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Different Boron concentrations have been used to study the effect and quality of boron
doped diamond film formed on the Niobium substrate. Deposition of nanocrystalline
diamonds films on Niobium substrate have been carried out by HF-CVD technique using
mixture of methane and hydrogen gases. The surface roughness of the substrates and the
resultant morphology of nanocrystalline diamond have been studied using Atomic force
microscope (AFM). Raman spectroscopy was used to investigate the diamond film quality
while the surface conductivity of boron doped diamond film has been characterized using
current image tunneling spectroscope (CITS). The results of the measurements show that
the grains sizes were decreasing as increasing the levels of boron concentration, as well as
the surface has homogenous distribution of conductivity as the boron concentrations
increasing. Moreover, Raman measurements show a shift to lower energy of characteristic
diamond line at 1330 cm-1 as a function of the doping level.
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1. Introduction
Boron doped nanodiamond(BDD) are well known structures and attracted by many
researchers for their application in bio-sensing, electronics, water purification electrodes, unipolar
devices, ultraviolet light generators and electrochemical applications [1-4]. BDD are a unique
material because of its outstanding mechanical, thermal, optical, electronic and electrochemical
properties [5, 6]. The BDD film can be prepared using different techniques as mentioned in the
literatures such as; the microwave plasma enhanced-chemical vapor deposition (MW PE-CVD) [7]
and Hot filament chemical vapor deposition (HF-CVD) [8] as this method involves activation of a
mixture of hydrogen and hydrocarbon gases.
The motivation of using BDD in application refers to the conductivity of diamond thin
films, where the conductivity can be adjusted typically by carrying out suitable doping procedures.
The conductivity of diamond thin films can be fabricated by substitution doping atoms such as B,
Al, N, P, S, Si, Ni, Fe, Sb, Cr, etc. As mentioned in the literature, boron is one of the most used
and successful because of its ability to be substituted for carbon atoms in the diamond lattice [9].
BDD thin films are synthesized by substituting some of the hybridized carbon atoms in the
diamond lattice with boron atoms during diamond thin film synthesis (In situ) or after diamond
thin film synthesis (Ex situ). In situ doping involves addition of certain amount of boron
containing gas species to the diamond forming gas mixtures during the diamond thin film
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synthesis. However, Ex situ doping involves boron doping into the already synthesized diamond
thin films mainly through ion implantation [10,11].
The BDD electrode’s electrical properties depend on several structural factors such as
dopant concentration, conductivity distribution, and structural defects in the diamond film and
non-diamond carbon impurity content like amorphous graphite. However, the understanding of
enhancing the electrical properties is still not clear and under investigation. In the present work,
the effect of the boron concentration on the morphology and quality of nanodiamond film
deposited on Niobium substrate has been investigated and discussed. AFM, CITS and Raman
spectroscopy have been used to identify and characterize the deposited diamond film.
2. Material and methods
The boron doped nanodiamond films were produced by a hot filament chemical vapor
deposition (HFCVD) process. The substrate used for the deposition of BDD film was Niobium
substrates and cleaned ultrasonically in acetone to remove any impurities such as dust and debris.
Then, the substrates were pretreated by sand blasting in order to roughen the surface and therefore
to enhance the adhesion strength between diamond and substrate, and meanwhile, the specific
surface area was increased to expectably improve the electrochemical performance. The sand
blasting was followed by twice ultrasonic cleaning in ethanol. Afterwards the substrates were
seeded by ultrasonic seeding in a diamond powder suspension. The CVD-diamond coating took
place in a CVD Hot Filament Coating machine CC800/8 DIA with 1% methane CH 4 and a small
amount of trimethyl borate B(OCH3)3) to enhance the electrical conductivity of diamond by borondoping. In this study two different surfaces of BDD, doped with gas-phase B(OCH3)3)
concentration of 0.5 and 1.5 ppm.
The AFM has been used to characterize the surface topography, roughness, and the grain
size of the boron doped nanodiamond films. An extensive STM was employed to characterize the
surface of the prepared BDD film as well as the surface conductivity by performing current image
tunneling spectroscopy (CITS) measurements [12-16]. WSxM software was used to both acquire
and analyze the AFM and STM images [17]. Raman spectra have been used to study the quality of
BDD layers deposited on niobium substrate.
3. Results and discussion
Atomic force microscopy (AFM) and root mean square method (RMS) were used to study
and analyze the effect of increasing the boron concentration on the surface topography, surface
roughness, and the grain size of the prepared film. Fig. 1 shows the 2D topography images for the
sample prepared with 0.5 ppm B(OCH3)3) as shown in Fig.1a and the sample prepared with 1.5
ppm B(OCH3)3) represented in Fig1b. Morphology of cauliflower was shown in all 2D
topography images of the prepared boron doped nanodiamond film. The figure also shows the
profile of the AFM image taken along the line and is clearly seen in the inset in both images.
Moreover, The diamond layer surface shows well (111)-faceted crystals and the visible roughness
of few micrometers can be claimed as a result of surface roughening pretreatment of the Niobium
substrate surfaces. However, the decreasing in the grain size with different levels of boron
concentration, the average grain size decreases from 3 µm for 0.5 % boron to 2.5 µm for 1.5%
boron, were attributed to the effect of boron. This variation of grain sizes decrease enhanced the
nucleation formation during the first step of growth as previously reported in the literatures [1821]. The quality of BDD layers deposited on niobium substrate correlated with the quality of the
coating process, as it has been noticed, there were no cracks or holes appearing as well as the
peeling phenomenon does not occur during coating process. The preparation quality of BDD
layers deposited on niobium substrate is very important for application in the electrochemical
wastewater treatment, which means the electrode area can totally be used for electrochemical
oxidation and this consequently increased the prepared electrodes efficiency.
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Fig 1. AFM image analysis of BDD in Niobium substrate (a) 2D topography image under
0.5% boron concentration (b) 2D topography image under 1.5% boron concentration. The
inset in both figures is the surface roughness along the blue line in the 2D topography
image

