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Fig.3.1 Representative of specimen Fig.3.2 A four-inch(100)-oriented
wafer containing 96 test specimens
Table.3.1 Dimensions of the test specimen mm
L d a R Thickness
15 2 0.1 0.3 0.1
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Table.3.2 Detail of the process to make specimens

specimen ID
N1 STS ASE-SR OFF
N2 STS ASE-SR OFF
N3 STS ASE-SR ON
N4 STS ASE-SR ON
N7 STS ASE-HRM ON
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Fig.3.3 Schematics of the process of etching damage
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Fig.3.4 Stress concentration region along the beam edge for bending

Fig.3.5 A typical principle stress distribution in beam for bending
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Table.3.3 Principal specification of the micro testing machine
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Fig.3.7 experimental setup Fig.3.8 Photograph of bending test
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Fig.3.9 FEM model(left:Whole model with shell element  right:Sub model with solid element)
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Table.3.4 Material properties used in FEM analysis

Ex Ey E: \xy \Jxz Vyz Gx Gy G;

168.9 168.9 130.2 0.064 0.361 0.278 50.9 79.4 79.4
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3.5

Table.3.5

Fig.3.11

Table.3.5 Principal specification of the laser microscope
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Fig.3.10 Procedure of method for calculating average roughness profile Ra along the etching direction
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Anderson-Darling test[4]

Fig.4.11 N3
N4 N3
Fig.4.19
Table.3.2

Hollander-Proschan test Mann-Scheuer-Fertig test

N1 N3 N4 N7
N2

Fig.4.3 N1
Fig.4.7 N2

Fig.4.15
N3
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N1 N2 N3 N4
N2 N1 N4 N3

21



N1

frequency
w

380 400 420 440 460 480 500 520 540 560 580 600 620 640

fracture stress(MPa)

Fig.4.1 Histogram of fracture stress of N1
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Fig.4.2 Weibull plot of bending fracture stress of N1

Table.4.1 MLM estimation of Weibll parameters of bending test for N1

#sample Shape parameter Scale parameter (MPa)

20 9.45 531
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Fig.4.3 Photograph of side wall of the beam for N1
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Fig.4.4 Average roughness profile along the etching direction for N1
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Fig.4.6 Weibull plot of bending fracture stress of N2

Table.4.2 MLM estimation of Weibll parameters of bending test for N2

#sample Shape parameter Scale Parameter(MPa)

19 5.45 1105
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Fig.4.8 Average roughness profile along the etching direction for N2
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Fig.4.9 Histogram of fracture stress of N3
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Fig.4.10 Weibull plot of bending fracture stress of N3

Table.4.3 MLM estimation of Weibll parameters of bending test for N3

#sample Shape parameter Scale parameter (MPa)

19 6.67 1375
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averag

Fig.4.11 Photograph of side wall of the beam for N3
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Fig.4.12 Average roughness profile along the etching direction for N3
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Fig.4.13 Histogram of fracture stress of N4
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Fig.4.14 Weibull plot of bending fracture stress of N4

Table.4.4 MLM estimation of Weibll parameters of bending test for N4

#sample Shape parameter Scale parameter(MPa)

19 5.85 1301
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averag

Fig.4.15 Photograph of side wall of the beam for N4
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Fig.4.16 Average roughness profile along the etching direction for N4
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Fig.4.17 Histogram of fracture stress of N7
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Fig.4.18 Weibull plot of bending fracture stress of N7

Table.4.5 MLM estimation of Weibll parameters of bending test for N7

#sample Shape parameter Scale parameter(MPa)

18 12.86 1174
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Fig.4.19 Photograph of side wall of the beam for N7
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Fig.4.20 Average roughness profile along the etching direction for N7
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5.1

Fig.5.1

1.1pm

[1] Table.5.1

N2

Table.5.1 Averaged roughness values of notching and scale parameters

Scale parameter(MPa)

Averaged Ra(jam)

N1 530 0.52
N3 1375 0.10
N4 1301 0.14
N7 1173 0.20
M2 1353 0.25
M3 1148 0.13
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Fig.5.1 Relationship between scale parameter and roughness of notching region
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Fig.5.2 Photograpfh of fracture surface for N2
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Fig.5.4 A typical maximum principal stress plot along Path A
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Fig.5.5 Atypical maximum principal stress plot along Path B
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5.3

