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The stability of the operation of the negative corona discharge ion source for the lon Mobility
Spectrometry (IMS) has been studied. The temporal stability of the ion current was investigated as
a function of wire diameter (20, 50, and 100um) and wire material (the high-voltage electrode).
The ion current generation efficiency was increasing for thin microwires. The temporal ion current
stability was improving with the increasing electrode gap between the high voltage electrode and
the hollow electrode (from 1 up to 10mm) and with decreasing of the wire diameter. The impact of
the electrode material was low on the stability of the ion current. Additionally, we have simulated
the configuration of the electric fields in the ion source and the IMS drift-tube.

1. Introduction

lon Mobility Spectrometry (IMS) is an analytical technique for the separation of ions in the gaseous
phase based on the differences in the mobilities of the ions under an electric field. The ion source is
one of the main parts of IMS, besides the reaction chamber, shutter gride, drift tube, and detector [1-
7]. The ion source serves as a source of reactant ions (RI) of positive or negative polarity, which are
used for ionization of the sample in the reaction region and formation of gas-phase ions. Several dif-
ferent ion sources for IMS systems have been developed, such as radioactive ion sources, discharge
ion sources, thermal ionisation, photoionization, X-ray ionization, electrospray ionization, atmospheric
pressure electron gun, etc. [5-7].

In the present work, we present a study of the stability of the corona discharge ion source in negative
polarity. The selection of a suitable material and geometry (radius of wire and the electrode gap) of the
corona discharge electrode (microwire) result in the improvement of the stability of the ion current, the
improvement of the ion intensity, and thus the sensitivity of IMS [8-11].

2. Experimental Setup

Figure 1 shows the experimental setup to study the operation of the corona discharge as an ion source
for IMS. In this study, we have used a wire-to-plane configuration with the hollow in the plane elec-
trode to negative corona discharge. The hollow electrode can be spatially adjusted in three directions,
and the electrode separation can be controlled to 1 micrometre. A microwire was used as the high
voltage electrode with different diameters (20, 50, and 100um) and materials (tungsten, copper, plati-
num, cobalt, stainless steel), while the plane electrode material was brass. An additional electrode,
Faraday plate was placed behind the plane electrode. Between the plane electrode and the Faraday
plate, an extraction voltage (Vue) was applied. The Faraday plate was equipped with a protection cir-
cuit consisting of back-to-back diodes. The electric current was amplified with a transimpedance cur-
rent to voltage amplifier and measured using an oscilloscope (Tektronix TDS2022B). The high voltage
part of the electrical circuit consisted of a high voltage power supply (Fug HCP 35-20000), with a re-
sistor (15MQ) to limit the DC current (10pnA). The second DC power supply (Heinzinger LNG 350-
03) supports the high voltage up to 350V to the plan electrode (HE).
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Fig. 1. The schematic view of the experimental setup for ion generation.

3. Results
Figure 2 shows the measured dependence of the negative corona current on the applied negative high
voltage for different wire diameters (20, 50, and 100um) and various electrode gap distances (from 3
up to 10mm). The high-voltage electrode was made of tungsten. The ion current was measured for dif-
ferent voltages of the hollow electrode (Ve = 0, 50, 100, 200, and 350V). The potential Ve pushes
the ions generated by corona discharge to the detector (Faraday plate). We have observed that the
measured current on the Faraday plate increases with the increasing HV potential on the wire electrode
(due to increase of charge current) and also with the increasing HE potential, due to improvement of

the ion transport to the Faraday plate.
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Fig. 2. Current-voltage characteristics for different diameters of the tungsten wire.
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Fig. 3. Electric field strength for different diameters of the wire.
The diameter of the microwire affects the ion generation and its stability (Fig. 3) due to changes in the
electric field. The average electric field between the electrodes is illustrated in Fig. 3 a) for 20, 50, and
100um wire diameters. The experimental voltage values were used to simulate the local electric field
strength at the microwire tip (Fig. 3 b). Based on Fig. 3 a), the average electric field increases with the
decreasing of gap distance, whereas increased gap causes the increase of the local maximum electric




field at the wire tip (Fig. 3 b). The graphical simulation in Fig. 3 ¢, d,
the plotted results in Fig. 3 a) and Fig. 3 b).
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Fig. 4. Experimental data: current-voltage characteristics for different wire materials.

