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The Design Optimization of LCD Panel Bonding Equipment by Design of Experiment
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The design of press bonding tool in LCD module equipment is a very complex and difficult task
because many designable variables are involved while their effects are not known. It takes long-
time experiments and much expenses to verify the effecis of these design variables. However the
optimization of bonding too! using OLB(outer lead bonding) and PCB Bonding is a very important
problem in LCD manufacturing process, so much design efforts have been made for improving
the bonding tool performance. In this paper, a reasonable and fast process which gives optimized
solution under the design requirements has been presented. Both analytical and statistical
methods are employed in this process. A refiable analytic mode! using experiment-oriented FE
analysis can be obtained, in which the regression equations that predict the tool efficiency from
various DOE method are found. Improvement of tool efficiency could be estimated by the
regression equations using meaningful factors converged by RSM(Responise Surface Method).
With this process a reasonable optimized solution that meets a variety of design requirements
can be easily oblained.
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Fig. 2 Schematics of press bonding tool

Table 1 Range of design variables of press bonding tool

I Variable Current Range
Lh | block length 42mm | 35mm<Lh<52mm
Wh | block width 47mm | 42mm<Wh<52mm
Af | angle tooltip | 42° 30° <Af<46’
Ab | angle tool tip 90° 707 <Ab<90°

Ws | sheetdepth | 200mm |120um<Wh<300um

Wt | tooltipwidth | 1.5mm | 1.2mm<Wt<2Zmm

STS440C | STS304~Moldmax
Tefron

Mt | tool material

Ms | Sheet material Tefron Composit
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Fig. 3 Simulation model for optimization of bonding tool

Table 2 Comparison of result between simulation and
experiments
Test CAE | Diff.
ty | © | ©
Tool Down | 3283 | 3273 -1
Tool Up | 353.7 | 359.8 | +6.1

Temp.Diff. | 254 325 | +7.1
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Table 4 Result of experiments for OLB using RSM

AT = 16.1- 1.49Hi+1.96W+0.02Am )

#9 FHANE & Z‘r.& HBEER dAA Y 4
d A5e A58 5 UAES HF0 ot Table 5

9 ko] skt

2 AT dEA At AAF (design Hi Wt W .
poin)= BAE F o AMESES WFLE HA Std | Run g et | Tip Width| Totaltool | i
A% W east square methody2 A&AA AA gl O rig ) ) wideh o)
M9 S (response)e FrH o HA Pt 1| 1| 210 1.2 47 13.64
AEE F oA ). HALASHL B 4wt 1 9 120 1.2 42 14.83
A sz A7) o] Alito] wan 20 | 3 210 1.6 47 16.02
AA HAHH #Ho] Jiedde FPL AL 7 | 4 210 16 47 16.02
ATH EF WX HAFGAN FA2AQA HAhFHo : :
e 6 | 5 | 300 12 52 12.02
2>% (global minimum), 7% # o) 3 (global maximum) 1216 210 2 47 18.07
2 AAH Bgete] ssdvke FHLe /A ° | 7] 120 1.6 47| 1755
o} 1o 16 8 210 1.6 47 16.02
HIHEAYE o] 8d9 o] &Y F2 WF 4 19 300 2 42 15.79
9 HAHE =&t ofel Table 3 I o 10 | 120 1.2 52 15.26
OLB ¢} PCB Bonding & 212} 3 7i¢} 4 719 8 14 |11 210 1.6 52 16.02
AARFE FEAY ole whet Z2t 20 3] 9} 31 15 | 12| 210 1.6 47 16.02
o] A¥S "a= &4 "o Foid ¥WE B 13 120 2 52 18.62
3 HEEHY AAMAE Table 4, 6 3 o | 120 ) 2 1897
FEEA AZEOQ Minitab(Ver. 14)E o] &3} 0 | 15 200 e e a7
o =EAL 13 | 16 210 1.6 42 15.99
Table 3 Requied test set and main variables for OLB and 18 | 17 210 16 47 16.02
PCB Bonding 18 300 2 52 15.84
Tool Test set Variable Remark 19 300 1.2 42 11.96
) 19 | 20 210 1.6 47 16.02
OLB 20 set Hi, Wt, W Central
PCB bonding 31 set Hi, Mt, Wt, Am | comp OSiL Table 5 Regressive equations for OLB using RSM
) Temp. Deviation = 16.1-1.49 - sheet
WA OLB o Wil =2 3 A Fawss Regression | - ckness+1.96- tool tip width+0.02-
ZYZ} Sheet T’fﬂ(Hl) AFFTTE EwW, 3R F Equation forward angle
TEH(W)elH. o] 4EYH 2% Fd= M Variable | Available range | Remark
2 4ge = @74] Wese "k, 913 /) o | Am(forwar| _ . . .
Fe 20 29 A4REL ole® 48T Ed T B dangley | 0 A0 | 70
¥ A9 g4 FgAAA A 2dS @d’/} Optmfl.zed Wi(tool tip
WMo gHe 3 OLB FR00xEe Ay Condition widh) 1.2mm<Wt<2mm | 1.2mm
AFE Table 4 9F 23 4 ()Y 22 FHAYL & Hi(sheet .
S 4 9t} l thickness) 120um<Hi<300um| 300um

