which will exert a force to move the charged particles, when a voltage is applied.
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Figure 1. Schematic diagram of the device in our experiments. The Pt electrodes were fabricated on a Si wafer

covered by a 300-nm-thick SiO2. (a) Top view (b) Side view.

In these experiments, a drop of a gold acetate solution was loaded on the top of the two electrodes. A 15 MHz
Function/Arbitrary waveform generator (HP 33120A, USA) was used as a source of sinusoidal waves in the
frequency 100 pHz to 15 MHz. The max output AC and DC offset voltage are 10 Vpp, (peak to peak voltage) and
5V, respectively. A microscope (Labophot-2, Nikon) equipped with a digital camera (Leica DFC 490, Leica
Microsystems, German) was used to record the nanowire growing process. After the formation of the nanowires,
the silicon plate was rinsed with water to remove the remaining gold acetate solution.

3. Results and Discussion

In these experiments, the growth of gold nanowires was observed once a voltage was applied between the two
electrodes as seen in Figure 2. The growth of the nanowires was directed by the electric field and perpendicular
to the edges of both electrodes. Fine gold nanowires were observed and the smallest diameter is about 26 nm
as seen in Figure 2. The gold component of the nanowires was confirmed by energy dispersive spectrometry
(EDS) analysis (Figure 3). It is noted that the peaks of Si, O, and Pt were from the SiO, background and the
Platinum electrodes. The area of the gold nanowires was rather small comparing to the background, which

explains the low intensity of Au peak (Figure 3) compared to those of Si, O, and Pt.
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Figure 2. SEM image of gold nanowires fabricated between electrodes with a 120 um gap space under an
applied 6 Vpp AC and 200 kHz, and 1 V DC offset. A 0.5 mM gold acetate solution was applied.
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Figure 3. EDS analysis of the gold nanowires on the SiO: surface with platinum electrodes depicted in Figure 2.
The growth and morphology of the gold nanowires were affected by the output of function generator, growth
time, and the gap distance between the electrodes, which are discussed in the following.

3.1. Effects of the Output of the Function Generator

The formation of nanowires started when appropriate AC was applied, but no nanowires were found with DC
only. The nanowires would also grow if an AC and a DC offset were applied between the two electrodes.
However, bubbles were observed on the electrodes if the DC was higher than 3 V, showing that the electrodes
were etched, so higher DC offset should be avoided. In these experiments, no wires were observed at low
frequencies. Nanowires began to form and bridge between the two electrodes when the frequency was higher
than 200 kHz (Figure 2). However, at higher frequencies, the nanowires began to form branches or network.
200 KHz seems an optimized frequency to prepare fine and straight gold nanowires.

3.2, Effects of Growing Time

The formation of the nanowires was within seconds and time is critical for the formation of a nanowire or a
nanowire array. Figure 4 shows the effect of the growing time on the morphology and structures of gold

nanowires. When a nanowire was formed between the two electrodes in 0.5 s, the wire was narrow and
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appeared straight (Figure 4A). After a longer time such as 5 s, multiple nanowires were formed and bridged
between the electrodes. These nanowires were wider and grew to branches (Figure 4B). The results suggest
that, the growing time could control the density and structures of the nanowires bridged between the two
electrodes. If the formation of a single bridged nanowire is required, the voltage between the two electrodes

should be turned off once a single nanowire is bridged between the electrodes, and vice versa.

5-4800°5,0kV-4.3mm x1 50k BEU, LAO)

Figure 4. Effect of growing time on the density and structure of gold nanowires. These nanowires grew under
an 8 Vpp AC at 200 kHz. The gold acetate concentration was 0.5 mM. Left: 60 pm gap, 0.5 s. Right: 70um, 5 s.

Figure 5 shows how the nanowires grew under 7Vp, AC. Black particles was observed floating in the solution
once an electric filed was applied. The particles were anchored on the electrodes in 1 s. Three bridged

nanowires between the electrodes were observed within 2.4s.

Figure 5. Optical images of the growing process of gold nanowires between electrodes with a 100 pm gap
space under 7Vpp AC at 200 kHz and 1.5 V DC offset. A 0.5 mM gold acetate solution was deposited on the gap.
The scale bar represents 20 pm.
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3.3. Effects of Gaps between the Electrodes

A variety of gap distances have been used in our experiments, which include 60 pm, 80 pm, 100 ym, 120 pm.
Nanowires were observed in all these experiments without any significant differences. The nanowires can form
and bridge the electrodes at a 1 mm gap (Figure 6). However, these wires are wider and appeared in dendritic

shapes.

Figure 6. Optical image of gold wires fabricated between electrodes with 1 mm gap distance under 10V, AC at

200 kHz, with a 3 V DC offset. The 0.5 mM gold acetate solution was dropped on the gap. The scale bar denotes

100 pm.

4. Conclusion

In conclusion, the formation of gold nanowires using an electrolysis process can be affected by factors such as

the magnitude of AC, DC offset, gaps between the electrodes and assembly time, etc. We are currently

investigating their applications in the detection of chemical and biological species in solutions.
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