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Study on SiO2 Degradation Mechanism and Novel Oxidation Process for Highly Reliable Gate Oxide
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We investigated the mechanisms of dielectric breakdown in ultra-thin SiO2 used for scaled Si LSIs, using newly developed

investigation methods.
constant for discharging of the stored energy in a MOS system.

It was found that SiO2 dielectric breakdown is dominated by the amount of discharging energy and the time
For the suppression of defect generation in SiO2, we demonstrated

that fluorine-incorporating SiO2 has a great potential for realizing a very steep charge-to-breakdown (Qoad) distribution.
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TEM images of dielectric breakdown portion for gate-positive (a) and
gate-negative (b) stress conditions
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Relationship between discharging energy at SiOz dielectric breakdown
and Rod
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Change in ratio of hard and soft breakdowns by inductance serially
induced into measured circuit
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Weibull distribution of Qod according to fluorine dosage
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Change in absorption spectrum of Si-O-Si asymmetry stretching
vibration by fluorine incorporation, measured by FT-IR

oooboooooooooooooOoOoOoOoOOOOOOOOOO000

ooooooon

0000

cboobooooboobOoooooonboooooann
gboooooobooobooboboocOoobooobooooo
gboooooooooocoboooobooOobooooon
obboooooooooooooooooboooooo
gobboboooobooooboobooooooood

tobooboooboboobooboooboboboooon
goooobooboooobooooooooooboooooDo
gbobooooboooooocooooooOoobooonn
goobooooooooilobooobooooooooon
gboboooooooboooboboooobooz0o0onon
gzi0b0000ooboocooooooooocbooOooon
gooboboooobooooooooobobcooboooon
obboobooooooboooooooboobobooogo

ooooOooooODooooosic.0000n0oonon
oooooobOooboooboocobooOobOoooboOooa
FOOOOOOOODODOOOOOOOoOooOoooooboooor
uboooocobooobOoboooboOooobOoboooon
gooooOoocoboobobocboobooobOOobcbOoonoOon
gbobooooboobboooooobOobOooooobooon
gobooooooooooo

oog

(1) Satake, H., et al. Dielectric Breakdown of Thin-SiO: Studied by the Post-
Breakdown Resistance Statistics. IEEE Trans. on Electron Devices. 47, 2000,
p.7410745.

(2) Satake, H., et al. SiO: dielectric breakdown mechanism studied by the post-
breakdown resistance statistics. Semiconductor Science and Technology. 15,
2000, p.4710 477.

(3)  Toriumi, A, et al* Gate Electrode Effect on Dielectric Breakdown of SiO2".
Proceedings of the Material Reserch Society Symposium. 446, 1997, p.3013.

(4)  Mitani, Y., etal* Reexamination of Fluorine Incorporation into SiO2[] Signif-
icant Improvement of Charge-to breakdown Distribution Tail 0 " . 1999 IEEE
International Reliability Physics Proceedings. 1999, p.930 98.

(5)  Yasuda, N., et al* Spectral Shape Analysis of Infrared Absorption of Ther-
mally Grown Silicon Dioxide Films”. Appl. Surface Sience. 117/118, 1997,
p.2160220.

000000 SATAKE Hideki

0o0o0000o wsiocoooooooooooooo
LSiDo00oooooOooooooooboooooooooon

oooooOooooOoooooo
Advanced LSI Technology Lab.

ﬁ 0000000MITANI Yuichiro

Jo0o0opooo Lsioocooooooooooooboo
LSiDo0ooooboooooobobooobooboooo
- Advanced LSI Technology Lab.
ol b

61



