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Plasma based ion implantation (PBII) with high negative pulsed voltage applied to the test 
specimen has been applied to the sterilization process as a technique suitable for three-dimensional 
work pieces. We found that the PBII process reduced the numbers of active Bacillus pumilus cell (The 
number of bacteria survivors was reduced by 105 with 5 min exposure) using N2 gas self-ignited plasma 
generated by only pulsed voltages. In this study, the PBII methods were compared using Ar gas and N2 
gas for the minimum voltage necessary for the self-ignition plasma generation. After this, we examine a 
generation condition of the plasma, used for a sterilization process. 

Зависимост на ширината на импулсите на самозапалването на плазма при йонна 
имплантация, използваща плазмата (К. Шимоно, Н. Фуджимура, Х. Ногучи, Х. Тойота, Й. 
Шираи, Т. Танака, К. Вутова). Йонна имплантация, използваща плазмата при прилагане на 
отрицателно импулсно напрежение, бе приложена за стерилизация, като техника подходяща 
за 3D образци. Процесът редуцира количеството активни Бацили Пумилас с 105 при 5 мин. 
eкспониране, използвайки N2 самозапалена плазма, генерирана само от импулсно напрежение. 
В тази работа се сравняват резултати при използване на  Ar и N2 за минималното 
напрежение, необходимо за генериране на самозапалена плазма. След това ние изследваме 
едно условие на генериране на плазма използвана за процес на стерилизация.  

 

Introduction 
Conventionally there is ethylene oxide gas 

sterilization or high-pressure steam sterilization as a 
sterilization method that has been used primarily in 
the medical field or the manufacturing of medical 
products. Electron beam sterilization and radiation 
sterilization are employed industrially. 

On the other hand, there is a low-temperature gas 
plasma sterilization method using hydrogen peroxide 
as a disinfectant which is known to be able to 
inactivate bacterial spores and is used for fast 
sterilization, pollution-free, and for low-temperature 
sterilization device. However, a harmful phenomenon 
of the exposure of hydrogen peroxide to a healthcare 
worker is confirmed by sterilization using hydrogen 
peroxide gas. Furthermore, it has been pointed out that 
it is possible for the patient to be exposed to hydrogen 
peroxide remaining behind in a sterilized medical 
appliance. [1, 2]. 

Plasma-based ion implantation (PBII) is a 
technique used to modify the surface of samples by 
immersion in plasma and application of a negative 
bias voltage to the target.  Currently, the sterilization 

process using a new method PBII as sterilization 
processes which can be low-temperature and short-
time sterilization has been attempted [3]. 

There are modulator technology and plasma 
generation technology as elements of technology of 
plasma ion implantation. The modulator technology is 
one of the important techniques in the plasma ion 
implantation to affect the formation of the ion sheath 
at the board surface and the behavior of the ion in a 
formed sheath directly [4]. 

In this study, plasma-based ion implantation using 
N2 gas and Ar gas in (PBII) method is discussed and is 
compared to the minimum voltage required to turn on 
the self- ignition plasma. 

Experimental 
Fig. 1 shows a schematic diagram of the 

experimental apparatus. Stainless steel chamber 
material of the device is (SUS). The height is 450 mm, 
the width is 590 mm, the depth is 470 mm. SUS -
made electrode is insulated from the chamber which is 
grounded and is placed at the center of the chamber. 
The high pressure pulse modulator (Kurita mill) which 
is used in this experiment has frequency up to 1000 
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pps, capacity of up to around 8 A repeatedly and can 
apply the negative pulse voltage of up to 15 kV to a 
target in pulse width 2~30 µs. High-voltage pulse 
voltage is controlled by a computer control system in 
the PC by (Fotgen 2). Evacuated to 1 × 10-3 Pa in the 
chamber, experiments are performed and gas pressure 
varying in the range from 10 Pa to 3 Pa is used by 
introducing N2 gas. Similarly, Ar gas is used to carry 
out experiments varying within the range from 10Pa 
to 3 Pa in gas pressure. The state of the lighting of Ar 
gas plasma and N2 gas plasma was visually checked 
and each plasma was examined for minimum voltage 
required for the plasma generation. 

 

 
 
Fig. 1. Schematic diagram of experimental apparatus 

Generation of plasma in this study uses only self-
ignition plasma. 

Results and discussion 

Self-ignited plasma electric discharge properties 
Fig. 2 shows the discharge characteristics of the 

self-ignition plasma N2 gas (gas pressure 3 Pa). It is 
possible without using the RF power and ion 
implantation and for the plasma to be maintained 
generating only negative pulse voltage. It is possible 
to obtain the effect of sterilization and sterilization of 
medical instruments. Further, using only the high-
voltage negative pulse power source, provides the 
advantage of cutting down the power by half 
compared to the combination of the pulsed power 
supply and RF power.  

The electric current grows bigger according to 
the increase in applied voltage when a current 
waveform is observed. After reaching the peak at the 
rise time of about 2.5 µs voltage is applied, and the 

current is steady.  Current does not flow upon 
termination of the applied voltage. The applied 
voltage is flowing about 5 A the steady current at the 
time of 8 kV. 

