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Abstract

This article aims to find optimal setting of peel back force from seal track in integrated circuit
industry by using the principles of design of experiment. Due to current process capability (C,) of peel back
force was still out of specification and it had not passed requirements of the company. The analysis of
parameters was performed using cause and effect matrix and failure mode and effects analysis. It was
hypothesized that seven factors would influence to peel back force. Therefore, the experiments consisted of
two steps. The first step of the experiment was screening to find the significant factors with fractional factorial
design (27_1). The second step was to use significant factors to determine appropriate operating setting by
performing (24) full factorials design. And optimization of peel back force’s factor setting for sealing track from
four methods then select the method that most likely target. Work procedures were adjusted according to new

appropriate parameter settings of each factor to establish new working standard along with setting training
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program. The result found that the C increased to 1.98 which was higher than company target at 1.67.

Keywords: Process capability (Cpk), Design of Experiment (DOE), Peel back force (PBF)
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Factorial Fit: Peel back force versus A, B, C, D, E, F, G
Estimated Effects and Coefficients for Peel back force (coded units)
Term Effect Coef SECoef T P
Constant 51.920 0.04a9 1050.750 0.000
A 19.271 9.635 0.0a9 195.000 0.000
B 7.975 3.988  0.049 80.700  0.000
€ 22434 11.217  0.049 227.010  0.000
D -0.031 -0.015  0.049 0.310  0.758
E -0.190 -0.095  0.049 -1.920 0.059
F 0.039 0.020 0.049 0.400  0.692
G 8.483 4.241 0.049 85.840  0.000
ATB 7.658 3.829 0.049 77.500 0.000
ATC 0.565 0.282 0.04a9 5.710 0.000
ATD -0.113 -0.057 0.049 -1.150 0.255
ATE 0.027 0.013 0.04a9 0.270 0.789
ATF 0.127 0.064 0.0a9 1.290 0.203
A*G 2.073 1.037 0.049 20,980  0.000
B*C 0950 0.475 0.049 9.610  0.000
B D 0.117 0.05%  0.049 1.190  0.240
B*E 0.008 0004 0.049 0.080  0.937
B*F 0.004 0002 0.049 0.040  0.967
B*G -1.676 -0.838  0.049 -16.960  0.000
c*D -0.007 -0.004 0.049 -0.070 0.942
C*E -0.028 -0.014 0.04a9 -0.280 0.779
C*F -0.135 -0.068 0.049 -1.370 0.176
C*G -0.971 -0.485 0.04a9 -9.820 0.000
D*E -0.088 -0.044 0.0a9 -0.890 0.378
D*F 0.050 0025 0.049 0.500  0.617
D*G  0.006 0003 0.049 0.060  0.955
E*F 0057 0.029 0.049 0.580  0.565
ETG -0.124 -0.062 0.049 -1.250 0.215
F*G 0.025 0.013 0.04a9 0.250 0.801
ATBTC 3.886 1.943 0.0a9 39.320 0.000
A*B*D 0.207 0.103  0.049 2.090  0.140
A*C*D 0.144 0.072  0.049 1450 0.151
A*B*E 0.014 0.007 0.049 0.150  0.885
A*C*E -0.091 -0.046  0.049 -0.920 0.359
A*D*E -0.124 -0.062  0.049 -1.250 0.215
A*B*F 0037 0.018  0.049 0.370  0.710
ATCTF -0.121 -0.081 0.049 -1.230 0.224
A*D*F 0.048 0.024  0.049 0.480  0.632
ATETF -0.079 -0.040 0.049 -0.800 0.425
ATB*G 0.482 0.241 0.049 4.870 0.000
ATCTG -0.463 -0.231 0.0a9 -4.680 0.000
A*D*G -0.069 -0.035  0.049 -0.700  0.487
A*E*G 0.071 0.036 0.049 0.720  0.475
A*F*G  0.022 0.011  0.049 0.220 0.823
B*C*D -0.036 -0.018  0.049 -0.370  0.71s
B*C*E -0.063 -0.032  0.049 -0.640  0.525
B*D"E 0.104 0.052  0.049 1.050  0.298
BTCTF 0.119 0.059 0.049 1.200 0.23a4
B*D*F 0.122 0.061  0.049 1.230 0.222
BTE"F 0.037 0.018 0.049 0.370 0.710
BTC*G 1.683 0.842 0.04a9 17.030 0.000
B*D*G 0.113 0.056 0.0a9 1.140 0.258
B*E*G -0.188 -0.094  0.049 1.900  0.062
B*F*G -0.013 -0.007 0.049 -0.140  0.892
C*D*E -0.046 -0.023  0.049 0.470  0.641
C*D*F -0.156 -D.078  0.049 -1.570 0.120
C*E*F -0.069 -0.035  0.049 -0.700  0.485
C*D*G 0.070 0.035  0.049 0.710  0.479
CTE*G 0.057 0.029 0.049 0.580 0.565
C*F*G 0.073 0.036  0.049 0.740  0.464
DYE™F 2.574 1.287 0.049 26.040 0.000
DTE*G 0.000 0.000 0.049 0.000 0.997
D*F*G -0.129 -0.065 0.0a9 -1.310 0.196
E*F*G 0.172 0.086 0.049 1.740  0.086
S =0.559032 PRESS = 80.0044
R-5q = 99.94% R-Sq(pred) = 99.77% R-Sq(ad)) = 99.89%
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B*G war C*G
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B*C*G uss D'EF 49 D*E*F Lﬂu@;LLN@LLNG
(Aliases) 789 A"B*C*G @4 A, B, C uaz G 1ilu
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a
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YaI08Tn
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TR

