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ABSTRACT

Purpose: In this study, an optimal design level of influencing factors on semiconductor polishing process
was determined to minimize flexion of both sides on wafers.

Methods: First, significant interactions are determined by the stepwise regression method. ANOVA analysis
on SN ratio and mean of dependent variable are performed to draw mean adjustment factors. In addition,
the optimal levels of mean adjustment factors are decided by comparing means of each level of mean adjust—
ment factors.

Results: As a result of ANOVA, a mean adjustment factor was determined as a width of formed flexion on
the plate. The mean of the difference has the nearest to O in the case when the width of formed flexion
has level 2 (4mm).

Conclusion: Optimal design levels of semiconductor polishing process are determined as follows; (i) load ap—
plied to the wafer carrier has a level 1 (3psi), (ii) load applied to the wafer has a level 1(3psi), (iii) the
amount of slurry supplied during polishing has a level 3 (300 co/min), (iv) the width of formed flexion on

the plate has level 2 (4mm).
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Figure 3. Wafer image after Polishing
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Table 2. Control factors and level

Level
Control Factors

1 2 3

A : Load applied to the wafer carrier(psi) 3 5 7

B : Width of formed flexion on the plate(mm) 2 4 6

C : Load applied to the wafer(psi) 3 5 7
D : Movement speed of wafer(cm/s) 60 80 100
E : The amount of slurry supplied during polishing(co/min) 100 200 300

ﬁ/] "EE,Z: Ao s AFE FatA =, Figure 33 Zo] Jo]5e] 7he-d] F-i-2 dAnkgo] #4dstA Ve
o] shc), w3t oqu]_g]_: H}A] Alo] =3l A

3 3
Aut, webd A SARS leje] @ AAelA ool AAl AR

’\1«] S5 el A ZF ool A
75mm, 80mm, 85mm, 90mm, 95mm BoiZl A Hel| A AAE AvlEEE Z4% A ol A9 Figure 4+ ©]

4Re olals] A7 w43 & A olck

0 mm 100 mm

Figure 4. Diagram of type of measurement
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Table 3. z value and y value

z0 z1 72 z3 z4 vl v2 v3 v4 E(y)

1004 992 945 920 870 0.0120 0.0588 0.0837 0.1335 0.0720

2051 2115 1929 1672 1465 -0.0312 0.0595 0.1848 0.2857 0.1247

3410 3449 3003 2510 2135 -0.0114 0.1194 0.2639 0.3739 0.1864

1235 1188 1182 1230 1209 0.0381 0.0429 0.0040 0.0211 0.0265

2425 2432 2320 2147 1956 -0.0029 0.0433 0.1146 0.1934 0.0871

2366 2327 2120 1892 1673 0.0165 0.1040 0.2003 0.2929 0.1534

1455 1365 1368 1409 1339 0.0619 0.0598 0.0316 0.0797 0.0582

1545 1512 1451 1330 1172 0.0214 0.0608 0.1392 0.2414 0.1157

2885 2769 2537 2243 1919 0.0402 0.1206 0.2225 0.3348 0.1795

1255 1247 1200 1193 1207 0.0064 0.0438 0.0494 0.0382 0.0345

2405 2378 2263 2205 2084 0.0112 0.0590 0.0832 0.1335 0.0717

2335 2407 2196 1903 1668 -0.0308 0.0595 0.1850 0.2857 0.1248

1427 1379 1389 1474 1551 0.0336 0.0266 -0.0329 -0.0869 -0.0149

1534 1475 1469 1528 1501 0.0385 0.0424 0.0039 0.0215 0.0266

2903 2912 2778 2571 2342 -0.0031 0.0431 0.1144 0.1932 0.0869

1014 956 968 1018 1036 0.0572 0.0454 -0.0039 -0.0217 0.0192

2066 1939 1941 2001 1902 0.0615 0.0605 0.0315 0.0794 0.0582

3395 3323 3188 2923 2576 0.0212 0.0610 0.1390 0.2412 0.1156

1451 1385 1351 1456 1542 0.0455 0.0689 -0.0034 -0.0627 0.0121

1572 1562 1504 1495 1512 0.0064 0.0433 0.0490 0.0382 0.0342

2846 2814 2678 2610 2466 0.0112 0.0590 0.0829 0.1335 0.0717

1021 948 967 1120 1225 0.0715 0.0529 -0.0970 -0.1998 -0.0431
2059 1991 2004 2127 2238 0.0330 0.0267 -0.0330 -0.0869 -0.0151
3379 3250 3236 3367 3307 0.0382 0.0423 0.0036 0.0213 0.0263
1247 1130 1159 1330 1408 0.0938 0.0706 -0.0666 -0.1291 -0.0078
2414 2278 2306 2425 2468 0.0563 0.0447 -0.0046 -0.0224 0.0185

