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37 8 Influence of Grinding Fluid Supply on

Ultra-Smoothness Grinding of Al2Os-TiC Ceramic

To machine the ceramic component of high quality by low productive cost, the high productive ultra-smoothness
grinding technique of the fine ceramics has been strongly required. To improve the productivity, in our previous
researches, the newly devised ultra-smoothness grinding method is proposed and ascertained to be useful for finishing
the silicon carbide ceramic to near the ultra-smoothness surface of below 30nm (Rz) or 2.0nm(Ra) in the measuring
area of 256pm x 256pum. This is one of a series of the researches on ultra-smoothness grinding of fine ceramics.

In this report, the influence of the grinding fluid supply on ultra-smoothness grinding of Al2Os-TiC ceramic is
examined. The three types of grinding fluids are used for the examination. It is found that the suitable selection of
grinding fluid is necessary for forming the ultra-smoothness surface.

Proc. 4th International Conference of the European society for precision engineering and nanotechnology

pp.129-130 2004.5

37 9 Ultra-smoothness Grinding of a Glass

with #140 M etal Bond Diamond Whed

Glass is one of the most important materials in the optical industries. The high efficiency ultra-smoothness grinding
technique of the glass has been strongly required. To improve the productivity in ultra-smoothness grinding, in our
previous researches, the newly devised ultra-smoothness grinding method is proposed. By applying the new method to
the horizontal surface grinding?:3), the surface roughness of cemented carbide tool, silicon carbide ceramic and so on is
found to attain below 30nm (Rz) or 5nm (Ra) in the measuring area of 256pum x 256um. As a result, the new method is
ascertained to be useful for finishing near the ultra-smoothness surface. In this report, ultra-smoothness grinding of a
glass is examined. The specification of metal bond diamond wheel used is the grain size of #140 and the concentration
of 50, respectively. The 3D surface roughness of glass formed using the suitable grinding condition attains about
27nm(Rz) or 1.4nm(Ra).

Proc. 7th International Conference on Progress of Machining Technology, Suzhou, China, 2004.12



37 10 Influence of Fluid Supply on Ultra-Smoothness
Grinding of Silicon Nitride Ceramic

with #140 Metal Bond Diamond Wheel

Grinding operation is one of the most effective manners for high smoothness machining of fine ceramics. However, it
is difficult to form crack-free high smoothness surface by ductile-mode grinding because of their mechanical properties
of high brittleness. To machine the ceramic component of high quality by low productive cost, the high productive
ultra-smoothness grinding technique for the fine ceramics has been strongly required. In our previous research?23),
the new ultra-smoothness grinding method is developed and ascertained to be useful for finishing to near the
ultra-smoothness surface. The surface roughness of silicon carbide ceramic and cemented carbide tool formed by the
ultra-smoothness grinding method using the #140 diamond wheel is found to attain below 25nm(~2) or 4nm(Ra), and
below 30nm(~2) or 5Snm(Ra), respectively.

This is one of a series of the researches on ultra-smoothness grinding of fine ceramics. In this report, the influence of

the grinding fluid supply on ultra-smoothness grinding of silicon nitride ceramic is examined.
The 19th Annual Meeting The American Society for Precision Engineering, Orlando, USA, 2004.10



37 11 Quantitative Investigation on Loading in
CBN Wheel Life Using Automatic Image Processing

System for Wheel Surface

The grinding wheel surface condition characterized by the distribution and shape of cutting edges and loadings has
strong influence on grinding results such as surface roughness, grinding force and temperature, and so on. There are
a great number of cutting edges on a wheel surface, which are more than several thousands and one distributed
irregularly. To evaluate guantitatively the surface condition, in our previous researches??, the automatic image
processing system attached to a surface grinder is newly developed. In the system, the evaluation is automatically
done by means of quick digital handling technique of numerous microscopic images of cutting edges taken precisely
from the wheel surface through a video-capture system.

By applying the system to several grinding experiments, the system is ascertained to be useful for pursuing and
evaluating quantitatively the behavior of numerous cutting edges. The loading generated by grinding of workpiece,
however, can not be evaluated adequately because the loading can not be extracted, in the high accuracy, from the
original photo by the developed image processing software program.

