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Si and Ge quantum dot (QDs) memories are
widely invoked as potential solutions to overcorhe t
scaling limitations of conventional Flash and naatile
memorieS. Chemical Vapor Deposition (CVD) is a
promizing way to obtain QDs for industrial applicats
because of its MOSFET technology compatibility.

Si and Ge QDs are grown by CVD using $iH
and GeH on thermal Sig deposited SN, and AbOs.

The evolution of the nucleation growth rate of Si
QDs with the inverse of temperature is plotted iguFe
1. The apparent activation energy is the highes&f@,,
3.8 eV, decreases for 8, 2.8 eV, and is the lowest for
Al,O; surface, 1.8 eV. In Table 1, we have reported the
maximum density obtained in function of the $iprtial
pressure. For SiQand SiN, these values vary between
4.4x10" and 6.5x18" cm? and between 6.4x1b and
1.3x10? cmi? respectively, whereas for A it remains
almost stable at #&cm? Our ALO; presents an Al-OH
surface, which could explain its particular behavidor
Si-QDs nucleation. To check the OH groups influgnce
we have studied the evolution of Si-QDs densityhvt-
OH density on a Si©surface (Figure 2). We evidenced a
strong increase fromx40' to 1.2%10" cm? when the
silanol density increases from 0.4 to 1.4 nThis
experiment shows that the nucleation of Si-QDsésyv
sensible to surface silanol concentration.

The AFM picture of Ge QDs deposited on $iO
are reported in Figure 3. The growth time varietiieen
30 and 180 seconds and the diameter between 3thdm
75 nm. The density was approximately the same gmon
the four samples around 6x10cm?® X-Ray
Photoelectrons Spectroscopy (XPS) measurements are
shown Figure 4. For each level, the spectrum isteglin
two contributions related to Ge-Ge and Ge-O boKds.
the Ge-O contribution is much lower for the 3d leve
(high kinetic energy photoelectrons) than for tipel@vel
(low kinetic energy photoelectrons), we can coneltitht
the Ge-O contribution comes essentially from thdase
of the QDs (a few nanometers). Metallic Ge coneiun
should be growing when going deeper to the dotsecen
Compared to Si@substrate, the Ge QDs density ogNgi
is ten times higher and can be varied between 2af6
6x10" cmi?. The mean diameter can be adjust between 5
and more than 30 nm.
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Figure 1 : Nucleatiomrowth rate versus the inverse
the temperature of Si dots, deposited on,St@angles)
SN, (squares), and ADs. Activation energies ar
respectively, equal to 3.8, 2.8 eV, and 1.8 eV.

Pressure (Torr) 0.035 0.12 0.2

on SiQ (cm?)  4.4x10° 4.7 x16* 6.5 x10*
on SiNg(cm?) 6.4 x13* 1.3x16*> 9.1x16!
on ALO; (cm?) 9.6 x10* 1.2 x16*> 9.4x16!

Table 1 : Evolution of the Si dots density depaksita
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Figure 2 :Evolution of Si-QDs densityersus OH density.
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Figure 3 : AFM pictures of Ge QDs after a) 30 s&t
and b) 180 seconds deposition time. The densitgnme
diameter and mean height are 7%téi% 30 nm, 25 nm
and 6x18 cm?, 75 nm, 50 nm.
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Figure 4 : XPS measurement performed on Ge QDS$ of 5
nm mean diameter. A) Ge2p level spectrum with great
Ge-O contribution. B) Ge3d level spectrum with pGa-

O contribution.



