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Auger Electron Spectroscopy (AES) has been employed to investigate the effectiveness of thin 

films of TiN as barriers to carbon diffusion during Chemical Vapor Deposition (CVD) of diamond 

onto Fe substrates. Auger Depth Profiling was used to monitor the C concentration in the TiN 

layer, through the interface and into the substrate both before and after CVD diamond deposition. 

The results show that a layer of TiN only 250A thick is sufficient to inhibit soot formation on the 

Fe surface and C diffusion into the Fe bulk. 



The growth of Chemically Vapour Deposited (CVD) Diamond on many substrates, including 

tool materials (cemented carbide, SiAlON, SiC and Tungsten cutting tools) has been extensively 

studied in recent times [1-4]. Despite this the deposition of diamond on Fe based tools remains 

comparatively unreported and is poorly understood. Some authors [5] have commented that it is 

difficult to grow diamond on Fe. The factors which have been suggested to mitigate against good 

quality diamond growth on Fe (as compared to other metals such as Tungsten), are: (i) soot 

formation on the surface presumably due to the catalytic effect of the Fe substrate, and (ii) the 

diffusion of C into the Fe bulk. The latter may also lead to embrittlement of the Fe substrate. 

The presence of a suitable barrier layer on the Fe substrate may well overcome some or all of 

the above problems. In this study we report the effect of thin TiN layers on the nucleation and 

growth of diamond on Fe substrates. TiN was chosen because: (i) it is extensively used as a hard-

coating on steel and cemented carbide tools and (ii) it is known to be very effective as a diffusion 

barrier [6]. Herein, we show that the presence of even a very thin film of TiN on the Fe surface 

does indeed inhibit soot formation on the surface and the diffusion of C into the Fe bulk. 

The substrates were cut from a piece of magnet iron as plates of dimension 10 x 10 x 0.7 

mm . Auger spectroscopy revealed C ( < 2 at. %) and Si (-12 at. %) as the only impurities to 

within the sensitivity of the Auger technique (]A at. % in these samples). The samples were 

mechanically polished to a 0.5/*m diamond paste finish and then ultrasonicaily cleaned in acetone 

and ethanol. Using a TENCOR ALPHASTEP 250 profiler it was found that the typical surface 

roughness was -0. l/*m. Reactive Magnetron Sputtering was used to deposit thin TiN films 250 

and 500A thick. A mask was used to shield half the specimen from the TiN deposition leaving half 

of the sample uncoated. 

The CVD diamond deposition system consists of an Evenson Cavity encasing a 1" vertical 

quartz tube containing the reactant gases (methane/hydrogen mix), which are excited using a 

frequency of 2.45 GHz [7]. Prior to insertion in the CVD system, the specimens were again 

thoroughly cleaned in acetone and ethanol. The deposition parameters used were Pressure - 30 

Torr; Flow Rate - 100 seem; CH4/H2 - 1:99, Temperature - 900°C and deposition times of 7Vi 

minutes and 2 hours. Temperature was measured using an optical pyrometer. 



Auger Electron Spectroscopy (AES) was used to investigate the near surface region (-20A) and 

the composition as a function of depth of the substrates before and after CVD diamond deposition. 

The measurements were performed with a Varian Cylindrical Mirror Analyser (CMA) with a 

coaxial electron gun. A primary current of 5/xA and primary electron energy of 5 keV were used. 

The sputtering was via Argon ion bombardment with an ion energy of 2keV and a current of 

lOOpA/cm . The Auger line shape provides clear signatures for different allotropes of carbon [8] 

and for carbides. These signatures have been used to gain qualitative information about the nature 

of the bonding in the films. The concentration of an element X was estimated by 

Ix'Sx 

^all elements 'x ®x 

where I x is the peak to peak intensity of the Auger line and S x is the sensitivity factor [9]. The 

sensitivity factors for Fe, Ti and Si were previously measured (for our analyser) to be 0.20, 0.34 

and 0.29, which are very similar to those in the literature [9] from which the sensitivity of N 

(0.22) was taken. The sensitivity factor for C in an Fe matrix was measured using a 1 wt. % 

carbon-steel standard and was found to be 0.42. This is to be compared with the literature value 

for graphite of only 0.14 [9], the difference being partially due to the preferential sputtering in the 

Fe-C system resulting from the different sputtering rates of Fe and C, and the change in chemical 

bonding. 

SEM micrographs of the TiN/Fe interface region after 7'A minutes and 2 hours of CVD 

diamond deposition are shown in Figures 1(a) - (c). After only Vh minutes a continuous film 

formed on the Fe, whilst there was no growth on the TiN. The thickness of the film was measured 

by surface profilometry to be 0.4 jxm. The material was soft and easily scratched by the 

profilometer stylus at loads > 9mg. After 2 hours (Fig. 1(b)) particles formed on both the coated 

and uncoated surfaces, but the particles on the Fe grew on top of the continuous film which 

formed in the first few minutes of growth. Micro-Raman Spectroscopy of particles on the TiN and 

the Fe returned similar spectra clearly showing the presence of the 1332cm"* diamond line, 



together with broad peaks at 1525cm"1 indicative of the presence of disordered carbons [10]. 

However, it must be noted that the diamond particles present on the uncoated Fe have grown on 

top of a layer of soot. After 6 hours of growth (not shown) the diamond particles coalesce to form 

a continuous film on both the TiN coated and uncoated Fe substrates. 

Interestingly, Figure 1(c) shows that the maximum nucleation density of diamond occurs on the 

TiN in the proximity of the interface between the coated and uncoated portions of the Fe substrate. 

