Online-CD and -excursion monitoring in deep trench Si RIE etching
using optical emission spectroscopy for future R2R applications
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Introduction - Process and Motivation Setup - Sensor and Application Software
' IFX DRAM technology with trench cell capacitor concept (DT = deep trench)
' Si etch with high aspect ratio (AR = trench depth / Top CD) and fragle sidewall passivation (HBr-NF3-02 chemistry) Features of Hamamatsu MPM Features of Hamamatsu MPM
= current shrink roadmap requires addifonal online sensoring for excursion monitoring and fuure onfine CD controlling .
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In future: tiny DT process window - adjustment of etch recipe on intra-wafer and intra-step level! m O ports for tool connection
How can the DT etch process be controlled in real-time? By optical emission spectroscopy (OES) :
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Spectral Data Analysis Spectral Data Analysis
-> analysis of reference plasma -> long-term process+clean monitoring
= complex plasma interactions and a huge amount of optical emission lines require = main objectve of OES data analyss is the extracton of the most mportant mmoreover the calculated spectral patern allow a chemicalinferpretation of
a assignment of observed spectral peaks (o the applied chemistry spectral information by assessment of spectral changes in full spectral data plasma interactons
mmostof observed spectral lines were characterized based on = Principle Component Analysis (PCA) is a suitable method for 1 long term DT etch analysis disinguishes two different task:
experimental recipe variatons respectve the applies gas flows dimension reducton for highly correlated OES data (1) step accurate analysis of the clean processes between DT processes
HBr INF3/Ar /O SiF4 chemisties at oxide wafer and Si wafer in context of fong term spectral data analysis the PCA s used to exract (2) step accurate analysis of the DT efch process
mportantdatacted spetral Ines mostsignifcant spectral changes, described by the calculated spectal patiern
= Oxygen: 778, 845 nm
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u Nirogen: 316, 337, 358 m First spectral PCA pattern briviandit-bebidnotinin First spectral PCA pattern e
and area between 575 - 607 nm and 632 - 677 nm (mixed with F) of DT etch process of DT clean process
= Fluorine: 686, 690, 704, 713,720, 731,740, 775.6, 780.7 nm;
SiX: 336,437, 440 , 443 o F -
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Custom-designed experiments Long-term correlation of OES run-keynumbers with
H 20 B .
= CD modelling . — capacity measurements of the final trench cells
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SiX concentration can be used reaktime by OES to model the final electicalmeasured trench cell capacity
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m characterization of spectrally unknown etch processes: structuring into (1) element analysis by reference plasma’s, of DT ,m:k real-time analysis R2R controller of DT o 4
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(2) running custom-designed experiments, (3) long-term mass analysis of productive data and finally (4) feeding forward OES data e 7 o
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