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Chapter1 Introduction

The unique properties of diamond are yet to be tapped for a large number of advanced materials applications.
Fascination with this king of all gemstones has turned into excitement recently with the development of techniques
for produce of crystalline diamond films and coatings using low-pressure gases, rather than the high pressures and
temperatures previously considered major.  These developments will guide to a new era in diamond technology and
offer the potential for exploiting the unique properties of diamond in applications ranging from coatings for bearings
and cutting tools to freestanding windows and lens coatings for visible and infrared (IR) transmission, and to thin
films for high-temperature and high-power semiconductor devices.

At room temperature diamond behaves as an ideal brittle material.  Toughness of these CVD diamond
films was measured by Drory et al, by using standard fracture toughness specimens (just for the case of films having
400 pm thickness), and reported to be 5.3+1.3MPa-m'? (15-40J/m?).  Although this amount of toughness is far
larger than the weakest cleavage energy of diamond crystal, it is still brittle.  Toughness of interface between CVD
diamond films and non-diamond substrates was seldom measured, but generally it is expected to be seriously low.
In contrast to the excellent physical properties, brittleness of diamond films and their interface could be the most
critical disadvantage for many applications to ensure mechanical integrity. ~ As a consequence, the current market
of CVD diamond becomes very limited compared to what was expected when CVD technique for diamond was first
established.

Diamond films produced by present CVD methods have polycrystalline characters.  Considering diamond
as a kind of polycrystalline ceramic material, strength of CVD diamond may possibly be enhanced by optimizing the

crystalline microstructure.  This thesis presents a study of the enhancement of both the toughness and adhesive
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toughness of CVD diamond films deposited on the substrates, with the aid of evaluation by newly developed
techniques.  Finally, the effect of the adhesive toughness on a practical performance of diamond coated cutting

tools is surveyed.

Chapter 2 Testing Techniques for the Strength of Thin Films

Prior to the trial to enhance the strength of diamond films, it is essential to establish the evaluation methods
for measuring the strength, which also happens to be a difficult task in the case of thin films. Therefore both
evaluation and enhancement of the strength of CVD diamond films are the key issues for further expansion of
application and as well as better mechanical integrity of CVD diamond structures.  The newly developed
techniques to evaluate the toughness of diamond films and the adhesive toughness are presented in this chapter.
The results that are obtained with the newly developed methods will be discussed in the subsequent chapters of this

thesis.

Chapter 3  Adhesive Toughness of CVD Diamond Particles

A recently developed technique has been successfully employed to measure the different adhesive
toughness of CVD diamond particles grown with various deposition conditions on silicon wafers and on
Co-cemented WC substrates subjected to the different pre-treatments and WC grain size.

Microscopic crystalline morphologies of CVD diamond particles deposited on Si substrate with various
deposition conditions were examined in detail in connection to their adhesive toughness.  Crystalline morphology
was quite sensitive to methane concentration in the source gas mixture, which resulted in a complicated trend of

adhesive toughness as shown in Fig. 3-1(b).  For the case
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adhesive toughness was improved to be almost 25 J/m’. Figure 3-1(b) Adhesive toughness of CVD diamond
This effect was expected to be due to microcracks and/or on Si(100) silicon substrate
slips along grain boundaries, which dissipated more energy.  Grain size was actually getting smaller with higher
methane concentration, and the adhesive toughness of particles with 5 % methane was again quite low as 3 J/m* due
to too small grains with more x-bond in finer grain boundaries.  As a conclusion, CVD diamond is comprehended
as a kind of composite materials composed of strong grains of diamond with weak grain boundaries which have rich
non-diamond phase of carbon.

On the other hand, the measured adhesion values clearly put into evidence that the WC-Co microstructure

also plays an important role on the diamond/substrate interface toughness.  In particular, the same pretreatments

— 209 —



can give rise to rather different adhesion levels, depending on the WC grain size. = Therefore, to achieve a high
CVD diamond adhesion, an appropriate combination of substrate microstructure (1 pm grain sizes) and pretreatments
(Murakami’s etching) should be selected.

These facts suggest that the adhesive toughness of CVD diamond has a potential to be significantly

improved by adequately controlling its crystalline morphology and surface pretreatments of the substrate.

Chapterd  Adhesive Toughness of the CVD Diamond Films and Its Enhancement

The adhesive toughness of CVD diamond films on silicon substrates was obtained by using a recently
developed method, which were produced with various methane concentrations in the source gas mixture.  The
toughness of interface was complicatedly varied with respect to the methane concentration. It was shown that the
adhesive toughness of film could be improved by setting an adequate methane concentration.  The toughness of
interface seems to be in the same trend as the adhesive toughness of diamond particles on silicon substrates with
respect to the methane concentration.  However, the amount of the adhesive toughness of diamond film was much

smaller than that of diamond particle.

Chapter 5  Toughness of the CVD Diamond Films and Its Enhancement
A recently developed technique has been
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mixture, which resulted in a complicated trend of

adhesive toughness. For the case of diamond films Figure 5-6 Toughness of CVD diamond films
deposited with 1.0% methane, diamond film consisted of a lot of small single crystals.  This composition induced
crack deviations with small angles across the grain boundaries and the toughness appeared to be approximately 21
Im?.  For the case of diamond films deposited with 3% methane, two different characteristics were observed,
which were large single crystals with the (001) smooth facet and the polycrystalline structure composed of smaller
crystals.  The crack deviations with large angle were observed in both structures.  In the polycrystalline structure,
a lot of microcracks were observed to be complicatedly twined at the crack tip through TEM observations. As a
result of this combination of crystalline morphologies, the toughness was improved to be almost 30 J/m®.  This
effect was expected to be due to microcracks, which dissipated more energy.  When deposited with 4% methane,

the grain size actually became smaller and no smooth facet was observed.  The toughness was again low as 14 J/m’

due to too small grains.
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Chapter 6 Effect of the Adhesive Toughness on the Wear Resistant Performance of Diamond Coated
Cutting Tools

Endurance of CVD diamond coated cutting tools was surveyed for the first time in quantitative correlation
with the adhesive toughness of CVD diamond coatings. = Adhesive toughness of diamond coatings strongly
depends on the methane concentration in the source gas mixture as mentioned in Chapter 4.  The endurance of
diamond coated tools was found to follow perfectly the trend of the adhesive toughness with respect to the variation

of methane concentration as shown in Fig.
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factors for the practical use of coated tools.

Chapter 7  Conclusions

As a consequence, the possibility for the enhancement of the toughness of diamond films as well as the
adhesive toughness was successfully suggested.  In order to find the dominant factors on the enhancement of their
toughness, detailed observations were performed on the crystalline morphologies of deposited diamond and
discussions were focused on the relationship between their toughness and the crystalline morphologies. It was also
clearly shown that enhancement of the toughness leads to the improved reliability of structures which were the
diamond coated cutting tools as an example.

This research is the first trial to examine the toughness of CVD diamond films in connection to the
crystalline morphologies.  The results show that CVD diamond is also a kind of polycrystalline ceramics material
and that the crystalline morphologies are quite sensitive to the methane concentration in the source gas mixture.
Toughness could be enhanced by setting appropriate deposition condition to optimize the morphologies for higher
crack extension resistance, which may further expand the potential of CVD diamond for a wider variety of possible

applications by ensuring their mechanical integrity.
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