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Fig.1 Two-dimensional axisymmetric schematic illustration of
the ICP etcher
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Fig.2 Comparison of pressure distribution at 0. lcm above the
lower electrode in two conditions
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Table 1 Codes of factor levels

ES JEEHE | EEEE (R OEE | AR

K x1/cm X2/cm x3/cm Xx4/sccm

b RS E(+1.353) 31.06 19.77 2.682 502.95
K+ D 30 18 2.4 450
E K (CK) 27 13 1.6 300
TAFEC-1D 24 8 0.8 150
TRESE(-1.353) 22.94 6.24 0.518 97.05
AT B A 3 5 0.8 150
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Table 2 Analysis of results of regression orthogonal experiments

JRWoR=s 2z z3 2z z3 z4 z12 z123 z124 2523 2524 2324 z] z5 z% z; y
1 1 -1 -1 -1 1 1 1 -1 1 -1 -1 0.314 | 0.314 | 0.314 | 0.314 |11.658
2 1 -1 -1 1 -1 1 -1 1 -1 1 -1 0.314 | 0.314 | 0.314 | 0.314 | 7.242
3 1 -1 1 -1 -1 -1 1 1 -1 -1 1 0.314 | 0.314 | 0.314 | 0.314 | 4.153
4 1 -1 1 1 1 -1 -1 -1 1 1 1 0.314 | 0.314 | 0.314 | 0.314 | 5.103
5 1 1 -1 -1 -1 -1 -1 -1 1 1 1 0.314 | 0.314 | 0.314 | 0.314 | 9.859
6 1 1 -1 1 1 -1 1 1 -1 -1 1 0.314 | 0.314 | 0.314 | 0.314 |10.222
7 1 1 1 -1 1 1 -1 1 -1 1 -1 0.314 | 0.314 | 0.314 | 0.314 | 4.309
8 1 1 1 1 -1 1 1 -1 1 -1 -1 0.314 | 0.314 | 0.314 | 0.314 | 3.183
9 1 -1.353 0 0 0 0 0 0 0 0 0 1.145 |- 0.686|—0.686|—0.686| 6.103
10 1 1.353 0 0 0 0 0 0 0 0 0 1.145 |—0.686|—0.686|—0.686| 5.141
11 1 0 —-1.353 0 0 0 0 0 0 0 0 —0.686| 1.145 |—0.686|—0.686|14.645
12 1 0 1.353 0 0 0 0 0 0 0 0 -0.686 | 1.145 |—0.686|—0.686| 3.633
13 1 0 0 —1.353 0 0 0 0 0 0 0 —0.686|—0.686| 1.145 |—0.686| 6.048
14 1 0 0 1.353 0 0 0 0 0 0 0 —0.686|—0.686| 1.145 |—0.686| 4.919
15 1 0 0 0 —-1.353 0 0 0 0 0 0 —0.686|—0.686/—0.686| 1.145 | 3.216
16 1 0 0 0 1.353 0 0 0 0 0 0 —0.686|—0.686|—0.686| 1.145 | 6.229
17 1 0 0 0 0 0 0 0 0 0 0 -0.686 | —0.686|—0.686|—0.686| 5.340
Bj 111.003] —1.885|—37.132|—5.758/10.931 | —2.945| 2.704 |—3.877| 3.877 |—2.704| 2.945 | 0.168 |13.047 |—0.338|—3.127
dj 17.000{11.661 | 11.661 |11.661 |11.661 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 8.000 | 6.705 | 6.705 | 6.705 | 6.705
bj 6.530 |—0.162| —3.184|—-0.494| 0.937 |—0.368| 0.338 |—0.485| 0.485 |—0.338| 0.368 | 0.025 | 1.946 |—0.050|—0.466
U; 0.305 [118.238| 2.843 [10.247| 1.084 | 0.914 | 1.879 | 1.879 | 0.914 | 1.084 | 0.004 |{25.388| 0.017 | 1.458
F; A 1091.950] 26.258 | 94.628 | 10.013 | 8.441 |17.355|17.355| 8.441 |10.013 A 234.462 A 13.465

23K 0.01 0.01 0.01 0.025 | 0.025 | 0.01 0.01 | 0.025 | 0.025 0.01 0.01
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Analysis of Processing Chamber Flow Field Characteristics for an ICP Etcher
Based on Regression Orthogonal Design”

Cheng Jia, Zhu Yu', Duan Guanghong, and Wang Chunhong

(Department of Precision Instruments and Mechanology . Tsinghua University, Beijing 100084, China)

Abstract: We attempt to investigate the influence of the processing chamber configuration of an inductively coupled plasma (ICP)
etcher on flow field characteristics. Four parameters,including chamber radius,chamber height,inlet radius,and inlet mass flow,are
arranged regression orthogonally to study the two-dimensional flow field models of the processing chamber of the ICP etcher,which
was built in the commercial software, CFD-ACE + . A function is defined to evaluate the uniformity of the pressure distribution above
the electrostatic chuck. The quantificational relation between key parameters and the uniformity of pressure distribution was found
through regression analysis of experimental results,and, furthermore,a quadric regression equation with high fitting degree was deter-
mined. The result demonstrates that the chamber height is the most significant factor. The results from the regression equation agree
well with those from simulation. This research can provide insight into the study and design configuration of etchers,chemical vapor
deposition (CVD) equipment,and oxidation/diffusion systems that are similar in configuration and processing condition.
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