In the research, the new software program for the separation of loadings and cutting edges from the original photo is
additionally developed. By using the new program, the change of loading and cutting edge on metal bond CBN wheel
surface with plunge grinding of a die steel (SKD11) is pursued precisely and quantitatively until wheel life. On the

basis of the results, the relation between the CBN wheel life and loading is discussed.
The 19th Annual Meeting The American Society for Precision Engineering, Orlando, USA, 2004.10
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37 20

Advantages of non-resonant ultrasonic motor (NRUSM) are high resolution, long stroke and small in size. Therefore,
it is expected to be applied for ultraprecision stages used in semiconductor equipments. However, since this stage is a
contact type drive, the drive condition changes along with time. In order to stabilize its drive performance, real-time
optimization of control parameters is proposed in this paper. Furthermore, prediction of the stage lifetime using

transition of the optimization parameters is discussed.
2004.6
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37 27 Development of QTAT online electronic circuit

patterning system

An arbitrary pattern exposure system has been developed by employing a liquid crystal display (LCD) with
1600x1200 pixels for the formation of the projection images in place of a conventional reticle. The minimum pattern
size becomes 11.5 m that corresponds to the aperture size of each pixel on the LCD. For the purpose of quick
turn-around-time (TAT), the exposure system was directly connected to the circuit design system with the TCP/IP
network. By the experimental results on patterning of a typical electronic circuit data with the area of 46mmx46mm,
it was confirmed that the TAT from the output of design data to the finish of the exposure becomes less than 28min.
By using this system, reduction of the production cost in the PWBs fabrication is expected.

Conference Proceedings of the International Symposium on Semiconductor Manufacturing 2004.9



37 28 Design and Fabrication of MOS Device Circuits with

Reticle-Free Exposure Method

In fabrication of semiconductor devices, increase in mask cost and mask turn-around-time (TAT) becomes serious
problem. Furthermore, it is frequently necessary to change the design for circuit correction and additional function
after the mask production. Consequently, development cost becomes high and production period becomes long. On the
other hand, the market is diversified by informational globalization. In order to fill it, the product cycle must be in
short-period extremely. The semiconductor manufacture industry is demanded to make large-item small- volume
products with shorter TAT and lower price. In order to solve these problems, several approaches for maskless
lithography have been proposed. Among them liquid crystal display (LCD) in place of the mask for the optical
lithography have been demonstrated. In our previous work, the method of exposure with LCD projection image and
the algorithm of circuit pattern data conversion have already been reported as reticle-free exposure method. However,
actual semiconductor device fabrications by reticle-free exposure method have not been discussed. The purpose of this
paper is to verify the reticle-free exposure method being applicable to LSl manufacturing. The design and fabrication
results for N-MOS transistor process with reticle-free exposure method shown in order to compare with conventional
design and fabrication.

Extended Abstracts of the 2004 International Conference on Solid State Devices and Materials 2004.9



37 29 Anodic dissolution of tantalum and niobium in acetone
solvent with halogen additives for electrochemical

synthesis of Ta2Os and Nb20Os thin films

Tantalum(V) and niobium(V) oxide films, which are typically difficult to prepare by electrochemical methods using
aqueous solutions, are easily fabricated in an acetone bath using Ta and Nb anodes as the metal sources and a
metal-free solvent containing halide ions as the supporting electrolyte. At the initial stage of electrolysis, anodic
oxidation of the metal anode proceeds in the presence of water as an impurity in the acetone solvent. Subsequently,
pitting corrosion of the oxide film on the metal anode occurs as a result of the action of halide ions. In this stage, anodic
corrosion proceeds only in the presence of Brz, and not in acetone containing l2. Finally, Ta or Nb species are deposited
directly on the cathode surface via the reactions with cathodically generated hydroxide ions, and the films need to be
annealed at high temperature to effect crystallization. In these processes, the metal plate acts as a soluble anode with
respect to Br - and as a metal source for electrodeposition. The coating on a stainless steel substrate prepared by the
present technique acts as an effective barrier against electrolytic corrosion.

(Electrochimica Acta, Vol. 49, No. 2, pp. 321-237, (2004).)



37 30 Selective substitution of alkali cations

in mixed alkali glass by solid-state electrochemistry

Electrosubstitution of alkali cations in mixed-alkali glass containing both Na-O and K20 for other monovalent metal
cations (M+ = Li*, Ag*, and Cs*) was investigated using a solid-state electrochemical method. The fundamental
electrolysis system consists of anode/M*-conducting microclectrode/glass/Na-beta"-Al-Os/cathode, where M* is
substituted for the alkali metal ions in the glass under an applied electric field. Li* ions attacked only Na* sites, and
Ag* ions replaced Na* sites more readily than K*. In contrast, Cs* ions simultaneously substituted for both Na* and K*
sites. The substitution behavior appears to depend on the difference in ionic conductivity between K* and Na* and the
radius of the dopant. This mechanism was discussed qualitatively.

(Journal of Solid State Chemistry, Vol. 177, No. 1, pp. 189-193, (2004).)

