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Abstract

The light guide plate (LGP) of LCD-BLU (Liquid Crystal Display-Back Light Unit) is usually man-
ufactured by forming numerous dots by etching process. However, the surface of those etched dots of LGP
is very rough due to the characteristics of etching process, so that its light loss is relatively high due to the
dispersion of light. Accordingly, there is a limit in raising the luminance of LCD-BLU. In order to overcome
the limit of current etched-dot patterned LGP, micro-lens pattern was tested to investigate the possibility of
replacing etched pattern in the present study. The micro-lens pattern fabricated by the modified LiGA with
thermal reflow process was applied to the optical design of LGP. The attention was paid to the effects of
different optical pattern type (i.e. etched dot, micro-lens). Finally, the micro-lens patterned LGP showed bet-
ter optical qualities than the one made by the etched-dot patterned LGP in luminance.

Keywords : back light unit(BLU), thin-film-transistor liquid-crystal-display (TFT-LCD), light guide plate
(LGP), LIGA, micro-lens, injection molding

1. Introduction

LCD-BLU is one of the kernel parts of LCD unit and it
consists of several optical sheets (such as prism, diffuser
and protector sheets), LGP (Light Guide Plate), light source
(CCFL or LED) and mold frame as shown in Fig. 1
(Nagahara and Fukui, 2001; Chang et al., 2004). There
have been many researches to improve the quality of LCD-
BLU. Especially for the LGP, it is well known that the
number of optical sheets may be reduced by applying
three-dimensional micro patterns with appropriate optical
design. Currently the LGP of LCD-BLU is usually man-
ufactured by forming numerous dots with 50~200 pm in
diameter on it by means of printing or printless methods.
For the printless method, the dots on LGP mold are usually
fabricated by chemical etching process, namely, isotropic
etching of micro-pyramids on LGP (Lin er al., 2000;
Seidel, 1990). The surface of etched dots in this type of
LGP is very rough due to the characteristics of the etching
process during the mold fabrication, so that its light loss is
high along with the dispersion of light. Because there is no
good way of improving the structure of surface, there is
also a limit in raising the final luminance of LCD-BLU in
the point of optical design. In order to overcome the limit
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of the current etched-dot patterned LGP, a micro-lens pat-
tern with 50 um was tested to investigate the possibility for
replacing the current etched pattern in the present study.
The fabrication method of various samples using LIGA
with the thermal reflow process and the micro-injection
molding has been developed previously (Lin ef al., 1996;
Ruther er al., 1997; Hwang et al., 2005). The advantages of
the LGP made by LIGA-reflow process were found to be
the accurate control of patterns and a very low surface
roughness value of a few nanometers. The LIGA process
uses UV lithography, electroplating and injection molding
(or hot embossing) process for fabricating micro parts
(Malek and Saile, 2004; Becker et al., 1986). The reflow
process uses the heat treatment of PR (Photo Resist), and
the cylindrical PR melts and flows to the pedestal edges to
form the spherical micro-lenses by surface tension (Popovic
et al., 1998; Wu et al., 2002).
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Fig. 1. A schematic diagram of LCD-BLU.
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Fig. 2. Simulation results of spatial luminance of (a) etched-dot and (b) micro-lens patterned LGP.

2. Micro Optical Design for LCD-BLU

In order to understand the optical difference of the pat-
tern, the LightTools program developed by Optical Research
Associates was used for the optical analysis to compare the
etched-dot patterned LGP with the micro-lens patterned
LGP. The optical analysis model of the side flat type BLU
was composed of a CCFL of flat-type, a lamp cover of
specular reflection type, and a reflection sheet at the bot-
tom as shown in Fig. 1. The material of LGP was Sum-
itomo MGSS Poly methylmethacrylate (PMMA) thermo-
plastic resin. The transmission rate of light for PMMA is
about 98%, the refractive index is 1.492 at 550 nm and
total reflection angle is 42.19.

Fig. 2(a) shows the simulation result of spatial luminance

(b)

Fig. 3. Microscope and SEM image of (a) etched dots and (b)
micro-lenses.
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distribution for the BLU with the etched-dot patterned
LGP. The average spatial luminance was 2,687 cd/m’ and
the peak value was 5,324 cd/m’. The average spatial lumi-
nance out of simulation results for the BLU with micro-
lens patterned LGP was 4,881 cd/m” and the peak value
was 8,223 cd/m” as show in Fig. 2(b). The simulation was
done to replace the position of etched dots with micro-lens
shaped. From the above simulation the possibility of using
micro-lens pattern to the LGP was proved. As shown in
Fig. 3(a) and (b) higher light loss from etched-dot pat-
terned LGP by diffusion can be explained than micro-lens
patterned LGP which uses specular reflection as a main
principle. An example of final design of optical pattern
used in the present study with 200,000 dots is shown in
Fig. 4.

3. Micro Mold Fabrication with Modified LIGA
Reflow Process

A schematic diagram of modified LIGA process with
thermal reflow process is shown in Fig. 5. LIGA-reflow
process is made up of three stages as follows; (i) the stage
of lithography, (ii) the stage of thermal reflow process and

Fig. 4. An example of optical design pattern.
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Fig. 5. A schematic diagram of LIGA-reflow process.

(b)

Fig. 6. Cylindrical PR structure after lithography and micro-lens
structure after reflow process: ((a) PR thickness of 10 pm,
(b) PR thickness of 20 pm).

