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MOTIVATION

• The scalar and vector OPMs are merged into one self-calibrating vector OPM
• Vector OPM technology: zero-field nulling using rubidium 87
• Scalar OPM technology: free-induction decay
• Original requirements for two sensors are merged into one set of requirements

Vector OPM Scalar OPM

10.48550/arXiv.2408.12994
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INSTRUMENT-LEVEL REQUIREMENTS 1/2
Ref. Parameter Value Unit Remark

Functional

RQS10
1 highly accurate vector 
magnetic field strength 

signal

RQS20 Functional modes ON 
and OFF

RQS30 No maintenance in OFF 
mode

RQS40

“health status” and 
telemetries to debug and 

assess lifetime 
behaviour

RQS50 Data rate / Cadence 250 Hz Needed for external fields 
detection

RQS60 Warm-up time < 3600 s

Performance

RQS110 Dynamic range 65 µT

RQS120 Bandwidth 400 Hz Bandwidth is half burst mode 
data rate (RQS60)

RQS130 Resolution 10 pT/sqrt(Hz) Value calculated from RQS120

RQS140 Accuracy < 0.8 nT Over the full instrument lifetime 
(RQS370)

RQS150 Drift 3 pT/month TBC: value calculated from 
RQS140 and RQS370

RQS160 Deadzone Deadzone free
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INSTRUMENT-LEVEL REQUIREMENTS 2/2
Ref. Parameter Value Unit Remark

Size, Weight and Power consumption
RQS210 Mass < 200 gr Design goal: < 100 g
RQS220 Volume < 200 cm3 Design goal: < 100 cm3

RQS230 Voltage supply TBD V TBD in function of satellite /mission

RQS240 Sensor power consumption 
during warm-up < 3 W

Under vacuum, over the full range of 
temperature (RQ310), design goal: 

<2W

RQS250 Power consumption < 2 W Under vacuum, over the full range of 
temperature (RQ310)

Environment

RQS310 Operating temperature -15 to 55 °C

RQS320 Storage & OFF mode 
temperature -55 to 85 °C

RQS330 Random vibration TBD grms Mission / satellite dependent, TBD 
according to [AD 1]

RQS340 Micro-vibration TBD mg Mission / satellite dependent, TBD 
according to [AD 1]

RQS350 Shock TBD g Mission / satellite dependent, TBD 
according to [AD 1]

RQS360 Radiation TBD Krad Orbit and inclination dependent, TBD 
according to [AD 2]

RQS370 Lifetime 20 years

RQS380 Operates both in vacuum 
and ambient conditions



SENSOR OPERATION
PRINCIPLE
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OVERVIEW

• Features: 
o Dual-use, scalar and vector, sensor

 Tempting to merge the two OPMs types in one cell to save 
SWaP
o Three orthogonal rubidium zero-field nulling (ZFN) vector OPMs in 

one MEMS vapor-cell
 Single-axis ZFN vector OPMs suffer from systematics (e.g. 

vector light-shift) on light-propagation axis. Might even need an extra 
vapor-cell to stabilize the laser frequency.

• Challenges
o Involved recalibration scheme introducing deadtimes in data stream
o Field homogeneity mut be scaled to bigger volume
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CALIBRATION PROCEDURE
• Scalar measurement by 

means of free-induction 
decay (FID) technique

• Two possible procedures:
1. Vector and scalar 

measurements are 
continuously interleaved

2. Continuous vector mode 
is interrupted by a scalar 
recalibration

• 27 degrees of freedom (9 for 
each cavity) + statistics = 90 
ms procedure
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MAXIMUM ALLOWED CALIBRATION DEADTIME
• 50+ hours simulations of data 

quality with deadtimes using 
SWARM A data (similar results 
using SWARM B data)

 100ms deadtime leads to 0.136 nT error



HIGH-LEVEL SENSOR
CONCEPT
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HIGH-LEVEL CONCEPT
• Single laser source with semiconductor optical amplifier 

(SOA/BOA)
• One MEMS vapor-cell with three cavities
• Light is distributed using free-space optics
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SWAP / SIZE AND WEIGHT

• Estimated from CAD
• 3 sets of coplanar PCB coils (one for 

each axis) simulated with bfieldtools
• Final size of PCB coils unknown 

because vapor-cell is bigger
• Simulation with pair of square Helmholtz 

coils lead to worst case scenario of 
47mm wide PCB coils to match smaller 
vapor-cell field homogeneity  updated 
SWaP Comparison

10.1103/PhysRevApplied.18.014036
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SWAP / AND POWER
• Preliminary estimate of SWaP from electronics, 

cell heating and laser consumption
• Heating efficiency is improved in vacuum 

thanks to isostatic holder

Func. Des. Current 
[mA]

Voltage 
[V]

Power 
[mW]

N° of 
devices

Power 
[mW]

Packa
ge

Size 
[mm]

TIA ADA4350 10 5 50 3 150 TSSOP-
28

10x7

ADC ADS8688 16 5 80 1 80 TSSOP-
38

10x7

FPGA Igloo nano 
AGLN250

100 1.5 150 1 150 VQG100 14x14

DAC AD5676R 4 5 20 1 20 LFCSP 4x4
Others 300
Total 700
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ESTIMATED PERFORMANCES AND SWAP

Size [L] Weight [g] Power [W]

Laser 0.10 40 1

Physics
package

0.08 30 50mW + 
coils

Control
electronics

0.06 50 0.7

Total 0.24 120 1.75

Requirements 0.20 200 2.00

Error Value

Instrument 0.19 nT

Other sources 0.54 nT

Total 0.73 nT

Requirement 0.80 nT

• SWaP requirements close to be met, 
with some unknows

• Final error is already largely dominated 
by non-sensor related error sources



TECHNOLOGY DEVELOPMENT

PLAN
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MODEL PHILOSOPHY AND DEVELOPMENT PLAN
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CONCLUSION

• A state-of-the-art review of OPM magnetometers and scientific spaceborne earth observation 
magnetometry has been realized

• Based on these review, observation scenarios have been identified, and performance 
requirements have been deduced

• Instrument-level requirements have then been gathered for a self-calibrating vector OPM 
instrument

• A sensor operation principle and a high-level sensor design were formulated
• A model philosophy and a development plan were proposed
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SUPPLEMENTARY MATERIAL / STAR TRACKER STRAY 
FIELDS
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