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A Study on the Injection Molding for the Light Guide
Plate of a Small Sized LCD (2) : Influences of
Processing Conditions on the Brightness

Ho-Sang Lee

Abstract

For the light guide plate of the TFT-LCD, there have been increasing demands for higher hrightness,
thin and light-weight design, and lower power consumption. To meet these demands, a micro—prism-type
frontlight that integrates a prismatic sheet and a light-guiding plate has been developed. In this paper,
the influences of processing conditions on the brightness were studied for the injection molding of the
light guide plate. Based on the experiment with an actual mold, the design of experiments and the neural
network theory were used for choosing the optimal processing parameters to increase the brightness and
the uniformity. The verification experiment also showed that the brightness and the uniformity were
increased dramatically with the chosen processing conditions.

Key Words ' Injection Molding, Design of Experiments, Neural Network Theory, Light Guide Plate,
LCD, Brightness, Uniformity
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(a) Movable mold (b) Fixed mold

Fig. 2 Movable mold and fixed mold
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Fig. 3 Injection molding machine with mold

{b) Luminance meter

Fig. 4 3-Axis table and luminance meter



Holl #F A2 FHRA0] x| A=

Jlm

e
o

Mo wk ox of o

-

TR >
oo o 2
fo o mo do Hz it

= 29 o o) z}e] 943
T°r 10}71 Ho}@] SNH] (signal
g}, SNH]= A3 o) ;zL.o_q H]
SRR fwf mo]

~to-noise-ratio)
£& onjahe oz 4
o] 3ol wjgrA e l_u}.

nz
T
[>
l
u

>,
m
i
~

-

|

N
L e
A% oX

—-

rlr

" o iy rlo
o

IR

(KA S
)
TS

T
o

e

re

ol £ rlo

2
)
oX

o X

ol

M e
o
£l

= et
8
{m

ik

ro

e 1
Ol

=
ol

L2 U oft o &
rj\g

re
)
o
o
k1
FF
S
= 2
fr oln

|l

e

o o
SN
l_m -
W
i
=

L
N

o I
S
N

b
2
n

c e o

op
=,

p

2
g

S~

able 14— 7“3]-

Table 1 Factors and levels used in experiment

factors unit levels
112 1]3
A. fill time sec 0511115
B. cooling time sec 20 | 30 | 40
C. backward rotation rom 20 |50 | 70
speed of screw
D. backward pressure | kg//cm?| 50 | 100 | 150
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Table 2 L9 orthogonal arrays and measured number
of silver streak

column no. {no. of silver SN(B)
0.
n A|B|C|D streak
1 11111 5 -13.979
2 11222 5 -13.979
3 1113]3]3 4 -12.041
4 12111213 6 -15.563
5 1212131 1 0.000
6 |2|3]|1]2 7 -16.902
7 13(1{32 1 0.000
8 31213 14 -22.923
9 1313121 4 -12.041
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Table 3 ANOVA summary for silver streak AWHAEE AMgE o opx He] YrjEA
2 BFsE. Aozt 50 Jge wel i
N average sum of| F =
factors =115 |POF | ares| value Ao oaEE FHARY BYFANZE FALE, F
A 133310821165 2 | 982 | 100 FE= FER X, AP T P AAE A
B [-985(-1230[-1366| 2 | 2242 | 228 a1, zb Qlabel digte] 3744 3 ARgskth Aol
C  |-17.93[-1386) -4.01 | 2 | 307.36 | 31.30 AR Q1Ake} Zbzhe] 3 & Table 59 #Th
D -867 |-10.29|-16.84| 2 112.24 | 11.43
sum 8 | 451.83 Table 5 Factors and levels used in experiment
error 2 9.82
. levels
fact t
\ actors unit — 5 3
2 A. fill time sec| 051 1 |15
4 " B. holding time secty 3 |45 6
= C. melt temperature | C | 280 | 295 | 310
- D. mold temperature | C | 75 | 90 | 105
e - “\\ N E. ram speed profile |step| 4 5 10
Toe \\Y ‘ F. pack pressure MPa| 80 | 100 | 120
-14
. : 714 PEE PEE FEUT FEE AT {7
| _ T 5 QES S FRessd A9E AEso0 4
A1 A2 A3 B1 B2 B3 C1 C2 €3 D1 D2 D3 ok 54k 109] A§ A3 gFe] Hlo g A3 79 AR
&% Hge 27t a7
Fig. 5 SN ratio graph based on Table 3 S e Fig. 6 Fig. 7, Fig. 84 2t
100.0
Table 4 Processing conditions for the prevention of silver anof.
streak o o 3
stroke 24mm g ;::: J
switch over 3mm R E
injection type linear function (C type) g mE E
max. fill press. 1200 kg,/cm?® TS ]
View 1 3
backward . Zmon ‘125 ‘zsn I375 ‘snn 55 ‘7su I975 1000
Stroke pressure rOtgglosrérggveed Steake (%)
. (mm) ( kge/cm?) (rpm) i de wi
processing 243 Y Fig. 6 Ram speed profile with 4 steps
conditions 8 50 100
18 50 80 S
24 40 60
A s Asked fed AR dddt N
webd AusEeg PAN] 9% 7Rl FAE
78 Table 49+ o] Mg, o= I= 54 @ | ]
TE H3 AJHE FEHOZ AEEAATH ]
. ]
32 3= ¥ BYUE \
A8 zAY Froke] BAS FE37] Y8k ng Fig. 7 Ram speed profile with 5 steps
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Fig. 8 Ram speed profile with 10 steps
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Table 6 SN ratio for brightness and uniformity

