
静電気学会誌, 29, 1 (2005) 50-55

2004 8 23 ; 2004 12 15

Development of the Detector for Low Energy Scattered X-rays  

Using Charged Spheres
Masanori SUZUKI* Seiiti IMAI** Hideaki MATSUHASHI** Akira MIZUNO*

(Received August 23, 2004; Accepted December 15, 2004)

Recently, in semiconductor and LCD manufacturing processes,  ionizers have been used   that employ 
low energy X-rays (soft X-rays) of 3 to 9.5 keV, as the ionization source. However, these low energy X-rays
cannot be detected using film badges  or the like  as their energies are so low,  and there is  no appropriate
personal dose meter. In these conditions, an inexpensive and easy-to-use personal dose detector is required for
workers for daily use to avoid unexpected exposure. 

Therefore, we have designed a wearable low energy X-ray detector   that uses four electrically charged
conductive spheres floated by static electricity repulsion force.  Ions generated  by  ionization function of the
low energy X-rays projected  in  the detector neutralize  electrically  charged conductive spheres.  From  the
number of spheres dropped, the detector detects the dose of the low energy X-rays. 

In this report,  we have examined a simple way  to detect low energy scattered X-ray dose  from the
number of dropped conductive spheres.
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Fig.1 Low energy X-ray ionizer (Hamamatsu Photonics L9490).

Table 1 Specifications of low energy X-ray ionizer. 2)
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Fig.2 Low energy X-ray detector for experiment.
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Fig.3 Experimental setup.
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Table 2 Specifications of low energy X-ray source. 4)

静電気学会誌　第 29 巻　第 1 号（2005）



53簡易型低エネルギーＸ線検出器の開発（鈴木政典ら）

- 4 - 

6

(1)

C

Q V

Q = CV (1)

4.3

7 1 2 4

64mSv/h

-6kV

25 m

7

4.4

8 4

-8kV 4

0.3 2 8 32 128mSv/

h

4 

Fig.4 Influence on penetration by low energy X-ray

penetrating film thickness.
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Fig.5 Influence on penetration by projected X-ray dose rate (X-ray

intensity). 
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Fig.6 Relationship between the integrated dose before one 

conductive sphere will drop and the charged voltage on the metallic 

spherical electrode.
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Fig.7 Relationship between the integrated dose before conductive

spheres will drop and the number of them dropped.
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Fig.8 Influence of dose rate (X-ray intensity) of X-rays

projected to the detector.
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Fig.9 Relationship between the integrated dose by detecting

directly reaching X-rays and scattered X-rays doses, and the

number of spheres dropped.
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Fig.10 Relationship between the integrated dose and the 

number of spheres dropped when charging different voltage on

the metallic spherical electrode.
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