ABSTRACT A nonvol atil e sem conductor nmenory el enment enabling to inprove
i nsul ation performance of an insulator around a floating gate and to
decrease the ratio of oxidized s nmetal ultrafine particles in the floating
gate, are provided. In a process for producing nonvol atile seni conduct or
menory el ement conprising a floating gate nade of a hardly oxidizable
material having a G bbs' formation free eggrgy for formng its oxide higher
than that of Si in a range of fromO[err]Cto 1,200[err]C, and an insul ator
made of an oxide of an easily oxidi zaBkermetrerial surrounding the floating
gate and havi ng such an energy equivalent or |lower than that of Si, the
floating gate made mdnhslal yleé Ssaxi @hrzdbd soTaiienio By ¢ Berher tresh iyl Lisg ng a
physical form ng nethod, the oxide of the easily oxidizable material is
formed by usitwg iangatopsd cialsulertiorg peetfuathatcea athem calsulfatron ngromidiod, and
after a gate insulation filmis forned, a heat treatnment is carried out in
a m xed at nospherea tafncamyamd dird N ghscwuba theduc i gas oxnidd zddnper at ur e
range of fromO[err]Cto 1,200[err]C while the mixture ratio of the m xed
gas and the trestpdr atline fairee peontiraldsedirs cHedtl aatd ing hmthear dye oxi di zabl e
material is reduced and only the oxide of the easily oxidizable material is
oxi di zed. provided.
In a process for producing nonvolatile semiconductor
memory element comprising a floating gate made of a
hardly oxidizable material having a Gibbs’ formation free
10 energy for forming its oxide higher than that of Si in a

range of from 0°C to 1,200°C, and an insulator made of an
oxide of an easily oxidizable material surrounding the
floating gate and having such an energy equivalent or
lower than that of Si, the floating gate made of hardly

15 oxidizable material is formed by using a physical forming
method, the oxide of the easily oxidizable material is
formed by using a physical forming method or a chemical
forming method, and after a gate insulation film is
formed, a heat treatment is carried out in a mixed

20 atmosphere of an oxidizing gas and a reducing gas in a
temperature range of from 0°C to 1,200°C while the
mixture ratio of the mixed gas and the temperature are
controlled so that only the hardly oxidizable material is
reduced and only the oxide of the easily oxidizable

25 material is oxidized.





