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Figure 1: Magnons, collective excitations of a magnetic film,
couple to local quantum spins hosted in diamonds via dipole
magnetic fields. Voltage changes the polarization of a 
ferroelectric film interfaced with the magnet, which distorts 
the shape of the magnetic film. This modifies the strength of 
the magnon-generated field resonant with the quantum spin 
defect and hence tunes/switches their coupling

We use a hybrid quantum structure based on multiferroics to 
transduce electric field into a change in magnetic anisotropy of 
the ferromagnet via strain. This change is reflected in 
modification of the magnon spectrum, which moves in or out of 
the resonance with QSDs and thus tunes/switches the magnon-
QSD coupling strength. 
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• We demonstrate this E-field tuning by 
optically measuring the relaxation rates of 
QSD spins, which is determined by their 
coupling to magnons. 

• We also predict that by nanoscale 
patterning of the film the E-field 
modulation of relaxation can be enhanced 
by 2-3 orders. This provides a new way to 
sense E-fields with record-high 
sensitivities

Significance	and	Impact
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Proposed hybrid quantum structure provides a 
path to:
• Improve the sensitivity of single-QSD DC 

electric-field sensing by two orders of 
magnitude 

• Create scalable on-chip hybrid quantum 
circuits of optically addressable spin qubits.

• Experimentally observe magnetoelectric 
effects in novel platforms with nanoscale 
sensitivity. 

Figure 2: Experimental variation of NV 
Relaxation rate with external magnetic field. 

Figure 3: Experimental variation of NV 
Relaxation rate with external electric field. 
The easy axis (anisotropy) is modified by E-
field. 
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