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Abstract A Monolithic Diamond Metalens Real-time Charge State Initialization

The electron spin in nitrogen-vacancy (NV) center in diamond has been uniquely situated as Metalens design Real-time logic through field-programmable gate array
a promising building block for quantum technologies as its long coherence time at room Subwavelength elements approximate a Fresnel lens

temperature and optical interface facilitate flexible readout protocols and enable versatility in . o _ _ o _ Experiment decision tree [5] Charge state initialization Measurement speedup
. . . : . - : Effective refractive index Fresnel phase profile Discretized into pillars
applications. However, significant engineering challenges remain in realizing practical, e 0.2 - - -
deployable diamond-based devices in quantum communication, computing, and sensing. |
Among these roadblocks are poor photon collection due to diamond’s high refractive index, Restart
experimental overhead in sub-optimal initialization fidelities for the NV center, as well as the
bulkiness and high power-consumption of bench-top electronics used for generating
gquantum control sequences. To this end, | have explored nanophotonic structures that
improve the performance and scalability of optical interfaces for NV centers in diamond,
demonstrating a monolithic immersion metalens with NA > 1 across the NV emission
spectrum. | have worked with fellow members of Quantum Engineering Laboratory to ' , _ _
showcase a real-time initialization protocol with improved NV charge-state initialization. 100 150 200 250 - 2 Real-Time
Through a collaboration with Prof. Aflatouni's group here at Penn, | have also implemented d (nm) NA and collection efficiency Decision
spin control experiments with the first iterations of CMOS microwave sequence generators
that can be readily integrated with the NV device. With these advances, | continue to work Full field 3D simulation with NV O Measured NA and focal depth

towards the realization of efficient, compact diamond quantum devices. placed at focal depth 0 10 S0 S0 O
| NA CMOS u-wave pulse generators
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% CMOS co-design: classical components tailored for the NV center
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Spin Qubits in Diamond
Nitrogen-Vacancy (NV) centers
Efficient Readout [1] Magnetometry [2]

P
—

Custom CMOS chip Mounted on custom PCB Measured phase noise

Phase control

—_
<Y
—

700
A (nm)

CMOS Design #1
CMOS Design #2 | |

o

NN
N
~l

NV Atomic Structure NV- Electronic Structure

Intersystem
.\ ’ 0 - Crossing

Focal Depth

Coupling Efficiency
o
(o))

©
N
—
~

]

o
o

o

o

synthesis

3 - it i) © 2 -
- i ‘ = e
F l 3 & -
2 i - 22 3 - 5
E ﬁ DDV £ %1 11 1 1 LS L L | R s Frequency
4 e [ Y S ) S . 5 ]
i == i £

8 ke - < - oY 3

05 1.0 : :
_ 650 700 750 800
Collection NA A (nm)

SSB Phase Noise (dBc / Hz)

X (Mm)

102 10*
Limited transmission outside of 20um Within that 20um, only 40% can be NA = 1.1 across NV emission spectrum Spin control measurements Frequency Offset (Hz)
diameter collected into a fiber Simulated decoherence from
control signal noise
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Enabling direct fiber-coupling of NV centers
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Imaging a Single NV Center
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