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Fig. 1. (a) Schematic of plasma induced damage; chemical structure of low-%k porous materials (b) before plasma damage and
(c) same structure after plasma damageld.
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Table 1.  Characterization methods of plasma induced damagel6.
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Fig. 2. Damage free etching of porous low-k material: Post

porosity plasma protection (P4), cryogenic etch and low

temperature etch using precursor condensation'.
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Fig. 3. FTIR spectra of OSG-2.0 material (before and after
plasma etching): (a) Without bias; (b) with biasl'l.
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Fig. 4. Etching rate of OSG-2.0 material at different chuck

temperaturel'3.
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Fig. 9. Change of refractive index as a function of temperat-
ure, showing the condensation of pure SFg or C,Hy into a
porous low-k SBA-2.2[14,
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Fig. 10. Plasma etch results with mixture of C,Fg/SFy at
different chuck temperature: (a) Refractive index; (b) etch-
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Fig. 11. Refractive index of porous material at various
chuck temperature in HBPO, SF; and C,Fy gas!'0l.
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Fig. 13. Etching rate and k value of porous material for dif-

ferent gas discharge as a function of chuck temperaturel'®.
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Fig. 14. Etching profiles at various chuck temperature: (a) =50 °C; (b) =95 °C; (c) —104 °C; (d) -110 <C; (e) —115 °C; (f) —120 CP.
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Fig. 15. Evolution of etching profiles at various chuck temperature (-50, ~104, —120 C)24.
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Fig. 16. Cross-sectional images of narrow spacing trench profiles: (a) —50 °C, after plasma etching; (b) —50 °C, after plasma etching
and 0.5% dHF dip 30 s; (c) 110 °C, after plasma etching; (d) 110 °C, after plasma etching and 0.5% dHF dip 30 s .
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Fig. 17. Calculated (a) and (d) F atom density (in cm?), (b) and (e) C,F; molecule density (in cm ?), and (¢) and (f) normalized
ion energy and angular distributions, at -50 °C (a)—(c) and —120 °C (d)—(f)[?*.
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SPECIAL TOPIC—Several problems in plasma physics and material treatment

Cryogenic etching of porous material’
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Abstract

With the shrinkage of chip feature sizes, porous materials are widely used in microelectronics. However,

they are facing severe challenges in plasma etching, as the reactive radicals can diffuse into the interior of

material and damage the material, which is called plasma induced damage. In this paper, we review two kinds

of etching processes based on low chuck temperature, i.e. cryogenic etching. By lowering the chuck temperature,

either the etching by-products or the precursor gas can condense in the porous material, and thus preventing

the radicals from diffusing and protect the material from being damaged by plasma. The technology of

cryogenic filling inside the porous material is simple but effective, which allows it to have a good application

prospect.
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