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ABSTRACT

This dissertation explores the fabrication, structural properties, physical features,
optical and electronic properties of Si-rich SiO, (SiOx) material and light emitting
device with buried nanocrystallite silicon. The main focus of this dissertation can be
divided into five parts.

First, the white-light and blue-green electtoluminescence (EL) from an Ag/
Si-ion-implanted SiO, (Si0,:Si?)/n-Si/Ag metal-oxide-semiconductor light emitting
diode (MOSLED) with the defect-enhanced. blue-green photoluminescence (PL) are
studied. After annealing for- 180" min~at 1100°C, the main irradiative defects
corresponding to PL at 415, 455 and 520-nm;are completely activated, which are
identified as weak oxygen bond (WOB), the neutral oxygen vacancy (NOV)-related
defects and E’s-related defects, respectively:+ During the Si implantation (or physical
bombardment with high-energy ions), the oxygen vacancies and the oxygen
interstitials (the precursors for the WOB defects) are created due to the relatively large
quantities of oxygen that are displaced from their atomic positions in the SiO, matrix.
The EL spectrum of the MOS diode under different reverse bias conditions indicates
that the irradiative recombination is due to enhanced impact ionization of ground
states of defects, such as WOB, NOV, and E’s defects, through the injection of holes
accumulated in the inversion layer formed beneath the SiO,:Si'/n-Si interface. The
maximum white-light luminescent power is up to 60 nW at a pulsed bias current of
1.25 A.

Next, the 4-nm Si nanocrystal (nc-Si) contributed to PL and EL at about 760 nm
is precipitated in the plasma enhanced chemical vapor deposition (PECVD)-grown
Si-rich SiOy film after annealing at 1100 °C for 30 min. Under a high RF power
condition, the increasing substrate temperature usually inhibits the precipitation of
nc-Si since high-temperature growth facilitates stochiometric SiO, deposition. The
indium-tin-oxide (ITO)/PECVD-grown SiOy/p-Si/Al MOS diode is highly resistive
with turn-on voltage and power-current (P-I) slope of 86 V and 0.7 mW/A,
respectively. The decomposed EL peaks at 625 and 768 nm are contributed by the
bias-dependent cold-carrier tunneling between the excited states in adjacent nc-Si
quantum dots. Both evaluated ITO/SiOx junction barrier height and
Fowler-Nordheim (FN) tunneling threshold decreased from 3.7 to 1.1 eV and from 2
to 1.4 MV/cm, respectively. Low-plasma-power and oxygen-deficient deposited
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SiOy at 400°C provides nc-Si density of 6.4x10'" ¢cm™, enhancing internal quantum
efficiency and power-current slope of an ITO/SiOy/p-Si/Al MOSLED by one order of
magnitude.

Third, Structural damage enhanced near-infrared EL of a MOSLED made on
SiOx film with buried nanocrystallite Si after CO, laser rapid-thermal-annealing (RTA)
at an optimized intensity of 6 kW/cm® for 1 ms is demonstrated. Laser ablation is
initiated at a laser intensity of >7.5 kW/cm?, leaving numerous luminescent centers
that are related to NOV defects, increasing the absorption coefficient and related
optical bandgap energy, and reducing the refractive index in partially annealed SiOx.
CO, laser RTA induced oxygen-related defects are capable of improving FN
tunneling mechanism of carriers at metal/SiOy interface. The CO; laser RTA SiOy
film reduces FN tunneling threshold to 1.8 MV/cm, facilitating an enhanced EL
power of an ITO/SiO4/p-Si/Al MOSLED up to 50 nW at a current density of 2.3
mA/cm’.

Fourth, the premier observation on the enhanced light emission from such an
ITO/SiO4/p-Si/Al MOSLED with Si nano-pyramids at SiO,/Si interface 1is
demonstrated at low biases. The Si nano-pyramids exhibits capability in providing
the roughness of the SiO,/Si interface, and improving the F-N tunneling mechanism
based carrier injection through the novel SiOy/nano-Si-pyramid/Si structure. With
these Si nano-pyramids at a surface density of up to 10'*/cm?’, the F-N tunneling
threshold can be reduce from 7 MV/cm to 1.4 MV/ecm. The correlation between
surface density of the interfacial Si nano#pyramids and the threshold F-N tunneling
field has been elucidated. An output EL powet.of nearly 150 nW under a biased
voltage of 75 V and current density of 32 mA/cm” isireported for the first time.

The last one is that nc-Si=based MOSEED. on, Si nano-pillar array with size,
height and density of 30 nm, 350 nm and 2.8%10" cni %, respectively, is characterized.
The nano-roughened Si surface contributes-to; both the relaxation of total-internal
reflection at device-air interface. ‘and the /EN tunneling enhanced turn-on
characteristics, providing the MOSLED-a maximum optical power of 0.7 uW
obtained at biased current of 375 pA. The optical intensity, turn-on current and
power-current slope of nc-Si MOSLED on high-aspect-ratio Si nano-pillar array are
140 uW/em?, 5 pA, 2+0.8 mW/A, respectively. A maximum external quantum
efficiency of up 0.1% is reported.
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