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Most of modern non-volatile memory
devices are based upon the electron storage
in the so-call “floating gate” underneath the
MOS gate. The 1 or O bit can then be
memorized and differentiated by telling the
threshold voltage shift of this MOS
transistor. The development of modern
porous materials, polymer science and
epitaxial technology has been rapidly
progressing recently. The project is
proposed to apply the nano-scale
semiconductors in the floating gate
memories.

Three major quantum dots or wires



including MOCVD and E-Bean Writer
achieved SiGe QD. It will be applied in the
planer-type MOS memory cells for this
research.

First of all, simple meta-insulator-
semiconductor (MIS) structures will be
fabricated to measure and analyze their
electrical characteristics using standard
current-voltage and
measurements.  The

capacitance-voltage
study of their
capabilitiesin charge trapping and long term
storage will be followed. After optimization
of the MIS structures, the quantum dot
memory cell will be studied in terms of its
program, erase and read characteristics. The
reliability and compatibility with existing
thin process of these memory cells will be
further evaluated finally.

In the first year of this research, we
focus on the fabrication of fundamental
structure of memory devices, and its basic
memory characterization. The key points of
this structure are the growth of high quality
tunneling oxide and the fabrication of high
density and uniform quantum dots layer.
Besides the SiGe semiconductor-material
dots, we use gold dots to be compared. In
order to make electrical test, we fabricate
the MOS structure.  We make typical C-V
(capacitance- voltage) test and measure its
C-V curve to confirm its memory
characterization.

1. Ge nano-dots growth

We present an extensive study about
the formation of SiGe dots on SiO, The
formation of Ge dots in this work is grown
in commercialy CVD system, the Sirius
400 UHVCVD of Unaxis. The SiGe dot
fabrication sequence is as follows. a
3-nm-thick tunneling oxide layer is grown
on a (100)-oriented p-type Si substrate via
rapid thermal oxidation (RTO). Before the
RTO of SIO,, Si wafers were cleaned by
RCA process. The SO, on Si wafers sent to
the loading chamber which is pumped down
to 10° torr were transferred in reactor of
UHVCVD. Pure silane (SiH,) is used as Si
source precursor and germane (GeH,) as the
Ge source gas. The UHVCVD is hot-wall
processing at 550°C growth temperature. A
series of experiments were studied at
deposition time of 30mins, 120mins, and
150mins. The evolution of the Ge dots has
been observed by SEM (show asFig.1.). We
found that the density of Ge dots were larger
as the deposition time was longer. By
continually accumulating the Ge atoms, the
dot size is larger as the time evolution. The
size distribution was inhomogeneous, and
was difficult to control. So the advanced
research and study of Ge dots growing on
SiO; are required and continued.

2. Gold nano-dots MOS

Fig.2. shows our basic structure,
including the P-type substrate, thermal
oxide, nano-dots layer, control oxide, and
contacts. In order to gate the tunneling
characterization, we design two kinds of
thickness, 3nm and 6nm. In the part the
nano-dots layer, we fabricate different types
of materials of dots. Besides the initial SiGe



nano-dots, we also use gold nano-dots to
make comparisons. We believe that these
two different types of
different carrier transports mechanism, and
we will make further study and research
about it. On the nano-dots layer we design a

material  have

control oxide layer about 40nm to prevent
carrier tunneling to the gate. After the basic
structure is accomplished, we make the
contacts on the top and bottom to fabricate
MOS structure. A typical high frequency
C-V measurement is tested by HP4284A.

First, we grow the tunneling oxide
layer. The silicon wafer is cleaned in
standard RCA recipes, dipped in 10%
hydrofluoric acid, rinsed in de-ionized
water and dried, followed by a thermally
grown 3/6nm-thick dry SO, layer as a
tunneling oxide on p-type (100) silicon
substrate at 950°C.

In the part of fabrication of gold
nano-dots layer, we apply chemical process.
We use gold nano-particle solution which is
synthesized by chemica process. First we
use clean the organic contaminant with
reactive ion etching (RIE) system. Then,
chemical surfactant is coated on the
tunneling oxide. After severa minutes the
surface of tunneling oxide will be stuck with
negative charged organic molecules. Then
we spray the gold nano-particle solution.
After waiting about 1hours the gold
particles adhered with positive charged
molecules combine with the initial negative
charged molecules, and they indirect attach
on the surface of tunneling oxide. At last we
use RIE system again to clean the residual

organic molecules and the nano-dots layer is
accomplished.