2372 2227 2229 2298 2184 0.0611 0.0603 0.0312 0.0793 0.0580

Table 4. Analysis of variance of regression analysis: E(y) versus A, B, C, D, E

Source DF Adj SS Adj MS F-Value P-Value
Regression 9 0.092006 0.010223 1011.56 0.000
A 1 0.000321 0.000321 31.74 0.000
B 1 0.006582 0.006582 651.24 0.000
C 1 0.000427 0.000427 42.26 0.000
A2 1 0.000237 0.000237 23.47 0.000
B2 1 0.008554 0.008554 846.46 0.000
Cc2 1 0.000249 0.000249 24.69 0.000
AXB 1 0.000032 0.000032 3.18 0.092
AXC 1 0.002348 0.002348 232.29 0.000
BxC 1 0.000030 0.000030 2.98 0.103
Error 17 0.000010 0.000010
Total 26
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Figure 5. Line and dot diagram of 3 level system(L27(3"%) type)
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Table 5. SN ratio

E(y) Var(y) SN ratio
0.071962151 0.002565022 25.90908886
0.124695271 0.019365179 17.12978474
0.18643695 0.028267236 15.48716651
0.026518219 0.000312249 35.05498927
0.087113402 0.007358217 21.3322739
0.1534235 0.014284142 18.45145832
0.058247423 0.000395327 34.0304377
0.115695793 0.009422154 20.25849811
0.179549393 0.016283111 17.88262606
0.034462151 0.00037137 34.30193455
0.071725572 0.002588105 25.87018032
0.1248394 0.019327217 17.13830687
-0.014891381 0.003196397 24.95339235
0.026564537 0.000310045 35.08575815
0.086892869 0.007362118 21.32997199
0.019230769 0.001445574 28.39959692
0.058204259 0.000393184 34.05403979
0.115611193 0.009409228 20.26445996
0.012060648 0.003393969 24.69292072
0.034192112 0.00036376 34.39185651
0.07167955 0.002587745 25.87078513
-0.043095005 0.016601419 17.79854785
-0.015055852 0.003181993 24.97300744
0.026339154 0.000313375 35.03936047
-0.007818765 0.011546075 19.37565639
0.018537697 0.001440709 28.41423655
0.05796796 0.000395103 34.03289907

A= SNHIE Fall v 7o R A3E AAIS A= Table 594 th
Table 6. Response Table for Signal to Noise Ratios

Level A B C D E
1 22.84 24.53 27.17 25.72 22.88
2 26.82 26 26.83 25.55 26.54
3 27.18 26.3 22.83 25.56 27.42

Delta 4.34 1.77 4.34 0.17 4.54

Rank 2 4 3 5 1
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Table 7. Analysis of variance of SN ratio versus A, B, C, D, E

Source DF Adj SS Adj MS F-Value P-Value
A 2 104.49 52.247 2.82 0.172
B 2 16.14 8.068 0.44 0.674
C 2 104.76 52.379 2.83 0.172
D 2 0.15 0.077 0.00 0.996
E 2 104.19 52.096 2.81 0.173

AXB 4 48.74 12.186 0.66 0.653

AxC 4 700.88 175.220 9.46 0.026

BxC 4 48.63 12.158 0.66 0.654

Error 4 74.12 18.531

Total 26 1202.11
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Figure 7. Interaction plot for SN ratios
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Table 8. Analysis of Variance of mean versus A, B, C, D, E

Source DF Adj SS Adj MS F-Value P-Value
A 2 0.040266 0.020133 38464.97 0.000
B 2 0.009313 0.004656 8896.13 0.000
C 2 0.040017 0.020009 38227.49 0.000
D 2 0.000000 0.000000 0.25 0.789
E 2 0.000001 0.000000 0.85 0.493

AXB 4 0.000096 0.000024 45.75 0.001
AXC 4 0.002388 0.000597 1140.36 0.000
BxC 4 0.000095 0.000024 45.42 0.001
Error 4 0.000002 0.000001

Total 26 0.092178
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