MSONKOHEE

i SCEH TStudy on the charge trapping phenomena in silicon carbonitride films for

nonvolatile semiconductor memory applications |
(FEFEMENER AT Y ~DISHO =D D) 2 v RE(EO E TSI
B3 % WFoE)

AL EEE SHEIKH RASHEL AL AHMED

% — 77— K nonvolatile memory, silicon carbonitride, charge centroid, charge retention, charge trap
center

The metal-oxide-nitride-oxide-semiconductor (MONOS)-type memory with an ultrathin tunnel
oxide film has attracted considerable attention for embedded nonvolatile memory (NVM)
applications. Electrons and holes captured by charge trap centers existing in the silicon nitride charge
trapping film induce a shift in the threshold voltage of memory transistors in the MONOS-type
devices. This phenomenon is applied to store data. The memory cell size in the MONOS-type
devices has been becoming smaller in the past few decades. In such small memory cells, it is a
challenge to promote the programming and erasing speeds and data retention simultaneously.
Therefore, a better understanding of the electron and hole trapping mechanisms and of the emission
mechanism of carriers trapped in the charge trapping films is important. In this dissertation, the
constant-current carrier injection method was proposed to analyze the charge centroid of carriers
trapped in the charge trapping films. Recently, silicon carbonitride (SiCN) dielectric film has been
expected to be an attractive candidate of the charge trapping film of embedded NVMs instead of the
silicon nitride film. Unfortunately, there are few reports on the charge trapping phenomenon in the
SiCN-based memory. Therefore, a comparative study of the charge centroid of holes captured by
empty trap centers in the SiCN and silicon nitride charge trapping films was made using the
proposed constant-current hole injection method and the hole transport in both films was discussed
also. The elimination of electrons trapped in the charge trapping films was also investigated by using
the proposed method. In addition, an improved analytical method for the charge retention
characteristics in the charge trapping films was presented and the energy distribution of electrons
trapped in the SiCN films without any adjustable parameters was obtained. This dissertation consists

of five chapters. The contents of each chapter are summarized as follows.

Chapter 1 states the overview of the dissertation. In this chapter, the relationship between the
properties of the charge trap centers and the performance and reliability of NVMs was explained.

The background and objectives of the present research were described. The organization of the



dissertation was described also.

In chapter 2, the constant-current carrier injection method was proposed to obtain the charge
centroid of charge carriers trapped in the charge trapping films and to count the number of carriers
injected to the films. The proposed method was used to inject holes into the SiCN and silicon nitride
charge trapping films with only empty trap centers, and the charge centroid of holes trapped in the
films was extracted. The charge centroid of trapped holes was initially located near the middle of the
films, and then moved to the vicinity of the blocking oxide films with increasing the number of holes
injected to the charge trapping films. It was also found that the charge centroid of holes trapped in
the SiCN film was closer to the blocking oxide film as compared to that in the silicon nitride film.
These experimental results were explained by taking into account the Poole-Frenkel conduction of

holes in the charge trapping films.

In chapter 3, the electron elimination phenomena in the SiCN and silicon nitride charge trapping
films with trap centers filled by electrons was investigated by using the constant-current carrier
injection method. It was found that almost all electrons trapped in the charge trapping films could be

eliminated due to hole injection under negative gate bias.

In chapter 4, an improved analytical method for the charge retention characteristics in the charge
trapping films was presented. This method allows us to extract the energy distribution of charge
carriers trapped in the SiCN or new dielectric films. Using the proposed method, the trapped
electrons were determined to be distributed from 0.8 to 1.3 eV below the conduction band edge in
the SiCN charge trapping film. The presence of such deep trap centers lead us to suggest that the

SiCN dielectric films can be employed as the charge trapping film of embedded NVMs.

Chapter 5 describes the summary of the dissertation, and finally suggestions for future studies of

the research were delivered.

As described above, the dissertation proposes the constant-current carrier injection method and
the analytical method for the charge retention characteristics in the charge trapping films. It is shown
that the constant-current carrier injection method is useful for obtaining the accurate charge centroid
of carriers trapped in the charge trapping films. The experimental results and discussion shown in
this dissertation are important to get a better understanding of the hole trapping phenomena in the
SiCN and silicon nitride charge trapping films. From the view point of the charge retention of NVMs,
the proposed analytical method for the charge retention characteristics, which needs no adjustable
and extra parameters, is very helpful for determining the energy distribution of carriers trapped in the
SiCN or new dielectric films. The two methods proposed in the present study are considered to be

advantageous to develop embedded NVMs employing the SiCN or new charge trapping films.
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