The effect of the material of the wire electrode on the current-voltage
Fig. 4. The measured current-voltage characteristics were performed for
sten, copper, platinum, cobalt, and stainless-steel), different discharge

characteristics is presented in
different wire materials (tung-
gaps and Ve potentials. The

diameter of all wires was 20um. Figure 5 shows the values of the electric field strength for different
wire materials and different discharge currents. The average electric field is presented in Fig. 5 a). The
local electric field strength at the wire tip was calculated for the applied voltages and different wire
materials (Fig. 5 b). The field strengths are illustrated in Fig 5 ¢, d, and e where the microwire has

20um diameter for 1, 5, and 10mm gap distance.
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Fig. 5. The strength of the local electric field for different wire discharge gaps.
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Fig. 6. Experimental | vs V plots for different wire materials.



Figure 6 shows the dependence of the ion current on the potential differences between the electrodes.
The high value of relative standard deviation was observed for thick wire (100um). These results are

shown in Fig. 7.
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Fig. 7. Relative standard deviation (%) of the temporal stability of ion current for different diameters
of the tungsten wire.
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Fig. 8. Relative standard deviation (%) of signal stability of Corona ions for different wire materials.

The relative standard deviation has been calculated for ion currents (Fig. 8), which have been related
to different wire materials. We found the proper gap-distance for the generation of a more stable ion

signal based on the geometrical configuration of electrodes. Fig. 8 shows the more stable signals at

d=5 and 6mm for most of the materials.
-0.02

27.5 nA

e
-0.04 liél% 1

-0.06 a3 N
T A T we n’l?i,ﬁ A
_0.084 & g% o 23 = K3
2 410 e B ¥
Z 50 v 45e
3 012 =ty
3 T o5
® -0.14 - L
© =
5,-0.16 - 2 g
D) %3
-0.18  [Wire diameter= 20um, lon current (nA)

o Tungsten
-0.20 4| @ Copper
A Platinum
-0.22 4| w Cobalt
© Stainless Steel 316
-0.24 1 1 1 1 1 1 1
0 0] 6] 0] BRI

Gap distance (mm)
Fig. 9. Experimental data of signal stability of Corona ions for different wire materials.
The statistical analysis of the temporal stability of the ion current is presented in Fig. 9 for different
wire materials and different electrode gaps. The result shows that the stability of the discharge current




was not substantially affected by the wire material. However, we see a week effect of the electrode gap
for smaller gaps, the relative temporal stability of the discharge current was higher. We relate it to the
strength of the electric field. In addition to the simulation of the electric fields in the ion source, we
have performed simulations of the electric fields in the IMS (Fig. 10). For the functionality of the IMS,
the strength of the electric field along the axis of the IMS drift tube is of great importance (Fig. 11).
Figure 11 shows that the homogeneity of the electric field in the drift tube is quite good and that the
inhomogeneities appear only in the ions source, shutter gride, and at the detector. However, in the fu-
ture, we should further improve the homogeneity of the electric field in the IMS.
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Fig. 10. Simulation of a homogeneous electric field in the IMS drift-tube.
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Fig. 11. Electric field strength at the axis of IMS drift-tube.

4. Conclusion

We have presented an experimental study concerning the temporal stability of the generation
of the ion current by the Corona lon Source in IMS. Different materials and diameters have
been investigated for the high voltage electrode (microwire). Experimental data including the
current-voltage characteristics, the average electric field between the electrodes, and the local
electric fields at the tip of the wire electrode were determined. The experimental studies and
simulations were carried out for the microwires (20, 50, and 100um) diameter and different
wire materials (tungsten, copper, platinum, cobalt, and stainless steel). The improved
temporal stability of the ion current was observed for the smaller wire diameter (20pum). The
impact of the electrode material on the temporal stability of the ion current was low. Based on
the practical values of electrical parameters of the IMS, we have simulated a 2D map of the
electric field in IMS and the axial dependence of the strength of the electric field.
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