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Study on micromachining on surface of aluminum thin film

Isao NAKAMURA

Abstract

At present, a liquid crystal display is being used for information device of most part. It
is hoped to obtain information anytime and anywhere as the factor that the liquid crystal
display becomes to be used variously, for example, in a computer, handy telephone and TV.
The reason why the liquid crystal display is best device is that is small and can be lightened.
Moreover, a higher performance is hoped for the usage as for the liquid crystal display. The
expansion of viewing angle, the improvement of the screen luminescence, and the nonrubbing
process, etc. are enumerated as an improvement to advance to high performance. Then, it is
the purpose of this study to analyze the microstructure of the micro groove of the liquid crystal
display by making to the nonrubbing process.

As for the alignment film made from the resin called a polyimide, the rubbing method is
brushing the surface with a soft cloth in a constant direction, and making the random grooves
for the liquid crystal molecule to queue up in an one way direction. There is some problem in
this rubbing method. There is a problem of the static electricity destruction of the TFT (thin
film transistor) to generate the dust and the static electricity, etc. in the process of the rubbing.
Then, the rubbing methods are being devised now.

The liquid crystal display by making the micro groove that had been controlled as a new
method of the change with a ruling engine, was tried in this study. The feature of this method
can arbitrarily control the spacing of the groove. In addition, there is a feature such as being
able to set the groove form arbitrarily.

To apply it to the liquid crystal display, the micromachining and the simulation analysis on
the surface of the aluminum thin film was performed. As a result, a new alignment method of
liquid crystal was shown.

This paper consists of 7 chapters as following.

Chapter 1 is an introduction. The current state of the liquid crystal display, the problem,
the solution, and the purpose this study were described.

In chapter 2, the precision machine device named ruling engine to form the controlled the
profile of the micro groove that was the maximum feature of this research was described. To
make the feature and the micro groove of the device, an important experimental environment
were considered. As a result, on cutting with the ruling engine, the temperature, humidity, and
the vibration condition were very important conditions. It became clear that the temperature
and humidity were always preferable constancy, and the vibration was mostly influenced the

cutting result.

— 269 —



NFTHERERLE F 255

In chapter 3, the experimental results were described. The best specimen to cut the micro
groove with a ruling engine was made. A necessary thickness of film was secured with a
spattering device, and the spattering condition that surface roughness of the substrate surface
was minimized was requested. As a result, it was clarified that the best spattering condition
was as follows.

* RF power output 0.3 kW
- “Substrate rotating speed 8 rpm
» “Bake heater was used

The spattering time was adjusted to less than one hour, and the spattering was processed
into three times.

Chapter 4 denoted the micro groove cutting process and the groove formation process when
the micro groove was cut with the ruling engine, according to dynamic simulation analysis
software LS-DYNA. As a result, the influence by the difference of the diamond bit shape when
the pitch was formed in small distance was able to be made visible as an animation. As a
result, it was able to be confirmed that the blade was a circular arc.

In Chapter 5, cutting pattern on the aluminum film, the ITO film, and the alignment film in
various pitches were denoted. As a result, application to the liquid crystal device was request-
ed. As a result, it succeeded in the micro groove cutting in the stable pitch with the ruling
engine. Moreover, the elastic energy reached a small value in the method of cutting with the
ruling engine comparing with the rubbing method. However, the possession of directionality
with a constant liquid crystal molecule and alignmenting became clear.

Chapter 6 was denoted the high performance in the liquid crystal display when the substrate
cut by the ruling engine. To erase the interference color on the cutting substrate, the spatial
filter (plain weave wire net and twill wire net) was used. It was shown that the secondary
working on the cutting substrate using this wire net was a new effective method in the simple
expedient, and had the possibility to be able to use as an application of a new reflection plate.
Moreover, the influence given to the groove form by aluminum molecular dynamics could be
obtained by the simulation analysis of the secondary working by using WinMASPHYC.

Chapter 7 was the summary of the present study.

Professor (Chairperson) Noboru ONO
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