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Proposal of Updating Method for the Response Surface Approximation
Based on Kalman Filter and Multiplex Hypothetical Official Approval
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Response surface methodology has been used in the optimum design and reliability design.
However, the response surface approximation may have uncertainty in the case when the reasonable
interactive terms are not taken into account. In this paper, a new updating method for the response
surface approximation is proposed. This method is based on Kalman filter and multiplex hypotheti-
cal official approval. The response surface approximation with uncertainty can be updated using a
new method. From the application to examples, it is indicated that in the case that some respense
surface approximations for design space were stored and many sampling data from these approxima-
tions can be generated easily, the information of the design variables such as interaction among
variables can be extracted and the reasonable response surface models can be identified by applying
various response surface models with many interactive terms actively.
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Table 3 Ranges of variables about local RSM
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Variable {Local RSM 1j Local RSM2[Local REMJ
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B (mm) 16~12 28~ 30
H {mm) 10~12 28~ 30
E(GPa) 10~12 28~30
PN 30~36 84~90

Tahle 4 General index of RSM assessment
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Table 5 Material properties

Young's Coefficient of
Modulus  thermal expansion

270GPa T.2ppm/C

Ceramic interposer

Mother hoard 20GPa 17ppm/°C
Chip 170GPa 3.5ppm/°C
Underfill resin 11GPa 26ppm/°C

Table 6 Ranges of variables about general RSM

Variable | Range | Level

L (mm) 30 ~50 3
N, (1/d regiory 75~250 3

12.5~205} 3
150 ~190 3

@ g (ppm)
A70°c)

Chip: 10 % 10mm, 0.6 mmi
Underfill resin: 0.0 7mmt

) Ceramic interposer : IOmnst older bump
] i

TINIE v T
oo o, Motherboard:, 1.0 mmt

Fig.5 FC-BGA Package using ceramic interposer
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Table 7 Analysis of variance (L 18)

Variable [ DimensionDegree of| Vaviance] F ratio |Effective

Freedom ratio

L 1 1 9.54E-04; 1.801+01] 11.4%

2 1 3.52E-05| 6.63E-01{ 0.00%

Np 1 1 1.25E-03| 2.37TE+01} 15.2%

2 1 3.35E-08{ 6.32E-04 | 0.00%

& 1 1 5.03E-03| 9.50E+01| 62.8%

2 1 4.56E-07| 8.60F-03] 0.00%

AT 1 1| LiGE-04| 2.18E+00] 0.79%

2 1 LAGE-04] 2.73E+00| 1.16%

Ervor 9 4.31E-05 B.68%

Total 17 100.0%
F(0.05) = 5591447, F(0.01) = 12.24638

B 22 iz B i B IS E R ELA RIS 2{Local RSM 2) :
Aein=0.064 8—0.000 210N, +0.000 000 236 N3

BRI B 0 B BN EA LR, 3 {(Local RSM 3) ©
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FHOBEERS (18 F—2) e+ 2 aREHER
A IRIERE, FEREEH(AIC, MDL) D%, LA 10
TR (RSM I~RSM 10)ic 2w TR IR T, &
REITH, BESNAY 7Y 7 Bt LR
HEAWEDATE, BEFLOEBEDHEMNEE
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Table 8 Ranges of variables about local RSM

150 (Fxx)
12.56~20.5
170 (Fix)

AIC | 219 219 219 218 218 218 2L8 216 218 217
MDL| 133 133 133 133 133 133 133 133 133 132
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Fig. 7 Residual of initial response surface model (L 18)
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Fig.8 Residual of updated respense surface model
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