Further investigation and analysis have been done with STM/CITS technique to
understand the effect of increasing the boron concentration in the surface conductivity of the
prepared BDD film. The current image, while applying a bias voltage of -400 mV to the sample, is
recorded as shown in CITS image in Fig. 2. It is clearly seen, in particular the bright spots of Fig.
2a, the local conductivity of the 0.5 % boron concentration sample is not homogeneous and
variations in the conductance were identified by the presence of high conductivity islands and
intermediate conductive regions surrounding these islands. However, a homogenous distribution
and increasing in conductivity in the BDD surface are clearly seen in the 1.5% boron doped
diamond sample as shown in the CITS image in Fig. 2b. These observations in the conductivity
behavior indicate the effect of boron concentration on the sample conductivity as the boron
concentration increase then the conductivity and homogenization of diamond film will increase.
Even though, the diamond films were doped with boron and were electrically conducting,
it still requires good electron transport path, such as the grain boundaries, to supply sufficient
amount of electrons to enhance field emission properties of the materials. Therefore, by increasing
the boron concentration in the prepared diamond film, the size of diamond grains was reducing.
Cheng et al [22] has observed that a decreasing in the grain size will increase in the proportion of
grain boundaries which is highly defective are expected to be a good conduction path for the
electrons.
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Fig 2: CITS current image taken at a bias voltage of -400 mV of BDD film
(a) 0.5% boron concentration (b) 1.5% boron concentration
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Fig. 3 shows Raman spectra that have been used to test the quality of BDD layers
deposited on niobium substrate with different boron concentrations. A sharp peak is clearly seen at
1330 cm-1 which is usually associated with diamond sp3 bonding. The negative shift in the Raman
peak from the reported value which equal to 1332 cm-1 can be referred to the low thickness of the
deposited diamondfilm (~8μm) [23]. Moreover, the broad peak shown in Raman spectrum with
maximum at 1500 cm-1 is assigned to C–H chains and is a typical feature of the Raman spectrum
of nano-crystalline diamond [24]. The absence of other amorphous carbon or sp2 graphite peaks
that usually appear in the range between 1450 cm-1 and 1600 cm-1 is evidence that BDD layers can
be considered as phase-pure (high quality) diamond material.
Raman spectra also indicate that the boron could not be detected and was not detected in
the Raman spectra due to its low content. Nevertheless, the characteristic diamond peak at 1330
cm-1 decreases to a lower energy, as the doping level increases due to the relaxation of the ∆k = 0
selection rule caused by the small coherence length of diamond crystallites [25].
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Fig 3. Raman spectrum of the boron doped diamond film with different boron concentration

4. Conclusions
The effect of boron doping on the surface roughness, the grain size, surface conductivity
and the quality of the nanodiamond films was examined using AFM technique, CTIS and Raman
spectroscope. As a conclusion, the surface morphology and grains sizes measured by AFM
technique indicate that the grains size were decreasing as changing the levels of boron
concentration due to the effect of boron, which enhanced the nucleation formation during the
growth. In addition, the CITS images of the prepared boron doped nanodiamond film showed that
the electrical conductivity of the diamond film is increasing as the boron concentration increasing.
Moreover, Raman study of BDD films showed a shift to lower energy of characteristic diamond
line at 1330 cm-1 as a function of the doping level.