PCB ¢3e TaWge] £827% B34 74
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3l *éﬁ] Aol A
T=182.35246.27Mi-7.22Hi+4.16Wt-3.13An  (2)

-1.1IMi%+1.83Mi*-2.79An>+1.83MiHi

AEAnel A4 o) Table 6 E Table 7
i ol el

Table 6 Result of experiments for PCB Bonding

Table 7 Regressive equations for PCB Bonding using
RSM

Temp. = 182.352+6.27 sheet material-7.22-
R . sheet thickness+4.16tool tip width-3.13-angle
Eegres‘swetool tip-1.1 - (sheet material)2+1‘83'(sheet
quation material)>-2.79(angle  too! tip)?’+’1.83~shcet
material - sheet thickness
Variable Available range = Remark
| .
Anfangletool | o 4 e |
tip)
Wt(tool ti
Optimized (.00 P 12mm<Wt<2mm| 2mm
. width)
Condition i ehoot
Hsheet  Jum<Hi<300um  120um
thickness)
Mi(Sheet 1 0 5 Mi<0.7 | 0.7W/mk
material)

Mi Am Hi Wt .

Std | Run | Sheet | Back | Sheet| Tip | . ™
: . . Temp.

Order | Order | Cond. | angle |Thick.|Width C)

(W/mk)| (" ) | (mm) | (mm)

3 1 0.3 70 300 | 1.2 | 1687
12 2 0.7 90 300 | 1.2 1180.94
| 24 3 0.5 90 210 | 1.6 |187.58
22 4 0.5 80 210 2 1199.06
4 5 0.7 70 300 | 1.2 11872
19 6 0.5 80 120 | 1.6 |203.59
16 7 0.7 90 300 2. 1190.44
25 8 0.5 80 210 | 1.6 | 195
9 9 0.3 90 120 | 1.2 |183.14
! 10 0.3 70 120 | 1.2 1189.47
6 11 0.7 70 120 | 2 |211.59
| 23 12 0.5 70 210 | 1.6 (19533
8 13 0.7 70 300 198.97
5 14 0.3 70 120 201.16
7 15 0.3 70 300 2 1179.76
20 16 0.5 80 300 | 1.6 |188.05
17 17 0.3 80 210 | 1.6 |187.87
14 18 0.7 90 120 2 1201.82
21 19 0.5 80 210 | 1.2 1188.38
13 20 03 90 120 2 1192.61
2 21 0.7 70 120 | 1.2 1199.83
26 22 0.5 80 210 | 1.6 |184.87
27 23 0.5 80 210 | 1.6 19522
15 24 0.3 90 300 2 {17321
10 25 0.7 90 120 | 1.2 {192.53
29 26 0.5 80 210 | L6 |184.87
i8 27 0.7 80 210 | 16 1200.14
28 28 0.5 80 210 | 1.6 |184.87
30 29 0.5 80 210 | 1.6 |184.87
31 30 0.5 80 210 | 1.6 |184.87
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