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Application of Advanced Process Control on
Mix-product Chemical-Mechanical Polishing Processes
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Abstract

With the continuing shrink of device geometries, tightly control of semiconductor
manufacturing processes becomes a critical factor to improve the process performance,
throughput, and yield. Chemical-mechanical polishing (CMP) is part of critical processing
module in semiconductor manufacturing. In this project, we present design, analysis and
implementation of a run-to-run film thickness control scheme for the multi-product CMP
processes. A predictor-corrector type of control law will be utilized to regular the CMP process
time. The independent d-EWMA controller, the modified d-EWMA controller, and the
cooperative d-EWMA controller were applied to real multi-product CMP processes in order to
predict polish rates and compare their performances. Experimental results revealed that
application of the cooperative d-EWMA controller is proven herein to significantly improve the
estimation accuracy of the multi-product CMP process.

Key Words: semiconductor manufacturing processes, chemical-mechanical polishing (CMP),
multi-product, d-EWMA controller, polish rate.
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Table 1 Initial polish rates and drifts of each product

Polish rate (A/s)  Drift (A/s-run)

Product 1 101.69 -0.28
Product 2 95.23 -0.18
Product 3 84.12 -0.12

Table 2 Root mean square errors (RMSES) of the estimated polish rates for the independent
d-EWMA, modified d-EWMA, and multi-product d-EWMA controllers

RMSE(A/s)? Pad 1 Pad 2 Pad 3 Pad 4
Independent d-EWMA 2.7616 10.4969 3.5532 2.9647
modified d-EWMA 4.0122 12.2533 4.6037 3.2091
Multi-product d-EWMA 2.5483 10.3644 3.4022 2.6232
Improvement (%) over 8.37 1.27 4.43 13.01

independent d-EWMA

Improvement (%) over 57.50 18.22 51.32 22.33
modified d-EWMA
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Fig. 2. Estimated polish rates with history data for pad 1.
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Fig. 3. Estimated polish rates with history data for pad 2.
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Fig. 4. Estimated polish rates with history data for pad 3.
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Fig. 5. Estimated polish rates with history data for pad 4.
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