N4 Fig.4.8
Fig.5.6 Fig.5.7
Fig.5.8 1.25
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Fig.5.6 Stress concentration region along the beam edge for back-side bending
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Fig.5.7 A typical maximum principal stress plot along Path A
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Fig.5.8 A typical maximum principal stress plot along Path C
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Fig.5.9 Histogram of fracture stress of back-side bending test for N4

log(log(1/(1-failure probability)))

6.7 6.8 6.9 7.0 7.1 7.2 73 74
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Fig.5.10 Weibull plot of fracture stress of back-side bending test for N4

Table.5.2 MLM estimation of Weibll parameters of back-side bending test for N4

#sample Shape parameter Scale parameter(MPa)
18 6.31 1078
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Fig.5.11 Photograpfh of fracture surface for N7
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Table.A.1 Result of bending test for N1

Sample Exp. FEM Notching Mask Match
No. Displacement(jam) Displacement(jam)  Stress(MPa) Stress(MPa) Exp./FEM(%)
1 65.27 67.15 479.01 394.54 97.19
2 58.77 60.67 423.77 348.89 96.87
3 75.57 79.82 570.61 470.3 94.67
4 80.01 79.87 606.1 499.55 100.18
5 56.64 56.39 472.62 389.19 100.44
6 44.03 43.18 420.29 345.86 101.97
7 7341 77.62 570.63 470.32 94.58
8 66.08 69.56 501.04 412.81 95.00
9 59.80 64.59 502.88 41431 92.58
10 55.30 58.89 508.47 418.86 93.91
11 81.89 75.94 589.194 483.775 107.84
12 66.78 67.23 510.037 418.753 99.33
13 64.90 60.44 467.078 383.408 107.38
14 58.21 57.55 484.012 397.009 101.15
15 58.70 61.25 515.19 422.741 95.83
16 55.83 58.87 527.059 432.429 94.84
17 49.60 55.31 520.982 427.029 89.68
18 60.60 62.93 592.616 485972 96.29
19 45.10 4252 424.756 348.052 106.07
20 38.70 36.23 401.617 328.826 106.81
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Table.A.2 Result of bending test for N2

Sample Exp. FEM Notching Mask Match
No. Displacement(jam) Displacement(jam)  Stress(MPa) Stress(MPa) Exp./FEM(%)
1 151.64 157.55 11105 913.17 96.25
2 218.42 236.80 1573 1286.1 92.24
3 102.31 108.55 774.37 637.98 94.25
4 122.72 124.30 938.05 772.74 98.73
5 108.51 105.78 888.61 732.05 102.58
6 102.58 97.93 963.84 793.45 104.74
7 110.96 113.33 831.24 685.28 97.91
8 100.14 105.24 758.32 625.26 95.15
9 126.47 130.64 954.79 786.85 96.81
10 118.04 127.98 991.29 816.61 92.23
11 191.61 207.35 1539.134 1251.472 9241
12 134.70 138.03 1058.991 867.526 97.59
13 95.97 100.25 823.495 675.869 95.73
14 105.75 112.78 1026.078 840.654 93.77
15 89.04 97.51 1042.034 853.332 9131
16 121.76 129.60 1085.057 887.567 93.95
17 116.21 122.31 1003.62 821.891 95.01
18 110.94 117.19 1047.936 857.701 94.67
19 90.48 94.37 941.409 771.027 94.67
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Table.A.3 Result of bending test for N3

Sample Exp. FEM Notching Mask Match
No. Displacement(jam) Displacement(jam)  Stress(MPa) Stress(MPa) Exp./FEM(%)
1 161.90 176.20 1411 1158 91.88
2 141.21 154.78 1385.1 1136.5 91.23
3 122.49 125.58 13316 1092.6 97.54
4 160.62 170.10 1432.6 11745 94.43
5 113.36 120.06 1205.1 990.27 94.42
6 189.38 199.53 1351 11085 94.91
7 15251 158.70 1116.1 918.28 96.10
8 204.18 222.14 1600.1 1307.9 91.92
9 98.14 104.31 876.53 722.14 94.08
10 142.18 144.07 1396.2 11441 98.69
11 100.61 109.73 849.764 697.259 91.69
12 179.54 193.65 1419.759 1157.09 92.72
13 179.56 194.71 1454.056 1184.363 92.22
14 122.60 133.44 1115.634 912.233 91.88
15 128.46 139.40 1161.43 949.372 92.15
16 117.45 126.24 1125.57 920.383 93.03
17 139.86 152.83 1494.992 1214.815 9151
18 110.78 114.62 1335.434 1087.123 96.65
19 142.90 147.75 1335.955 1087.452 96.65
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Table.A.4 Result of bending test for N4