1asman mgafl‘i:}fu P-value Wa
va91la9n

amunnd A 0.000 Significant

UIIA% B 0.000 Significant

nanfld c 0.000 Significant

lumsta

T D 0.758 | Not Significant

vasluiia

Head E 0.059 Not Significant

blowing

time

nafise F 0.692 | Not Significant

1o

Carrier

tape

\wies
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7971 6 Yastuasszauaseiltlummaaay

szeuind | seauilesn
s Symbol U89 ]
4 e @ 4
LAI0IINT ¥
amund A 190-210 | 19 [ 210
U390 % B 15-25 | 15| 25
nanflgln c 50-70 | 30 | 70
nMi%a
nandilufe G 150 50 | 300
atifiaann
U 9

IANTILATIERNANITNaaaLFIunnne
Suamealdsunsy Minitab %"lﬁwa@i"agﬂﬁ' 6 WAzAL
Wui1 Curvature 60 P-value tinniy 0.002 @
%28N31 0.05 UAAIINNTEUIUATRANMUFNNUT
dwdaduldvedfidosdn  dariu Sedeold
SEMse e eismIRsinaneuauasluns

NMINAFDIH

Factorial Fit: Peel back force versus A, B, C, G
Estimated Effects and Coefficients for Peel back force (coded unts)

Term Effect Coef SE Coef T P
Constant 51.4941 0.1320 390.09 0.000
A 18.3906 9.1953 0.1320 69.66 0.000
B 7.4044 3.7022 0.1320 28.05 0.000
C 22.1531 11.0766 0.1320 83.91  0.000
G 8.2869 4.1434 0.1320 31.39 0.000
A*B 7.4819 37409 0.1320 28.34 0.000
A*C 1.2881 0.6441 0.1320 4.88 0.000
A*G 1.4744 0.7372 0.1320 5.58 0.000
B*C 1.2994 0.6497 0.1320 4.92 0.000
B*G -1.7194 -0.8597 0.1320 -6.51 0.000
G -0.9181 -0.4581 0.1320 -3.48 0.003
A*B*C 4.1544 2.0772 0.1320 15.74 0.000
A*B*G 0.4731 0.2366 0.1320 1.79 0.089
A*CHG -0.5081 -0.2541 0.1320 -1.92 0.069
B*C*G 1.6506 0.8253 0.1320 6.25 0.000
A*B*C*G 2.7906 1.3953 0.1320 10.57 0.000
Ct Pt 1.4384 0.3960 3.63 0.002
= 0.7 1 PRESS = 49.43