column no. SN (dB)
"0 1 el el Al B| ¢| D| E| F|bright.| uniform.
1 101 1)1y 1)1 1)1} 327 34.0
2 11 1] 2| 2] 21 2] 2] 2] 335 39.0
3 11 1} 3| 3| 3| 3| 3] 3| 364 374
4 | 1| 2] 1] 11 2] 2| 3| 3| 349 384
5 11212 2] 33111} 341 371
6 1{ 2{ 313|112 2 294 341
7 11311 20 1] 3| 2| 3| 352 374
8 [ 1131232131 333 376
9 |11 313]1]3]21] 2 322 379
10 120111 3] 3| 2] 2|1 360 3R.3
11 12112 1] 1} 3] 32 345 379
12 1211312211 3] 31b 37.2
13 [ 21 2) 1t 2] 3| 1] 3| 2] 351 38.2
14 | 212 231|213 31.7 36.3
15 | 2 2] 3] 1] 21 3] 2] 1} 333 376
16 | 203113123112 3.2 375
17 | 213721 1] 3| 1] 2| 3| 33.1 382
18 12 3| 3| 2]1}2]3]1f 319 35.7

Table 7 ANOVA summary for brightness

factors average DOF sum of| F
1 2 3 squares | value

A 35.02(33.38{32.45| 2 20.19 507
B 33.44(33.55|33.85] 2 0.63 0.13
C 32.56(33.79134.49| 2 11.42 2.87
D 32.53(33.36|34.961 2 18.32 4.60
E 33.09|33.41134.35| 2 522 1.31
F 33.55|33.49|33.811 2 0.35 0.09

sum 12 | 959.66

error 2 3.98

Table 8 ANOVA summary for uniformity

average
factors 1 9 3
A 37.30137.68|36.64
B 37.33|37.45]36.86
C 35.89(37.87(37.87
D 36.56|37.60(37.47
E 36.68(37.42(37.53
F 36.72137.42|37.49
sum
error

sum of} F
DOF]

squares | value
2 3.32 0.70
2 1.16 0.24
2 15.65 3.28
2 3.86 0.81
2 2.57 0.54
2 2.18 0.46
12 32.351
2 4767

o
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Fig. 10 SN ratio graph based on Table 7
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Fig. 11 SN ratio graph based on Table 8
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Table 9 Predicted SN ratio for brightness

no. |A|B|C|D|E|F SN ratio

1 1]13]3]3}3}3 40.345

2 113[3(3(312 40.775

3 113131313]1 40.681

4 11213131313 40.611

5 1 (312332 40.565

6 1131213311 40518

7 112({3{3[3}2 40.483

8 1132131313 40.331

9 11213131311 40.308

10 11313131213 40.273

11 1{113(33]3 40.215

12 112121332 40.215

13 213131331} 3 40.110

14 11212131313 40.098

15 112121341311 40.086

16 1{3[313|2]2 40.075

17 1]11{3]3|3]2 40.016

18 1]13[1]3(3)1 40.005

19 2131313|3]2 39.993

20 113132312 39.838

)
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Table 10 Predicted SN ratio for uniformity

no.  A|B|C|DJ]E]|F SN ratio
1 2121312 1]3]3 39.250
2 21313121212 39.250
3 11131221} 2 39.241
4 311131 21]13]2 39.241
5 31213121211 39.241
6 1131312141 39.241
7 3133|2313 39.233
8 11213121111 39.233
9 1 {272 (13]3]|1 39.233
w1213 12(2]|2 39.225
1miy2(1§1{312¢2i1 39.225
121331223 39.216
13111113 (2]3]3 39.208
14121113 (2]3]3 39.208
11131213131 39.208
6121273121 2)2 39.200
171313312 ]2]1 39.200
8213121313 ]1 39.200
91213131211 1 39.183
2013121312 ]3]2 39.175
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