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Abstract The manufacturing method of the pillar is one of the main process where it is used in vacuum
glazing and semi-conductor display field. Pillar can be arranged by screen printing method. However it may
unable to spread all pattern of metal mask according to the ingredient of the mixture. In addition, spreaded
mixture doesn't maintain the original shape according to the viscosity. In this research, the pillar tried to be
arranged through the screen printing by using the inorganic compound of the alumina and silica base. This
study suggested a method in which it can decrease the test frequency and design the composition of the
vacuum glass pillar by using the mixture design.
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[Fig. 1] Screen printing system for pillar arrangements
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[Fig. 2] Problems according to ingredients of pillar
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[Fig. 3] Simplex design plot by mixture design

[# 1] &= A 9 24 =&
[Table 1] Design table by the mixture design
oxs'(ti(:r 01:1]; tge Block X1 X2 X3
1 5 1 1 0.53000 | 0.34000 | 0.13
2 8 1 1 0.53100 | 0.33900 | 0.13
3 7 1 1 0.57100 | 0.33900 | 0.09
4 9 1 1 0.57000 | 0.34000 | 0.09
5 4 0 1 0.55050 | 0.33950 | 0.11
6 1 -1 1 0.54025 | 0.33975 | 0.12
7 2 -1 1 0.54075 | 0.33925 | 0.12
8 6 -1 1 0.56075 | 0.33925 | 0.10
9 3 -1 1 0.56025 | 0.33975 | 0.10
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[Fig. 4] Pillar arrangement by screen printing machine

(a) viscosimeter

(b) precision electronic scale
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[Fig. 5] Measuring instrument for spread and viscosity
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[Table 2] Measuring results of spread and viscosity

Std Run Pt Block Y1_Spread | Y2_Viscosity

order | order | type (g) (Pa's)
1 5 1 1 0.035 19.1
2 8 1 1 0.005 18.3
3 7 1 1 0.001 10.9
4 9 1 1 0.017 134
5 4 0 1 0.004 20.1
6 1 -1 1 0.011 19.7
7 2 -1 1 0.019 26.3
8 6 -1 1 0.008 17.5
9 3 -1 1 0.008 18.1
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3.21 =x2K(Spread)
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Regression for Mixtures: Y1 versus X1, X2, X3

Estimated Regression Coefficients for Y1 (component proportions)

Term Coef SE Coef T P VIF
X1 -102.9 151.2 * * 3162276410
X2 -474.3 6286 ¥ * 20097677278
X3 -101.0 101.7 * * 60098303
X1*X2 1027.1 14029 0.73 0.517 30569650277
X1*X3 -120.0 113.9 -1.05 0.369 22790727
X2*X3 1179.3 14029 0.84 0.462 1283824421

S =10.00445663 PRESS = 0.00177427
R-5q=93.99% R-Sq(pred)=0.00% R-Sq(adj)=83.98%

Analysis of Variance for Y1 (component proportions)

Source DF SeqSS AdjSS  AdjMS F P
Regression 5 0.000932 0.000932 0.000186 9.39 0.047
Linear 2 0.000075 0.000292 0.000146 7.36 0.070
Quadratic 3 0.000857 0.000857 0.000286 14.39 0.028
Residual Error 3 0.000060 0.000060 0.000020

Total 8 0.000992
[32 6] =zl digt 29 % 24EA A

[Fig. 6] Analysis result of the regression and variance for
spread
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Regression for Mixtures: Y2 versus X1, X2, X3

Estimated Regression Coefficients for Y2 (component proportions)

Term  Coef SE Coef T P VIF

X1 -16184 9858 * * 3162276410
X2 -72180 40996 * * 20097677278
X3 -28975 6630 * * 60098303
X1*X2 156901 91492 1.71 0.185 30569650277
X1*X3 571 7427 0.08 0.944 22790727
X2*X3 194382 91492 2.12 0.124 1283824421

5=0.290641 PRESS =6.50493
R-Sq=99.69% R-Sq(pred)=92.00% R-Sq(adj)=99.17%

Analysis of Variance for Y2 (component proportions)

Source DF SeqSS AdjSS AGMS F P
Regression 5 81.0088 81.0088 16.2018 191.80 0.001
Linear 2  7.1546 71.6647 35.8323 424.19 0.000
Quadratic 3 73.8542 73.8542 24.6181 291.43 0.000
Residual Error 3  0.2534 0.2534 0.0845

Total 8 81.2622

(32 8] Hwol st 37 W Ak Az
[Fig. 8] Analysis result of the regression and variance for
viscosity
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