– 81 –

Detection of Nitrogen in CVD Diamond^♦

A. Bergmaier, G. Dollinger, C. M. Frey, and T. Faestermann

Nitrogen impurities in CH_4/H_2 gas mixtures influence texture and morphology of polycrystalline diamond films prepared by chemical vapour deposition (CVD). The addition of small amounts of nitrogen in the process gas can effect a transition of the surface morphology from nanocrystalline to well facetted as well as a change in the grain structure from (110) to (100) fibre texture, depending on the N/C ratio [1].

On the other hand, nitrogen impurities incorporated in diamond films have a strong influence on the optical and electrical properties of these films. E.g. nitrogen acts as a deep level donor resulting in the compensation of acceptors such as boron [2]. Furthermore, it gives rise to various optical centers due to different configurations in the diamond lattice [3], and the thermal conductivity of diamond decreases dramatically with an increasing nitrogen content in the diamond film [4].

However, there is little knowledge about the quantities of nitrogen incorporated in diamond. This is due to the fact that nitrogen is not easily detectable in diamond and, therefore, none of the common analyzation techniques has sufficient sensitivity (some 10^{−5} and lower).

Diamond films were deposited on (100) oriented crystalline silicon surfaces by microwave plasma assisted CVD from a gas mixture of 1.5% CH_4 in H_2 and a nitrogen admixture varying from 25 ppm up to 5000 ppm N_2/H_2. Thus the nitrogen to carbon ratio in the process gas was varied from 0.33% to 67%. The depositions were performed similarly to those described in Ref. [5]. The substrate was held at a temperature of 790^∘C during a total growth time of 900 min, which results in a film thickness of about 10 μm. The diamond films were investigated for their nitrogen content with the arrangement for ERD analysis at the Munich tandem accelerator described in Refs. [6,7]. The Q3D magnetic spectrograph with its complex focal plane gas detector offers the possibility of multiple redundant particle identification, which is important, detecting very low nitrogen contents in a carbon matrix. Performing multiple ΔE, E_{tot} and position measurements in the focal plane of the Q3D, the mass and the nuclear charge of the detected recoil ion is determined independently several times in order to avoid any background. Hence a detection limit better than 1 ppm nitrogen in carbon can be achieved using the Q3D magnetic spectrograph with its focal plane gas detector [8].

The relationship between the nitrogen content in the diamond films c_{Dia} as measured with ERD and the nitrogen to carbon ratio c_{gas} offered in the process gas during film deposition is shown in Fig. 1. One film deposited without any nitrogen gas added intentionally showed a nitrogen content of 8 ppm. The dashed line in Fig. 1 represents a fit to the data, using a modified power law c_{Dia} = c_0 +A·c^B_{gas} resulting in A = 40.9 ± 6.5 and B = 0.92 ± 0.07 for c_0 = 8ppm. The fit reveals a nearly direct proportionality (B = 1) of c_{Dia} and c_{gas}. Assuming a linear dependence of c_{Dia} and c_{gas}, the incorporation probability of nitrogen from the gas phase into the diamond film can be estimated to be about 0.4% in relation to carbon over several orders of magnitude of nitrogen supplied.

The morphology and texture of the diamond films investigated as analysed by scanning electron microscopy (SEM) and X–ray diffraction analysis (XRD) was found to depend strongly on the ratio of N/C in the process gas [9]. The film deposited with a 0.33% N admixture relative to carbon atoms in the process gas showed a (110) texture with tilted (100) facettes. With increasing N/C ratio grain structure of the film shifts to a (100) fibre texture, accompanied with a well facetted surface morphology which was best for a N/C ratio of 1.3% in the process gas. A further increase in the N/C ratio in the process gas up to 67% results in a change in the film texture back to (110), and the surface morphology deteriorates showing no more crystal facetting.

Fig. 1: The N–content in the diamond films as measured with ERD vs. the N/C ratio in the CVD process gas. The dashed line represents a fit to the data, using a modified power law. The indicated value c_0 is the nitrogen concentration measured in a diamond film deposited without adding any N_2 intentionally to the process gas.

References

[1] R. Locher, C. Wild, N. Herres, D. Behr and P. Koidl, Appl. Phys. Lett. 65 (1), 34 (1994).

[2] J. Mort, M.A. Machonkin and K. Okumura,

J. Appl. Phys. Lett., 59 (1991) 3148.

[3] J. Wilks and E. Wilks, Properties and Applications of Diamond (Butterworth–Heinemann, Oxford, 1991), p. 67.

[4] P.K. Bachmann, H.J. Hagemann, H. Lade, D. Leers, D.U.

Wiechert, H. Wilson, D. Fournier, K. Plamann, Diamond Relat. Mater., 4 (1995) 820.

[5] M. Roesler, R. Zachai, H.–J. Füßer, X. Jiang and C.–P. Klages, in M. Yoshikawa, M. Murakawa, Y. Tzeng and W.A. Yarbrough (eds.), Proc. 2nd Int. Conf. on the Application of Diamond Films and Related Materials, MYU Press, Tokyo, 1993, p. 691.

[6] G. Dollinger, T. Faestermann and P. Maier–Komor, Nucl. Instr. and Meth. B 64 (1992) 422 [7] G. Dollinger, A. Bergmaier, T. Faestermann, C.M. Frey, Fres. J. Anal. Chem. 353 (1995) 311 [8] G. Dollinger, M. Boulouednine, A. Bergmaier, T. Faestermann, C. M. Frey, Nucl. Instr. and Meth. (1996) in press [9] A. Bergmaier, G. Dollinger, T. Faestermann, C.M. Frey, M. Ferguson, H. Güttler, G. Schulz and H. Willerscheid, Diamon. Relat. Mater. (1996) in press

♦in cooperation with M. Ferguson, H. Güttler, G. Schulz and H. Willerscheid, Daimler-Benz AG, Research Center, D-89081 Ulm