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Design and Fabrication of Durable Micro Heater for Intelligent Mold
System
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ABSTRACT

Stamper surface temperature is very critical in replicating the high density optical disc substrates using
injection molding as the pit or land/groove patterns on the optical disc substrate have decreased due to the rapid
increase of areal density. During the filling stage, the polymer melt in the vicinity of the stamper surfaces
rapidly solidifies and the solidified layer generated during polymer filling greatly deteriorates transcribability
and fluidity of polymer melt. To improve transcribability and fluidity of polymer melt, stamper surface
temperature should be controlled such that the growth of the solidified layer is delayed during the filling stage.
In this study, the effect of heating on replication process was simulated numerically. Then, an injection mold
equipped with instant active heating system was designed and constructed to raise the stamper surface
temperature over the glass transition temperature during filling stage of the injection molding. Also, the closed
loop controller using the Kalman filter and the linear quadratic Gaussian regulator was designed. As a result, the
stamper surface temperature was controlled according to the desired reference stamper surface temperature.
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Fig. 1 Schematic of multi-layer structure for numerical
analysis: (2 refers to the polymer melt, 002, to the

melt front, 2 to the stamper, @, and @ , to the

insulation layer, (2, to the heating layer, 0 to the
mold.
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Layer plkg/m’] C,[Jkg'C'] HWm'C
Polymer 1017 2232 0.294
Stamper 8880 460 60.7
Insulation layer 1610 1092 0.155
Heating layer 8880 460 60.7
Mold 7800 460 26
Table 1 Thermal properties layers
504 — — - —
T
2 . -
z® c
i .
o
10-1 - - - —‘
2
o- 1
0 5 10 15 20
Time [sec]
(a) History of power density
g
é 10 A 10Wfem?
160 8: 20Wrem?
3 0 C: 50Wrcm?
% 120
% 100
T g
85
[
3 40
g_ 20
E 04 t y v )
2 0 [ 10 15 2

Time [sec}
(b) Temperature rise of stamper surface by micro heater
Fig. 2 Numerical simulation results
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Fig. 3 Solidified layers in the radial direction
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Fig. 4 The cracks of heating layer by thermal stress
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Fig. 5 Reliability test of heating layer
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Fig. 6 Schematic of closed loop control system for

stamper surface temperature
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(a) Measured temperature profile of heater
with nominal shape heating layer
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(b) Measured temperature profile of heater
with optimum shape heating layer
Fig. 7 Control results for stamper surface temperature
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