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ARTICLE INFO ABSTRACT

Keywords: We report the in-situ formation of germanium vacancy (GeV) centres in nanocrystalline diamond (NCD) using chem-
Nanocrystalline diamond ical vapor deposition (CVD) technique. Commercial Ge wafers are used as the solid dopant source and as substrate. The
Chemical vapor deposition hydrogen-rich plasma (1% CH, in Hy, 3000 W and 45 Torr, ASTeX 6500 series deposition system) etches the Ge sub-
Free-standing diamond film strate and introduces the GeV complex in the NCD layer. As the melting proximity of Ge and CVD diamond growth tem-
S;Z‘:;?:;l;e‘;i:::y perature introduces limitations; the NCD depositions are restricted to (720 + 20)°C. Scanning electron microscopy
Strain reveal randomly facetted film morphology and Raman measurements confirm diamond formation under the chosen

deposition conditions.

We discuss an additional challenge, the absence of carbide layer at the Ge-NCD interface, potentially limiting film
adhesion to the Ge substrate but at the same time demonstrate self-delaminating free-standing multicrystalline dia-
mond films. Qualitative analysis using time of flight secondary mass ion spectroscopy confirms Ge incorporation,
and room temperature photoluminescence (PL) measurements confirm local GeV ensemble formation in diamond
films as indicated by the 602 nm PL peak. We also discuss the challenges in using NCD, present low-temperature
(10K) PL results and assign strain to explain GeV peak shifts in such material.

Video to this article can be found online at https://doi.org/10.1016/
j-sctalk.2023.100157.
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Fig. 1. Schematic for the Ge vacancy formation in CVD diamond via Ge substrate etching.Ge- germanium, GeV — germanium vacancy.
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Fig. 2. Representative Raman and SEM image of a 100 nm thick NCD film. SEM - Scanning electron microscopy, NCD- nanocrystalline diamond.
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Fig. 3. EELS overlay and mapping of the NCD / Ge interface. EELS - Electron Energy Loss Spectra, NCD — nanocrystalline diamond, Ge — germanium.

Fig. 4. (a) Optical image of the free-standing microcrystalline diamond film (1 x 1 cm?) and corresponding SEM images: (b) the growth and (c) nucleation sides show dif-
ferent film morphologies.
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Fig. 5. ToF-SIMS measurements of the free-standing microcrystalline diamond film (a) mass/charge (m/z) spectrum at different positions (edges and centre) and (b) the depth

profile at an edge position.
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Fig. 6. Typical RT PL spectra of the free-standing microcrystalline diamond film. Measurements are carried out at multiple positions on the nucleation side of the sample.
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Fig. 7. RT PL mapping of 100 nm thick NCD film with band-pass filter and (b) an exemplary spectrum with intense ZPL peak measured at a bright spot in the PL mapping.
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Fig. 8. Examples of typical RT PL spectra with variations in peak positions on a 100 nm thick NCD film. Measurements are carried out at random positions on the sample.
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Fig. 9. The observed peak position distribution based on room temperature PL. measurements on a 100 nm thick NCD film.
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Fig. 10. Examples of RT PL spectra showing different side bands on a 100 nm thick NCD film.
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Fig. 11. Process flow for the structuring process of nanopillars in NCD.

Fig. 12. Representative SEM image (top) and the room temperature PL. mapping of the NCD pillars.
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Fig. 13. Representation of the energy level scheme for the GeV centre (left), room temperature (centre) and (right) low temperature (10 K) PL spectra recorded on a GeV

containing NCD pillar.
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