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Table 1. Grinding conditions of tungsten carbide (WC).
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Table 2. Optimal molding conditions of aspheric glass lens

Grinding process Molding process
Diamond wheel #2000, Resin bond Molding temperature 625C
Spindle speed 300 rpm Pressing 200~800 N
Turbine speed 30,000 rpm Annealing process
Feedrate 0.25 mm/min Annealing rate 2.0C/sec
Depth of cut 0.1 pm Repressing temperature 590°C
Polishing process Annealing temperature 550C
Diamond grain size Rough : 2 um,

Finish : 1 um
Polishing medium Nylon

DLC (80 nm)
SiC (20 nm)

Core (WC)

Fig. 1. Coating Film Structure and Coating Core for Molding.
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Fig. 2. Measurement equipment.
(a) Ultra High Accurate 3-D Profilometer
(b) Aspheric Surface Measurement System
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Fig. 3. Form accuracy of (a) non coated aspheric molding core, (b) DLC coated aspheric molding core.
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Fig. 4. Form accuracy of aspheric glass lens molded by (a) non coated molding core, (b) DLC coated molding core.
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Table 3. Measurement result of molding core and molded lens
Non coating DLC coating
Molding core Molded lens Molding core Molded lens

PV : Aspheric 0.155 0.187 0.137 0.171

Form accuracy (um) Plano 0.100 0.161 0.082 0.141

Ra : Aspheric 34 3.0 2.2 2.6

Surface roughness (nm) Plano 19 2.0 1.5 1.0

Wavefront aberration (PV: pm) 0.319 0.295

MTF[Contrast}(%) 343 (Con.@80 lp/mm) 35.6 (Con.@80 lp/mm)

Effective focal length (mm) 5.646 5.647
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Fig. 5. Wavefront aberration of molding lens by (a) non coated molding core, (b) DLC coated molding core.
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In this research, the optimal grinding condition has been obtained by design of experiment (DOE) for the development of
aspheric lens for the 3 Mega Pixel, 2.5x optical zoom camera-phone module. Also, the tungsten carbide (WC) mold was processed
by the method of ultra precision grinding under this optimal grinding condition. The influence of diamond-liked carbon (DLC)
coating on form accuracy (PV) and surface roughness (Ra) of the mold was evaluated through measurements after DCL coating
using ion plating on the ground mold. Also, aspheric glass lenses were molded, some before DLC coating of the mold and some
after the DLC coating. The optical characteristics of each sample, molded by the different molds, were compared with each other.
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