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“Ultrathin Body SOI Flash Memory Device”
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In order to achieve the low voltage
application for the SOI device and to reduce the
leakage current for improving the retention of
the flash memory, we have investigated forming
the nanocrystals in high-k HfSiO4 film for
memory device and also using the high-k HfO,
material to be the insulator in metal-insulator-
metal (MIM) for flash memory.

We have found that the HfSiO4 will
re-crystallize to form the nanocrystals when it is
annealed in O, ambience at high temperature. A

size of 7.8 nm and a dot density of 9.2x10'" cm™

for the nanocrystals are obtained. In addition, the
surface roughness is dramatically increased
when the nanocrystals are formed. Besides, the
dominating Hf-O-Si bonds will also gradually
transform to the Hf-O bonds when the HfSiOy is
re-crystallized. The electrical characteristics of
HfO, nanocrystal memory are also investigated
by measuring C-V and I~V curves. We have
found that more electrons are injected from gate
into the HfSiO4 as increasing the negative gate
voltages and trapped by the electron traps to
increase the positive shift of flat-band voltage
(V). Moreover, the centroid (X ) of 2.2 nm and
the trap charge density (Q,) of 4.78x107 C/cm’
are calculated by the double-IV measurement.
On the other hand, the metal-insulator-metal
(MIM) capacitors with high-k HfO, dielectrics

have been fabricated and investigated. The



results show a low leakage current density of
5x10™ A/em” and a high capacitance density of
3.4 fF/um* at 100 kHz in the MIM capacitors.
The temperature coefficient and frequency
dispersion effect for these MIM capacitors are
very small. The conduction mechanism is
extracted to be dominated by the Frenkel-Poole

(FP) emission.
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