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Abstract

Carrier injection polarity and data retention characteris-
tics of gold-nanoparticle (Au-NP) nonvolatile memories
(NVMs) with low-damage CF,4 plasma treatment on block-
ing oxide (BO) layer have been investigated. At positive
gate bias, holes were injected from the gate into Au-NPs for
the memories with CF4 plasma treatment because of the
band engineering of BO layer. The gate-injected holes
stored at interface traps between Au-NPs and tunneling ox-
ide layer present extremely low charge loss, promising for
future NVM applications.

1. Introduction

Nanocrystal (NC) memory is one of the promising can-
didates being applied in future NVM due to the potential
advantage of the prevention of high leakage current in con-
ventional floating gate flash memory [1]. Among all the
materials, Au-NPs have attracted lots of attention because of
the high work function, low reactivity, high dot density, and
uniform distribution [2]. Moreover, the gate-injected NVMs
have been proposed to show better reliability properties
compared to the substrate-injected cases [3]. In this work, a
new approach to realize the gate injection of Au-NP NVMs
was studied by using the CF, plasma treatment on BO layer.
The holes injected from the gate at positive gate bias can be
explained by the band engineering of BO layer and a supe-
rior data retention property of Au-NP NVMs is presented.

2. Experimental

The schematic structure of Au-NP NVMs with
low-damage CF4 plasma treatment was shown in Fig. 1(a).
After a standard RCA clean, a 3-nm-thick SiO; layer was
grown in furnace as the tunneling oxide (TO) layer. Next, a
2-nm-thick Au layer was deposited by a thermal evaporator
and subsequently subjected to the RTA system to form the
Au-NPs. After the Au-NPs had been formed, a 15-nm-thick
SiO; layer was deposited by a PECVD system as the BO
layer. Then, the CF4 plasma treatment was performed in the
PECVD system with a quartz filter embedded to reduce the
plasma damage [4]. Finally, a 300-nm-thick Al film was
deposited by a thermal evaporator and a gate was litho-
graphically defined and etched. The C-V curves were meas-
ured by Keithley 4200-SCS and the gate pulse was supplied
by Keithley 4225 to operate the devices.

3. Results and discussion

Fig. 1(b) shows the XPS analysis and the data suggests
that the fluorine atoms indeed incorporate into the SiO; film,
further influencing the band structure of BO layer. Fig. 2
presents the programming characteristics of Au-NP NVMs
with and without CF4 plasma treatment on BO layer. The
holes injected from the gate at positive gate bias for the
sample with CF4 plasma treatment are observed. In Fig. 3,
the energy from the valence band to vacuum level (Evac w)
of SiO; film with and without CF. plasma treatment was
analyzed by the UPS system. The values indicate that the
fluorine incorporation can enlarge the band-gap of BO layer.
Besides, the electron barrier height (®g) between Al gate
and BO layer with and without CF4 plasma treatment was
extracted in Fig. 4. According to Evac w» and &g, the energy
band diagrams of the Au-NP NVMs without and with CF4
plasma treatment are demonstrated in Fig. 5(a) and (b) re-
spectively. The change of carrier injection polarity by fluo-
rine incorporation can be referred to two mechanisms. First,
a built-in electric field is established by the band-gap modi-
fication of BO layer, enhancing the gate injection efficiency.
Second, the large @y of CFs-plasma-treated samples implies
the small hole barrier height between Al gate and BO layer,
contributing to the increase of programming efficiency of
holes injected from the gate. Fig. 6 shows the data retention
properties of Au-NP NVMs without and with CF4 plasma
treatment. The sample with CF4 plasma treatment shows an
extremely low charge loss because the holes are stored at
interface traps between Au-NPs and TO layer (Fig. 7).

4. Conclusions

In this study, the effects of CF4 plasma treatment on BO
layer of Au-NP NVMs are investigated. The holes injected
from the gate at positive gate bias can be referred to the
band engineering of BO layer. The superior data retention of
CFs-plasma-treated Au-NP NVMs is proposed, suitable for
the application in future highly-reliable NVM use.
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Fig. 1 (a) Schematic diagram of Au-NP NVMs with CF4
plasma treatment on BO layer and (b) F 1s XPS spectra of
SiO;, films without and with CF, plasma treatment.
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Fig. 2 Programming characteristics of Au-NP NVMs with-
out and with CF4 plasma treatment.
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Fig. 3 UPS spectra of SiO; film without and with CF4 plas-
ma treatment. The band diagrams are shown in the inset
figure.
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Fig. 4 1-V characteristics and F-N fitting of Au-NP NVMs
without and with CF,4 plasma treatment.
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Fig. 5 Energy band diagrams of Au-NP NVMs (a) without
and (b) with CF4 plasma treatment on BO layer under posi-
tive gate bias.
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Fig. 6 Data retention characteristics of Au-NP NVMs with-
out and with CF4 plasma treatment on BO layer.

(a) (b)
Au-NPs

CF, plasma
treated SiO,

$io,

Fig. 7 Energy band diagrams of Au-NP NVMs at retention
state (a) without and (b) with CF4 plasma treatment on BO
layer.
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