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An Experimental Study of The Effect of Injection-only and
Injection/Compression on The Birefringence Structure in
Transparent Disks

I. K. Min, K. B. Lee and K. H. Yoon

Abstract

Recently, injection/compression molding process became more popular than ever to produce many transparent optical
products of high precision. Especially, optical disk for read/write is the best example. But those optical disks can cause
sensorial problems because of high birefringence or deformation from the residual stresses in the media. Therefore, it is
necessary to study the effects of various process conditions on the final birefringence structure in injection-only and
injection/compression molded disks for producing precision injection-molded products. In the present paper we have
focused on the effect of injection, holding and compression processes on the optical anisotropy(i.e. birefringence)
remaining in the MOD by examining the gapwise distribution of birefringence and extinction angle. The effect of holding
pressure was found to form the inner two birefringence peaks. But the effect of compression pressure on the birefringence
distribution was found to make the uniform distribution near the center in the gapwise direction and inversion of
extinction angle far from the gate.
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Fig. 1 Two different types of injection/compression
molding: total compression (a) and partial
compression (b).
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Table 1 Molding conditions for all experiments

Exp. Holding Compression Mold
# pressure/time /time temp.(C)
1 - - 75
2 20/3 75
3 - 20/3 75
4 - 20/3 120
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Fig. 2 The geometry and its coordinate system of
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Fig. 3 Gapwise profiles of birefringence (a) and
extinction angle (b) of exp. 1 (Extinction angles
are shifted by 50 degrees)
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Fig. 4 Gapwise profiles of birefringence (a) and
extinction angle (b) at exp. 2 (Extinction
angles are shifted by 50 degrees)
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Fig.5 Gapwise profiles of birefringence (a) and
extinction angle (b) of exp. 3 (Extinction
angles are shifted by 50 degrees)
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Fig. 6 Gapwise profiles of birefringence (a) and
extinction angle (b) at exp. 4 (Extinction angles are
shifted by 50 degrees)

528 @2 Aol HolA gv e A
EEZ WRSS ¢ 5 U

AF/REY A, li’r%@ e FAAA %k 7.0
x 10° 2 4F3A vebdg Roln gt dA
AHEE R glE B g3 V1R oA Fol
A FHstoor stmE B3 owdE Fo
7] A e dA A Al A3 s A3
Z1RET 5 QYL JHE J1Rol o f43
Zghe ¥dS ¥ 5 e dEAHA Biolrh



Extinction angle &] ¥ ¥ & B9 X & 714
T A4S vas] g W, &2XFA 71 A Fo
Extinction angle ¢} ¥-¥& RBYH K W& JHElE
7399 vlas] & W, A2ZFA 7F W Fol
extinction angle 9] 37} vt & HiEo] ¥ ¢4
stk ZFA2RE Mg 2 FEdAE o ol
o §%9 3o} HA Rt ¢ F¥o2 ¢
% BARA 59 fF5o] 2 YeEpdtiEs A}
A& WA 4 9t} Extinction angle o] ¥¥E ¢
HHEQl AtE F BEYS A AFSY Rl e
extinction angle 9] EX 9= ol ol TIF
o f23 7|8 45 gdo =go] "rh

Exp 4 A& AlE2/U4FAA Y7 £33
o £2o mXE FFS Lolry] 939 I
ZE2E 120C 2 AAsY Y452 9% B2
A 3 Extinction Angle 9] H3E FAHs o
1 AE Fig .60 B},

By 257} HobdSE Yo A B fF
o og EId e A FAEE E 5 3
Ak FARZAAM ] JHL Fig. 5 o] Hole AR
thE3L% 715C) 371E905S & 4 ok 219
3 2XFA 7BF W R = 400 cm)olA <
extinction Angle ¢ 37} Ridj2 W3lehe /ol
w$e FPLEY A zo]lE HolH ol dH
ol dojvde AL 9§ 43 BoFa

5.8 E

e
r

2L ZsRYolES AEE o zZz
ZH02 AF 9 AE/YEF AHA¥dE MODY
JEol dol U FA Wi Hadg =H
3o ey 22 8L EQlvh

() 89 ZA-dAM FPHE FEIHLE 34 4
Aol TS 5 Wi LS ¢ 5+ 3
non, BgAA A By T AJE FLE F
9 Fojr}.

2) FA W3 FAdAE ¢ wld o
€ EZ4Y ¥Erst AY gled ol Wi
o) HAsE BEZHo|9, MODY 7% 6.3x107~
7.0 x102.2 A28} 3, Exp. 40X = 3
o 28 AA3F 28 oF 4.0x10" o2 FA2F.

(3) A& & RS FoFe dAl &% FAHE
7ot A9 EFde g T Wgezm A9
7Y £XE Holn ol FHo] Y ¥ #d
g 4EE A AuiEe steke dAAIR Aol
o}, g, ¢Fo] A e 2gTE FAojE
AE94E BoldA tg2A AZTFgAM W FHEH
A #% dFe] A oH, ol FY 2=
2 AY U T

o

9

B Q77 FHA olPHE EQU $5E
A% 2 nHY T 7R AN oF F

23)e} Aza,

4

£ A7 RAEAF AE gl AYBA 7]
A FHAE: dEy 3 FEAHrF A
R-I/C molding 71&7]'& (Project No. 10033710))¢|
dgo g FIPFHHoH, od A =g

FI&d

[1] Isayev, A. L., 1987, “Injection and Compression
Molding Fundamentals”, New York and Basel
Marcel Dekker. INC,

[2] Janeschiz-Kriegl, H. 1983, “Polymer Melt Rheology
and Flow Birefringence”, Berlin, Springer Verlag.

[3] Yoon, K. and Wang, K. K. 1991. “Birefringence
Measurements of Injection-Molded Disks”, S.P.E.
Technical Papers. Vol. 37, PP. 333~337.

[4] Yoon, K. 1995, “An Experimental Study on
Precision Injection Molding of Center-gated Disks”,
The Korean J. of Rheology, Vol. 7, No. 1, pp.
19~27.

[51 Y B. Lee, T H Kwon and K.H. Yoon, 2002,
“Numerical Prediction of Residual Stress and
Birefringence in Injection/Compression Molded
Center-Gated Disk. Part I. Basic Modeling and
Result for Injection Moling”, S.P.E. Vol. 42, No. 11

[6] Y. B. Lee, T. H Kwon and K.H. Yoon, 2002,
“Numerical Prediction of Residual Stress and
Birefringence in Injection/Compression Molded
Center-Gated Disk. Part II: Effects of Processing
Conditions”, S.P.E. Vol. 42, No. 11

[71 H. S. Lee and A. I Isayev, 2007, “Numerical
Simulation of  Flow-Induced  Birefringence:
Comparison of Injection Molding”, KSPE, Vol.8,
No.1

- [8] W. B. Young, 2005, “Effect of process parameters on

injection compression molding of pickup lens”,
Applied Mathematical Modeling, 29, 955-971

[9] C. H. Wu and W. S. Chen, 2005, “Injection molding
and injection compression molding of three-beam
grating of DVD pickup lens”, Sensor and Actuators
A, 125, 367-375.

- 107 -



