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SYDD 2: Defect centers in diamond for applications in quantum optics and nanophotonics Il
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Hauptvortrag SYDD 2.1 Fr 14:00 Audi-B
Experimental investigation of optically detected magnetic
resonance of multiple and single NV spin in diamond —
Ncoc Diep Larl, DINGWEI ZHENG!, FEDOR JELEZKO2, eFRANCOIS
TREUSSART!, and JEAN-FrRANGOIS Rocn! — lLaboratoire de Pho-
tonique Quantique et Moléculaire, Ecole Normale Supérieure de
Cachan and CNRS UMR 8537, 94235 Cachan cedex, France — 23.
Physikalisches Institut, Universitdt Stuttgart, 70550 Stuttgart, Ger-
many

We investigate electron spin resonance of single Nitrogen-Vacancy
(NV) color center in a diamond nanocrystal (size ~50 nm) and reso-
nances of multiple NV centers laying in their four possible directions
in a bulk diamond crystal. The magnetic resonance frequencies vary
differently depending on the amplitude and the orientation of the ap-
plied magnetic field with respect to spins in each direction. While the
orientations of NV spins in a bulk diamond is known from crystal axis,
a single NV spin in a nanocrystal is randomly oriented, depending on
deposition on the substrate. We report a double measurement method
to accurately determine the orientation of an arbitrary single spin, by
varying the amplitude and the orientation of an external magnetic field.
In addition, we found that the lifetime of a single NV center or the
average lifetime of multiple NV centers also varies with the external
magnetic field. This lifetime variation can be explained by the mixing
between mg = 0 and mg = +1 electron spin states, as a function of
the applied magnetic field. Lifetime-based detection appears to be an
efficient method to increase the contrast of magnetic resonance. This
result is of importance for applications such as spin-resonance-based
magnetometry.

Hauptvortrag SYDD 2.2 Fr 14:30 Audi-B
Photonic crystal cavities - A basic element for scalable quan-
tum electrodynamics with diamond N-V centers — eJOSEPH
SALZMAN and IGAL BAYN — Technion, The Israel Institute of Technol-
ogy, Haifa, Israel 32000

Impurity atoms in diamond (such as the N-V center), exhibit unique
spin properties that can be turned into efficient units of quantum
information technology. 2D Photonic Crystal Structures in diamond
are being considered as an attractive architecture for the control and
manipulation of atom-photon coupling. This implementation requires
the capability to couple the optical emission of the impurity atom to
a cavity with a sharp spectral resonance. In addition, the Photonic
crystal (PC) architecture provides integral scalability, a very impor-
tant property for quantum information applications. In this talk we
review recent progress in diamond PC nanocavities. We discuss the
challenges in reaching high @ values in diamond and in low-e materials
in general. We present both semi-analytical and 3D Finite-Difference-
Time-Domain (FDTD) computations, deriving the geometry of an ul-
tra high-Q nanocavity with Q ~ 1.3-108 with V;;, = 1.77-(A/n)3. Then,
we describe photonic crystal cavity fabrication in mono-crystalline di-
amond using high energy Ion Implantation, and Focused-Ion-Beam
(FIB) milling.

Hauptvortrag SYDD 2.3 Fr 15:00 Audi-B
Engineered CVD diamond for spintronic applications —
eDANIEL TWITCHEN and MATTHEW MARKHAM — Element Six Ltd,
King’s Ride Park, Ascot, Berkshire SL5 8BP, UK

There has been rapid progress in understanding of the NV centre in
diamond in the last few years. This defect centre has many desirable
properties as a solid state qubit. This paper will focus on the progress
made in growing synthetic diamond using chemical vapour deposition
(CVD) with a specific emphasis ono point defect and isotropic control.

SYDD 2.4 Fr 15:30 Audi-B
Deterministic ultracold ion source targeting the Heisenberg
limit — eKILIAN SINGER, W. SCHNITZLER, R. FICKLER, N.M. LINKE,
and F. SCHMIDT-KALER — Universitdt Ulm, Institut fiir Quantenin-
formationsverarbeitung, Albert-Einstein-Allee 11, D-89069 Ulm

