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Fine Ceramics Used in Semiconductor and FPD Manufacturing
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Abstract

Fine ceramics with excellent corrosion resistance, heat resistance, and rigidity are increasingly used in

semiconductor and flat panel display (FPD) manufacturing equipment to achieve finer and more integrated

designs and to improve product processing capacity. This report outlines the material properties and

application examples of our Fine Ceramics used in this equipment field.
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1. Introduction

LSI circuits formed in semiconductors and flat
panel displays (hereinafter referred to as FPD) are
becoming increasingly miniaturized and highly inte-
grated, as shown in the image in Fig. 1. In line with
this trend, high-temperature plasma" and high-tem-
perature chemicals” with high chemical reactivity
are frequently used in the manufacturing process.

These processes simultaneously corrode the
metal, glass, and resin inside the manufacturing
equipment, and the corrosion products become
microscopic particles floating inside the equipment.
When these particles adhere to electronic circuits,
they can cause electrical openings, shorts, and other
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Fig. 1 Image of miniaturization and

of LSI circuits.
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areas of device malfunction, resulting in lower yields
of final products?.

In these manufacturing processes, the conveying
equipment that connects the processes has been
increasing in speed in order to improve product
throughput .

One of the methods is to reduce weight by thin-
ning the component parts. However, metals and
resin materials with low modulus of elasticity are dif-
ficult to convey at the desired speed because load
deformation and vibration increase as they become
thinner.

Fine ceramics, which excel in corrosion resistance,
heat resistance, and rigidity, are being used as a
solution to these problems. This report outlines the
material properties and application examples of
our fine ceramics used in semiconductor and FPD
manufacturing equipment.

2. Corrosion-Resistant Materials

2. 1 Corrosion resistance of fine ceramics
Table 1 shows the chemical resistance of various
fine ceramic materials®. These materials are chemi-
cally stable inorganic sintered materials and have
better corrosion resistance than metallic materials
in corrosive environments. However, some materials
are susceptible to corrosion depending on the com-
bination of material type and chemicals. Therefore,
it is important to select a material for each chemical

Table 1 Chemical resistance of various fine ceramics materials

Ch_emical Concentration Tempeurature Time Alumina | Silica | Zirconia Silicpn Si_lic_on

solution type /% /C /H carbide | nitride
HCl 35 boil 0.5 A A B A A
HNO: 70 boil 0.5 A A B A A
H2504 98 boil 0.5 A A @ A A
HsPOs4 90 boil 0.5 B A B B A
HF 60 20 24 C D D A C
KOH 10 80 168 A C A C A
KOH 10 boil 168 C D @ D D
NaOH 10 boil 168 B D C D D
NaCO:s 10 boil 168 B D @ D D
Na2504 10 boil 168 A B B D D
KF 10 boil 4 D D C D D

Notation ~ A: No erosion observed B: Trace erosion C: Moderate erosion D: Large erosion
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Fig. 2 Appearance of alumina fine ceramics for
semiconductor and FPD equipment.
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used. For example, alumina has excellent corrosion
resistance to hydrochloric acid, nitric acid, sulfuric
acid, potassium hydroxide, sodium sulfide, and other
chemicals. However, it has low corrosion resistance
to hydrogen fluoride. On the other hand, silicon
carbide has low corrosion resistance to chemicals
such as potassium hydroxide and sodium sulfide,
but excellent resistance to hydrogen fluoride.

2. 2 Application examples

Materials that have been used in highly corrosive
environments are alumina, silicon carbide, silica, and
yttria. Of these, alumina and yttria are suitable for
environments with high-temperature plasma, and
alumina and silicon carbide are suitable for environ-
ments with high-temperature chemicals, respec
tively. On the other hand, in environments where
hydrogen fluoride corrosion resistance is required,
silicon carbide is most suitable.

Fig. 2 shows the appearance of alumina ceramics
for semiconductor and FPD manufacturing equip-
ment as an example.

We produce alumina ceramics in the sizes of
2000 X 900 X 10 mm in rod form and 800mm in
diameter X 30 mm in thickness in ring form. We
provide precision processing for ceramics such as
alumina, silicon carbide, silica, and yttria using grind-
ing centers. Our corrosion-resistant ceramics have
been well received by many users.

3. Transport Device Parts

3. 1 Mechanical properties of fine ceramics

The mechanical properties of our fine ceramics
materials are shown in Fig. 3.7

Comparing stainless steel (SUS304) and fine
ceramics, alumina (A99P) and sialon (SAN-2) have
a lower weight per volume, are less subject to load
deformation, and are harder and less vulnerable to
damage.

The flexural strength of alumina is 450 MPa, which
is higher than that of common cast iron (290 MPa).
On the other hand, the flexural strength of sialon
is about twice that of alumina, 980 MPa, which is
equivalent to that of SUS304.

In order to increase the speed of equipment, it is
desirable to apply lightweight, high elastic modulus
materials that do not flex easily, such as fine ceramics
materials. This is particularly effective for transport
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Fig. 3 Mechanical properties of fine ceramics compared to metal.
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device components that require low-vibration, pre-
cise movements repeated at high speed.
3. 2 Application examples

Fig. 4 shows an example of application of our fine
ceramics materials to transport equipment com-
ponents. Alumina, sialon, and silicon carbide have
been used for these components. Of these, alumina
is widely used for robot hands for conveyance, and
sialon is widely used for conveyance rollers.

This transfer robot hand is utilized at the tip of
a horizontal articulated SCARA robot to safely and
accurately transfer products for each process in the
production process of semiconductors, liquid crystal
substrates, and other products®. These robot hands
are increasingly made of ceramics and thinner in
order to reduce weight.

In addition, conveying rollers are utilized in rotary
conveying equipment, and their feed speeds are
increasing. For this reason, sialon rollers with excel-
lent wear resistance are applied to these rollers®.

By supplying robot hands, rollers, and other con-
veyor components made of fine ceramics, we are
helping to improve the throughput of semiconduc-
tor and FPD manufacturing equipment by increasing
their speed.

4. Summary

The material properties and application examples
of our fine ceramics, which are utilized as semi-
conductor and flat panel display manufacturing
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1) Fine ceramics robot hand

2) Conveying fine ceramics roller

Fig. 4 Application examples of conveying equipment components for our fine ceramics materials.
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equipment components, especially as corrosion

resistant components and transport equipment

components, are outlined.

(1) Fine ceramics are chemically stable sintered
inorganic materials with superior corrosion
resistance, lower weight per volume, resistance
to load deformation, hardness, and scratch resis-
tance compared to metal materials.

(2) Because the mechanical and corrosion resistance
properties of fine ceramics vary depending on
the material type, it is necessary to select the
appropriate material for the required properties
for each operating environment.

(3) We supply excellent corrosion-resistant com-
ponents made of precision-machined ceramics
such as alumina, silicon carbide, silica, and yttria.
These products have been well received by many
users.

(4) We contribute to improving the throughput of
semiconductor and FPD manufacturing equip-
ment by supplying fine ceramic robot hands and
rollers, which are used for transport equipment
components.
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