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ABSTRACT

The scientists have paid great attention to the dielectric property of materials
continuously. In recent years, lots of dielectric materials have been applied to ad-
vanced technology. As alow-temperature sintering dielectric material, pyrochlore
is widely used in the microwave harmonic oscillator, capacitor and baseplate
fields. And pyrochlore is the critical material of mobile communication, satellite
communication, bluetooth and wireless local area networks fields. As for quartz
material, after one century of application, new development of its use in military
field is obtained, for example, using in wave transparent field. These two kinds
of dielectric materials, pyrochlore and quartz, represent two quite different mate-
rials., The pyrochlore belongs to substitutional solid solution and dielectric prop-
erty mainly depends on its intrinsic property. However, dielectric property of
quartz material, which belongs to crystal, not only depends on its intrinsic prop-
erty, but also is bound up with defects types and phase transition,

Firstly, aiming at these two different kinds of dielectric materials, their mi-
crocosmic structural models are established accurately in this dissertation. And
then intrinsic dielectric properties are computed based on molecular simulation,
and the influences of defects in materials on dielectric property under different
temperatures are discussed as well. Finally, the property of phase transition,
which also affects dielectric property, is also discussed. The achievement of this
research are helpful us to investigate deeply dielectric properties of those materi-
als, and to predict their dielectric properties under different temperatures. This
work is of great significance in guiding to the application of dielectric materials.

For Bi, ;Zn,Nb, ; ;Ta,O;,(BZNT, 6=0, 0.5, 1.0, 1.5) cubic pyrochlores,
the microcosmic structures are established firstly in this dissertation. The lattice
parameters of BZNT are determined through pretreatment, indexing and struc-
ture refinement process based on X-ray diffraction data. Because of structural
complexity, atom occupancy method and virtual crystal approximation are used to
establish initial structures. Rietveld refinement, Rietveld refinement with energy
factor and density functional theory geometry optimization are respectively intro-
duced to refine BZNT models. And then different refinement results are analyzed

. 1 .



by experimental data and bond valence theory. Finally, the author finds that ap-
plication of virtual crystal approximation modeling and density functional theory
geometry optimization can establish the exact BZNT structures. And accurate
microcosmic structure parameters of BZNT pyrochlores are obtained successful
ly. The bond length of B-O and coordinate variable x are both decreased with in
creasing ratio of Ta/Nb. Density functional theory is introduced to compute elec-
tronic displacement polarization based on microcosmic structures of BZNT. By
means of local density approximation plus U, computed results are modified.
Group theory is adopted to identify phonon modes of BZNT. Ab initio norm-con
serving pseudopotentials are developed to solve imaginary frequency problems in
phonon frequency computed results. Density functional perturbation theory is in
troduced to calculate dielectric constant caused by ionic displacement polarization
of BZNT pyrochlore firstly. The bending vibration frequency of (O'-A-0") ri-
ses with increasing ratio of Ta/Nb. So dielectric constant of BZNT significantly
reduced with increasing ratio of Ta/Nb, because of decreasing LO/TO (longitu
dinal optic and transverse optic) splitings.

In quartz modeling process, the key research is to analyze the affection of
different defects in quartz material. The formation energies for defects are com
puted in order to unify both the conditions of neutral and charge state defects.
And formation position and formation level are determined. According to simula-
tion results, it is concluded that A" —Na™ defect and oxygen vacancy affect die-
lectric property at low temperature, and interstitial oxygen influence dielectric
property at high temperature,

Density functional theory and density functional perturbation theory are uti-
lized 1o calculate electronic displacement polarization and ionic displacement po-
larization, respectively. And then intrinsic dielectric property of quartz has been
obtained. The relationship between energy band structure and temperature is in
vestigated, And energy band structure of different defects types are obtained.
The computed results indicate that quartz material with defects are in dense ioni
zation zone between room temperature and high temperature (800 degree celsi-
us). In this temperature range, electronic conductance is independent of temper-
ature. Molecular dynamics is introduced to calculate kinetics property of quartz
under different temperatures. The author finds out that quartz conductance prop
erty is mainly formed by the diffusion of Na ion, but in different directions, the
diffusion coefficients of Na ion are different. Thus, for quartz material, its con-
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ductance property is variant in different directions. Based on group theory. conti
nuity and distortion of @ — 8 quartz phase transition are analyzed. The results
show that this transition is continuous displacement phase transition. And
process of phase transition only happens in X-Y plane, having nothing to do with
Z direction. First principles molecular dynamics is utilized to simulate kinetics
property of quartz. The phase transition temperature is obtained exactly from
calculated bond length, bond angle and elastic constant with different tempera-
tures. The domains are observed in quartz phase transition process from analyzed
microstructure. And turn around polarization in phase transition process occurs
because of these domains. This process results in sudden change of dielectric

property in XY directions at range of quartz phase transition temperature.
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