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Various state-of-the-art magnetic field sensors like surface acoustic wave (SAW) sensors or optically pumped magnetometers (OPM) are based on a magnetic field dependent phase response. This behavior can be realized either by magnetically detuning a resonator (SAW [1] andOPM [2 

Open-loop system

Phase noise in the RF domain:

Phase equivalent system:

Phase noise transfer function for sensor/amplifier:

Overall power spectral density of random phase fluctuations at the output of the closed-loop system:

Closed-loop system

Open-loop system (phase modulation):

Closed-loop system (frequency modulation):

Both signals are impaired by phase noise (red).

Readout Systems

Measurement with a magnetically coated surface acoustic wave delay line sensor at 144.8 MHz [3,6]:

Measurement Results

Feeding a phase step into the sensor's frequency response [4]:

The Laplace transform of the derivative of the phase step response yields the phase-space representation:

For a resonant sensor:

For a delay line sensor:

Phase-Space Representation

Based on phase noise analysis utilizing the phasestep method [4], analytical expressions for the minimum achievable LOD in both readout structures are derived (full expressions in [5]) and analyzed. Under generally valid conditions equivalence of open-loop and closed-loop operation is shown and verified by measurements with a SAW delay line magnetic field sensor. Thus, the mode of operation has to be chosen based on requirements like e.g. bandwidth, dynamic range, linearity, costs, immunity against environmental influences, and the availability and costs of lownoise electronic components.

Conclusion

For frequencies within the sensors passbands and when neglecting the highly suppressed phase noise of the LO, equality between open-loop and closedloop operation can easily be shown [5].

For a resonant sensor:

For a delay line sensor: 

Limit of Detection

  ]) or by a magnetic alteration of the propagation speed of a SAW in a delay line structure[3]. Readout of such sensors is achieved by electronic systems operating either as an open-loop phase discriminator or in a closed-loop oscillator configuration. For ultra-low noise magnetic field sensor systems, the limit of detection (LOD) is one of the most important figures of merit. However, no distinction can be found in open literature, if one of the approaches is superior to the other. A direct comparison regarding the LOD of both readout approaches is therefore highly desired and presented here.AbstractImpact of the magnetic flux density to be measured on the frequency response of a resonant sensor (left) and a delay line sensor (right): The open-loop and closed-loop sensitivities are related via the resonator's relaxation time and the delay line sensor's group delay: Sensitivities Phase noise in the RF domain: Phase equivalent system: Phase noise transfer function for sensor/amplifier: Phase noise transfer function for the LO: Overall power spectral density of random phase fluctuations at the output of the open-loop system:
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