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Realization of Ultrathin and Ultralow-Leakage SiON Gate Dielectrics
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Toshiba has developed a gate silicon oxynitride (SION) film with the world’s smallest thickness and lowest leakage current for next-

generation CMOS.

It has been difficult to realize SiON film with a high dielectric constant and good interfacial properties, because if we

oxidize a SiN film, not only oxidization of the SiN/Si interface but also that of the bulk SiN and its surface occur simultaneously due to its

low oxidation resistance.

We found that oxidation-resistant SisN, film can be formed by uniformly arranging threefold coordinated N

atoms into the Si subsurface layer, and successfully incorporated O atoms into the SiN/Si interface with minimum disruption to the SiN

structures.

Using this novel process, we have realized a high-quality ultrathin gate SiON film having an equivalent oxide thickness of 0.7 nm and a
leakage current of 95 A/cm? (which is 1/10 or less the conventionally achieved leakage current), with superior suppression of boron pene-

tration (AVin = 0.04 V).
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The mobility is not degraded below 89 % that of the ideal SiO, film.
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Calculated nitrogen adsorption energy as function of N = Si; density
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Effect of nitridation temperature on surface roughness
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Schematic of nitridation mechanism
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MOS RS2 4 (SION BE) DRIE TEM &0
AR A : SION/Si FREHSIE (FHEFESR : OSi, ON, O0)

##AE B : SION FEHIERO

4. WEATEMRE, RHRERIOT 7V — RO ITEL R4, B oMbz Mz > SEN/SIRH & BILTETw 5,
Cross-sectional photograph and depth profile of oxygen atoms in SiON film after oxidation
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Vi shift of pMOS caused by boron penetration
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