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On-Line Control of Product Uniformity for Quality Improvement

Sungdo Ha*

ABSTRACT

In off-line process optimization, process parameters are controlled such that the process is robust against
changes in equipment conditions and incoming materials. The off-line methods, however, are not effective
when the changes are so large that process parameters need to be adjusted. On-line control can respond to
such large changes, but process uniformity has not been controlled on-line due to the difficulties in model-
ing. This paper is aimed at developing a new on-line control methodology where the uniformity is con-
trolled effectively. The process variability is categorized based on the physical considerations, and the
process parameters are classified considering their effects on the categorized process variabilities. On-line
control is performed with the properly selected process parameters so that robustness may not be degrad-
ed. The developed methodology is applied to the gingle wafer plasma etching processes, which resulted in
both higher within-a-wafer uniformity and compensation of the incoming material non-uniformity.

Key Words : On-Line Control(28H14o1), Off-Line Optimization(2Z 2182 4), E4 Robustness,
" Process Variability(F7% W3}8F), Process Parameter (¥4 #2€), Product Uniformity (A% TI4),
Quality Loss(F4&4).
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Table 1 Effects of Clagsified Process Parameters
on Categorized Variabilities

{*: Dan't Cara)

Non-tunable Tunable Variability
Variability Tunable Uniformi Mean
Tuning Factor Small Effects Lavge Effects
Adjustment Factar Smell Effects Hmall Effacts Large Effacta

Process Parameter
|
| | |

Robustness Factor Tuening Factor Adjustment Factor

Off~line Optimization of
Non-tanable Variability
On-line Control

On-line Control of
of Mean

Tunable Uniformity

Fig. 2 Process Paramenter Classification and
Usage
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Table 2 Index values for GAP and CHF3
GAP CHFy
Robustness | Average 934.7999 | 842.8999
Difference 1213.400 1397.2
Slope Average -1.403 | -3.08300
Difference 9.865000 | 6.50499%
Index, 1.845e-1 | 7.85%e-1
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Fig. 8 Resulting Slope of Oxide Etching Experiment
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Table 3 Index values for FIELD and POWER

FIELD | POWER

Robustness | Average 1895.09 1077
Difference 425,600 | 897.399

Slope Average 1.70e-1 | -3.1539
Difference 4.93799 171

Index, 7.70e-3 | 1.53699
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