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Introduction

Silicon oxide (SiO2) is a fundamental material in modern technology, playing a
critical role in microelectronics, photonics, and thermal insulation systems. Its thermal
conductivity is a key property that influences its performance in these applications.
Understanding the thermal conductivity of SiO: is essential for optimizing its use in
devices such as integrated circuits, optical fibers, and thermal barrier coatings.

Previous studies have highlighted the variability in the thermal conductivity of SiO-,
particularly between its amorphous and crystalline forms. However, there is a lack of
comprehensive research on how temperature and structural defects affect this property.
This study aims to fill this gap by systematically investigating the thermal conductivity of
Si0: under controlled conditions.

The primary objectives of this research are:

1. To measure the thermal conductivity of amorphous and crystalline SiO..

2. To analyze the effect of temperature on thermal conductivity.

3. To provide insights into the underlying mechanisms governing heat transfer
in SiOx.

Methods

Sample Preparation

. Amorphous SiO: samples were prepared using chemical vapor deposition
(CVD).

. Crystalline SiO: (quartz) samples were obtained from natural sources and
polished to ensure uniformity.
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Thermal Conductivity Measurement

. The laser flash analysis (LFA) method was using to measure thermal
conductivity. This technique involves heating the sample with a laser pulse and measuring
the temperature rise on the opposite surface.

. Measurements were taking at temperatures ranging from 25°C to 500°C.

Molecular Dynamics Simulations

. Simulations performed using the LAMMPS software to model heat transfer
in Si02 at the atomic level.

. The interatomic potentials calibrated based on density functional theory
(DFT) calculations.

Results

1. Thermal Conductivity of Amorphous vs. Crystalline SiOz:

-crystalline SiO- exhibited higher thermal conductivity than amorphous S10: across
all temperatures.

-at 25°C, the thermal conductivity of crystalline SiO: was measured at 1.4 W/m-K,
compared to 1.1 W/m-K for amorphous Si0..

2. Temperature Dependence:

-the thermal conductivity of both forms decreased with increasing temperature.

-at 500°C, the thermal conductivity of crystalline SiO: dropped to 0.8 W/m-K,
while amorphous SiO: decreased to 0.6 W/m-K.

3. Simulation Results:

-molecular dynamics simulations confirmed the experimental findings, showing that
the ordered atomic structure of crystalline SiO: facilitates more efficient heat transfer
compared to the disordered structure of amorphous SiO..

Discussion

The results demonstrate that the thermal conductivity of SiO: is influence by both
its structural form and temperature. The higher thermal conductivity of crystalline SiO: can
be attribute to its ordered lattice structure, which allows for more efficient phonon
transport. In contrast, the disordered atomic arrangement in amorphous SiO: leads to
increased phonon scattering, reducing thermal conductivity.

The temperature dependence of thermal conductivity is consistent with the theory
that higher temperatures increase phonon-phonon interactions, leading to reduced heat
transfer efficiency. These findings align with previous studies but provide more detailed
into the mechanisms.

Implications for Applications

. In microelectronics, where SiO. used as an insulating layer, the lower
thermal conductivity of amorphous SiO: may be advantageous for minimizing heat transfer
between components.

. In thermal insulation applications, the choice between amorphous and
crystalline SiO2 can be tailore based on the desired thermal performance.
Conclusion
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This study provides a comprehensive analysis of the thermal conductivity properties

of silicon oxide, highlighting the significant differences between its amorphous and
crystalline forms. The findings underscore the importance of material structure and
temperature in determining thermal performance. These insights can guide the selection
and design of SiO:-based materials for specific applications, from thermal insulation to
n electronic devices.
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