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Development of Plasma-Resistant Glass

Kazuyoshi ARAI
Shinkichi HASHIMOTO
Tsutomu TAKAHATA

Silica-based plasma-resistant glasses containing rare-earth element (RE) and aluminum (Al) have been

developed. The co-doping with RE as a network modifier and Al as a network former was found to improve

remarkably the plasma durability of the glasses. The mechanism for enhancement of durability is discussed in

terms of the structural changes of the glasses. The RE-AI-Si-O glass of optimized composition was superior in

durability to representative plasma-resistant materials such as alumina and aluminum nitride ceramics. Since the

glasses after plasma etching showed quite smooth surface, it is also expected that less particles would be

generated from the glass surface during plasma etching as compared with ordinary ceramic materials.
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Fig.O0 O SiO, corrosion mechanism by F-plasma

g200000000000
gbobobobobobooboooooobooobgo
goboboooooooooobooboboboobo
gobodboboobuoobobooboobbooo
goboobodb beEM-451 00000000000
gobodboboobuooboboobooboboon
goboobooobobooboobobooobdg
gogboobooobooboboobbooboooboobog
gbooobooboooboobooboonn
DEKTAK-3030 DO O0D0OO00D0OO0O0O0O0O0DOO0D0
gobodbbooboobboobooboobon
goboobboobbooboooboobbon
goboobbooboobbobboobboob
OO00000O0ORDOODOOODOOOOO

Table 10 Etching conditions

Electrode gap 90 mm
Electrode size @ 280 mm (616 cm?)
RF power 100 W, 300 W
Etching gas CF,0 25 sccm
0,0 6 sccm
Ar(d 125 sccm
Base pressure 5x10° Pa
Etching pressure 15 Pa
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Fig.O O Relative etching rates of singly doped silica
glasses plotted against RF etching power
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Fig.O O Schematical drawings of glass structures(] simplified in plane view[]
(A) Undoped silica glass : SiO: tetrahedra form a continuous network.
(B) Singly doped with a corrosion-resistant element : non-bridging oxygens are generated.
(C) Charge compensated structure by co-doping of X and Al : non-bridging oxygens are not
generated from a glass of proper X/Al ratio.
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Fig.O0 O Relative etching rates of doped silica glasses
plotted against AE/(AEO Al)
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Fig.O O *Si MAS-NMR spectra of RE-AI-Si-O glasses
Total content of AIC REO 21 at0)
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Table 20 Etching behaviors
Material Relative etching rate Surface roughness(Ra) [nm]
(Fused quartz = 1.00) before after
Fused quartz 1.00 4 10
AlL,O, ceramics 0.14 530 645
AIN ceramics 0.12 223 362
RE-AI-Si-O glass 0.09 9 15
(Etching conditions : CF,+O,+Ar-300 W-4 h)
Table 30 Mechanical and dielectric properties
Densit Three points Vicker's Dielectric const.
Material ¥ bending strength hardness (1 MHz)
[9/cm’] [MPa] [GPa] []
Fused quartz 2.2 108 8.5 3.89
RE-AI-Si-O glass 35 100 6.4 9.17
Sodalime glass 25 44079 5.4 608
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Fig.O O UV-Vis transmittance of RE-AI-Si-O glass and
fused quartz
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