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Abstract: The diamond thin films was deposited by hot filament CVD method in the Cemented 

Carbide (YG6) substrate. The surface morphology and quality of the diamond film coating was 

detected by scanning electron microscopy and Raman spectrometer. The internal stress of the 

diamond thin films and Cemented Carbide substrate, exerted by load, was calculated by the method 

of finite element numerical analysis. The analysis result shows that the internal stress of the film is 

tensile stress. The maximum appear in the blade and the tip place, the stress distribution more 

evenly in the middle area of the film. The stress is a zonal distribution and reduced gradually from 

the matrix surface to bottom in the Cemented Carbide, the results of the finite element analysis can 

provide the reference for the other methods to determin the diamond film stress and improve the 

stress between the membrane and substrate. 

 

1  Introduction 

  With the wide application of the new composite materials and the difficult to process materials, it 

put forward higher request for cutting tool in the modern manufacturing. The traditional high speed 

steel and Cemented Carbide cutting tools hasn't met its processing requirements of high speed and 

high precision. However the CVD diamond film has a lot of excellent performances, such as very 

close to the hardness of natural diamond, big elastic modulus, high thermal conductivity, low 

thermal expansion coefficient, low friction coefficient, chemical stability and very good fight acid, 

alkali, corrosion resistant. It is honoured as the most potential new coating material. So the diamond 

film coating tools become the ideal tool of processing new materials[1,2]. 

  The failure of the coated tool often is the shedding of the coating. Numerous studies show that: 

the internal stress is caused by that the defects are generated by the film due to its own internal 

structure, with different of the thermal expansion coefficient of the substrate and the uneven 

distribution of the growth temperature will affect the binding force between the film coating and 

substrate, in severe cases, it will cause the coating to fall off, it is urgently needed to resolve the 

problem that how to reduce the internal stress of thin films to improve the binding force between 

the coating and substrate[3].In this paper, diamond film is prepared by hot filament CVD method, 

the size and distribution of the stress are analyzed by finite element simulation after the load is 

applied in the certain thickness.  

 

2  Preparation and Characterization of CVD diamond film coated tool 

  The tool base material was the WC-Co6% Cemented Carbide YG6 blade, the substrate surface 

needed to pretreat before the diamond film was deposited. In this paper the YG6 matrix blade was 

pretreated by the acid-base two-steps. As follows: ①Putting the Cemented Carbide YG6 blades 

into the Murakam solution (mass ratio: KOH:K3(Fe(CN)6):H2O = 1:1:10) to ultrasonic cleaning 

20min; ②The blade was putted into the H2SO4:H2O2 = 3:7 (volume ratio) solution to ultrasonic 
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cleaning 30s;③Using the distilled water to wash away the residual reaction solution on the blade; 

④Acetone ultrasonic cleaning 5min. The purpose of preprocessing in order to make the substrate 

surface to become roughening and purification, thereby change the microstructure of the substrate 

surface. In the first step, the tungsten particles was broke and removed on the cutting tool surface, 

making tool surface to coarsen and forming a large number of defects that could increase the 

contact area between the reaction of gas source and substrate and the can of the substrate surface, 

improve the nucleation density of diamond on the cemented carbide substrate, and then enhance the 

adhesion of the diamond film in the substrate surface. The second step pretreatment was to remove 

the tool surface of cobalt, reducing the reminder graphite role of cobalt in the diamond particle 

deposition process and thus improving the quality of the diamond film and substrate adhesion. The 

last two steps pretreatment in order to purify the tool surface and remove the oxides and 

contaminants of the substrate surface[4,5]. The hot filament chemical vapor deposition (HFCVD) 

device was used the film-forming device, the reaction gas were the hydrogen and acetone. The hot 

wire was tantalum wire of the 0.5mm in diameter. Using four tantalum wire that the space was 

20mm approximately, parallel and equidistant arrangement each other. 

  It can be seen from the Table 1, the deposition process of the diamond film can be divided into 

three stages that are the carbonization stage, the nucleation stage and the growth stage. 

Carbonization stage in order to reduce impurities and obtain high-quality diamond film. Because the 

hot wire have the oil and other impurities, if not removed in the deposition process. It would affect 

the quality of the deposited film. In the nucleation stage, using the lower reaction pressure and high 

current bias can increase the diamond nucleation density that it was conducive to generate a 

uniform and dense diamond film. In the growth stage, increasing the reaction gas pressure and 

reducing the carbon source flow that would result hydrocarbon groups adsorbed to the substrate 

surface was etched by a large number of Hatoms, this in order to reduce the non-diamond carbon 

components [6,7]. Depositing 6h and the film's thickness was about 10µm. 

 

Table 1 The process parameters of the hot filament CVD deposit diamond films 
Deposition parameters Carbonization stage Nucleation stage Growth stage 

Hydrogen / Acetone[sccm] 200/60 200/60 200/50 

Hot filament temperature[
0
C] 450-700 1800-2000 2100-2200 

Hot filament power[W] 150-600 1500-1700 1900-2100 

Substrate temperature[
0
C]  650-750 750-850 

the distance of Hot filament 

substrate [mm] 
6 6 6 

Pressure[Torr] 45 12 40 

Current bias[A]  3 3 

Time[h] 1 0.5 6 

 

  The diamond film coating's surface morphology was tested by scanning electron microscopy. 