We take SEM pictures of the gold
nano-dots layer and measure their shape,
dimensions, and density (show as Fig.3.).
These gold nano-dots are amost round
shape. Their diameter is about 20nm and has
very small difference. The distribution of
particle is random but the total number on a
large enough areais uniform. The density of
gold particles are about 10™ per centimeter
square.

Finally the nano-dots layer capped
with 44nm control oxide with plasma
enhanced chemical vapor deposition
(PECVD) system and 300nm Al gate
deposition complete the gate stack
formation of MIS capacitor. Last the
samples are thermally annealed at 400°C in
either pure N, or forming gas (90%N, +
10%H,) ambient.

The cross-sectional high resolution
transmission electron microscope (HRTEM)
of an oxide/Au nano-dots/oxide stacked
structure is also show in Fig.4. It is clearly
shown the Au nano-dots are embedded
between tunnel oxide and control oxide,
which are confirms the uniform size
distribution of Au nano-dots of diameter
nearly 18nm. Additionally we also fabricate
a sample without gold particle to be a
comparison.

3.

In the part of SiGe nano-dots devices,
we dill try to fabricate higher quality
nano-dots layer. About these previous
fabricated devices, their measurement data



are unstable and not complete. We still need
to put more efforts on its fabrication.

In the part of gold nano-dots devices,
Fig.5. shows the hysteresis curve of
capacitance-voltage (C-V) measurement
after abias from -10V to +10V. All samples
were held for 30 s a -10V before being
swept to +10V and then held at this voltage
for 30 s before returning to -10V. The
holding time ensure that the structure are
fully charged or discharged by the holding
bias before commencement of the C-V
sweep and any change in the sweep rate
would not affect the flatband voltage shift,
as evidenced by Yong Kim et a. The C-V
hysteresis shows a significant threshold
-voltage shift up to 1.7V, which is enough to
be defined as 1 or O for the circuit design.
The trapped charge density can be
electrically  calculated through  the
threshold-voltage shift by Vi = Q; X
teontrol /€ ox- Q¢ IS the density of trapped
charge(C/cm2 in unit) in Au nano-dots.
Setting teontror = 44nm, V¢ = 17V in
sample A, ande o = 3.9x8.885 x 10
F/cm, the number of electrons trapped in the
Au nano-dots was calculated to be 8.36 x
10" cm™®. 1t is indicated the every Au
nano-dots trapped amost close to 70
electrons, due to the Coulomb blockade
effect.2 The sample B shown the V=
248V with the thinner tunneling oxide
owning close to 100 electrons to be
calculated.

In this work, severa oxide stacked
structure embedded with Au nano-dots has
been demonstrated for application in
memory devices. The deeper potential well

of metal nano-dotls shows large charge
storage and long retention time than S
nano-dots device has been reported. Our
results also show the low operating voltage
to achieve the memory window up to
1.7V (2.48V), which is enough to be applied
in memory device.

We have successfully designed and
fabricated MIS device with gold nano-dots
layers. The SiGe nano-dots layer also gets
preliminary achievement. Our devices with
gold nano-dots layer shows high storage
capacity and operation at low bias voltage.
Our further work is to fabricate dot layer
with higher density and focus on its electric
characterization and reliability issue.

Fig.1.(a).

Fig.1.(b).




Fig.1.(c).

Fig.l. SEM picture of SiGe nano-crystal layer
grown with UHVCVD with different operation
parameters and time. (a) is grown during 30 minutes;
(b) is grown for 120 minutes; (c) is grown for 150
minutes.
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Fig.2. Schematic cross section of MOS capacitor
with Au nano-dots.
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Fig.3. SEM picture of typical Au nano-dots deposited

on SiO, with a density of 1.2 x 10" cm®.The mean
sizeisequal to 20nm.
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Fig.4. Cross-sectional HRTEM of stack structure
and showing single Au nano-dot of diameter nearly
18nm.
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Fig.5. Typica high-frequency C-V characteristics
of MOS capacitor incorporated Au nano-dots.
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