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Fine Structure of Micro-Groove for the Display
System Ruled by Ruling Engine
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HIDEHIRO SEKI? and MAKOTO ISHIYAMAP

aDepartment of Mechanical Engineering and bDepartment of Electrical and
Electronic Engineering, Hachinohe Institute of Technology, 88-1, Myo-Ohbiraki,
Hachinohe, JAPAN, 031-8501, URL

In recent years, liquid crystal display with less power of the display consumed is very impor-
tant problem. In this paper, it is denoted that the front light system for emitting the daily light
with the ultra-low power consumption type is developed. It is a purpose of this paper to apply
to the front light by cutting of the minute groove (optical grating), and scratching on the ITO
film. In the experimental method, ultra precise cutting machine called “RULING ENGINE”
is used. Micro-groove of high-density marked line is cut on aluminum thin film (evaporated),
copper film (plated) and ITO film (sputtered) which are prepared on the glass substrates.

Diamond cutter with the profile specially shaped in the cross section is prepared. The
cross section of the diamond cutter shape is accurately transferred to the micro-groove.

Marked line is succeeded in the groove of 0.4 pm pitch (2500 lines per mm) in the mini-
mum, and of 0.2 mm pitch (5 lines per mm) in the maximum in pitch length. Using Michel-
son interferometer and feedback control system, the accuracy of the feed step completed
0.078 um in pitch length. It is shown that characteristics of reflective light distribution by the
groove are flat under adaptive condition in front light.

Keywords: fine structure; micro-groove; ruling engine; front light

1_INTRODUCTION

Though the optical grating which is ruled the minute groove ( name is
abbreviated with the micro-groove in the following ) cut by diamond toolin a
metallic thin film is developed in order to use for spectrum analysis of spectro-
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scopy, etc. Itisdenoted that a standard groove in this study is to prove the
optical and electronic characteristics of the liquid crystal device.

The fine processing of such micro-groove is carried out, and the mecha-
nism of fine processing is analyzed according to the finite element program.
The groove for the front light of LCD is produced using high-density marked
ruling machine (rulingengine). o

Diamond cutter installed in this ruling engine is shown in FIGURE 1. In
this figure, on a detail drawing of the edge of the diamond, tip radius of the
cutter is 100nm or less, and the surface roughness is less than nano meter. The
cutter is shaped as the ship bottom type at circular arc radius 100 mm.
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FIGURE 1 (a) Front view of diamond cutter
(b) Side view of the cutter
(c) Enlarge of the cutter edge

FIGURE 2 Schematic diagram of micro-groove
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2 CROSS SECTION OF GROOVE

As shown in FIGURE 2, the profile of groove is the same as saw-tooth
with groove pitch L, the groove height H, two slopes with angle of the steep
slope a and gentle slope 8 .

3 RESULTS OF GROQOVE CUTTING
TABLE 1 shows the materials tested in this study.

3-1 Aluminum Film Evaporated

The micro-groove on aluminum film observed by differential interference
microscope is shown in FIGURE 3. In the figure, minimum groove pitch of
0.79 udm are able to be realized as a result of confirming an extreme pitch in
this study.

3-2 Copper Plated Film
FIGURE 4 is processing example of the front light groove.
Shapes conditioned as micro-groove for the front light are next 4 items.
1. There is no burr on all edge portions.
2. Slopes with the angles o and 8 in FIGURE 2 are the roughness of nano-
meter order.
3. Groove pitch L is made to be any of 50 um, 1002 m and 200 um.
4. Cross sectional shape of the groove continues as saw-tooth.

TABLE 1 Tested materials

Materials Processing Fiim Dimension
Thickness [mm]
Al Evaporation 2pm 50*50+4.8
Cu Plated 15um 50*50*4.8
Cu Sputter 1Spum 50*50*4.8
Acrylic 50*70*2.9
resins
o Sputter Less than 50*50*2.8
100nm
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FIGURE 4 (a) and FIGURE 4 (b) are examples of front light groove
processed in copper plated thin film.

FIGURE 5 is the sputtered film of 200 u m pitch that is the best groove
for the front light.

FIGURE 3 Example of aluminum evaporated
{(Minimum pitch ; 0.79 u m)

(a) (b)
FIGURE 4 Example of copper plated
(Pitch ; (a) S0z m (b) 200 y2 m)

FIGURE 5 Example of copper sputtered
(Pitch ; 200 x m)
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4 INTENSITY DISTRIBUTION OF REFLECTION ON GROOVE

Intensity distribution reflected from the grooves is obtained by lock-in
amp.

4-1 Aluminum Evaporated Film
On aluminum evaporated film, four kinds of pitchas 1.6 pym, 3.2 u m,
4.8 ymand 6.4 um are tested.

As shown in FIGURE 6, groove pitchis 1.6 x m, there are four
peaks, and the interval has also narrowedp in the angle of reflection in propor-
tion to incident angle. The peak number is proportional to the pitch . It seems
not to suit for the front light system, because many sharp peaks in the reflec-
tion beams are remarkable.
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FIGURE 6 Intenslty distribution of aluminum film
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FIGURE 7 Intensity distribution of copper (a) 100 z m (b) 200 2 m
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FIGURE 8 Intensity distribution of acrylic resin

4-2 The Copper Film Sputtered
The copper sputter films are compared two of 100 x m and 200 z m.
In FIGURE 7 (a), intensity gradually drops in less incident angle. On the
contrary, as shown in FIGURE 7 (b), the numerical value does not drop.
Finally, the copper sputtering film of 200 2 m seems to be suitable for

front light system for being present experiment purpose.

4-3 Acrylic Resin

The micro-groove on transparent acrylic resin is directly used to evaluate
the reflection plate for the front light. FIGURE 8 is the example of the reflec-
tive distribution of front light.

Testis made on 200 u m pitch. The sharp He-Ne laser beam is injected
toward steep slope and gentle slope.

5 CONCLUSION

Conclusions are as follows.

It is shown that pitch of the ruled line is controlled under 0.08 1« m accu-
racy and fine structure of the surface of the micro-groove are very smooth in
nm order.

The ruled micro-groove are useful in prospect to apply to the front light
reflect display.