37 31 Manipulation of metal dispersions inside glass by
adjusting potential distributions using ion-conducting

microelectrodes

Electrochemical control of metal distributions inside glass, containing alkali ions as mobile species, was
accomplished using two types of ion- conducting electrodes, a planar electrode and a microelectrode. The fundamental
solid- state electrochemical cell consists of a [anode/M* conductor (M = Ag, Li, Na)/glass/ Na- beta"- Al-Oz/cathode]
sandwich system. In this cell, M* was substituted for alkali ions in the glass under the effects of an electric field. The
contact areas of the anodic and/ or cathodic surface of the glass directly affected the potential distribution inside the
glass. As a result, various dopant distributions could be constructed near the glass surface. Furthermore, we have
achieved the design and tailoring of three- dimensional metal distributions in the glass using a two- step doping
technique. Specifically, the dopant dispersion included on the glass surface in advance could then be encapsulated
within the glass by subsequent cation injection.

(Journal of the Electrochemical Society, Vol. 151, No. 5, pp. J33-J37, (2004).)



37 32 Insertion of SiO2 nanoparticles into pores of anodized

aluminum by electrophoretic deposition in agueous system

The fixation of SiO2 nanoparticles into nanopores arrays of an anodized aluminum (Al203/Al) substrate was carried
out using a sol-gel electrophoretic deposition technique in an aqueous SiOz2 sol. Nanosized SiO: particles can be easily
incorporated into the pores of anodized aluminum prepared in a HsPO4 solution, but not into the pores prepared in a
H2S0O4 solution because of the difference in the pore diameters. It was confirmed that the particles in suspension were
incorporated without applying an electric field. This result was due to the dissimilarity in the surface charges of the
particles and anodic oxide film.

(Electrochemical and Solid State Letters, Vol. 7, No. 8, pp. B25-B28, (2004).)

37 33 Effects of Na:SiOs on anodization of Mg-Al-Zn alloy in

3 M KOH solution

The anodic behavior of Mg-Al-Zn alloy (AZ91D) under low potential electrolysis in 3 M KOH solutions was studied
with and without addition of 0.5-5 M NazSiOs. Anodic films incorporating silicon were formed during electrolysis, and
the films formed under constant potential electrolysis at 4 V in 3 M KOH solution with Na2SiOzwere uniform and
thicker than the films formed without NazSiOs. A few at% of silicon was present as Mg2SiOa in the films, although the
main compound was Mg(OH)2. The corrosion resistance of the films formed in solutions with NazSiOsincreased in an
anodic polarization test in 0.1 M KClI solution.

(Corrosion Science, Vol. 46, pp. 2135-2142, (2004).)



37 34 Electroplating of zirconium and aluminum hydroxide
thin films following anodic dissolution of corresponding

metal anodes in organic medium

Zirconium (IV) hydroxide or hydrate oxide films, which are typically difficult to prepare by electrochemical methods
using aqueous solutions, are easily fabricated in an acetone bath using Zr anodes as the metal sources and a metal-free
solvent containing halide ions as the supporting electrolyte. This method is also confirmed to be applicable to aluminum
anodes. In the early stage of electrolysis, anodic oxidation of the metal anode proceeds in the presence of water as an
impurity in the solvent. Subsequently, pitting corrosion of the oxide film on the metal anode occurs as a result of the
action of halide ions. The corrosiveness of the halogen additive appears to be an important factor determining the
dissolution or deposition of metal species in this stage. That is, Br - is more active for electrochemical dissolution of a
passive oxide film on the anode compared to | -. Finally, Zr species are deposited on the cathode surface via reactions
with cathodically generated hydroxide ions. In these processes, the metal plate acts as a soluble anode and as a metal
source for electrodeposition. The coating of Zr (IV) hydroxide film on a stainless steel substrate is shown to act as an
effective barrier against electrolytic corrosion.

(Journal of Materials Science, Vol. 39, No. 18, pp. 5779-5784, (2004).)



37 35 Electrochemical approach to evaluate the mechanism

of photocatalytic water splitting on oxide photocatalysts

Photoelectrochemical measurements of TiOz, NaTaOs, and Cr or Sb doped TiO2 and SrTiOs photocatalysts were
carried out in Hz and Oz saturated electrolytes in order to evaluate the reverse reactions during water photolysis. The
poor activity of TiO2 as a result of reverse photoreactions of Oz reduction and Hz oxidation was revealed with the
respective high cathodic and anodic photocurrents. The rise in the photocurrents at NaTaOs after La doping was in
harmony with the doping-induced increase in the photocatalytic activity. NiO loading suppresses the Oz photoreverse
reactions, which declines photocatalytic activity, and/or promotes the photo-oxidation of water, because the O:
photo-reduction current was scarcely observed near the flatband potential. Photocurrents of Oz reduction and Hz
oxidation were observed under visible light for the Cr and Sb doped SrTiOs and TiOz2, respectively. These phenomena
are in harmony with the previous reports on the photocatalysts examined with sacrificial reagents.

(Journal of Solid State Chemistry, Vol. 177, No. 11, pp. 4205-4212, (2004).)
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