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Report Title
Charge Transport and Optical Properties in Silicon Quantum Dot Arrays
ABSTRACT

The size dependence of the dielectric function of silicon quantum dots and quantum sheets has been determined using spectroscopic
ellipsometry in the photon energy range from 0.73 eV to 4.58eV. The quantum dot/sheet size was varied from greater than 10nm (where the
dielectric function is expected to be close to that of bulk silicon) to below 2nm (where theory predicts a decrease due to quantum
confinement and/or breaking of polarizable bonds at the dot surface). The ellipsometric measurements were performed at room temperature
and correlated with several techniques. A dramatic lowering in the real and imaginary parts of the dielectric function was observed for sized
below 3.3 nm. The decrease is much more pronounced than predicted by theory and must be considered when designing optical and
electrical devices such as light emitting devices, non-volatile memory devices and singe electron transistors.
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Dielectric Properties of Silicon Quantum Dots
P.M. Fauchet, Univ. of Rochester DAAD190310267

Si quantum dots of precisely controlled sizes from =

Si/SiO, superlattices by rf magnetron sputtering followed by annealing to crystallize the a-Si layers.

10 nm to < 2 nm are prepared by depositing a-

We observe a very steep decrease of the dielectric constant or refractive index of the Si
guantum dots for sizes below 4 nm. The decrease is much more pronounced than
predicted by theory. Theory and experiments can be approximately reconciled only by
assuming a 0.4 nm void space between the quantum dots, an assumption that is not
supported by measurements performed on the film.
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The precise size control is reflected in this measurement of the
extinction coefficient of Si quantum dots. The results are obtained
by spectroscopic ellipsometry
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the dielectric constant of Si quantum dots. The full line and the open
circles assume void between the dots and bulk dielectric constant and

guantum dot theory, respectively
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