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ABSTRACT

Purpose: The purpose of this study is to design a systematic method to estimate optimal operation conditions
of design variables for an electronic device alignment system.

Method: The 2-level factorial design and the central composite design are used in order to plan experiments.
Based on the experiment results, a regression model is established to find optimal conditions for the design
variables.

Results: 3 of 5 design variables are selected as major factors that affect the alignment system significantly.
The optimized condition for each variable is estimated by using a sequential experiment plan and a quadratic
regression model.

Conclusion: The method designed in this study provides an efficient and systematic plan to select the optimized
operation condition for the design variables. The method is expected to improve inspection accuracy of the
system and reduce the development cost and period.
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Figure 1. Chip Providing Model.
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Table 1. Factors and Levels

Levels
Factor Description Unit
-1 1
A Nozzle distance mm -30 -10
B Nozzle position mm =50 5
C Guide pressure Pa =50 0
D Motion speed rpm 8 14
E Voltage kV 3 8
Table 2. 2,°" Experiment
No B D E=ABCD Czrrﬁsltifgn y
1 - - + e 265
2 - - - a 284
3 + - - b 261
4 + - + abe=cd 280
5 - - - c 272
6 - - + ace=bd 337
7 + - + bce=ad 264
8 + - - abc=de 337
9 - + - d 257
10 - + + ade=bc 231
11 + + + bde=ac 70
12 + + - abd=ce 294
13 - + + cde=ab 100
14 - + - acd=be 338
15 + + - bcd=ae 270
16 + + + abcde 141
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Figure 4. Normal Probability Plot of the Effects.
Table 3. ANOVA Table
Source SS DOF MS Fo p—Value
A 14581 1 14581 14.73 0.003
D 22425 1 22425 22.65 0.001
E 24414 1 24414 24.66 0.000
DE 23180 1 23180 23.41 0.001
Error 10891 11 990
Total 95491 15
3.2 3AA M 53 IEaT 24
2-5% QAMARNAE 2 WGt T SRl A Ago] B7]o] ARAS AT Age) WS (5 Aot
S glE W, W $F watel nel MR S Qi WSA()Y FUA Mk A% 5 gick webd o] o
ke Ae] 2A 9% vArkn BekE A, D, BE Fo AAMER 4sn SAHS Sl 49 @

2l ol et
1270¢] vlolElE A1, T4 A 3He] F7F A& F3l 3719 diolHE A3Ith <Table 5>+ Aol wp& 4t
A 23E vepda floH, A% 585 297 5% +o9(p<0. 05)LH oM BF EAHoR Fo3k Aoz
a1 d o= qlth <Figure 5>9] ZZE a4 % 321749 FEH st FEAW}F EAERE AS wow <
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% 4 g
Table 4. Experiment with Center Points
No A D E Y
1 - - + 43
2 + - - 108
3 - + - 572
4 + + + 336
5 - - + 76
6 + - - 87
7 - + - 545
8 + + + 245
9 - - + 113
10 + - - 128
11 - + - 507
12 + + + 130
13 0 0 0 127
14 0 0 0 178
15 0 0 0 171
Table 5. ANOVA Table
Term Effect Coef SE Coef T p—Value
Constant 240.83 15.35 15.69 0.000
A -137 -68.5 15.35 -4.46 0.001
D 296.67 148.33 15.35 9.66 0.000
E -167.33 -83.67 15.35 -5.45 0.000
Ct Pt -82.17 34.32 -2.39 0.038
Source DF Seq SS Adj SS Adj MS F p-Value
Main Effects 3 397256 404342 134781 47.68 0.000
Curvature 1 23289 23289 23289 8.24 0.017
Residual Error 10 28269 28269 2827
Pure Error 10 28269 28269 2827
Total 14 448814
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Main Effects Plot (data means) for Y

A D Point Type
—@— Corner
—&— Center

400

37 \
2001

] \ / ]
100

>
Y
° T T T T T T
£ 30 20 -10 8 11 14
5 E
= 400-

3007 \

200- \

a

100

3.3 FUTAADES o143 H4 A =4 A

32784 e FARE FUHe 27 S AE S AAste] 7} °]X}°ﬂ 2 a7t EAER: AS el
aFQTh 1ev SAAERRS o] &3k AR o= oW adrt oug FEHSE 2Hsh=A & ¢ gla 23 3]
oA Awde] Alg B3 a&X 0% 4T 4 ik wepA 2 Z}Oﬂfﬂ ] 2eh S Heksta AL 359
Aoz 3Hs F4317] flste] A (center point) ¥ 5 (axial points)S 2577 QAo F7HA7] T4

