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Modeling of Passive Heating for Replicating Sub-micron
Patterns in Optical Disk Substrates

J. Bae, Y. Kim, H. Kim and S. Kang

Abstract

Transcribability of pit or land groove structures in replicating an optical disk substrate greatly affects the performance
of a high-density optical disk. However, a solidified layer, generated during the polymer filling, deteriorates
transcribability because the solidified layer prevents the polymer melt from filling the sub-micro patterns. Therefore, the
development of the solidified layer during filling stage of injection molding must be delayed. For this delay, passive
heating by insulation layer has been used. In the present study, to examine the development of the solidified layer delayed
by passive heating, the flow of polymer melt with passive heating was analyzed. Passive heating markedly delayed the
development of the solidified layer, reduced the viscosity of the polymer melt, and increased the fluidity of the polymer
melt in the vicinity of the stamper surface with the sub-micro patterns. As a result, we predict that passive heating can
improve transcribability of an optical disk substrate. To verify our prediction, we fabricated an optical disk substrate by
using passive heating of a mold and measured the transcribability of an optical disk substrate.
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Fig. 1 The development of solidified front; (2
refers to polymer melt, 02 = to the melt
front, (2, to the solidified layer, 002  to
the solidified front
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Fig. 2 Schematic view of Multi-layer structure for
numerical analysis; .Qm refers to the
polymer melt, 002, to the melt front, (2,
to the stamper, (2, to the insulation layer,
£2  to the mold block, 02 , to the mold

block surface

mb

2. |25 H3d

vEEe R AE 439 4F A4 5
2004 e AAY AuE, 2

371 .
U, gdE 3 7Y 2FoR 748 9944
Son mealg THseol #o

2y g9 &% 2Ee 4497 A, B
gei( R, ), BEEQ,) # 38 2
22,0 A ()3 Lol MA% 1Y LA
Xg}\] =

=T, atz=H (2)
a—T=0 atz=0 (3)
oz

w@, AN Q, +002, piNe #5 A4



Ggze olgw Yrjaa vwe Au maE AdHd e £ e

FAs] A, EY §EL %a o

0,

Fo g
A0

1
Y %5 22 7143 Hele-Shaw ZAFA10L
AR on, L3 A (e ]% YERH I
AT
a—p+ia’0m=0 4)
ot r or
6p O ou
=0
or Gz(nazj ©
o o ow
——t+—|p—1|=0
az+8z(77 82} ©
or or of(,oT
—tu— |=—| k— |+77’
pc"(at "ar] az( azj (4 @

A7IM, pE BE, TE 25, ¢t & Alh ud w

L

thermal conductivity, C, = specific heat coefficient, 7

= A4S, ¥y & shearrate 2 ou o]t},

[o74
AAzALE oS3 2
u=0 atz=h (8)
ow _oTl
=( tz=20
az az az ©
p=0 at the melt front (042, ) 10)
z=h XM 2= AAZAL 4 (HollA] Add 2~
By FH 2EE AR, E}%ﬂ_%«] dqEs 2
#H3F ). Viscosity © Cross-WLF 2aDg = g3}

Gom, pv-T #AEo thalA double-domain Tait
model'?& AbgFte] AL} grEa 2xo) gigl
AAE FHG

3. &l 1E

3.1 a4zt
311 BESe] AHE BRSO o
=B

200 - —&— None
] —C— 20m
—&— 40 um
—O— 60zm
—e— 80um

0
-!Qﬂ.! - g::"l_-=-=._-=-=.

Temperature {C]
=
=1
1

0 T T T ‘
0 5 10 15 20

Time [second]

Fig. 3 Temperature history of the stamper surface for
different insulation layer thickness
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