(ii1) the stage of electroplating. In the stage of lithography
a specific structure can be made by developing specific
chemicals after exposing PR (photo resist) to the light
source with a thickness up to hundreds of um. To have a
good exposure a mask that consists of the parts for both
transmitting and absorbing UV or X-ray is used. Desired
PR structure can be obtained through the process of devel-
opment using the characteristics of photo-resist (PR), which
can be dissolved into specific chemicals, namely, whose
molecular structure is modified by the difference between
the part irradiated by light and not being irradiated due to
the mask. The PR structure obtained in the stage of lithog-
raphy was cylindrical-shape. It change to micro-lens shape
during reflow stage, while it is put in an oven with high
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Table 1. The process conditions of LIGA-reflow.

process name condition
Soi i 1,300 rpm
in coatin,
P ¢ 30 sec
95°C
Soft bake (oven) -
50 min
25°C
Relaxation -
30 min
Exposure 250 ml/em’
25°C
Development -
8 min
135°C
Reflow (oven) -
5 min

temperature (about 135°C in this study) [Fig. 6]. The pro-
cess conditions of LIGA-reflow are listed in Table 1. The
film mask was converted from the CAD file containing the
final optical design pattern. In the present study the Si
wafer of 500 um in thickness was coated with AZ9260
positive PR by spin coater. For soft baking, the Si wafer
was placed in the convection oven at 95°C for 50 min. And
it was cooled down gradually to room temperature. The
exposure power used was 250 mJ/cm” and development
time was 8 minutes. Finally, developed PR was placed in
the convection oven at 135°C for 5 minutes for the reflow
process.

This LIGA-reflow process is a simple method of pro-
ducing micro-lens structure unlike other processes, but it
has an excellent surface roughness of only a few nanom-
eter. After the reflow process, the opposite shape of a PR
structure was obtained through the electroplating process,
and the electroplated part will be used as a stamper in
injection mold. In the present study the Ni stamper was
made by Digital Matrix’s electroplated machine. The Elec-
troplating was conducted at 55°C, pH of 4.2 with a low
current density in order to minimize the internal stress and
to obtain uniform thickness of 500 pum. Finally, an elec-
troplated stamper was ready to be assembled in the mold

(b)

Fig. 7. Positive patterned micro-mold with 50 um micro-lenses
((a) a photograph of mold, (b) SEM image of mold).
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Fig. 8. Surface roughness of chemical etched mold and LIGA
reflowed mold.

after back-polishing and cutting process. The final stamper
for molding positive patterned LGP is shown in Fig. 7. As
shown in Fig. 7 the diameter of micro-lens was about 50
im. And the average surface roughness of LIGA reflowed
pattern on the mold was 7.0 nm, which can be compared
with the value of 43 nm as shown in Fig. 8.

4. Micro Injection Molding of Micro-lens Pattern
LGP

1S450GSW from Toshiba Co., Ltd. as shown in Fig. 9
was used as an injection molding machine in the present
study. All the micro injection molding experiments were
performed in the clean room (Class 10,000). The injection
molding conditions were as follows: 0.85 second of the
filling time was applied to 2.5 inch LGP molds with four
cavities and multiple control of the injection speed. And
the material in this experiment was optical grade PMMA
(MGSS, Sumitomo Corporation, Japan). The mold tem-
perature, one of the most influential factors upon micro

Fig. 9. The photographs of injection molding machine (Toshiba
[S450GSW) and a mold used.
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Fig. 11. SEM images of injection-molded LGP.

pattern mold, was 70°C. In Fig. 10 injection molded LGP
with sprue and runner system is shown. The SEM images
shown in Fig. 11 were taken to evaluate the replication
quality of micro-lens pattern for the injection-molded sam-
ples. Those micro-lens pattern on injection-molded LGP
showed excellent three-dimensional structure as desired.

5. Results of Optical Measurement using Injection-
molded LGP’s

In the present study BM-7 (Topcon, Japan) was used to
measure the luminance of BLU. Fabricated etched-dot pat-
terned and micro-lens patterned LGP’s were placed on the
side of a CCFL source for optical measurements. The
experimental set-up is shown in Fig. 12, where the number
of measuring points was 1,500, cone angle was 1°, and the
nominal measuring distance was 500 mm away from the
BLU surface. Fig. 13 shows the distribution of spatial

Luminance
} meter (BM-7)
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Backlight unit
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Fig. 12. (a) A setup for luminance measurement (BM-7) of a
backlight unit and (b) its photograph.
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Micro-lens LGP Etched LGP
Average Brightness
(cd/n) 4,018 1,987
Max. Brightness 6,349 3,927
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Fig. 13. The results of luminance measurement of micro-lens and
etched-dot patterned LGP’s.

luminance for both LGP’s. Average and maximum lumi-
nance of etched dot patterned LGP were 1,987 and 3,927
cd/m’, respectively, and luminance uniformity was 50%.
On the other hand, average and maximum luminance of
micro-lens patterned LGP were 4,018 and 6,349 cd/m?,
respectively, and luminance uniformity was 60%. For both
etched-dot patterned and micro-lens patterned LGP’s aver-
age luminance values came out less than the simulation
results, because replication ratio for real injection-molded
samples cannot be 100%.

6. Conclusions

In the present study micro-lens patterned LGP made by
LIGA reflow was tested to investigate the possibility to
replace current etched patterned LGP in LCD backlight
unit. The micro-lens pattern was proved to be very prom-
ising to improve the efficiency of current LGP design
through both simulation and experimental work.
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