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Abstract

We have fabricated Si quantum dots (Si-QDs)
multiply-stacked in SiO, matrix as an active layer for
light emission by repeating a process sequence of Si
dot formation from thermal decomposition of SiH4
on Si0,, surface oxidation by remote O,-plasma and
subsequent surface modification by remote Ar- and
H,-plasmas. By injection of electrons from
semitransparent Au top electrode and simultaneously
holes from the p-Si(100) substrate, light emission in
the visible and near-infrared regions was observed at
room temperature. The light intensity was linearly
increased with forward current but no emission was
detected under backward conditions  In addition, in
phosphorus doping to Si-QDs, a significant
enhancement of the emission efficiency and a
decrease in the threshold voltage are demonstrated.

Introduction

Nanometer-scale silicon structures have been
intensively studied because their unique physical
properties associated with carrier confinement effect
and Coulomb blockade motivate us to introduce new
functionalities to Si-based devices. As for charge
transfer and storage devices, resonant tunneling
diodes [1], single electron transistors [2] and
quantum-dots (QDs) floating gate memories [3-5]
have been fabricated and their feasibility has been
demonstrated. In addition, visible light emission
from Si nanostructures including porous Si [6-7] has
stimulated considerable interest and research activity
to develop Si-based light emitting devices [8, 9].
Despite many efforts, the improvement of the
efficiency in electroluminescence and its stability are
still major challenges. Recently, we developed a
fabrication method [10] for multiple-stacked Si-QDs
embedded into SiO, matrix, where Si dot formation
by chemical vapor deposition (LPCVD) using pure
SiH, are combined sequentially with surface
oxidation and subsequent surface modification by
remote plasmas.

In this work, we focus electrically
stimulated light emission from Si-QDs
multiple-stacked structures in comparison
to their photoluminescence properties.

Experimental

After conventional wet-chemical cleaning steps
of p-Si(100) wafers with a resistivity of 8 - 10 Qcm,
the wafer surfaces were oxidized at 1000 °C in dry O,
to form 4nm-thick SiO,. The SiO, surface was
exposed to remote plasmas of pure Ar and
subsequently H, at 560 °C for 1min in each steps,
which resulted in the uniform formation of surface
OH bonds. Subsequently, Si-QDs were formed
from the thermal decomposition of pure SiH, under
0.5Torr at 560 °C [11] and followed by radical
oxidation of 1%0, diluted with He under 0.1Torr at
560 °C to cover the dot surface conformally with
~2.4nm thick SiO,. In remote plasma generation, a
60 MHz power source was used. By repeating such
a process sequence consisting of the surface
oxidation and modification by remote plasma
treatments and the Si dot formation by LPCVD, a Si
QDs multiple-stacked structure embedded in the SiO,
network was formed. For a light emitting diode
structure, after N, annealed at 1000°C,
semitransparent Au (~40nm in thickness) and Al were
formed as front and back electrodes, respectively, by
thermal evaporation.

Results and Discussion

Current-voltage ~ (I-V)  characteristics  of
fabricated diodes with Si dots multiple-stacked
structures shows clear rectification properties in
which electron injection from Au gate and hole
injection from p-Si(100) occur at negative gate
voltages, namely at the forward bias condition (Fig.
1). When the negative gate voltage exceeds around
-10V, a kink in the I-V curves appears and
electroluminescence (EL) becomes observable in the
range from near-infrared to visible region even at
room temperature as shown in Fig. 2. And the EL
intensity increases linearly with increasing current.
With increasing negative gate bias from -10 to -20V,
the EL was enhanced by more than one order of

magnitude. No EL was detected at positive gate
voltages.
When comparing the EL spectrum with

photoluminescence (PL) spectrum taken at room
temperature under excited by a 325nm light from a
He-Cd laser, there is a significant difference in the
wavelength region below lum as shown in Fig.3.



This can be attributed to the difference in the
recombination mechanism between
electrically-injected carriers and photogenerated
carriers. Considering that, under 325nm irradiation,
electrons and holes can excite at higher energy states
than the case of electrical injection, the observed
difference can be interpreted in terms of the energy
difference in electronic states involving radiative
recombination. And we realize that ultra thin SiO,
layer is suitable for bipolar injection into quantized
states in the Si QDs stack, especially for hole
injection in the EL. In addition, no fatigue in EL
was confirmed for long time operation except for
some degradation in EL by heating under DC
operation.
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Fig. 1  Current-voltage characteristics for

diodes with semitransparent Au electrode on 6-

or 9- stacked Si dots/SiO, structures on
p-Si(100).
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Visible light emission from Si nanostructure has stimulated considerable interest
and research activity to develop Si-based light emitting devices.
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Si Dots Multiple-Stacked Structures through All-Dry Process steps

Si-Based Light Emission Devices
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© |-V characteristics show clear rectification properties. ©EL becomes observable in the range from
near-infrared to visible region.
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Conclusions

Light emitting diodes were fabricated based on
Si-QDs Multiple-stacked structures

@ Under forward bias conditions over a threshold bias as low as -10V for LEDs
with 6-periodic dot stack, a broad and stable electroluminescence was observed
in the range of 500 - 1300 nm.

@ EL in the visible-infrared region was measured at room temperature.

@ The origin of EL can be attributed to the electron-hole recombination in Si QDs
and the localized states in Si/ SiO, interface.

o By P 3-doping to Si dots, EL was enhanced by a factor of 1.3 for LEDs with
6-periodic dot stack presumably because of an improvement of hole injection rate.
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