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We investigated ammonia plasma treatment influence on the nonvolatile memory characteristics of
the charge storage layer composed of Mo nanocrystals embedded in nonstoichiometry oxide �SiOx�.
X-ray photoelectron spectra analyses revealed that nitrogen was incorporated into the charge storage
layer. Electric analyses indicated that the memory window was reduced and the retention and the
endurance improved after the treatment. The reduction in the memory window and the improvement
in retention were interpreted in terms of the nitrogen passivation of traps in the oxide around Mo
nanocrystals. The robust endurance characteristic was attributed the improvement of the quality of
the surrounding oxide by nitrogen passivation. © 2009 American Institute of Physics.
�DOI: 10.1063/1.3081021�

Nanocrystals embedded in dielectric as a charge storage
layer of the floating gate structure attracted much attention
for next generation nonvolatile memory. Employing discrete
nanocrystals is expected to suppress charge loss due to lat-
eral migration in poly-Si floating gate.1,2 Nanocrystals
have been fabricated by several methods such as ion
implantation,3,4 sputtering,5,6 and oxidation.7,8 It is expected
that those processes can induce defects or traps in the oxide
around nanocrystals during the fabrication process. The in-
duced deficiency in the surrounding oxide can lead to stored
charges leaking out of the nanocrystals through trap assisted
tunneling.9,10 Therefore, the quality of the surrounding oxide
is an important issue to nanocrystal memory.

In this study, we investigated the effect of ammonia
�NH3� plasma treatment on memory characteristics of
Mo nanocrystal memory.11 The NH3 plasma treatment tech-
nique has been investigated to improve the quality of gate
dielectric.12,13 Our experimental results show that the
memory characteristics were influenced by incorporation of
nitrogen into the surrounding oxide.

The memory cells were fabricated on 6 in. p-type Si
substrate. After the substrate was cleaned with standard Ra-
dio Corporation of America process, a 5-nm-thick dry oxide
was thermally grown at 950 °C on the substrate in a hori-
zontal furnace. An 8-nm-thick Mo silicate layer was subse-
quently deposited on the oxide layer by cosputtering Mo and
Si in Ar �24 SCCM�/O �2 SCCM� �SCCM denotes cubic
centimeter per minute at STP� ambience. A 30-nm-thick Si
oxide as the control oxide was deposited on the Mo silicate
layer by plasma enhanced chemical vapor deposition
�PECVD� at 300 °C. Thermal annealing process was per-
formed in N2 ambience at 900 °C at 60 s to form Mo nano-
crystals embedded in SiOx. Cells were then treated with NH3
plasma in PECVD chamber for 30 min with a NH3 gas flow
rate of 20 SCCM and the chamber pressure of 67 torr at

power of 50 W. To measure the electric characteristics, a
500-nm-thick Al was thermally evaporated through a shadow
mask on the control oxide to form the metal-oxide-
semiconductor �MOS� structure. The x-ray photoemission
spectroscopy �XPS� was adopted to analyze the chemical
bonding and composition of the charge storage layer. Elec-
trical characteristics were measured using Keithley4200 and
HP4284 Precision LCR meter.

Figure 1 shows the XPS spectra of the charge storage
layer with and without the plasma treatment, which was per-
formed by using a monochromatic Al K� �1486.6 eV� x-ray.
Figure 1�a� shows the XPS Si 2p spectra of the charge stor-
age for the sample with and without the plasma treatment.
For the sample without the treatment in Fig. 1�a�, the peak
position of XPS Si 2p situated at 102.9 eV indicates that the
surrounding oxide of nanocrystals is SiOx.

14 There is no ob-
vious difference in the peak positions between the samples
with and without the treatment. However, it was found that
an additional XPS peak �397.8 eV� appears in the Mo 3p and
N 1s spectra of the charge storage layer after the plasma
treatment, which indicates that the incomplete bonds in SiOx

a�Electronic mail: tcchang@mail.phys.nsysu.edu.tw.

