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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 opti cal 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.

—

1. M E

CD, DVD ¢} & maxe Fala A %
717181 38l F7hel wel, F pick-up #olA
o] 9L A9 780nm EEHNA 405nm 2
A FolA L Yt E3F track pitch & A9 0.74
m FEFET FH FoAlz glen, oz AF
A% 9EE F53) 7tk Atk ol vle]
A2 FFE 7HAE Fd23 718 Az E,
AFTHol FIHHY e, A 4F HEel &
T AME AR EY, Bol o]&HI Y AlEegE
AETRAAMY 4FTRL A2 AERH] d4US
A B, 37 ¥ #A4E ZA s A
o] Att.

‘P aAdER gt o)A FEn

“* dAddsta gerd ARARB

QAR 89, dAEE AR TR

E-mail : snlkang@yonsei.ac.kr
TEL : (02)2123-2829 FAX :(02)362-2736

Al2AEAY TR0 2AsE B2 @4
23 7|99 F38 54 Fe3ts 523
Z7F @k 528 F8] JEAG AlARedA
return beam °] FFE WA 2=Z, @ FAH
dod & o AFHY ASAHAFFA A, &
24 F¥LES By v zsA b
S3HE@ o3 BFAe LAl we F7}
A fFgel Aok AANE Y AWE velA g
ZY9 {5 o8 FAsE f5o A% BFH
oli, FHAE FFEW Fv EFdd ¥
o3 dAEE EF -tk A4l taz sw A
HAlol= e FrkA dle] Egzoz velhd
=3

Radial tilt &, ¥+3089 HEY dAHo2, vk}
FAe H3E AL F A Land-groove T
ZE DVD-RAM substrate ° oA A7]H A%
o] e JIFL uAE, a3 735y 54
o2 7tF4dr 6o

E AToA, FHXES 4EHo] Zstr
HlolE 7|®e] #3837, 7|58t EX nxe

o rle

o



638 A7

Fge APHoZ AHEIAT B HYFH =
A& 737l Hq PHES AN ol 4
, 9 H T A8 A & (Response Surface Method)
A4 A & Y(Central Composite Design)S 5
sto] AZE o AF dHolHES o831y,
BHH3LE A FHYTFE =&Y EY,
AHE ¥ (Analysis-of-Variance) S o] &3}l wH-&
ZH9] BHFAE HAF3h

fr ol oo nE Qb

2.1 AFERIEME0] 23t DVD-RAM 7| H FM=

£ dFdAAME, 3dd2a 71ge] dukEd A
Ql, 33t 79 Z#FIEVO]E (Lexan OQ 1020c-
112) & o] €34, 120.0mm AEF 0.6mm T4
g3 g A3t

2 dFdA ol&H, AESEAEY7IE 35 ton
o FAEH 42 cm® o HU stroke A F, 2D
1690 kgem® o Hd AIE4EE 7HN 1 Ut ¢
A ZEE 360°C 7HA £87] $8, A3dug
25 FXE 4 FH22 UFY 2T R4 7}
7He FTHORRH, 2 799 2E EEE 360°C,
380°C, 360°C, 300°C 7} S Ath A A7tz Bgbe
Z}z} 0.17sec 9F 3~35kgf 7} 71E e s FojHTh
Y259 +&9tEo] DVD-RAM 7|# EAd
txe %S BEN7] A, EELH Peomp O
HIlE FUA FEAARL, FHAF 82 TN o] &
¢8-S FLsgd. 3825 4EFE I3
71 98 FHLE T.us B3Nz

22 523 % Radial Tilt £

524 AFE9AE ol&dq FAHIHU
E 3, Radial Tilt £ ¥HALS 0} Eole & FA 9] W73
W o] e HAE o] &3 FHIATHA)

2.3 Land-groove T+ &%

2"l Fg2€ 719 land-groove TEE
ZR3}7] 918l AFM(Atomic Force Microscope)S ©]
£33tk ZAZAAEY YA =, FHAM vE B
2.2 25mm, 40mm, 55mm A Fo|ch. A
o, AAZ AFM o) 3] FAEHAA, HHL S5pm
35 uym °|th B AFoA, groove #o]7} 71
AAA o &g FE F/UAXE AEHAD

-

3. SAgd AE”-E ol

AP Ty

25
=g

£ dFdAE, AEdE: AP PAAA s
of 3t F8T T4 £ TN, 2= &
Fd8EE A A 2HoE MAATH

FAEA ALYCcepye 439 3+E Fo7)
Az 23k o] 7IEE e AT Wl A
9l &4, 283 2k factorial design 2.2 FAEH,
ol 2 A E Frdted Hgd Bolt. o
714, ke &9 U, 48 959 35 NFE YE
e wtolth o] AN k=2 2E ¢E
g)oln, wpakr 9 e FAHEAY ZF3lA A4

CEIEE DS

Xz
60,42)
3(-1,1 8(1,1)
1(-42,0) 9(v2,9)
5(0,0) X,
2(-1-1) 7(1,-1)
400-2)

(a) Sets of coded values

Peomp

6(120TC, 88 kef)

3(110C, 80 kgf) 8(130°C, 30 kgf)

1(106C, 60 kg 9(134C, 60 kgf)

§(120C, 60 kgf)
2(110T, 40 kef)

-
Trwld

7(130C, 40 kef)
4(120C, 32 kef)

(b) Sets of actual values

Fig. 1 CCD comprised of the 2* factarial design sets,
four axial points sets, and one center point set



DVD-RAM 7]%9] BZ4, Radial-Tit R dAMY &3¢ A A2AFHITH F3g

B 4 5 6
Radius(mm)
(a) Condition #1 :
Tmold= 106°C, Pcnmpz 60 kgf

Birefringence(nm)
Bk o8 8 8

%0 4 50 &
Radius(mm)
(d) Condition #4 :
Tmold= ]20°C’ Pcomp= 32 kgf

Birefringence(nm)
Bk o8 8 8

0 B 40 50 0
Radius(mm)
(g) Condition #7 :
Tunotd= 130°C, Peomp = 40 kgf

Birefringence(nm)
IR

120

Birefringence(nm)

Béséoss

0 4 N &
Radius(mm)
(b) Condition #2 :
Trmote= 110°C, Peomp = 40 kgf

0 40 5N 6
Radius(mm)
(e) Condiust(lon #S:
Tmold= 120°C’ Pcomp =60 kgf

Birefringence(nm)
82}; 54 o &8 g B

Birefringence({nm)
8 & o 8 8 B
]

Radius(mm)
(h) Condition #8 :
Tmold= 130°C, Pcomp= 80 kgf

639

Birefringence(nm)
B b o 8 88

2 40 5 8
Radius(mm)
(c) Conlclisi(tion) #3:
Tiold= 110°C, Poop = 80 kgf

—— —

0 H 0 ©
Radius(mm)
(f) Condition#6 :
Tunola™ 120°C, Peomp = 88 kgf

Birefringence(nm)
88 § o 5 8 B

120
o
§ LT
40
;.
L ® @ % &
Radius{mm)
(i) Condition #9 :

Thota= 134°C, Poomp= 60 kgf

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
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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
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# Weight 2 coded values real values
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2 0.2:0.4:04 0.90 0.20 0.87 122 774
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 2182
10 0.1:0.8:0.1 0.95 2.2 -1.58 142 28.4
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Fig. 6 Measured properties in the substrate produced with the optimum processing conditions
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