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Arrangement of Au-Si alloy islands at atomic steps on Si(111)

NTTYE RIS BB AT B SE . Elsx
NTT Basic Research Laboratories, Hiroki Hibino and Yoshio Watanabe’
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Chem. Res. 32, 447 (1999).
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LEEM In-situ observation of the growth of implant source grown Ga
nanodots on SiO,

Ryan Buckmaster!, Fangzhun Guo?, Keisuke Kobayashi?, and Takafumi Yao*
!Institute of Materials Research, Tohoku University, Katahira 2-1-1, Aoba-ku, Sendai 980-8577, Japan
2 SPring-8/JASRI, Kouto 1-1-1, Mikazuki, Sayo-gun, Hyogo 679-5198, Japan

$Center for Interdisciplinary Studies, Tohoku University, Aramaki, Aoba-ku, Sendai 980-857, Japan

To be successful beyond the laboratory, future nanotechnologies for electronic
applications must be able to control self-assembly as well as be compatible with
existing fabrication technologies. Recently the growth of controlled Ga-based
nanostructures by locally implanting Ga in SiO, followed by annealing has been
reported which may satisfy these criteria [1,2]. The Ga nanodots also shows a number of
interesting phenomenon, in particular a transition from SiO, capped nanodots to surface
Ga nanodots as the implanted Ga ion dose increases. To better understand the Ga
nanodot formation and phase transitions, Ga implanted 60nm SiO; thermal oxide films
on Si were observed in-situ by LEEM while being annealed.

Despite the fact that the SiO, films presented no charge-up problems during
implantation by a Ga focused ion beam or SEM observation, significant charge-up was
observed by LEEM, although samples could still be observed by mirror mode and the
nanodots were observable, especially in large implanted areas. Also capped nanodots
demonstrated a leaky capacitor-like effect when the start voltage was increased.

Additionally the LEEM electron beam had other significant effects on the
samples. When the LEEM field of view was moved to a new area an “etching” effect
was observed as a new area of the sample was charged-up and came into equilibrium.
Subsiquent observation by high resolution SEM showed that the edge of the LEEM
electron beam resulted in nucleation of a high density of small surface nanodots even at
low temperatures. Also during in-situ annealing small capped nanodots were observed
ripening into surface nanodots, but at far lower temperatures than expected. Thus we
conclude that the LEEM electron beam resulted in significant enhancement of Ga
diffusion in SiO; and nucleation on the SiO, surface.

[1] R. Buckmaster, T. Hanada, Y. Kawazoe, M-W. Cho, T. Yao, N. Urushihara, and A. Yamamoto. Nano
Lett. 5 (2005) 771-776.

[2] R. Buckmaster, J.H. Yoo, K. Shin, Y. Yao, T. Sekiguchi, M. Yokoyama, T. Hanada, T. Goto, M. Cho,
Y. Kawazoe, and T. Yao. Microelectronics J. 36 (2005) 456-459.
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[1] G E. Thayer, J. T. Sadowski, F. Meyer zu Heringdorf, T. Sakurai, R. M. Tromp, Phys. Rev. Lett., pending

[2] T. Nagao, J. T. Sadowski, M. Saito, S. Yaginuma, Y. Fujikawa, T. Kogure, T. Ohno, Y. Hasegawa, S. Hasegawa
and T. Sakurai, Phys. Rev. Lett. 93 (2004) 105501

[3] J. T. Sadowski, T. Nagao, S. Yaginuma, Y. Fujikawa, A. Al.-Mahboob, K. Nakajima, G. E. Thayer, R. M.
Tromp and T. Sakurai, Appl. Phys. Lett. 86 (2005) 073109
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Availability of PEEM to Detect Electric Field of p'n-Si(100) substrates

Hirokazu Fukidome, Masamichi Yoshimura, and Kazuyuki Ueda
Nano High-Tech Research Center, Toyota Technological Institute, 2-12-1 Hisakata,
Tempaku-ku, Nagoya 468-8511.

PEEM is a promising tool to microscopically detect physical properties of surface and
interfaces. Physical properties of silicon of narrow bandgap can be varied in relatively narrow
temperature range, so that the temperature-sensitivitity is used to microscopically investigate
the properties of surfaces and interfaces.

Fig. 1 shows a typical PEEM images taken at 173 K. Intensity ratio (I(n)/I(p*)) at various
temperature is plotted in the lower diagram, and it is found that the ratio increases with
temperature. The intensity is determined by band bending that varies probably due to the
temperature-sensitive surface photovoltage effect (SPV) at a lower temperature region, and a
shift of bulk Fermi level position by thermally excited carriers at a higher temperature region.

Fig. 2 shows the PEEM images of the substrates covered with ultrathin Al film (5A).
Deposition of Al reduces the intensity ratio of n/p* regions. On the other hand, a characteristic
bump appears at the boundary of the n/p® regions, especially at a low temperature. The
appearance of the bump can be related to a redistribution of emitted electrons owing to the
deflection of trajectories of the electrons by lateral electric fields at the surface, and the
analysis of the bump makes it possible to quantify the lateral distribution of electric field [1].
This result indicates that PEEM can observe stray electric field of buried interfaces. X-PEEM
observation for the quantitative crosscheck for the above results may be presented.

Reference: [1] S.A. Nepjiko et al., Adv. Imaging Electron. Phys. 136 (2005) 227.

x 105

—~ 3
¥ L1 0846 . o 5
S| Ty T s
2 > P FNR o f e ena e, Ay
= e s
x % i 173K 3,
B, E | :[5%
= 2 Forag s MM,
k) T | weeps T 398 K Wafe
0 1 2 3 [5) ot
T2 (K?) X100 i ‘
0 4 8 12

Fig.1 A PEEM image of p*n-Si(100) Distance (um)

and temperature dependence of the Fig. 2 PEEM images of 5A Al/H/p*n-Si(100) and their
intensity ratio. Ccross sections.
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