FIG. 1. �Color online� �a� Si 2p, �b� Mo 3p, and N 1s core-level spectra of
the charge storage layer composed of Mo nanocrystals embedded in SiOx

with and without the plasma treatment.
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bonded with nitrogen after the plasma treatment, as shown in
Fig. 1�b�.15

Figures 2�a� and 2�b� show the C-V curves of MOS
structure embedded with Mo nanocrystals for the sample
with and without the plasma treatment, respectively. At the
smaller sweeping voltage of 2 V, there is a negligible
memory window in Figs. 2�a� and 2�b� corresponding to the
quasineutral state �i.e., no charge is stored in the charge stor-
age layer under this sweeping range�. At the larger sweeping
voltages, there are counterclockwise memory hystereses in
Fig. 2. The counterclockwise hystereses are due to carrier
transport through tunnel oxide between the charge storage
layer and the Si substrate. We note that the memory windows
of the sample with the plasma treatment are smaller than that
without the treatment. For the smaller memory window after
the treatment, we speculate the nitrogen passivation in the
charge storage layer. It has been suggested that the traps in
the oxide around nanocrystals can capture carriers and con-
tribute to the memory window.16,17 According XPS results,

the nitrogen was incorporated into the oxide around the Mo
nanocrystals after the treatment. The incorporated nitrogen
can passivate the traps in the oxide, which reduces the charge
storage centers and leads to the smaller memory window, as
indicated in the insets of Fig. 2.

Figure 3 is the comparison of the retention behavior for
the samples with and without the plasma treatment. The re-
tention was measured by a stress voltage of 10 V on Al gate
electrode for 5 s. The memory window was obtained by
comparing the C-V curves after the programming to the
quasineutral state. It can be found in Fig. 4 that, after the
103 s retention time, the decay rate ��66 mV/decade� of the
memory window for the sample with the plasma treatment is
slower than that without the treatment ��115 mV/decade�.
The superior retention of the sample with the treatment can
be explained by the nitrogen passivation of the traps in the
oxide around Mo nanocrystals. When charges are stored in
the nanocrystals, the stored charges can escape with the as-
sistance of traps �traps assist tunneling� in the surrounding
oxide. Because the traps in the oxide were reduced after the
plasma treatment, the retention was improved by suppressing
the trap assisted tunneling process.

Figures 4�a� and 4�b� presents the endurance character-
istics of the samples with and without plasma treatment un-
der the pulse conditions of VG= �15 V for 1 ms, respec-
tively. In Fig. 4�a�, the �VFB �the difference in VFB between
programming and erase states� reduced significantly, and the
�VFB remained 51% after 106 program/erase cycles. How-
ever, the plasma treated sample exhibits robust endurance
characteristic ��VFB of 89% after 106 program/erase cycles�.
It is known that the �VFB reduction during the endurance test
is due to the degradation of the gate oxide.18 The better en-
durance characteristics of the sample with the plasma treat-
ment can be attributed to the improvement of quality of the
surrounding oxide. During the endurance test, the carriers
transport between nanocrystals and the substrate can damage
the surrounding oxide, which produces more traps. Because
the surrounding oxide was strengthened by the nitrogen in-
corporation after the treatment, the generation rate of traps
reduced, resulting in the better endurance characteristic.

In conclusion, the nonvolatile memory characteristics of
the Mo nanocrystals were influenced by the ammonia plasma
treatment. The C-V hysteresis reduced to 3.0 V and retention
characteristic improved with decay rate of �66 mV/decade
after the plasma treatment due to the nitrogen passivation of
the traps in the oxide around the nanocrystals. The incorpo-
ration of nitrogen into the charge storage layer through the
NH3 plasma treatment can strengthen the endurance charac-
teristic of Mo nanocrystals memory.

FIG. 3. �Color online� The retention behavior of the MOS structures with
and without the plasma treatment.

FIG. 4. �Color online� Endurance characteristic of the MOS structures �a�
with and �b� without the plasma treatment.

FIG. 2. �Color online� C-V curves of the MOS structure with and without
the plasma treatment. The inset of the is the simple band diagram of the
structure in the flat-band state.
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