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Experimental evaluation of machining limit in machining V-shaped microgrooves
on electroless nickel plated die materials

Hyun Chul Kim*

Abstract

The continuing demand for increasingly slimmer and brighter liquid crystal display (LCD) panels has led to an increased
focus on the role of light guide panels (LGPs) or optical films that are used to obtain diffuse, uniform light from the
backlight unit (BLU). The most basic process in the production of such BLU components is the micromachining of V-shaped
grooves. Thus, given the current trend, micromachining of V-shaped grooves is expected to play increasingly important
roles in today’s manufacturing technology. LCD BLUs comprise various optical elements such as a LGP, diffuser sheet,
prism sheet, and protector sheet with V-shaped grooves. High-aspect-ratio patterns are required to reduce the number of
sheets and enhance light efficiency, but there is a limit to the aspect ratio achievable for a given material and cutting tool.
Therefore, this study comprised a series of experimental evaluations conducted to determine the machining limit in
microcutting V-shaped grooves on electroless nickel plated die materials when using single-crystal diamond tools with point
angles of 20°-80°. Cutting performance was evaluated at various cutting speeds and depths of cut using different machining
methods and machine tools. The experimental results are that V-shaped patterns with angles of 80° or up can be realized
regardless of the machining conditions and equipment. Moreover, the feed rate has little effect on machinability, and it

is thought that the fly-cut method is more efficient for shallow patterns.
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Table 1 Specification of UMP-160160D

Main specifications UMP-160160D
Working surface (mm) 1550 x 1550
Table
C1 axis equipped (mm) ©800
X (mm) 1600
Travel Y (mm) 1600
Z (mm) 150
X: 15000 mm/min,
Maximum feed rate Y: 9000 mm/min,
Z:3000mm/min
Programming resolution X, Y, Z: 0.001 um,
A,C:0.00001°

V-Shape
Test Pattern

W

Fig. 4 Test V-shaped groove pattern

o :20°~80°

h :1um~ 10 um

Grooving Machine Digital Microscope

Fig. 5 Machine tool and measurement
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Table 2 Experimental instruments and cutting conditions

Instruments
Machine UMP 160160D (Toshiba)
Tool Diamond Tool 20°-80° (V shape)
(Sinjin Diamond)
Workpiece Nickel-plated STARVAX substrate
Optical Measurement: VK 9700
Measurements (Keyence Digital Microscope)
Profile Measurement: UA3P (Panasonic)
Cutting conditions
Feed 3000-7000 mm/min
Cutting Method Grooving & Fly cutting

Fig. 7 Cutting force on the pattem
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Fig. 8 Machining results at 70° and 80°
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Fig. 9 Profile measurement on 70° and 80° patterns

Fig. 10 Acceptable region (dark gray color) for V-shaped grooves
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