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Bright single-photon emission from a GeV center
in diamond under a microfabricated solid
immersion lens at room temperature

Cite as: J. Appl. Phys. 133, 193102 (2023); doi: 10.1063/5.0150208 @ |'1'| @
Submitted: 13 March 2023 - Accepted: 30 April 2023 -
Published Online: 16 May 2023

View Online Export Citation CrossMark

3. Christinck,"#® © F, Hirt,""®’ © H. Hofer,' Z. Liu,>® {© M. Etzkorn,”®’ {© T. Dunatov,” (2 M. Jaksi¢,’
J. Forneris,”“) (2 and S. Kiick ">

AFFILIATIONS

1Dhysikaliscthechmische Bundesanstalt, Bundesallee 100, 38116 Braunschweig, Germany
“Technische Universitat Braunschweig, Universitatsplatz 2, 38106 Braunschweig, Germany
*Ruder Bosgkovi¢ Institute, Bijenicka cesta 54, 10000 Zagreb, Croatia

“Physics Department, University of Torino, Via P. Giuria 1, 10125 Torino, Italy

2)Author to whom correspondence should be addressed: justus.christinck@ptb.de

P)Also at: Laboratory for Emerging Nanometrology, Langer Kamp 6a/b, 38106 Braunschweig, Germany.

“)Also at: Instituto Nazionale di Ricerca Metrologica (INRiM), Strada delle Cacce, 91, 10135 Torino, Italy and Istituto Nazionale di
Fisica Nucleare (INFN), Via P. Giuria 1,10125 Torino, Italy

DElectronic mail: stefan kueck@ptb.de

ABSTRACT

We report on the metrological characterization of the emission from a germanium-vacancy center in diamond under a microfabricated
solid immersion lens in a confocal laser-scanning microscope setup. Ge ions were implanted into a synthetic diamond at 3 MeV, and germa-
nium-vacancy centers were then formed by subsequent annealing. Afterward, solid immersion lenses were fabricated in a focused ion beam
scanning electron microscope. The photoluminescence was investigated at room temperature in terms of the spectral distribution, the
excited state lifetime, the second-order correlation function, and the saturation behavior, proving simultaneous high single-photon purity
and high brightness. Two methods were exploited to minimize the residual multi-photon probability: spectral filtering and temporal filter-
ing. According to these results, we assume that Raman scattered photons and emission from neighboring color centers play an important
role in the residual multi-photon emission probability. The system efficiency of the single-photon source was investigated and found to be
in accordance with the value calculated from all sources of loss in the setup. The branching ratio of the germanium-vacancy center for the
decay into the ground state and into metastable state was calculated. The results enable the usage of the single-photon source in future
quantum radiometric experiments.
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1. INTRODUCTION (MgV)*® grew in interest because of their narrow luminescence spec-

Single-ph . . - trum and their bright emission. The broad spectral distribution was

photon sources are of interest in many applications, such T ) o

as quantum key distribution, quantum information processing, " as the mqst s‘1gmﬁcant contributor to the standard uncertamt‘y in the
well as in quantum metrology. ' The nitrogen-vacancy (NV) center determination of the spectral photor{ flux for an NV center in recent
in diamond is well-studied’™'* and easily accessible due to the natural quantum metrological experiments.”” Therefore, the reduction of the
presence of nitrogen and NV centers in type Ib diamond."” Recently, = spectral width of the single-photon emission from diamond color
color centers based on germanium-vacancy (GeV),'*™' tin-vacancy ~ centers is of utmost importance. The GeV center has a strong zero-
(SnV),"”"*  lead-vacancy (PbV),”*” and magnesium-vacancy  phonon line emission at 602 nm'*'>** with a Full Width at Half
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