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Optically active defect centers or so called “color centers” in
nanocrystalline diamond (NCD) crystals are very promising nano-objects and
they are attracted the interest of many researchers and companies in the last
decades. These structures have unique physical and optical properties like
intensive, stable and narrow emission band, single photon emission and
optically addressable and readable spin state at room temperature. These
properties in combination with the unique nature of diamond crystal
contribute to the development of quantum information processing,
nanophotonics, nanobiology and nanomedicine [1].

In diamond - due to the strong covalent bond between the carbon atoms
and the well-packed nature of the diamond lattice - the optically active defect
behaves as individual molecule and the luminescence spectrum of a color
center consists of a narrow zero phonon line (ZPL), which is the pure
electronic transition of the defect and a phonon sideband (which is the phonon
assisted replica of the pure transition). But the diamond lattice can be partially
destroyed or may contain non-diamond fragments, which can affect the
spectral characteristics of the color centers.

In this study we investigated the effect of different nanodiamond
structures on the spectral parameters of the so called silicon-vacancy (SiV)
center, being important for many of the above mentioned applications.

SiV centers were formed in nanodiamond films of different average
grain size and morphology by applying different deposition parameters during
the microwave enhanced chemical vapor deposition (MWCVD) processes.

Photoluminescence (PL) spectroscopy was used to identify the created
centers and to determine their spectral parameters, while the bonding structure
and the residual internal stress of the films were investigated by Raman
spectroscopy. All measurements were performed on a Renishaw 1000
spectrometer attached to a Leica microscope and using 488 nm excitation.
The average grain size and morphology of NCD nanostructures were studied
by scanning electron microscopy on a LEO 1540 XB FIB workstation.

In our experiments the PL and Raman spectra were recorded from the
same excited volume in order to find some relationship between the SiV ZPL
parameters and the residual stress being characteristic for the environment of
probed SiV centers (see Fig. 1).
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Fig. 1. The SiV center ZPL (a) peak position and (b) FWHM as a function of the
residual stress.

Fig. 1 shows the peak position and full width at half maximum (FWHM)
of the SiV center zero-phonon line as a function of the residual stress. Is it
clearly seen that the residual local stress has significant effect on both spectral
parameters of the SiV ZPL crucial for applications. While the increase of the
stress to 2.64 GPa causes a red shift of the peak position, the FWHM reduced
from 18 meV to 6,5 meV. The observed effect can be explained by the shift of
the electronic levels within the excited and ground states caused by stress [2].

Our study shows that the spectral parameters, especially the FWHM of
SiV center ZPL can be tailored by MWCVD deposition parameters within
relatively wide range to meet requirement of the specific applications.
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