 
Fig. 2. Self-ignition plasma discharge characteristic of 

nitrogen gas 

In the current waveform obtained by the plasma 
of the double structure of the self-ignition plasma (RF 
burst plasma) external plasma has an early peak after 
the reduction, and the current waveform is constant. 
Current with the initial peak is due to RF plasma. 
Current thereafter is due to self-ignition plasma. 

Lighting of the self-ignition plasma was not 
observed in 0.8 kV in a self-ignition plasma 
generation of N2 gas. In 4 kV later, generation of clear 
self-ignition plasma was observed. Emission of self-
firing plasma was observed visually when current 
flows at 0.26 A. By increasing the current further, 
strong light emission was observed. 

The smallest voltage of the self-ignited arc 
plasma lighting by the change of the pulse width 

Fig. 3 shows the comparison between each of the 
voltages of the minimum required lighting of the 
self-ignition plasma to the change in the pulse width 
of the Ar gas (gas pressure 3 Pa) and N2 gas (gas 
pressure 3 Pa).  

The generation of the self-ignition plasma happens 
using the negative pulse voltage. Plasma is generated 
by negative pulse voltage of the first few µs. Injected 
progress is made towards the substrate by accelerating 
the ions in the plasma generated in the remaining 
time. Looking at the results obtained when varying the 
pulse width as the pulse width decreases, the 
minimum voltage required for self-ignition plasma 
lighting is high. From this it is suggested that the 
voltage required for the lighting of the self-ignition 
plasma by the pulse width is changed. 
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Fig. 3. Pulse width dependence of self-ignition plasma 

 

The smallest voltage of the Self-ignited arc 
plasma lighting by the change in pressure 

 

 
Fig. 4. Pressure dependence of self-ignition plasma. 

Fig. 4 shows the difference in the minimum 
voltage required for self-ignition plasma lighting 
when changing the pressure for N2 gas and Ar gas. 
Pulse width is 6.3 µs with both Ar gas and N2 gas. 

Looking at the results obtained by changing the 
pressure, the voltage value required for the lighting of 
the self-ignition plasma is reduced as the pressure 
increases. It can be seen that the plasma generation at 
low voltage is possible because with higher pressures 
the initial density is high. 

It was suggested that in a self-ignition plasma 
when pressure is high, the voltage necessary for the 
plasma lighting is low.  

Self-ignition plasma emission characteristics 
Emission spectrum measurement of self-ignition 

plasma of Ar gas and N2 gas by using a plasma-based 
ion implantation method is carried out using 
spectrometer(Ocean Optics made, USB-2000)  For 

both N2 gas and Ar gas, in the 8 kV constant pulse 
voltage, varying between 1 µs~10 µs pulse width, the 
amount of light emission was compared. 

 
Fig. 5. Emission characteristics of a pulse width of 10µs 

 
Fig. 5 shows the emission characteristics of 

nitrogen plasma at the time of the pulse width 10 µs. 
For N2 plasma a strong emission in the 427 nm and 
391 nm was seen. According to data in the database of 
the atomic spectroscopy (NIST Atomic Spectra 
Database), 391 nm is the emission of N Ⅱ and 427 
nm can be confirmed to be the emission of N Ⅰ. Fig 6 
focuses on two wavelengths, indicating the difference 
in light emission amount at the time of changing the 
pulse width. Wavelengths of 427 nm and 391 nm 
confirmed an increase in the amount of light emission 
as pulse width increases. 

 

 
Fig. 6. Pulse width dependence of the nitrogen plasma 

emission characteristics 

Fig.7 shows the emission characteristics of the 
Ar plasma.  

Fig.7(a) shows the time emission characteristics 
of the pulse width 1µs.  

Fig.7(b) shows the emission characteristics when 
the pulse width is 10µs. 
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(a) Emission characteristics of 1μsec. 

 
(b) Emission characteristics of 10µsec. 

Fig. 7. Emission characteristic of Argon plasma 

 

Fig. 8. Pulse width dependence of argon plasma emission 
characteristics 

In Ar plasma, we were able to see the strong 
emission in the 751 nm and 656 nm. According to the 
atom spectrum database, 751 nm can confirm that it is 
Ar I and 656 nm can confirm that it is ArⅡ. Fig.8 
shows the case of changing the pulse width by 
focusing on the two wavelengths showing the 
difference in light intensity. Wavelengths of 656nm 
and 751 nm were observed, which confirmed an 

increase in the amount of light emission as pulse 
width increases. When comparing the light emission 
characteristics of the pulse width 1 µs and 10 µs, it 
was possible to confirm the emission of the ArⅡ and 
ArⅠ between 400~500 nm and 700~800 nm as the 
pulse width increases. 

Conclusion 
 Plasma-based ion implantation methods using 

argon gas and N2 gas were compared for the minimum 
required voltage to turn on the self-ignition plasma. 

It was shown that the applied voltage required for 
self-ignition plasma lighting for argon gas is lower 
than for N2 gas. In the case of nitrogen gas or argon 
gas, as the pulse width decreases, the minimum 
voltage required to discharge is first observed is 
higher. The minimum voltage required for the 
discharge of the first one observed as the pressure gets 
higher is low. 

Emission characteristics of self-ignition plasma of 
the N2 gas and Ar gas showed that the light intensity 
increases the larger the pulse width gets. It was 
confirmed that the pulse width of the Ar gas increases, 
when the spectrum is increased. 
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