Oxide Etch Rate Prediction under
Varying O2 using Stepwise Forward
Selection of Principal Components
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* Challenges in Process Control
Delay in physical metrology limits immediate Run-to-Run (R2R)
control.

Chemical Etching

F radicals serve as the primary chemical etchant by reacting
with the substrate to form volatile byproducts.

Si02(s) + 4F(g) — SiF4(g)T + 02(g)
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" QObjective

Construct a sensor-based Virtual Metrology (VM) model to Dual impact of 02 Addition
predict SiO2 etch rate in real-time under O2 gas variations > liberating effective F radicals and initially increasing
causing severe multicollinearity, establishing a decorrelated the etch rate. e
\Variable pipeline through chemical/physical insight. J » Excessive 02 flow causes radical over-saturation, leading to g o ‘E’I
active site blocking and heavy non-linear process shifts.
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O 1 Physical Bombardment

J
.], © CFx+ and Ar+ ions driven by bias voltage provide
energy bombardment, breaking Si-O bonds

Raw D ata (O E S’ VI) \ and accelerating spontaneous surface reactions. /

Feature Filtering

OES variables (12)
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»  Tracks relative radical densities -F (703.57, 686.60nm), | y‘ ne-ratio 1
0 (777.03,700.65nm), CF2 (251.86, 262.80nm), e Jasma 0 8246 0.8806
CF (258.12, 724.06nm), CO (645.4, 644.44nm) against o 0.7/846 '
an Ar (750.49nm) reference to counter gas volatility. e Mo 0.8 0.6953 F
* Ar Line-ratio (ne, Te) highest
»  Selects 706.49/750.49 (ne) and 763.26/738.29 (Te) as 0.6 accuracy by
non-invasive plasma proxies, validated by high r1vs lon Density combining
correlation (r > 0.92) with ion probes. T 0.4 chemical
NN factors with
VI variables (9) 0.2 subtle process
» Transformed raw electrical signals from the multi- variations.
frequency bias line into physical kinetics. 0
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The Bottleneck!

Conventional models faced limits (R2 < 0.82) because dominant
OES chemical factors masked crucial physical VI signals. OES (Chemical Quantity) | = VI (Physical Quality) ==> | Black Box Explainable
* Fix dominant chemical factors (Radical Density)

=  Extract subtle chamber drift from low-variance Principal . D trated the i ¢ f yhvsicall - oful AN :
Components (PC4~PC15). emonstrate € Importance ol pnysically meaningiul variaoles via

\_ ) OES Actinometry(ng, n,).
- » Established a hybrid VM pipeline by resolving dependency using

independent variables (PC4~15).

: _ _ . . 0 _ |
Hybrld \VA\Y| Model Derivation mproved pred.lctlon accuracy t(? RZ, 0.88, enabling precise,
decorrelated SiO2 etch rate monitoring.
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