We have realized a universal deterministic single ion source on the ba-
sis of an ion trap applicable to a wide range of elements and molecules
[1,2]. Initially, cold 40Ca™ ion crystals are trapped within a segmented
linear trap. Those ions are then deterministically extracted and de-
tected with an efficiency of 90% at a distance of 29cm. For single ion
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extraction we measured a mean velocity of 19.47km/s with a 1o-spread
of only 6.3m/s and a beam divergence of 600urad. We have also demon-
strated the extraction of mixed ion crystals containing other dopant
ions. Ion ray-tracing simulations predict that it is possible to focus
down the ion beam to nm resolution with a simple Einzel-lens. This
technique can e.g. be applied to generate color centers in diamond or to
implant P into Si. Both systems provide a possible way for the realiza-
tion of a solid state quantum computer [3,4]. In addition, the electrical
properties of semiconductor devices can be greatly enhanced by the
deterministic implantation of single ions [5].
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SYDD 2.5 Fr 15:45 Audi-B
Plasmon-enhanced single photon emission from a nano-
assembled metal-diamond hybrid structure at room-
temperature — oSCHIETINGER STEFAN, MICHAEL BARTH, TiMm
SCHRODER, THOMAS AICHELE, and OLIVER BENSON — Nano-Optik,
Institut fiir Physik, Humboldt-Universitidt zu Berlin, Hausvogteiplatz
5-7, 10117 Berlin, Germany

The controlled coupling of single quantum emitters to metal nanoan-
tennas is one of the most promising, yet challenging tasks in current
plasmonic research. It enables directional single photon emission with
enhanced rate even for broad-band emitters. Here, we demonstrate
the controlled coupling of a single NV-center in a nanodiamond to
gold nanoparticles via manipulation with an AFM. While the excita-
tion as well as the radiative emission rate are enhanced by an order of
magnitude, the single photon character of the emission is preserved.
Our approach provides a route towards novel hybrid systems as build-
ing blocks for complex nanophotonic and/or plasmonic devices stable
even at room-temperature.

SYDD 2.6 Fr 16:00 Audi-B
ODMR of NV centres in nano-diamonds covered with NQCg(
— eROLF SIMON ScCHOENFELDM2, KarTi HUEBENERD2, JULIANE
KNIEPERT!, CHRISTOPH OELMUELLER', and WOLFGANG HARNEIT!:2 —
Hnstitut fir Experimentalphysik, Freie Universitit Berlin, Arnimallee
14, D-14195 Berlin — 2Abteilung SE2, Hahn-Meitner-Institut Berlin
GmbH, Glienicker Str. 100, D-14109 Berlin

‘We report on experiments to detect electron spins in the molecular sys-
tem N@Cgg indirectly by coupling them to single electron spins in di-
amond. The spin of single nitrogen-vacancy centres in nano-diamonds
can be routinely measured using optically detected magnetic resonance
(ODMR) in a confocal microscopy setup. Line splittings compatible
with expectations are sometimes seen in the ODMR spectra. Direct
comparison of spectra on individual nano-diamonds before and after
coverage with fullerenes however gave no clear evidence that the spin-
spin coupling was due to NQCgg.

SYDD 2.7 Fr 16:15 Audi-B
Nickel doping of nitrogen enriched CVD-diamond for the pro-
duction of single photon emitters — eM. WOLFER, A. KRIELE,
O. WirLLiams, H. OBLOH, C.-C. LEaNcU, L. KIRSTE, and C.E. NEBEL
— Fraunhofer Institute for Applied Solid State Physics, Tullastr. 72,
D-79108 Freiburg

In contrast to well understood nitrogen-vacancy (NV) centers, incorpo-
ration and properties of nickel-nitrogen (NiNx)-centers in diamond are
not understood. In this work we report about the controlled doping of
diamond with nickel into diamond by different doping methods using
plasma CVD growth. As substrates we use single-, poly- and nanocrys-
talline diamonds. These substrates are overgrown in a H2/CH4 plasma
to a thickness of typically 20 to 300 nm, using nickel /nitrogen addition
during growth. As Ni-doping sources we used i) gaseous nickelocene,
ii) nickel-powder and iii) nickel wire. We apply optical emission spec-
troscopy (OES) during growth to investigate and control Ni addition.
Applied solid state characterizations are SIMS, Raman scattering and
photoluminescence spectroscopy. The exposure of Ni to the plasma
gives strong emission intensities at 341 nm as detected by OES. Ni
in diamond shows however only weak emissions in the regime 790 to
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900 nm which is attributed to the non optimized Ni-N formation. To deduced results will be compared with data in the literature to reveal
enhance the density of active NiNx centers, thermal annealing experi- mechanisms of Ni center formation in diamond.
ments have been applied up to 1400 °C to stimulate N diffusion. The



