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Abstract: In semiconductor wafer fabrication, etching is one of the most critical processes, by which a
material layer is selectively removed. Because of difficulty to correct a mistake caused by over etching, it
is critical that etch should be performed correctly. This paper proposes a new approach for etch endpoint
detection of small open area wafers. The traditional endpoint detection technique uses a few manually
selected wavelengths, which are adequate for large open areas. As the integrated circuit devices continue
to shnink in geometry and increase in device density, detecting the endpoint for small open areas presents
a serious challenge to process engineers. In this work, a high-resolution optical emission spectroscopy
(OES) sensor is used to provide the necessary sensitivity for detecting subtle endpoint signal. Partial
Least Squares (PLS) method is used to analyze the OES data which reduces dimension of the data and
increases gap between classes. Support Vector Machine (SVM) is employed to detect endpoint using the
data after PLS. SVM classifies normal etching state and after endpoint state. Two data sets from OES
are used in training PLS and SVM. The other data sets are used to test the performance of the model
The results show that the trained PLS and SVM hybrid algorithm model detects endpoint accurately.

Keywords: Optical emission spectroscopy, Plasma etching, Open area ratio, Partial least squares, Support
vector machine, Endpoint detection
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Fig. 1. Schematic of optical emission spectroscopy.
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Table 1. Characteristic wavelengths of excited species in
plasma etch.

. Erm.t:u = Some Wavelength
Material Species of
Botisint: Gas Products (nm)
- SiF 480, 777
Silicon CFy/O; Sicl 287
Si0; CHF3 CO 484
Aluminum Ck Al 391, 394; 396
BCl; AICI 261
CO 484
Photoresist 0 OH 309
H 656
Nz (used as Na 337
. a purge gas
Nitrogen prior to and NO 248
after etch)

. 100% etch

Decreasing open area fraction

Blanket Etch  Poly Gate Etch  Metal Etch
100% 10~-80%

Contact/Via Etch
0.1~5%

50~80%

Fig. 2. 100%~1% open area ratio.
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Fig. 3. Wavelength according to open area ratio. (a)
open area ratio 3%, (b) open area ratio 0.7%.
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Fig. 4. PLS result.
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Fig. 5. Optimal boundary by support vector machine.
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Fig. 6. Example of detected endpoint.
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Fig. 7. Examples of real time endpoint detection. (a)
open area ratio larger than 1%, (b) open area ratio
samller than 1%.
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Fig. 8. Comparison between hybrid algorithm and SVM
algorithm in open area ratio larger than 1%. (a) endpoint
detection using hybrid algoritm of PLS and SVM, (b)
endpoint detection error using SVM algorithm.
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Table 2. Endpoint detection rate.
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