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Abstract: This article deals with the preparation of tungsten wires surface for electrochemical etching
process via electropolishing process. Cleaning of the wire surface is very important for obtaining
field emission cold cathodes with sharp tips and low contamination on its surface which are made
from these tungsten wires. There are many ways to clean wire surface such as heating it in a ultra
vacuum, using solutions and acids, mechanical cleaning etc. Each of these methods has advantages
and disadvantages and due to electropolishing process quickness this method was selected for futher
usage.
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1 INTRODUCTION

Cleaning the surface of tungsten wires is a very important part for the futher use of these wires espe-
cially for obtaining field emission cold cathodes which are commonly used in electron microscopy.
Tungsten wires are in the most cases produced by powder metallurgy [1]. This technology is used due
to the purity of tungsten in wire which is more than 99.2 % but unfortunately also brings a contam-
ination of the wire surface with carbon which is used for better sliding of material when it is going
through extruder during the manufacturing process. Naturally the additional contamination also oc-
curs with interaction with the human body, dirt from the air and other sources. Production of field
emission cold cathodes requires for the best results a clean workspace especially wire surface without
contamination which negatively acts on the final product [2].

Electropolishing is non-mechanical process which provides a smoother material surface. This method
is commonly used in industry as the final process for deburring and removing sharp edges of metal
materials for example after the milling process [3]. As an electrochemical process it requires for its
functioning metal material and electrolyte solution where the metal material will react in mass trans-
port limited dissolution reaction reffered to as anodic leveling [4]. The process can be divided into
two parts depending on the power supply used. When applying a DC power supply where the positive
terminal is connected to the desired metal wire which serves as an anode and a negative terminal to
cathode (typically made from lead, copper or stainless steel), both immersed in solution, the elec-
tropolishing process occurs. This process is time dependent and has to be limited by current passing
through a circuit. Higher time, current or solution concentration will remove more material from the
wire and cause its thinning [3][5][6]. The smoother surface is obtained due to higher intensity of the
electric field in protruding parts of the surface which will cause its quicker oxidation in electrolyte to
the cathode. The contaminants itself are dissolved to electrolyte along with metal particles.

Another option is to use AC power supply. This setup should remove contaminants without altering
the wire surface during the electropolishing process also known as electrochemical cleaning [3][4].
AC method brings great benefits in fact that there is no wane of material but depends also on many
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factors such as frequency, amplitude and time used for this process [4].

This article shows the results of electrochemical cleaning depending on changes in frequency of AC
power supply.

2 EXPERIMENTAL RESULTS

Electrochemical cleaning using AC power supply should provide the clean wire surface without alter-
ing it. Trying this method on many samples showed relatively good results but never approached the
heating in ultra vacuum (approximately 10−10 Pa) which gives perfect results where all contaminants
almost evaporate. However reaching the ultra vacuum in chamber is a very difficult process and may
take a couple of days. That is why this method is extremely time consuming and also expensive so
it is not possible to afford it. Another possibility is to use mechanical cleaning using soft sandpaper
or a rag. Nevertheless mechanical methods are not globaly popular because those may damage the
wire surface. Selected electrochemical cleaning method also provides different results but as non me-
chanical do not let the surface damaged at least for a naked eye. In many articles the images of metal
surface after the electropolishing and cleaning process which are obtained from microscope have a
magnification of about 500 times and the surface seems to be perfectly clean. However a deeper
analysis shows the negative surface oxidation and cracks depending on frequency change.

Fig. 1 shows the wire surface before cleaning process as it is bought from the manufacturer. For the
experiment the highly pure 99.95 %, straight tungsten wire with a diameter of 0.38 mm was used. The
wire was cut with pliers into pieces approximately 10 mm long.

(a) Magnification 1000x. (b) Magnification 2000x.

Figure 1: Tungsten wire before cleaning process.

The setup circuit shown in Fig. 2 uses generator Agilent 3322DA for sine wave. Cut wire is mounted
in the collet connected to one terminal of generator. The second generator terminal is connected to
stainless steel wire coiled to the ring shape. Both wires are immersed in 10 ml of 2 M NaOH solution
which acts as electrolyte and is placed in the glass beaker. Tungsten wire is immersed approximately
2 mm under the surface of electrolyte due to its later usage for anodic dissolution for obtaining field
emission cold cathode which is performed 1 mm under surface of electrolyte.

Testing included four different frequencies as shown in Tab. 1. After finishing electrochemical clean-
ing there are no other processes for additional cleaning like rag wiping to obtain true dependency
of surface appearance on frequency. Each wire is thereafter put into SEM microscope for acquiring
images of the wires surfaces.

For the frequency of 10 Hz as shown in Fig. 3 the surface is not cleaned well but does not contain any
cracks or oxidation traces whereas for the frequency of 100 Hz ,shown in Fig. 5, the damaging of the
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surface appears in oxidation of tungsten and deep cracks. The number of cracks and oxidation rate ex-
cludes this frequency to be useable at least for set amplitude and cycle time. Using a higher frequency

Figure 2: Electrochemical cleaning setup.

of 500 Hz as shown in Fig. 6 provides good performance in wire cleaning with eliminated oxidation
but also generates cracks. Those cracks are a point of interest because the wire is not subjected

Amplitude [V] Frequency [Hz] Time [s]
1.37 10 120
1.37 50 120
1.37 100 120
1.37 500 120

Table 1: Generator setup for each purified wire.

to high pressures or mechanical stresses. Maybe the manufacturing process or alternating current
passing through the circuit cause the elongation and shortening of the inner structure of the wire,
damaging the surface. The main difference between apllied frequencies of 100 Hz and 500 Hz is that
for the frequency of 100 Hz the oxidation also occurs inside the crack meanwhile for the frequency
500 Hz it does not. The frequency of 50 Hz is commonly used in our setup before electrochemical
etching process. As shown in Fig. 4 this frequency gives satisfying results. Not all the contaminants

(a) Magnification 1000x. (b) Magnification 35000x.

Figure 3: Results for the frequency of 10 Hz. Not well cleaned but without defects.
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are removed but the surface of the wire does not show any defects.

(a) Magnification 1000x. (b) Magnification 35000x.

Figure 4: Results for the frequency of 50 Hz. The surface is fairly cleaned and any defects are not
visible.

(a) Magnification 1000x. (b) Magnification 35000x. (c) Magnification 150000x.

Figure 5: Results for the frequency of 100 Hz. Approximately 100 nm wide deep cracks formed
during the cleaning process. Furthermore, oxide contamination is present both on the surface and in
the cracks area.

(a) Magnification 1000x. (b) Magnification 35000x. (c) Magnification 150000x.

Figure 6: Resulting images for the frequency of 500 Hz. Contaminants were removed properly
from the surface. On the other hand there are wider (∼200 nm) cracks than in the case for frequency
of 100 Hz.

3 CONCLUSION

Frequency changing for electrochemical cleaning method showed different results as a point of futher
research. Contamination of tugsten wire surface which results from the manufacturing process and
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human factor causes negative effects on final results especially for obtaining field emission cold cath-
odes which are made from these wires. Cathodes in order to function also require surface treatment
of oxide layers to increase their lifetime in electron microscope. Any contamination may provide un-
expected results like nonuniform layer, defects or in the worst case dysfunctional cathode. Prevention
and clean workspace are the main goals which are necessary to abide.
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