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A Study on the Surface Characteristics of
Injection Mold and Injection Molded Part
depending on LGP-Mold Fabrication Methods
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Abstract
LGP (Light Guiding Plate) of LCD-BLU (Liquid Crystal Display - Back Light Unit) is one of the major components
that affect the product quality of LCD. The optical patterns of LGP(2.2”) molds are fabricated by three different methods,
namely, (1) laser ablation, (2) chemical etching and (3) LiGA — reflow, respectively. The characteristics of surface patterns
and roughnesses of molds and injection molded parts were compared to evaluate the optical characteristics. The optical
patterns of injection molded LGP with mold fabricated by LiGA — reflow method showed the best geometric structure.
The surface roughness (Ra) of LGP’s with molds fabricated by (1) laser ablation: Ra=~31nm, (2) chemical etching:

Ra=~22nm, and (3) LiGA —reflow: Ra=~4nm.
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Fig. 1 Schematic diagram and parts of LCD-BLU
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Fig. 2 SEM image of the optical patterns fabricated
by laser ablation
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Fig. 3 (a) Microscope image and (b) profiler image
of the optical patterns fabricated by laser
ablation
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Fig. 4 SEM image of the optical patterns fabricated
by chemical etching
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Fig. 5 (a) Microscope image and (b) profiler image
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etching
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Fig. 6 SME image of the optical patterns fabricated
by LiGA-reflow process
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process
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Fig. 8 Photos of (a) injection mold and (b) injection
molded LGP
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Fig. 9 Roughness measurement method of the molds
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Table 2 Pattern size of the injection-molded negative-pattern LGP’s fabricated by (a) laser ablation, (b) chemical
etching and (¢) LiGA - reflow method, respectively

(d} LiGA — Refiow

1
Pattern
Shape

(a) Optical Design | (b) Laser Ablation | (¢) Chemical Etching
2
near
near hear hemisphere
hemisphere cone

of low aspect ratio

near
hemisphere

2)
Pattern
Diameter

37.8 pm ( +8.0%) 417 pm { +19.1%)

33.7 um ( -4%)

(3}
Pattern
Height

8.9 pm ( +11.3%) 6.5 pm ( -17.5%}

7.8 um (-2.5%)

Table 3 Pattern surface of the negative-pattern molds fabricated by (a) laser ablation, (b) chemical etching, and (c)
LiGA-reflow method, respectively

(a) Laser Ablation (b) Chemical Etching (c) LiGA - Reflow
(1)
Microscope
Image
(2)
Profiler
Image
20 40 60
(3) Ra = 40nm Ra = 26nm Ra = 5nm
Roughness Rmax = 244nm Rmax= 132nm Rmax = 23nm
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Table 4 Pattern surface of the positive-pattern molds fabricated by (a) laser ablation, (b) chemical etching, and (c)
LiGA - reflow method, respectively, after electroforming process

(a) Laser Ablation

(b) Chemical Etching

(c) LIiGA — Reflow

(1

L

Microscope |
Image
2
Profiler A . _mr_ ./\\_
image 10, pm am | 10 pm
0 20 40 60 80 0__20 40 60 20 0 20 40 60
(3) Ra =  41npm Ra =  24nm Ra = 5 nm
Roughness Rmax = 246 nm Rmax = 131 nm Bmax = 24 nm

Table 5 Pattern surface of the injection-molded negative-pattern LGP’s fabricated by (a) laser ablation, (b)
chemical etching and (c) LiGA - reflow methed, respectively

(a) Laser Ablation

(b) Chemical Etching

{c) LIGA — Reflow

(1)
Microscope

Image

2
Profiler

Image

3

Roughness

33 nm
171 nm

Ra =

Rmax =

20 nm
109 nm

Ra =

Rmax =

Ra =

Rmax =
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