Acknowledgements
The authors would like to greatly acknowledge the financial support of the Deanship of
Scientific Research at the German Jordanian University under research grant number SNRE
2/2013 and the German Research Foundation (DFG) for their partial financial support of this
research. The authors gratefully acknowledge the Institute of Metals Science and Technology
(WTM), Friedrich-Alexander University, Erlangen. Germany for use of the HF-CVD and Raman
microscopy and for the technical assistance with measurements. We are also grateful to Physics
Department III, Friedrich-Alexander University, Erlangen. Germany for the AFM and STM
measurement.

593

References
[1] S. Koizumi, C. Nebel, M. Nesladek, Physics and applications of CVD diamond. John Wiley
& Sons, 2008.
[2] R. S. (Ed.). Sussmann, CVD diamond for electronic devices and sensors. John Wiley & Sons,
2009.
[3] E. Brillas, C. A. M. (Eds.). Huitle, Synthetic diamond films: preparation, electrochemistry,
characterization and applications. John Wiley & Sons, 2011, 8.
[4] I Jum'h, A Abdelhay, H Al-Ta'ani, A Telfah, M Alnaief, S Rosiwal, Journal of Water Reuse
and Desalination, jwrd2016062
[5] M. A. Q. Alfaro, S. Ferro, C. A. Martínez-Huitle, Y. M. Vong, Journal of the Brazilian
Chemical Society 17(2), 227 (2006).
[6] R. A. de Souza, L. M. Ruotolo, International Journal of Electrochemical Science
8(1), 643 (2013).
[7] R. Bogdanowicz, M. Sawczak, P. Niedzialkowski, P. Zieba, B. Finke, J. Ryl, T. Ossowski.
The Journal of Physical Chemistry C 118(15), 8014 (2014).
[8] H. Lin, D. Dandy, Diamond Chemical Vapor Deposition, Nucleation and Early Growth.
Noyes Publication, New Jersey, 1995, 2.
[9] J. P., Goss, R. J. Eyre, P. R Briddon, physica status solidi (b) 245(9), 1679 (2008).
[10] V. V. Srikanth, P. Sampath Kumar, V. B. Kumar, International Journal of Electrochemistry,
(2012)
[11] S. Karna, S, Y. Vohra, Journal of Materials Science Research 3(1), 43 (2013).
[12] R. J., Hamers, R. M., Tromp, J. E. Demuth, Springer Netherlands, 97 (1986).
[13] I. Y. Jum'H, W. Al Sekhaneh, H. Al-Taani, B. A. Albiss, Digest Journal of nanomaterials
and Biostructures 11 (2), 517-523 (2016).
[14] I. Y. Jumh, B. A. Albiss, V. V. Dremova, Digest Journal of nanomaterials and Biostructures
11 (1), 277-282 (2016).
[15] V. V. Dremov, I. Y. Jum’h, H. A. Maharramov, P. H. Müller, Instruments and Experimental
Techniques 56 (5), 584-588.
[16] H. F. AL-Taani, I. Y. Jum'h, M. EL-Sadek, V.V. Dremov, Digest Journal of nanomaterials
and Biostructures 12 (1), 47-51 (2017).
[17] I. Horcas, R, Fernández, J. M. Gomez-Rodriguez, J. Colchero, J. W. Gómez-Herrero,
A. M. Baro, Review of Scientific Instruments 78(1), 013705 (2007).
[18] K. Miyata, K. Kumagai, K. Nishimura, K. Kobashi, Journal of materials research
8(11), 2845 (1993).
[19] J. Cifre, J. Puigdollers, M. C. Polo, J. Esteve, Diamond and Related Materials
3(4), 628 (1994).
[20] N. G. Ferreira, L. L. G. Silva, E. J., Corat, V. J. Trava-Airoldi, Diamond and Related
Materials 11(8), 1523 (2002).
[21] K. B. Holt, A. J. Bard, Y, Show, G. M. Swain, The Journal of Physical Chemistry B
108(39), 15117 (2004).
[22] H. F. Cheng, Y. C. Lee, S. J. Lin, Y. P. Chou, T. T. Chen, I. N. Lin, Journal of applied
physics 97(4), 044312 (2005).
[23] E. Cappelli, L. Esposito, F. Pinzari, G. Mattei, S. Orlando, Diamond and related materials,
11(10), 1731 (2002).
[24] K. Fabisiak, A. Banaszak, M. Kaczmarski, M. Kozanecki, Optical Materials
28(1), 106 (2006).
[25] C. Levy-Clement, F. Zenia, N. A. Ndao, A. Deneuville, New Diamond and Frontier Carbon
Technology 9(3), 189 (1999).