This enhanced nucleation may be due to the sputtering of the soot formed on the uncoated Fe 

substrate. Sputtered Fe and C may be redeposited on the TiN where they may act as centres for the 

nucleation of diamond. This is consistent with recent observations by Salvadori et al [11]. Using a 

solid graphite ring as the source of carbon within the hydrogen plasma, they show that the greatest 

growth rate occurs in close proximity to the ring. 

An Auger Depth Sputter Profile of the uncoated Fe substrate after lxh min. CVD deposition 

time is shown in Fig. 2. It shows that a sputter time of more than 150 minutes is required to 

obtain the pre-CVD carbon concentration within the iron (C <Z at. %). The depth of the sputter 

crater was estimated by profilor.ury to be approximately l/̂ m (10 times greater than the initial 

surface roughness). From these measurements it is clear that there has been considerable diffusion 

of the carbon into the Fe bulk. This large diffusion rate, despite the low concentration of C, in the 

source gas, is attributable to plasma enhanced diffusion which has also been observed in the case 

of DC plasma immersion of steels in methane [12]. 

The inset, (a), to figure 2 shows the Auger lineshape of the carbon close to the surface which 

is typical of graphitic carbon, being slightly asymmetric, with the satellite peak at -30eV to the 

left of the main peak at 272 eV. As the Fe concentration increases deeper into the sample the 

C(KLL) lineshape (b) shows evidence of the presence of carbidic carbon (presumably Fe3Q with 

the emergence of two more satellite peaks displaced 11 and 19eV to the left of the 272 eV peak. 

The observed lineshape however does not appear to be one of pure carbide since it is asymmetric. 

This suggests that the layer is a mixture of graphitic and carbidic carbons at this depth. The line 

shape becomes increasingly carbidic as one sputters deeper into the film. However, once the C 

level reaches that observed in the virgin Fe samples, the line shape once again appears to be 

graphitic. 



Surprisingly, even though the film is of the order of 0.4/xm thick after only Vh minutes of 

diamond deposition, a considerable amount of Fe (up to SO at. %) is present on the surface. It is 

not clear whether this is due to Fe diffusing up through the deposited layer or due to the formation 

of a complicated mixture of Fe3C and graphite. The equilibrium phase diagram for Fe/C [13] 

(which is, of-course, not strictly applicable for the non-equilibrium conditions present in the 

microwave plasma) shows the possibility of the formation of a mixture of Fe3C and graphite at 

900°C at high carbon concentrations, above 25 at. %. However, since the analysis is performed at 

room temperature, we cannot distinguish between carbide formed at 900°C or alternatively carbide 

formed upon decomposition of austenite into ferrite and Fe3C during normal cooling. Formation 

of such a mixture, possibly concomitant with swelling, is consistent with our observations of both 

carbidic and graphitic carbons in this layer, although the possibility of diffusion of Fe to the 

surface cannot be discounted. 

An AES depth profile of the portion of the sample coated with 250A of TiN on Fe after lxh 

min. of CVD diamond deposition is shown in figure 3. Estimation of the N content of TiN films 

is complicated by the overlap of the N(KLL) and Ti(LMM) transitions. Based on the method 

described in ref. [14] we estimate that the Ti/N ratio is 0.90 ± 0.05. 

The sputter profile shown in Figure 3 is very similar to that obtained from depth profiling of 

the TiN layer prior to CVD deposition. In particular there is no increase in the C concentration 

underneath the TiN layer following exposure to the CVD plasma. The inset to Figure 3 shows the 

line shape of the carbon in the TiN layer, which is characteristic of a carbide (presumably TiC), 

which is present both before and after CVD deposition and is presumably attributable to carbon 

contamination in the TiN magnetron sputter system. After 2 hours of CVD deposition (fig. 4) 

similar results were obtained with 500A of TiN; the AES depth profile showing no increase in the 

C concentration below the TiN layer following CVD diamond deposition. 

In summary, the growth of CVD diamond on Fe in a microwave plasma is complicated by the 

formation of a thick graphitic film on the surface during the first few minutes of exposure to the 

plasma. During this time considerable diffusion of C into the Fe substrate occurs. A thin coating 

of TiN (250A) on the Fe was found to inhibit the formation of the graphitic layer and prevent C 

diffusion into the Fe. For longer deposition times ( > 2 hours) diamond nucleates and grows on 



both the TiN and on this thick graphitic layer. However, even after 2 hours CVD deposition time 

no C has diffused past the TiN layer. The results show that TiN is very effective as a diffusion 

barrier for diamond deposition on Fe, as well as being a surface upon which good quality diamond 

will nucleate and grow. 
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Figure 1 - SEM micrographs of the TiN (250A) and Fe interface after 1(a) T/imm. and 1(b) 2 hrs. 

of CVD diamond deposition at high magnification. Figure 1(c) shows a low magnifaction 

micrograph after 2 hrs of CVD deposition. 

Figure 2 - Auger Depth Profile of the uncoated Fe substrate after 7Vimin. CVD deposition time. 

The inset shows the two C(KLL) line shapes observed within the sputter profile ((a) graphitic and 

(b) graphitic/carbidic carbon). 

Figure 3 - Auger Depth Profile of an Fe sample coated with 250A of TiN after 7'^min. of CVD 

diamond deposition. The inset (a) shows the carbidic nature of the C(KLL) line shape within the 

TiN. 

Figure 4 - Auger Depth Profile of an Fe sample coated with 500A of TiN after 2hrs. of CVD 

diamond deposition. 
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