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An Optimum Design of Replication Process to Improve Birefringence,
Radial-tilt and Land-Groove Structure in DVD-RAM Substrates
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Abstract

The objective of this study is to provide a simple methodology to find optimum processing conditions to
fabricate sub-micron structured DVD-RAM substrates with superb optical and geometrical properties. It was
found that the birefringence, which is regarded as one of the most important optical properties for an optical
disk, was very sensitive to the mold wall temperature history. Also, the integrity of the replication,
represented by the land-groove structure and the radial tilt were influenced by the mold temperature and the
compression pressure. A set of optimum conditions were obtained by applying Design of Experiment and the
objective functions composed of three different objectives.
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Fig. 2. Distribution of birefringence in the substrates molded with nine different sets of processing conditions.
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Fig. 3 Distributions of radial tilt in the substrates molded with 9 different sets of processing conditions

4, A

og

21}

e A9 radial tilt g FHE HALG S
do] Frldss, BFdo] wAsA Frbstals),
radial tilt ¢} A%< A HTHS8]
41.5=% % Radialtilt
4.2 Land-groove 7
Fig. 2 ¥} Fig. 3 = ztZbe] Fig. 1 9] 27k A

1 =
Aol ofsiA AR Tiazm viwe) EIER Fig. 4 M9 Lo], #8258 FEH4=HE 5
Radialtilt & HolgEch 359 45& 534 AN o2 WA o] e gold & ok

-441-



1000 T re50mm 1000 —o— r=50mm
< 800 r=40mm 800 == r=40mm
= 600 r=25mm .E 600 —— r=25mm ":‘E_.
=) k=) ES
’c_.) 400 ‘v 400 K=
£ 2
200 64 8—& w 2007 i
OO 0.2 04 06 08 .0 0.0 02 04 06 08 1.0 OO 02 04 OG 08 1.0
Widthfr Width{ Width(zn
(a) Condition #1 : (b)Condition #2 : (¢) Condition #3 :
Toie= 106°C, Pcump: 60 kgt Troa= 110°C, Pcomp= 40 kgf Tnold= 110°C, Pmmp: 80 kgt
1600 —— r=50mm 1000 —*— r=50mm
800 —— =40mm 800 r=40mm
— —— - =25
T 600 r=25mm < 600 T r=25mm
4 S 400
o T
T 200
| . Lo s _ = | g B PN 01
00 02 04 06 08 10 00 02 04 06 08 10 0.0 0.2 O 4 0 6 08 1.0
Width[sd Width{ Width[sn
(d) Condition #4 : (e) Condition #5 : (f) Condition #6 :
TmoId: IZOOC» Pmmp: 32 kgf Tmold: 1200C, Pcnmp: 60 kgf Tmold: IZOOC) P(:ompz 88 kgt
1000 o =50mm o— [=50mm 1000 —=— r=50mm
800 o r=40mm , —o— r=40mm 800 © r=40mm
< 600 o r=25mm i —e— =25mm T 600 r=25mm
5, 400 ‘ 5 400
(] D
T 2001 A\\L T 200
o] : ' od ol
00 02 04 06 08 1.0 00 02 04 06 08 1.0 0.0 02 0.4 0 8 08 1.0
Width[ssl Width[ Width[zm]
() Condition #7 : (h) Condition #8 : (i) Condition #9 :
Too= 130°C, Pegmp= 40 kgf T o= 130°C, Peomp= 80 kef Thot= 134°C, Pomp= 60 ket

Fig. 4 Land-groove structures in the substrates molded with 9 different sets of processing conditions
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Table 1 Optimum sets of processing conditions for different weight values

Weight Optimum Optimum
# 5 coded values real values
O 10 Oy R T P
. mold comp
(Hi: Bire: Skew) Xy X2 °C) (kef)
1 0.1:0.5:04 0.87 0.32 0.59 123.2 71.8
2 0.2:0.4:0.4 0.90 0.20 0.87 122 77.4
3 0.3:0.3:0.3 0.92 0.37 0.67 123.7 73.4
4 0.4:0.3:0.3 0.93 0.42 0.61 124.2 72.2
5 0.5:0.3:0.2 0.95 0.65 0.30 126.5 66
6 0.6:0.2:0.2 0.95 0.55 0.48 125.5 69.6
7 0.7:0.2:0.1 0.95 0.59 0.43 125.9 68.6
8 0.8:0.1:0.1 0.96 0.63 0.40 126.3 68
9 0.1:0.1:0.8 0.97 -2.8 7.91 92 218.2
10 0.1:0.8:0.1 0.95 2.2 -1.58 142 284
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Fig. 5 Optimum sets of processing conditions with

different weight values.
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