Figure 1 shows the diamond particles is thick, dark gray, metallic luster and an irregular lozenge 

shape. Grain shape is basically the same, the crystal edges and grain boundaries are very clear. The 

tool surface and the cutting edge is covered by a layer of uniform and dense diamond film. 
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  Fig .1 SEM images of the surface of the diamond film coating tool and cutting edge 

 

The diamond films composition and quality were analyzed by using laser Raman spectroscopy. 

Laser Raman scattering spectroscopy play an important role for analysing the physico-chemical 

properties of diamond films. Raman spectroscopy is very sensitive to the carbon bond and it can 

produce different Raman peak to the different types of the carbon structure such as diamond, 

graphite, amorphous carbon ,hydrocarbons and so on. However diamond Raman peak at 1332cm
-1. 

The test results of the diamond film coating tool Raman spectrum is shown in Figure 2. The section 

of diamond film at the tool surface and the cutting edge has a very sharp Ranman peak at 1332cm
-1

. 

Which in accord with the natural diamond intrinsic peaks, indicating the good quality of diamond 

films. This indicates that the diamond films has a good quality. But the different is that non-

diamond peaks emerge in the Raman spectra of the blade surface. That is to say there have a small 

amount of graphite or amorphous carbon and other impurities in this region, because of its content 

is very low, so it will not have an effect on the overall performance of the diamond films[8]. 

         

Fig .2 The Raman spectra images of the diamond thin film coating tool surface and the cutting edge 

 

3  Stress analysis of the three-diamond thin film coating tool 

  The internal stress of diamond film is caused by the defects generated by the film due to its own 

internal structure, with different of the thermal expansion coefficient of the substrate and the growth 

temperature of the uneven distribution. The focus of the film stress will affect the coating and 

substrate's binding strength at the joint surface and reduce the adhesion of the film and substrate, 

reduce severe, causing the film off, in severe cases, it will cause the coating to fall off. So we need 

to analyze and calculate the distribution and size of the coating stress. The measure method of 

Stress have the Ranman spectrometry, X-ray diffraction method, film vibration France, bending 

method and so on. The above method of measuring stress only to obtain a point or a small area of 

stress message in the sample, it does not have a comprehensive understanding of the stress of the 

diamond film coating. Using the finite element analysis of solving continuous problem's numerical 

methods is an effective means to settle this problem[9,10]. 
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3.1 Establish the finite element analysis model 

  The substrate material is the WC Cemented Carbide and the size is 15mm×15mm×4.5mm. 

Coating is the diamond films of thickness 10µm. These two kinds of material properties are shown 

in Table 2.The diamond film coating blades showing a geometric symmetry structure. So we could 

choose the longitudinal profile of the blade coating to set a plane finite element model, select the 

appropriate thermal analysis unit and define the material parameters. 

 

Table 2 The material properties of the substrate and coating[11] 

Material Name 

Modulus of 

elasticity 

[E/GPa] 

Poisson's ratio 

Thermal 

conductivity 

[W/cm.k] 

Coefficient of 

thermal 

expansion 

[10
-6

/K] 

Cemented Carbide  100 0.33 0.29 5.7 

Diamond Coating 1035 0.07 20 0.81 

3.2 Meshing of the model 

  Meshing the finite element analysis model. As the coating thickness was too thin, and it wasn't 

easy to be divided. So we using the same size grid on the coating and substrate. The grid of Some 

part of the regionals was refined on the film, especially in the point and edge.So that in the process 

of the subsequent calculation in order to obtain more accurate results. 

3.3 Loading of the model 

  (1)The combination of between diamond films and the substrate surface and the connection of the 

different planes of the film were ideal, when they were affected by external load, the displacement 

of the substrate surface and film surface was zero. 

  (2)Coating was cooled by the role of the water from 850
0
C to room temperature in the vacuum 

reactor internal, it was a steady-state thermal analysis and the process did not take into account the 

thermal radiation and phase change. 

3.4 Viewing the solution results 

  Figure 5 is the temperature field contour map of the model after by the thermal load. It can be 

seen from the figure, the lowest temperature of the substrate is 350
0
C, the thermal load is applied to 

the coating tool surface, the temperature decreases gradually after heat conduction and the 

temperature is zonal distribution in the substrate. 

       
Fig 5 Temperature field contour diagram            Fig 6 Stress field contour diagram 

 

  Figure 6 is the whole stress field contour diagram of the diamond film coating tool. It can be 

Seen from the figure that the maximum stress focus on the cutting edge and the size of the stress is 

0.7GPa, from edge to middle the stress is reduced by degrees. The stress value of the middle areas 

is 0.59GPa, it show that the stress distribution is uniform in the diamond coating and the stress state 

is expressed as the tensile stress. Stress is the zonal distribution in the substrate and it is reduced 
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gradually from the substrate surface to downward, the average stress value is 0.4GPa. In diamond 

films stress is less than the tensile strength (tensile strength is 16GPa), so the diamond film should 

not be ruptured on the substrate [12,13]. 

4  Conclusion 

  (1)Diamond film is prepared by hot filament CVD method, we must abide The deposition 

process strictly and control the different of deposition parameters reasonably, especially 

temperature, so as to obtain good quality diamond films. 

  (2)The stress of the membrane-based systems is analysed by finite element simulation, as the 

result shows that the magnitude of the stress is GPa in the diamond film, the largest stress of the 

film-substrate systems concentrate at the tip of the blade, its value is 0.7 GPa. The stress of the 

CVD diamond film is uniform distribute in the middle regions, and the stress state is expressed as 

the tensile stress. Stress is reduced gradually from the surface to down in the cemented carbide 

substrate. 
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