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Abstract 

 

Boron-doped diamond (BDD) has been expected to be applied as various materials such as the 

cutting tools, wear resistant parts, and electrode, because they have excellent properties such as high 

mechanical, chemical, and electric. However, the BDD that can be able to apply as an industrial materials 

is only the polycrystalline plates or thin films with the substrates. Therefore, establishing the methods 

for synthesizing bulk size single crystalline BDD, and clarifying the workability of the synthesized BDD 

are very important for expanding of application of BDD. Additionally, the BDD coated Ti (Ti/BDD) 

electrode is inferior to BDD coated another materials (i.e. niobium, tantalum, tungsten, and silicon) 

electrodes in terms of service life. The delaminating of BDD on Ti was one of the causes of Ti/BDD 

electrode breakdown. The high thermal stress caused by coefficient thermal expansion mismatch 

between BDD and Ti at the substrate temperature during BDD synthesis and electrochemical corrosion 

of the TiC intermediate layer during the electrolysis had been reported as the adversely affecting that 

problem. Although nanocrystalline diamond synthesis at a low substrate temperature was reported to 

result in strong adhesion of BDD on Ti, this method shows the problems of inclusion of a large quantity 

of amorphous carbon and extremely low synthesis rate. 

Therefore, this study was carried out of establishing the synthesis method of bulk size single 

crystal BDD, and clarifying the workability of the synthesized BDD, additionally,  devised a new 

method to improve the adhesion strength of Ti/BDD at the interface design. 

Chapter 1 is the background and the aim of the study. 

Chapter 2 described the effect of microwave power and substrate temperature on BDD 

synthesis using mode-conversion-type microwave plasma chemical vapor deposition (MWPCVD). As 

a result, the substrate temperature was able to be controlled linearly by microwave power. It was revealed 

that the BDD deposition rate was proportional to the substrate temperature at the microwave power of 

750 W or higher. The microwave power is less than 750 W, the dissociation of B(OCH3)3 in the plasma 

does not proceed that the amount of generation of B is small and the amount of boron taken in the 

deposits was remarkably reducing, It was found that the intensities ratios of each optical emission specie 

were constant with the microwave power: 750 W or more over. 

Chapter 3 described the effects of boronizing with different reaction times on the surface of 

different Ti substrates are investigated. Subsequently, the BDD are deposited on each Ti substrate with 

boronizing pretreatment for different durations, and the structures and adhesion strength of the BDD 

deposits on Ti substrates are investigated. Furthermore, the correlation between the adhesion strength of 

Ti/BDD and the state of substrates surface after the boronizing is discussed. From the results of chemical 

bonding analysis by X-ray photoelectron spectroscopy of the surface of each Ti substrate after the 

boronizing, it was observed that the amount of synthesizing Ti-B increased with the increase of the 



 

 

boronizing time. In adhesion strength of each Ti/BDD, increasing adhesion strength was accompanied 

the increase of boronizing time. 

Chapter 4, Bulk size single crystal BDD was synthesized using mode-conversion-type 

MWPCVD and B(OCH3)3 as a boron source conducted intermittent and continuous process for long-

term synthesis, and obtained BDD were evaluation from structure analysis. In the section 1, the BDD 

was synthesized by intermittent process. From the Laue pattern and the Raman spectra from the surface, 

it was found that the obtained deposit was single crystal BDD having high boron concentration. In the 

SEM observation image obtained from the cross section, the same number of line-like layers as the 

number of intermittent times were observed, and in the Raman spectroscopy obtained from these layers, 

the amount of boron were lower than the other area. In the section 2, the BDD was synthesized by 

continuous process. The obtained BDD was single crystalline boron-doped BDD with high boron 

concentration from the Laue pattern and Raman spectra. From the SEM observation and the Raman 

spectra of the cross section, it was revealed that the BDD was an uniform boron concentration and 

crystallinity in any area. In the section 3 was scribed summary of the results obtained in the sections 1 

and 2. 

Chapter 5, B-doped diamond grown on HPHT diamond (type Ib) having (100) substrate using 

mode-conversion type MWPCVD was used as a sample. The homoepitaxial layer underneath the surface 

was exposed using ICP type RF plasma treatment with water as a reaction gas, and a smooth surface 

was formed by polishing using a cast-iron scaif with diamond paste. A result of the water plasma 

treatment, the (111) oriented polycrystalline of B-doped diamond film of the surface layer was removed 

with no-residue of amorphous-carbon, and single crystal B-doped diamond present underneath the 

surface was exposed. In addition, it was revealed that no-synthesis of amorphous-carbon and no-

remarkable reduction of boron concentration were occurred on the surface after each processing. 

However, at the surface after polishing, reduce of boron concentration under order. 

Based on the above knowledge, this study clarified the influence of microwave power and 

substrate temperature on the synthesis of BDD, and a new method for improvement of adhesion of BDD 

on Ti substrate was presented at the viewpoint of the interface design. However, it is necessary to be 

confirmed that the take-off of the BDD on Ti caused by electrochemical elution of TiC of the 

intermediate layer is suppressed on actual use. Furthermore, in the synthesis of bulk size single-

crystalline BDD, it was obtained knowledge as a guide of the synthesis method. In addition, the 

workability of the obtained BDD for the application were clarified. However, when used as the tools, 

processing performance is important. Therefore, it is necessary to produce the tools and evaluate its 

performance, and if it can be confirmed the expected effects such as improvement of processing 

accuracy and tool life, we will greatly accelerate the industrial application of BDD. 
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