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Effect of defects on lifetime of silicon electrodes and rings in plasma etcher
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Abstract Silicon electrode and ring in a plasma etcher those are in contact with harsh plasma suffer from periodic
heating and cooling during their lifetime. This causes the silicon components failure due to thermal stress remaining the
persistent slip bands (PSBs) on their surfaces. The factors that determine the lifetime of silicon electrode and ring were
discussed with respect to silicon ingot. The impurity level and the average defect concentration measured with glow
discharge mass spectrometer (GDMS) and microwave photo-conductance decay (u-PCD) were compared with the grade of
silicon ingots those are divided to slip-free and slip-allowed ingot. Some silp-allowed samples showed planar defects along
<110> direction on {001} surface. The role of these defects was suggested from the viewpoint of the lifetime of silicon
components.
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Fig. 1. Schematic of silicon electrode and ring during plasma etching, (a) and photographs of silicon focus ring after formation of the
persistent slip band, (b).
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Fig. 2. Impurity concentrations of various ingots analyzed by
(a) GDMS for overall composition and (b) bulk SIMS for car-
bon and oxygen. Concentrations of all other elements except
the denoted boron, sulfur and oxygen are below the detection
limit of 10 ppbw for GDMS and 26 ppbw for bulk SIMS.
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Fig. 4. Average MCLT over 2 inch samples of T-S/A after heat-
treatment and G-S/F before and after heat-treatment.
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Fig. 3. MCLT mapping diagram using a microwave photoconductance decay of (a) T-S/A sample after annealing and (b) G-S/F
before annealing.
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Fig. 5. 3-point bending fracture strength of silicon single crys-
tal showing brittle to ductile transition between 600 and 700
degree Celsius.
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Fig. 6. Optical micrographs fractured at 700°C, 0.1 mm/min of T-S/A sample after Secco etching for 30 sec; (a) edge and (b) central
region. The scale bar denotes 100 micrometers.
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Fig. 7. MCLT mapping diagram of T-S/A sample (a) before and (b) after fracture experiment at 700°C, 0.1 mm/min.
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