4674, 97
Sa = 99.87% R-Salpred) = 99.41% R-Saladi) = 99.77%

Analvsis of Variance for Peel back force (coded units)
So DF _Sea 5SS i

urce Adi S5 Adi MS F P
Main Effects 4 7619.78 7619.78 1904.95 3416.19 0.000
A 1 2705.72 2705.72 2705.72 4852.25 0.000
B 1 438.6 438.6 438, 786.55 0.000
c 1 3926.09 3926.09 3926.09 7040.76 0.000
G 1 549.38 549.38 549.38 985.22 0.000
2-Way Interactons 6 52239 522 87.07 156,14 0.000
A*B 1 44 44 447.83 1 0.000
A*C 1 13.27 13.27 0.000
A*G 1 1739 1739 1739 31.19 0.000
B*C 1 13.51 13.51 13.51 24.22 0.000
B*G 1 23.65 23.65 23.65 42.41 0.000
. 1 6.74 6.74 6.74 12.09 0.003
3-Way Interactons 4 163.72 163.72 40.93 0.000
A*B*C 1 138.07 138.07 138.07 247.61 0.000
A*B*G 1 1.79 1.79 1.79 3.21 089
A*C*G 1 2.07 2.07 2.07 0.069
B*C*G 1 21.8 21.8 21.8 . 000
4-Way Interactions 1 62.3 62.3 62.3 111.73 0.000
A*B*C*G 1 62.3 62.3 62,3 111,73 0.000
Curvature 1 736 7.36 7.36 13.19 0.002
Residual Error 19 10.59 10.59 0.56
Pure Error 19 10.59 10.59 0.56
Total 35 8386.15
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Residual Plots for Peel back force

Normal Probability Plot Versus Fits
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WINRMTINIINFUULUUNINIENBAIVDIAT
FIUANA19 (Residual) wudndnmsnszasuuudnd
é’nwngmam’mmﬂﬁwuuﬂﬁwSmﬁ’;ﬁ'ﬂmﬁ
wwrldaduiduass Jaududassdany uay
JayaiinInszasediiminaye uaasindaysd

a = o A a
ANNNdRT mmmma‘gﬂ"l,mw lun1snasasind
ANUYNABY uaziBadale mmﬁl”agamﬁmﬁ:ﬁ
nanInaaadlasltatnsNuAINanauakaIdIE
Tuswnsy Minitab aa3Un 8 wudnadonanii 4
Ua3p dvlinadadiulsnauauadedidnydamy
A o o o, a AaY o daa a ' a
NIzauRbdIAY 0.05 uazdidadandaninainn fa

¥ o A ' @ '
1338 A uaz B T9lnadadiudinavauadatned

WA BTN

The analysis was done using coded units.
Estimated Regression Coefficients for Peel back force

Term Coef SE Coef T P
Constant 52.9325 1.57 33.716  0.000
A 9.1953 0.5551 16.566 0.000
B 3.7022 0.5551 6.67 0.000
C 11.0766 0.5551 19.955  0.000
G 4.1434  0.5551 7.465 0.000
ATA -1.4384 1.6652 -0.864 0.396
A*B 3.7409 0.5551 6.74 000
A*C 0.6441 0.5551 1.16 0.257
A*G 0.7372 0.5551 1.328 0.197
B*C 0.6497 0.5551 117  0.253
B*G -0.8597 0.5551 -1.549 0.135
c*G -0.4591 0.5551 -0.827 0.416

5$=3.13992 PRESS =549.102
R-Sq = 97.18% R-Sq(pred) = 93.45% R-Sg(adj) =95.89%

Analysis of Variance for Peel back forcs
Source DF SeqS5 AdiSS AdjMs F P

Regression 11 8149.53 8149.53 740.87 75.15 0.000
Linear 4 7619.78 7619.78 1904.95 193.22 0.000
A 1 2705.72 2705.72 2705.72 274.44 0.000
B 1 4386 438.6 438.6 44.49 0.000
c 1 3926.09 3926.09 3926.09 398.22 0.000
G 1 549.38 549.38 549.38 55.72 0.000
Square 1 7.36 7.36 7.36 0.75 0.396
A*A 1 7.36 7.36 7.36 0.75 0.396
Interaction 6 522.39 52239 87.07 8.83 0.000
A*B 1 447.83 447.83 447.83 4542 0.000
A*C 1 13.27 13.27 13.27 135 0.257
A*G 1 17.39 17.38 17.39 1.76 0.197
B*C 1 13.51 13.51 13.51 1.37 0.253
B*G 1 23.65 23.65 23.65 2.4 0.135
c*G 1 6.74 6.74 6.74 0.68 0.416
Residual Error 24 236.62 236.62 9.86
Lack-of-Fit 5 226.02 226.02 45.2 81.07 0.000
Pure Error 18 10.59 10.59 0.56
Total 35 8386.15
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e Plot of PBF vs Pressure, Temperature. Surface Plot of PBFvs Seal time, Pressure

