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The basic technologies for CVD synthesis of diamond and its application as a coating were established in our laboratory
by two particular types of CVD apparatus, EACVD and DC plasma CVD. At present, CVD diamond can be deposited
on cemented carbide substrate 125 mm in diameter at a thickness of 100 um. Various machine parts and tools coated with

CVD diamond have shown excellent performance.

1. Introduction

CVD synthesis of diamond has been extensively
studied in this decade."™ We chose EACVD and
DC plasma CVD systems for the simplicity of
structure and ease of diamond deposition. Cement-
ed carbide was selected as the substrate material
for CVD deposition and a series of experiments
revealed the proper deposition conditions to pro-
vide a favorable diamond coating with adequate
adherence between the substrate and the CVD
diamond coating. The coating conditions are
shown in Table 1. On the basis of these preliminary
tests, various parts and tools were produced using
CVD diamond coatings. Asahi Diamond Industrial
Co. has recently commenced supplying these
practical parts and tools to our customers.

2. Fabrication process

Machine parts and tools were fabricated by two
methods: direct coating onto base materials and an
indirect coating process such as brazing the CVD
diamond film sheet to the base.

Figure 1 shows a schematic drawing of the
EACVD apparatus. This technique was applied
mainly to the direct coating of both flat and non-
flat surfaces. These can even include concave,
convex, or cylindrical surfaces with relatively large
areas. On the other hand, the DC plasma CVD
technique shown in Fig. 2 can be used for quickly
forming thick diamond film sheets.

Machine parts and tools were fabricated by the
following procedure.

Direct coating:

(1) Preparation of the base material for

deposition.

Table 1. Conditions of gaseous phase deposition of diamond
Method
Term
EACVD DC plasma CVD
1. Reaction gas CHs+H: CHs+H;
2. Gas pressure (Torr) 40 200
3. Flow rate (sccm) 50 50~200
4. CHa concent. (vol%) 0.5~2 0.5~5
5. Substrate temp. (°C) 700~900 800~1000
6. Current density (mA/cm?) 10 1000
7. Reaction time (hr) 1~20 1~5
8. Growth rate (um/hr) 5 20
9. Coating area (cm®) ~120 ~1
0.

—_

Substrate material

W, Mo, Cemented carbide

Cemented carbide, Si
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of 170 bores every two hours. A bare cemented
carbide drill was also tested under the same condi-
tion for comparison. The bare drill had a life of
only 170 bores, while the coated drill lasted for
over 1700 bores, 10 times longer. This increased
performance results from the effect of the surface
roughness of the diamond coat on the wear
resistance.

Performance of wear-resistant machine parts and
tools

Diamond materials used in wear-resistant
machine parts and tools come in a great variety of
forms and degrees of hardness. Diamond coating
is applied to many purposes including improving
thermal conductivity, electrical resistance and
penetrability of infrared radiation. Though these
applications are possible using single crystalline
diamond and sintered diamond, these are much
inferior to diamond coating in shapeforming free-
dom. Since diamond coating is a binderless film, it

can extend to a very large area of any shape; this
can’t be attained by either of the other diamond
applications. Some examples of diamond film
application were shown in Photo 1. These have
been proved to have lives several tens of times
longer than other ceramic-coated materials. Excel-
lent performances were recognized for rollers,
blades and feelers.

Further experiments are being carried out in our
laboratory for wider application of the excellent
material of CVD diamond.
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