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Abstract

In recent years, contamination control has become a key fundamental
technology in the field of manufacturing electronic devices, such as
semiconductors and liquid crystal displays. Cleanliness control technologies, as
typified by clean rooms, play an important role in manufacturing of such devices.

Clean rooms require strict control of not only the cleanliness levels of particles
and gases but also the temperature, humidity, air current properties, static
electricity, vibration and many other elements. Among them, static electricity is
always widely generated because electronic devices are manufactured in an
environment where the relative humidity is 40 to 45% (a level of humidity in
which static electricity is easily generated) and devices and various other kinds of
insulators are manufactured through repeated contact, friction and stripping
processes. What is worse, static electricity gives rise to various obstacles in
production that significantly affect production yield—such as electrostatic
attraction (ESA)—in which airborne particles are deposited by electrostatic force,
and device breakdown caused by electrostatic discharge (ESD). There have been
many reports: 1) describing phenomena in which static electricity accelerates the
deposition of particles and a decrease in static electricity resistance of recent
highly-integrated devices, and 2) indicating that static electricity has been
producing more serious effects on devices. In view of this, how to prevent static
electricity in clean rooms is a very important factor for contamination control and
is an essential technology for the electronic device industry.

There are two common measures against static electricity in clean rooms: 1)
static charge relaxation by grounding and humidification and 2) static charge
neutralization (electrostatic elimination) using static eliminators (ionizers). The
latter is more effective for use in producing electronic devices because the former
raises concerns about contamination of devices due to grounding and the
influence of moisture. Among others, corona discharge ionizers of voltage
application type are widely used due to their ease of use, and they are the most
commonly used ionizers for clean rooms. However, it's been pointed out that

conventional corona discharge ionizers cause particles to be deposited onto a



discharging electrode and generate dust by abrasion of the electrode, thereby
resulting in serious problems in clean room environments. Meanwhile, soft X-ray
type ionizers that can eliminate static electricity without generating dust have
also been increasingly used in processes that require a higher degree of
cleanliness. However, there are some disadvantages in using ionizers of this type,
such as the need to take measures to protect the human body from exposure to
X-rays and the difficulty in eliminating static electricity in a narrow space.

The intent of this study is to develop clean-room ionizers that can solve
conventional problems of static electricity for contamination control in clean
rooms. The authors examined the validity of the principles of techniques
developed for applying the ionizers to clean rooms and evaluated their
performance. The results indicated the possibility of the practical application of

the following types of ionizers:

(1) Low-particle-emission ionizer for clean rooms (corona discharge method)
A corona discharge ionizer that prevents the deposition of particles onto the
electrode by using the thermophoretic force generated by heating the
electrode and reduces abrasion of the electrode by using corrosion-resistant

metal as a constituent material of the discharging electrode.

(2) Non-particle-emission ionizer for clean rooms (soft X-ray method)
A safe soft X-ray type ionizer that uses soft X-rays as an ionization source to
generate ions without emitting particles and has a built-in soft X-ray shield
structure to eliminate the need for taking protective measures in the
installation location, and a soft X-ray type ionizer in which ions are
generated by soft X-rays, coarsened by the condensation of water vapor and

transported through a tube to eliminate electricity in a narrow area.
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