15 ~_
20
Pressure

P A

Surface Pt of PBFvs Tenperature, Hokding Ume of Blead

00—

200 ~< 130

Hokding time of Blesd

= a 6 o o 6 ' o
31/7’1 9 MINATIEHRANUINNUTVAIRE 1292

]
= ]

3.4 MsyamanzaNNgnzaLaazlade

q
=2 =

adanusEnnIsddnedda i nuava
AWIIRITAUNALVBITETaRY Carrier tape WA
Cover tape A210NT19 16 UAALNGAT ag}ﬁ 60 + 30
A k1 A, dad ' =
gram  GaA L nINEnIoANANFABIAILTIAY
o o A P o v a v \ A A
ﬂaunawm:"l,mﬂwm@wﬂzymﬂasamaagﬂm
1hwang A 60 gram uazmMIMIANAANNZENNFR
PaIuAasUavudaIA1iinIoaIINITHA®
(Productivity) 12z ldannmsrinauzadaiasanin
WWaundenfidursnanluuulissuiuals aanu

338 @TﬁmumLiJmmmﬁﬂlﬁmu’iﬁTﬂﬁmm

e eXe

anuazaad asdaldil
' 2 o o a v A, A
1. wIIRITaUNALVRITO T ARINAN
v a o % I A A A
Indidsanuenthnangliinniige da 60 gram 34
duthnunenan
2. é‘mwmmﬁwé‘amnmiﬂ%‘uﬂga%ﬁaaﬁ
frnnimislynudanMIKAaneunTUuL
aavin Lanltlunsdaasdaslidiin 70 ms waz
Al a i A o o A A
nafilufieagfigannazdaslufiv 150 ms Gaaz

Wuithwaneses

3.4.1 mimmﬁmm:auﬁgmmLwia:ﬂa%m”ﬂ
ORHeh CLRALELELY

Afn13a0sfaaaign TaonsldWafan
Response optimizer 284115UNTN Minitab version
15 GamuTarfruaaIUsENNIGANEN fusade
faunsuva9sasdaves Carier tape UMM
AUNIY 16 mm ag;ﬁ 60 + 30 gram W@#WIN
ﬁaamsmﬁ;@mm:amammsaﬁaﬁaunﬁwm
san«?ja'ﬁ'ﬁﬁq@ fa drfirintuddananed 60
gram  aglddmndinesvandasiasuainen
wnztinvaalysunsy Minitab uazfisnanuiinala
YDINAADUFHILHND 1 @“‘agﬂﬁ 10 fa amnnd =

200 °C U396 = 2.0 bar LafllunsTs

55.508 ms Lm:nmﬁluﬁmagﬁg@ﬁﬂ =300 ms

High 210.0 2.50
2000 2.0] 55.5080 300.0

optr mal Temperat Pressure Seal tim Foldng
Cur
1.0000 |ow 190.0 1.50 30.0 50.0

Composite
Desirability
1.0000

771 10 szautasAnzanInA Ui Yad
[1/sunsu Minitab

ANNTBLANZU T8 NAITRIAULIAN
< oA A a A a LA o
uufie anldlunmiauazinnilufaagngann
MnAuuziinvaslysunsy Minitab azwuinlgiian

A ' 9 o .

TIugIfie 355508 ms Geazannninamiilinan
msﬂ%‘uﬂ@q‘uaqﬂaﬁ'ﬂﬁ’q 2 @o Utz 220 ms
uazLaa1aInand ldgrnisadfudtaaselu
NIZUIUMITHER LladnazdInadasansHaa
1o duda azvin i uinauniiunIzuIwng
msﬁgﬁmﬂumwadms%a @8 1 Iuanadnie
WNE9 243,032 @1 NUNG Aa 467,027 @9

AT Q‘iaﬁ“ﬁﬂﬁﬁwmsﬂ%’umww‘mﬁma'§
Padudaztads e lit ladussfsdaunausaIses
FalnaiAvanudnthnaned 60 gram liunfige

% A a A A LA o
wazldlanlglunsfauszinannluiinagfiyann

v v a a ] a
'l%uammmmﬁmmawmmg}ﬂ SInaaIIBNT

99 3 a1iun 1 unMAN-Inunen 2560



msmﬂhﬂmueamnsmqma”mm{lwsl (Thai Industrial Engineering Network Journal)

Jsuarwniiinesuaudazladualo35n1andda
889N NWINTH Response  optimizer a4
o q A '

