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diamond, silicon carbide (SiC) and hexagonal boron nitride (hBN) host a variety of optically accessible
= comparable to trapped ions but instead of complex infrastructure the quantum centers are embedded "’,

= excellent coherent properties at ambient conditions (“qubit at room temperature”)

promising system for quantum application: silicon vacancies (Vg;) in 4H SiC with spin quartet (S=3/,) "

Cidespread wafer-scale material with uniaxial quantum centers for a robust magnetometer / \/\only 1 coil per direction instead of 3 (<« quxgaD

extremely small (multiple sensors on spacecraft)

v rad-hard sensor
‘ v lightweight
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, v optional self-calibration

v" no gas leaking (< optically pumped “He)
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= optical spin polarization of Vg; in 4H SiC
ms=+3/2
»= manipulation of spin state via radio frequencies
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= readout via spin dependent photoluminescence mg=+1/,
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= energy of spin state depends on magnetic field
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» attachment of SiC to end of a fiber and use optical circulator = small active area & simplified optics without adjustment

= compatible with heritage hardware (e.g. coil assembly and firmware) from SiC-MAG / Europa Clipper ICEMAG/ECM
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flbel’ OptIC Note: All three demodulators have user configurable modulation frequency, demodulation

Note: The sensitivity of each axis is selected by a harmonic, demodulation phase, and demodulation bandwidth.
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programmable resistor in the X-, Y-, and Z-axis coil drivers

Vg; in 4H SiC
low ODMR contrast (~

NV~ in diamond

0.1%) » high ODMR contrast (=10%)

» narrow peaks » narrow peaks

» simple spectrum with only one defect orientation (c-axis)
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low frequencies required (70MHz) high frequencies required (2.9 GHz)

= besides Vg; in 4H SiC: characterization of different quantum centers in other SiC polytypes but also in other materials to find the best system for magnetometer application

complex spectrum due to different defect orientations >

Microwave Amplification by Stimulated Emission of Radiation:

» for Vg; in 4H SiC use stimulated emission of mg=-1/, <> mg=-3/, transition (By>B )

= place SiC into resonator with high Q-factor to reach masing regime
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higher Q,

Q required smaller device optimized device

spiral resonator
with SiC as dielectric

spiral resonator

split-ring resonator with sandwich of SiC

stripline spiral resonator

MASER
Device

» MASER locked to resonant frequency

= 3D magnetic field coils shim MASER

response back to maximum slope
P P Amplifier
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feedback loop
for artificial
Q-factor enhancement
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» high ODMR contrast (=10% with potential to >50%)

there is no perfect system, each has its
advantages & disadvantages

g

study all of them to learn from each
unique feature

broad peaks -

simple spectrum with only one defect orientation (¢-axis)

high frequencies required (3.5GHz)
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