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Experimental Analysis and Optimization of CF,/O, Plasma Etching Process
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ABSTRACT

This investigation is applied Taguchi method and the analysis of variance(ANOVA) to the reactive ion etching(RIE)
characteristics of SO, film coated on a wafer with CF,0, mixture. Plans of experiments via nine experimental runs are
based on the orthogonal arrays. A Ly orthogonal array was selected with factors and three levels. The three factors included
etching time, RF power, gas mixture ratio. The etching rate of the film were measured as a function of those factors. In
this study, the etching thickness mean and uniformity of thickness of the RIE are adopted as the quality targets of the
RIE etching process. The partial factorial design of the Taguchi method provides an economical and systematic method
for determining the applicable process parameters. The RIE are found to be the most significant factors in both the
thickness mean and the uniformity of thickness for a RIE etching process.
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Fig. 1. Measured points of the wafer.
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Table 2. The Lg experimental results

Outer array
Removed film thickness of SiO,
[1 (repeated experimenta values) Uni.
pt. 1 Pt. 2 Pt. 3 Pt. 4 Pt. 5

475.88 | 468.31 | 471.89 | 469.34 | 47878 | 0.3
1043.26 | 541.51 | 527.18 | 527.6 | 545.64 | 0.27
998.61 | 993 | 994.44 | 967.55 | 1007.69| 0.07
1114.32 | 1080.55 | 1121.1 | 1088.41| 1107.71| 0.32

141752 | 1430.25 | 1425.29 | 1397.42 | 1468.42| 0.19
1476.85| 1504.27 | 1437.89 | 1493.19 | 1473.33| 0.49
1342.44| 13159 | 1344.7 | 1311.63 | 1342.18| 0.19
1406.28 | 1397.94 | 1377.93| 1379.29| 1415.43| 0.21
2296.24 | 2262.63 | 2206.47 | 2265.64 | 22769 | 1.85

2329.5 | 2369.14 | 2329.5 | 2307.39 | 2352.66| 2.25
2582.43|2550.28 | 2581.9 | 2554.38|2588.12| 0.41
2618.7 | 2625.93 | 2645.31 | 2595.57 | 2645.08| 0.57

2533.01 | 2528.85 | 2507.56 | 2511.07 | 2528.19| 0.59
2692.72 | 2667.97 | 2638.41 | 2639.77 | 2642.63| 1.53
2099.8 | 2962.78 | 3002.68 | 2924.34 | 2986.73| 1.09
3048.03| 2991.39 | 3024.81 | 2965.52 | 3004.59| 2.66
4789.99 | 5000.16 | 4974.29 | 4881.41|5013.67| 1.11

periment
A B C
Factor Etching Upper/lower CF4/0O,
time[sec] RF power[W] | (sccm/scem)
Leve 1 60 200/50 30/0
Level 2 120 300/70 30/2
Level 3 180 400/90 30/4

4789.99 | 5000.16 | 4974.29 | 4881.41|5013.67| 1.11
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g. 2. p-value with located points of the wafer.
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Table 3. ANOVA anaysis for SIO, film thickness of the

wafer

Factor df SS MS F P
A 2 192.346| 96.173 | 380.91 | 0.003
B 2 68.449 | 34.224 | 13555 | 0.007
C 2 7.799 | 3.900 | 1544 | 0.061

Residual 2 0.505 | 0.253

Total 8 269.098
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Fig. 3. S/N ratios for removed etching thickness.
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Table 4. ANOVA analysis for uniformity of the wafer

Factor df SS MS F P
A 2 27477 | 137.39 | 7.01 0.125
B 2 91.30 | 45,65 2.33 0.300
C 2 10342 | 51.71 2.64 0.275
Residual 2 39.18 | 19.59
Total 8 508.68
Response is S/N ratio
! -5.0 =25 0.0 25 50
Residual error
Fig. 4. Normal probability plot.
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