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1. Introduction

Electron charging and discharging properties of
nanometer-size 5i dots have been evaluated by using an
AFM/Kelvin probe technigue [1] to get a clear insight
into their device applications such as single electron

transistors and quantum dot floating gate MOS memories,

However, the characterization of the charged states of
each of 5i dots is still a matter of research because of
poor latemal resolution the AFM/Eelvin probe technique.
In this work we have extended our research to evaluate
the charging states in a single isolated nanometer Si-dot
for the sample with a low areal dots density. To enhance
the carrier confinement effect, we have also extended our
research to prepare the Si dots with a Ge core [2] and
investigated the electron charging and discharging
mechanism by AFM/Kelvin probe technigue as well.

2. Experimental

Hemispherical  single-crystalline 31 dols  were
prepared on  4nm-thick Si0;  thermally-grown  on
p-SiC 10071 by contralling the early stages of low-pressure
chemical vapor deposition (LPCVDY) using SiHy [3]. The
dot surface was covered with 2nm-thick 5i0; formed by
900"C oxidation in dry Q.. To prepare Si dots with Ge
core, Ge deposition was performed on  pregrown
hemispherical Si dots/Si0, at 400°C using 5% GeH,
diluted with He and subsequently followed by Si cap

Fig.1. Cross-sectional of HR-TEM images of hemispherical
Si dot pregrown on 5105 () and S dots with Gz core (bl
accompanied with magnified (¢) and schematic id) images
of isolated dot,
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deposition under a SiH, pressure of 0.02Torr at 540°C,
with  purging and evacuating the CVD  chamber
completely  between  each  deposition  sleps.
High-resolution TEM and XP5 measurements were
carried out to confirm the formation of 5i dots with Ge
core.  Electron and hole injection to each Si dot with or
without Ge core was performed by scanning an
electrically-biased AFM probe with a tapping mode. The
probe biases with respect o the Si(100) substrate were
-3V for electron injection and +1 to +3V for electron
emission.  Before and after electron charging or
discharging, the topographic and corresponding surface
potential images were simultaneously measured with
non-contact Kelvin-probe mode.

3. Hesults and Discussion

Cross-sectional TEM  images show  spherical
nanometer dots mads of Si clad and ellipsoidal Ge core,
in contrast to hemispherical pure-5i dots pregrown on
Si0; (Fig. 1). This implies that the strained energy is
larger than the boading energy at SifSi0; interface
generated at the Si/Ge interface. Motice that the
crystallographic orientation of the 8 cap is different
from that of pregrown Si dot presumably due to the
structural stirain at the 5i/Ge interface. The orientation of
Ge core is not clear because of its poor contrast.

To confirm conformal coverage and/or high
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Fig. 2, 5i2p (a) and Ge3d corc-line (b) spectra of Si-dot
formation on Si0, (sample(S)open circles), Ge deposition
on sample(S) (sample(GS)ksolid line) and 51 deposition on
sample(GS) (sample{ SGS dashed line).
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Fig.3. Topographic image (a) and corresponding surface
potential images of an isolated Si dot with a core height of
=7.9nm measured by AFM/Kelvin probe mode before (b)
and after injected (c) at =3V, and aller electron emission al
+2V from the charged Si dot in the tapping mode (d).
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Figd. Eguivalemt circuit  of  AFM/Kelvin  probe
measurement, where AVs is uip bias, q and Cp are the
electronie charge in dot and capacitance between the dot and
the substrate, respectively. T, is equivalent oxide thickness,
£, i85 Si0; dielectric constant and 1 is dot height,

selectivity at each LPCVD, S8i2p and Ge3d spectra for
each deposition step were taken at photoelectron take-off
angle of 15 as presented in Fig. 2. For the sample of Si
dots on Si0,, an intense peak due to Si'* in the
underlying Si0; layer and the native oxide on the top
surface of Si dots is observed at 104eV accompanied
with the weak signals that were peaked at 99¢V due to
Si™ in the Si dus. The Si2p™ signals are significantly
weaken with further deposition of Ge and 8i. In the same
time, the Si2p™ signals increase markedly with Ge
deposition, indicating that the Ge coverage of Si dot
surface results m the efficient suppression of native
oxidation of S5i  dots during air exposure.
Correspondingly, the chemically-shifted Geld signals
assigned to Ge' in native oxide of Ge is clearly
observable at ~33.5eV for the sample (GS) after Ge
deposition.  When the S5i deposition follows the Ge
deposition (SGS), the Ge" signals almost completely
disappear while the Ge signals peaked at 29.5eV become
stromger.  This ndicates that the Ge surface was fully
covered with Si.

For electron charging experiment of isolated Si dot
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Fig.5. Topographic image (a) and correspondirg surface
potential images of an isolated Si dot with a Ge core with a
total dot height of ~=16nm measured by AFM/Kelvin probe
made before (b} and after injected (¢} at =3V, and afler
electron emission at 41V frem the charged 51 dot in the
tapping mode {d).

with a core height of 7.9nm, the surface potential change
of ~70mV on the 51 dot is observed by electron injection,
and vise versa, although no change in the topographic
images is detected as shown in Fig.3.  Using un
equivalent circuit model for Kelvin probe measurements
(Fig. 4) the observed potential change is equal to the
theoretically-predicted  value  for  charging  and
discharging of the dot by one electron. In addition, Si
dot with a core height as large as 13nm, in which a few
electrons can be stored, show the multi-level temporal
charge in the surface potential after electron charging,
implying that stored electron are emitted stepwise. For
an isolated Si dot with Ge core with a total dot height of
~16nm, the surface potential change near the edge of the
charged dot is much higher than the center after electron
injection, while for hole injection, the maximum
potential change appear in the center of the dot as seen in
the charge injection Lo pure 5i dots, These resulls suggest
that injected electron(s) and hole(s) are located in the 5i
clad and the Ge core, respectively, as expected from the
energy band diagram for an 3i/Ge heterojunction.

4. Conclusions

We have detected the charging state ot a single Si
dots with and without Ge core by the surface potential
change by electron charging to neutral dot, discharging
of the charged dot and electron extraction from the
neutral dots by a AFM/Kelvin probe technique.
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