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Shielding Performance of Soft X-ray Ionizer with Shielding Structure
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Recently, in semiconductor and LCD manufacturing processes, ionizers have been used that employ low energy 
X-rays of 3 to 9.5 keV (soft X-rays), as the ionization source. However, when this ionizer is installed on a
manufacturing equipment, the equipment must be covered with shielding panel to shield the soft X-rays. In addition, 
this equipment requires safety measures to stop ionizer automatically, when a worker entered a shielding area by any 
chance. For those reasons, this type of ionizers are inconvenient. Therefore we have conducted the development of 
soft X-ray ionizer with shielding structure. In the previous paper, we reported the results of investigation about the 
structural condition of shielding structure that consists of aluminum honeycomb and perforated plates. In this paper,
we report about the structural condition of shielding structure that consists of small pipes. We confirmed that the 
leakage dose rate of the soft X-rays could be decreased to less than 1 µSv/hr while allowing the passage of enough ion 
pairs to eliminate the static electricity.

1.

3

9.5keV peak 6keV

1,2) 1

1)

2 1)

3,4) 2-(a)

2-(b)

1 Sv/hr

2.

2-(b)
* 156-0052

5-33-6 Technical R&D Center, Techno Ryowa Ltd., 
33-6, Kyodo 5-chome, Setagaya-ku, Tokyo, 156-0052, Japan 

** 441-8580
1-1 Department of Ecological 

Engineering, Toyohashi University of Technology, 
Tempaku-cho, Toyohashi, Aichi , 441-8580, Japan 

, 31, 1 (2007) 31 36J. Inst. Electrostat. Jpn.



3.

1mm

4 d 2mm 3mm 4mm

5mm 6 L 10mm

15mm 20mm 25mm 30mm 50mm 24

3

12 SUS

Be D

ICS-321R1

D

24

65mm

65mm 3 *2

(1)

3 *1

70 m 7

0 m 9.5ke

V

1 L9490

Fig.1 Soft X-ray ionizer (Hamamatsu Photonics L9490). 
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Fig.2 Outline of soft X-ray ionizer with shielding structure.
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Fig. 3 Experimental setup for estimating the shielding 

performance. 
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Table 1 Specifications of soft X-ray tube2)

Dose rate

ICS-321R1 Max.10mSv/hr

10mSv/hr

450B-SI Min.5 Sv/hr Max.500mSv/hr

450B-SI ICS-321R1 9.5keV

70 m 5 Sv/hr

4keV

Dose rate 740mm

(1) 1400mm

4.0 106 -0.0055 (1) 740

2.9 105 -0.0025 (2) 1400

D 20mm 200mm

(1)

4.2

5 1

4 5-(a) (d)
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Fig.4 Attenuation of soft X-ray in the air.
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Fig.5 Relationship between the dose rate at pipe inlet and the 

penetration (I/I0). 
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Fig.6 Soft X-ray ionizer with shielding structure.
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Fig.7 Outline of shielding structure at the ion generating chamber.
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Fig.8 Static eliminating performance of the soft X-ray ionizer 

with shielding structure. 
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