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As a typical multi-functional material, single crystal lithium tantalate (LiTaO3 or
LT) exhibits its excellent piezoelectric and pyroelectric properties, and has now found
many applications, such as pyroelectric detectors and SAW (surface acoustic wave)
substrates. Although LT is known as a very brittle material, however, detailed
summaries of its mechanical properties and machinability are not readily available yet.
Hence, the objective of this Ph. D thesis is to characterize property of LT crystal and
understand its influence on the grinding process.

This Ph. D thesis consists of seven chapters. In chapter 1, the background and
objective of this research are addressed. From the mechanical properties point of view,
LT crystal has been newly categorized into “soft-and-brittle” materials with the other
family members like KDP and CAF,. The “soft-and-brittle” character makes those
materials difficult to be machined by established processes. In order to fulfill the
increasing demands of applications for those materials, it is essential to characterize
property of LT crystal and understand its influence on the machining process.

Conducted in chapter 2 is a survey of machining technology of functional materials,
it can be concluded that most of researches about the fabrication of functional materials
focuses on geometry accuracy, sub-surface damage, cutting mode, tool wear and so on.
There is none available report about the influence of physical properties on machining
process. Hence, one of the objectives in this research is the influence of LT
mechanical and physical properties on its machining process.

Aiming to determination of the mechanical property of LT, a new robust data
analysis procedure is proposed in Chapter 3 for indentation tests. Following this data



analysis procedure, the mechanical properties of materials can be computed accurately
at uN ~ mN range of load which is essential for “soft-and-brittle” materials like LT.

In order to clarify and understand the fundamental mechanical properties of LT,
micro/nano indentation tests are then conducted in the chapter 4 to evaluate its
mechanical properties. The obtained results are also used to categorize the functional
materials, to understand LT’s behaviors in elastic, plastic (ductile) and brittle regimes
and to analyze the influences on their machinability in the machining process.

In the chapter 5, a wafer grinding model is firstly established for the analysis and
calculation of specific energy of material removal and the distribution of grinding force.
A series of grinding experiments were carried out on LiTaO3 and Si for the evaluation
of specific energy of material removal. After discussed in association with results of
indentation, it is found that the hardness of LT is only 83% of Si, however, the specific
energy of LT is 147.46 J/mm?® and 44% larger than that of Si which had well agreed
with the indentation results. Both the grinding and indentation results indicated a fact
that LT is so brittle that no or very limited extra energy was demanded to make the
cracks propagate once the crack was initiated, while a certain extra energy was required
for Si.  The calculation results indicated a fact that the grinding force of LT is larger
than that of Si at the same distance from the center of wafer. The increasing rate of
consumed power played a very important role in the machining of LT. Compared with
the grinding results of Si, the increasing rate in the LT grinding experiments had a linear
relationship with the increase of feed rate at the same experimental conditions which
indicated a fact that the physical properties may play a more important role in the
grinding process.

The content of chapter 6 is firstly focuses on the physical properties of LT like
piezoelectric and pyroelectric effects and their influences on grinding performance. In
order to suppress the piezoelectric and pyroelectric effects induced by polarization
during grinding of LT, control of coolant temperature and use of electrolyte solution are
also purposely were tried in this chapter. The results suggest that the physical
properties of LT could be the main factors which dominate the grinding process.

Given in chapter 7 is the summary of this thesis.
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