Sample Exp. FEM Notching Mask Match
No. Displacement(jam) Displacement(jam)  Stress(MPa) Stress(MPa) Exp./FEM(%)
1 142.64 152.04 1101.7 906.84 93.82
2 179.46 190.19 1329.1 1091.4 94.36
3 156.31 164.36 1185.7 975.37 95.10
4 160.01 173.97 1321 1084.8 91.98
5 178.78 189.66 13144 1078.9 94.26
6 197.25 201.03 1360.2 1115.9 98.12
7 194.05 202.98 1397.6 1146.2 95.60
8 180.54 182.40 1343.2 1102.2 98.98
9 14411 140.99 11711 962.71 102.21
10 141.39 134.04 1305 1070.7 105.48
11 137.89 142.64 1188.108 970.55 96.67
12 174.23 182.18 1371.158 1118.209 95.64
13 138.22 144.63 1085.43 888.902 95.57
14 158.91 168.51 1275.797 1042.195 94.31
15 71.94 73.66 621.767 510.153 97.66
16 107.89 112.03 921.816 755.479 96.31
17 146.79 155.12 1283.306 1047.124 94.63
18 133.95 138.10 1225.544 1000.756 97.00
19 114.15 110.97 1103.644 902.353 97.00
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Table.A.5 Result of bending test for N7

Sample Exp. FEM Notching Mask Match
No. Displacement(jam) Displacement(jam)  Stress(MPa) Stress(MPa) Exp./FEM(%)
1 141.42 152.57 1105.3 909.76 92.69
2 174.99 169.29 1195.1 982.87 103.37
3 159.67 169.38 1219 1002.5 94.27
4 170.93 178.03 1240.8 10195 96.01
5 177.25 184.14 1256.4 1032.1 96.26
6 163.61 164.76 1155.7 950.52 99.30
7 133.98 138.25 1038.6 854.97 96.91
8 138.35 140.75 1169.3 961.21 98.29
9 87.29 92.91 914.89 753.37 93.96
10 120.94 131.25 1198.185 898.161 92.15
11 141.62 152.01 1160.966 949.737 93.16
12 153.23 156.84 1171.056 958.017 97.70
13 158.97 163.54 1241192 1014.441 97.20
14 127.21 132.06 1075.713 880.996 96.33
15 117.02 119.73 1087.096 890.065 97.74
16 82.73 89.11 952.783 780.903 92.84
17 124.40 131.75 1102.193 901.395 94.42
18 125.28 127.47 1044.212 854.758 98.28
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Table.A.6 Result of back-side bending test for N4

Sample Exp. FEM Notching Mask Match
No. Displacement(jam) Displacement(jam)  Stress(MPa) Stress(MPa) Exp./FEM(%)
1 17547 162.13 955.77 1158.7 108.23
2 167.55 159.87 944.5 11448 104.80
3 157.81 151.42 951.52 11535 104.22
4 185.43 179.15 1025.1 1242.6 103.51
5 206.73 198.90 1106.1 1342 103.94
6 194.18 191.42 1149.9 1396 101.44
7 146.67 144.32 982.14 1190.2 101.63
8 166.21 161.46 1260.6 1532.7 102.94
9 138.56 140.21 973.394 1179.732 98.83
10 196.73 197.50 1528557 1866.256 99.61
11 140.60 138.08 865.098 1048.368 101.83
12 140.58 139.25 855.682 1035.738 100.96
13 158.12 154.55 960.142 1162.564 102.31
14 141.30 132.99 906.316 1097.258 106.25
15 134.53 128.79 863.74 1045.467 104.46
16 139.56 131.72 898.369 1087.508 105.95
17 132.13 127.60 926.932 1122.419 103.55
18 122.96 120.24 868.269 1173.489 102.26
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