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Abstract

The characteristics of NO/N;O nitrided oxide and reoxidized nitrided oxide being studied as super thin gate oxide
and gate dielectric layers of nonvolatile semiconductor memory(NVSM) was investigated by dynamic secondary ion
mass spectrometry(D-SIMS), time-of-flight secondary ion mass spectrometry(ToF-SIMS), and x-ray photoelectron spectroscopy
(XPS). The specimen was annealed in NO/N;O ambient after initial oxide process. The result of D-SIMS exhibits that
the center of nitrogen exists at the initial oxide interface and the distribution of nitrogen is wider in the annealing
process with N;O than with NO annealing process. For investigating the condition of nitrogen that exists within the
nitrided oxide, ToF-SIMS and XPS analysis were carried out. It was shown that the center of nitrogen investigated by
D-SIMS was expected the SiON chemical bonds. The nitrogen near the newly formed reoxide/silicon substrate interface
was appeared as Si,NO chemical bonds, and it is agreed with the distribution of SiN and Si,NO species by ToF-SIMS.
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Table 1 Sample preparation conditions.
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W/F Im.t1al Anneal condition condition

No. oxide for 2.0 nm

[nm] . .
Gas | Temp. | Time Time

1 800°C 210”7

2 9007 | 30 min 9'30”

3 6.7 NO |1000C 32'00”

4 1000C | 15 min 22'03”

5 1000C | 60 min 41°00”

6 6.0 N,O |[10507C | 25 min 9'30”
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Fig. 1 Nitrogen profile after NO anneal and reoxidation.
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Fig. 2 Nitrogen profile of reoxidized nitrided oxide
with NO anneal temperature.
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Fig. 3 Nitrogen profile of reoxidized nitrided oxide
with NO anneal time.
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Fig. 4 Reoxidation time with the nitrogen content for
the same reoxidized nitrided oxide thickness
of 20 nm.
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Fig. 5 D-SIMS{solid line)/ToF-SIMS(dotted line) analysis
after NO anneal and reoxidation.
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Fig. 6 D-SIMS(soiid line)/ToF-SIMS{dotted line) analysis

after N2O anneal and reoxidation.
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Fig. 7 Schematic cross section of reoxidized nitrided oxide with NO/N:O anneal and reoxidation
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Fig. 8 XPS analysis of nitrogen in film after NO anneal
and reoxidation.
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