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ABSTRACT

In the traditional floating ‘gate Flash memory structure, when the tunneling
oxide is below 10nm, the storage charge in the poly-silicon floating gate is easy to
leak due to the defects in the tunneling oxide. The SONQOS structure is proposed to
solve this problem of floating gate structure when the device is scaling down. In
conventional SONOS memory device, the charge trapping layer is silicon nitride and
the storage charge is trapped in the discrete traps and this can improve the data
retention problem of the floating gate structure. But in the traditional SONOS memory,
the conduction band offset between tunneling oxide and silicon nitride is so small and
this will slower the program speed. So using high-k dielectrics to replace traditional

silicon nitride has been widely studied.

Traditional high-k thin films have been prepared by atomic layer deposition



(ALD), physical vapor deposition like sputter (PVD), and metal-organic chemical
vapor deposition (MOCVD). However, the cost of these methods is very high. In this
thesis, we propose the sol-gel spin coating method to deposit the high-k dielectrics as
the purpose of charge trapping layer for the SONOS-type memory. The advantages of
the sol-gel spin coating method are lower cost than other methods and easy to
synthesize two or three different high-k dielectrics.

In chapter 2, we synthesize the combined film of HfO, and SiO; by using the
precursor of HfCl, and SiCl, together. Prior to 900°C rapid thermal annealing, these
precursors are dissolved in the IPA and spin coating to form the binary high-k charge
trapping layer for SONOS-type memory. From the TEM analysis, the nanocrystals are
formed after 900°C annealing. This binary high-k charge trapping layer show the
larger memory window and better.charge retention ability than HfO, charge trapping
layer only. This observation is- attributed to'the. more trapping sites in the binary
high-k charge trapping layer. We think sel-gel-spin coating method is a simple, fast,
and low cost method to apply for the high-k charge trapping layer deposition of
SONOS-type memory.

In chapter 3, we fabricate the SONOS-type memory with co-existed hafnium
silicate and zirconium silicate nanocrystals for the first time. The performance of the
co-existed hafnium silicate and zirconium silicate nanocrystals formed by the sol-gel
spin coating method and RTA treatment exhibits better properties in terms of long
charge retention time, and good endurance. We also found the co-existed hafnium
silicate and zirconium silicate have better device performance than the hafnium
silicate nanocrystal memory only. This new type of memory is beneficial for the

future industry.