IlliLLﬂisJ Minitab version 15 @4@13147 7 TIWUIN
m3Usulunsan 20 azladussfedounsurassen
A v a o ¥ A a
Falnfiduanuaninanei 60 gram fa 60.0227
gram uazfenanuiinalavasnanavlndidaany
141NNga Aa 0.99924 TdsdnaTINveIlads

Al a Al = LA o LA
nafltlunifauszinaniludaagisannagi
105 ms uazdiyafwanzauvasudazdads a93un
11 @g amnnil = 210 °C U396 = 2.5 bar LIaN
18lunda = 43 ms waznianfludeagfiaann =
62 ms

M17199 7 M3dsuammindinasvadudazlady @ie

P A
’Jﬁmmam@aa#gn
Factor
) o Difference
Trial and it
o Tudin from ey
error | g |wiedu| 14T . (e PBF wngwg RG]
agn Targetof ki
methed | (O | () |msda
anvin PEF
(ms)
(ms)
VRN
m .
i fniimane s
ufu| 200 | 2 |sssos| 300 1 50 0 3555
i, 0 Minitak an
)
Ninitab
15 | 30 0
I ]
2 30 ]
21 | ) 03] 39.6908 20 vam
22 | 3 1 [oswar]azs123 fimn
23 | A 1 [os030a] es1181 0
22 | 30 | 50 |oeseo %
R L orosar|s 0
zs | 35 | 55 |oaun 90
" 3 = vrm
w | 20 [ 25 | w0 | e <2507 same | 100
HEREIEEER B 1o | roeq
v |20 | 25 | 2 | e LA T
1 5.0 00
| 20 | 25 | 55 | 65 120
wloaw |25 | a1 | @1 APEF A | 102
5|20 | 25 [ a2 | & 5 jmhandimae| 104
3 [ z0 [ 25 | a3 | &3 [osms o 106
dEE g |
7| 20 | 25 | as | 6s |osmr2 s 8
w20 [z [ a5 | e [oama et I
w9 | 20 | 25 | 4z | &5 |ooms|s 105
— ;
A am
Tnddos i
4 v .
20 | 210 | 25 | 43 | 62 |09992a|600227| 00227 | fiuin | 105 | wamih
wming wn
fign Minltab
Temperst Fresure Seltm Fodmn
AR ) e 28 =g
o : 3
0.99924 | oy 190.0 150 30.0 50.0
/ - - S .'\
) e / “~
Compasite e - .
Desirsbility / "
0.59924 Ve
Y
Peel bac . _—
Targ: 60.0 = A= 11
¥ = 60,0227 e ~
d = 0.99924 - -

Ui 11 szavtaseimanzananm a1 vasusias
1998 G 35naIAaRaIgN

342 mimmﬁmm:auﬁqmmLwia:ﬂym”ﬂ
@T’auﬁ%n’liﬂumﬁmmaﬁﬁuﬁq@

T UADLINTIN NI AL AR TV D
Lwia:ﬂyaa”mhui%‘msﬁuaaﬁ’;r_lmaﬁ"ﬁ'uﬁ'q@
(Steepest descent method) NFNAITALDY
ANFNANUTNNITIATIzANIInAn DI FINY
(Regression analysis) \J#N13839LULUAR897189
WAITILEAINNNFURUEIZN IS NanUEHS fD
fussdsdounsuassandanulesuiianinasa
AHANDURUDS Lm:mmm’bﬁayjamﬂnﬁmaaa

a I3 4. o A
uppunnnausaugl (2°) avgui 12

Regression Analysis: Peel back force versus A, B,C, G
The regression equation is

Peel back force = - 181 + 0.920 A + 7.40 B + 0.554 C + 0.0331 G

Predictor
Constant

Analysis of Variance

Source DF ss Ms
Regression 4 7619.8 1904.9 77.06
Residual Error 31 766.4 24.7

Total 35 8386.2

Source DF

PGEE,

Unusual Observations

Peel back
Cbs a force Fit SE Fit Residual St Resid
3s 210 89.450 79.77 1.943 9.679 2.11R

R denotes an observation with a large standardized residual.
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Regression Analysis: Peel back force versus A, B, C, G, A’B

The regression squation is

Peel back force = 119 - 0.577 A - 142 B + 0.554 C + 0.0331 6

Analysis of Variance
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One-Sample T: Peel back force
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Process Capability of Peel back force
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Pareto Chart of the Standardized Effects
(response is Peel back force, Alpha = 0.05)
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