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ABSTRACT

Recently, with the development of portable electrical product, the non-volatile memory
device has more and more indispensable in our daily life with the help of advancing structure,
technology, and the reliability of the operation condition. Especially the SONOS flash memory
device, which structure is stacked on silicon-oxide-nitride-oxide-silicon. Using SizN,
trapping layer to substitute poly silicon which were used in traditional floating gate memory
device. Compared to the traditional floating gate memory device, SONOS flash memory device
has a higher reliability, lower operation voltage and power consumption etc...

Reliability is one of the most important analysis for memory device. Endurance, retention,
operation window, programming time ... are included in reliable analysis. However, in our
study we will focus on operation window.

We will use Silvaco TCAD to build a simple SONOS flash memory device. Changing the
device’s structure of tunneling oxide without disturbing other structures. We will simulate and
analyze, when the device can operate with the best performance. Result of our simulate
indicates that the device will have three regions for changing tunneling oxide thickness. Those
regions will have different main influences. In the study 5.5nm tunneling oxide will have the
most favorable operation window.

Furthermore, we used the result of the first study and changed the doping of the silicon
in its bulk structure. Our studies found that when the device is in heavy doping (n = 102°cm™3),
the substrate doping will change from p = 5 X 106 to 1 x 10 cm™3. The result is similarly
to the previous study that will have the favorable operation window at 5~6nm. To conclude,
when the device is in lightly doping (n = 1017cm™3), the substrate doping will change from
p=5x%x10to1x 10%cm™3. Then, 4~5nm tunneling oxide will have more favorable
operation window.

Therefore, when we combined two result of our study. The SONOS flash memory that
we constructed in heavy doping (n = 1 X 102°cm™3,p = 1 X 107cm™3), will have the most

favorable operation window at tunneling oxide for 5nm. Then, in lightly doping (n =



1x107cm™3,p =1x10%cm™3), will have the most favorable operation window at
tunneling oxide for 4nm.
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