AAZEH(CCD, central composite design)oldh= AFAIHS =9 PE‘r(Park 2012, 364-496, Montgomery
1996, 290-353, Kim 2006).
ZAGA A g 0. A5 A 8 o] upekale EAJ¢l AW B3 (orthogonal blocking) 2! §] A A (rotatability)9] -8

/\]
e

4
o] golstrt. Wk FHAHA t‘4(sequer1(:1al experiments)®] 7}s3te], A7} 24 A o oJ3lo] HES
g Fof WkgEHel g A7E 14 3]FIRF S o] &ste] W8t 2o A O] 28 %L A5 AEA 22k 39
2Y& #4517 St E}E AAAGHE AHEE D@ glo] IR E 2975 QAP F el T2 FA I Sl A
Z¥ An4(data points)& S7H7IH A DS WAL 4= ltk(Park 2012, 364-496).

3]

XA & Oﬂ cube 287} axial & o] glom E Ado| = FH(axial point, 671), 54 A (center point,
67), 297 Q.04 ¥ (cube point, 870 2t cube 2O & AAISS] <Table 6>} o] & 203]2] A& AA
Sttt <Table 7> ool W w337 Al A 2213 e] 7o 55 Yehd A o=, 5% FooF
(p<0.05)%tellA D, E, AA, DD, EE, DE7} frol3hs & 4= vk whebs] HEA o2 919 A2 A25H dofzl ¢
AARELD WA gk 22} 3] RELS v P

>E?i



462 J Korean Soc Qual Manag Vol. 43, No. 3:453-466, September 2015

Y=096.283 — 97.47D — 69.348F + 0.271A42 + 4.999D* + 6.576 5> — 1.85DF 2)

AR Fa) Boj WEAd) o FARA A3<Table 8> F3), FAL Ba4 dojzl I AGAG7)

go] FA4o] & olFofRraL & & glor, Ahdef] Higt fo] SHE 0.7192 AEE

No A D E Y
1 -1 -1 -1 247
2 1 -1 -1 256
3 -1 1 -1 309
4 1 1 -1 313
5 -1 -1 1 180
6 1 -1 1 194
7 -1 1 1 190
8 1 1 1 191
9 -1.68179 0 0 179
10 1.68179 0 0 196
11 0 -1.68179 0 227
12 0 1.68179 0 248
13 0 0 -1.68179 293
14 0 0 1.68179 162
15 0 0 0 99
16 0 0 0 128
17 0 0 0 141
18 0 0 0 115
19 0 0 0 128
20 0 0 0 97
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Table 7. Regression Coefficient and p-value

Term Coef p—Value

Constant 996.2828 < 0.001
A 12.1718 0.344
D -97.47 0.019
E -69.3476 0.000
AA 0.2714 0.000
DD 4.9989 0.000
EE 6.5761 0.000
AD -0.0792 0.676
AE -0.005 0.982
DE -1.85 0.031

Table 8. ANOVA Table for CCD

Source DF Seq SS Adj SS Adj MS F P
Regression 9 83339 83339 9259.9 38.11 0.000
Linear 3 27552 27552 9184 37.80 0.000
Square 3 54201.6 54201.6 18067.2 74.35 0.000
Interaction 3 1585.4 1585.4 528.5 2.17 0.154
Residual Error 10 2429.9 2429.9 243
Lack-of-Fit 5 889.9 889.9 178 0.58 0.719
Pure Error 5 1540 1540 308
Total 19 85769

249 27 ARG 2 (F T T2 AA AA HA 20S F4HH, <Figure 6>9014 1dH npe} 2o
-21.10, D = 10.86, E = 6.8 o|gt= A& 48 + 33, T AFZHE TFsHH <Table 9> 22 4
o} Ak T8 AA (A, D, B)E F4E HH 270 AFEsiH, o9 At 52 AA fold
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