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Why Compact & Miniaturized Magnetic Sensors?1

A new approach to space2

3

To the missions5

4
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COTS & more

Creating new instruments



High density of groups of Magnetism in a very small sample!

Who we are in the Spanish Magnetic Map?

Madrid





Why magnetic microsensors?
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High integration level. Compact devices

Low Mass and Volume

Low Power

High Functionality

Fully autonomous devices

A “new approach” to space



Swarm vector magnetometer (DTU)

A “new approach” for Space Magnetometry

COTS and more…



The goal…





DIMENSIONS HIGHER

PERFORMANCE

TRADE OFF

50´s

Present

Future

Ti
m

e 
(y

ea
rs

)



Magnetic Sensors Technology and Disruptions

Some
of the
technologies

ONLY a few reach it!

Most of the
technologies



Magnetic Sensors
Operation
Principle

Size
(mm)

Noise
(pT/√Hz @ 1Hz)

Thermal Drift
(nT/K)

Exciting Power
(mW)

Fluxgates

Induction 100 2 Sólo AC 0

Ring 25 3.8 0.1 50
Lineal 70 2.5 0.5 70
PCB 30·8·1.8 17 2 20
Thin Film 3·3 1000 ? 10
CMOS 1.5 15000 ? 10

GMI 10 100
IWE* 80

AMR

?

2004 ·11·1.7

30 5
5 20

10 55

*Inverse Wiedemann Effect Ripka et al.



Adapted from “GMR and SDT Sensors and Arrays for Low-Field Magnetic Applications” Carl H. Smith & Robert W. Schneider

Cost of the systems ($)
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High Resolution Sensors (pT/√Hz)

Spin
Resonance



We can only use robust technologies





EXHAUSTIVE TESTIN
G

Radiation…

Temperature, Vacuum…

NI-6009(USB)

N6700B(GPIB)

HPE3620A

34401A (GPIB)

Zero Field
Chamber Lid

Zero Field
Chamber

Helmholtz Coils
System

Sensor connections

Laptop

Board and Sensor

Oscilloscope

Fluxgate NI-6009(USB)

N6700B(GPIB)

HPE3620A

34401A (GPIB)

Zero Field
Chamber Lid

Zero Field
Chamber

Helmholtz Coils
System

Sensor connections

Laptop

Board and Sensor

Oscilloscope

Fluxgate





MOURA

First prototype

We need to cope with the magnetic signature of the ICs

The convenience of using PEMs



And not only for the magnetic sensors…

ICs Magnetic Signature (nT)



PSPICE and FEM Simulations Experimental Measurements



2011 MMPM-FM 2012 Mixed ASIC

Due to next month!

MOURA Evolution… Making Progress

2010 MMPM-EQM

45 g

72 g

~10 g!



to high 
fields

to temperature 
swings

Open Circuit S/R 200 0.6 High
Need exhaustive 

calibration
Low 86

Mixed lock-in + 
temperature 
compensation

50 50 HIgh High High ~ 86 + 42

Noise (pT) BW (Hz)
Robustness

Complexity Consumption 
(mA) @ 5V

S/R Lock-in 100 50 High Moderate ~ 86
Need exhaustive 

calibration

Arquitecture

Lock-in with 
Offset

100 1 Moderate Moderate ~ 86 + 42

Mixed Lock-in 50 50 High High ~ 86 + 42

Need exhaustive 
calibration

Need exhaustive 
calibration

Lock-in techniques integrated in the ASIC for better performance and more robustness

Moon Mars



BESIDES
• Circuits Technologies: PCB, welding…
• Glues & foams (structurale, optic…)
• Identification of components (no ITAR):

• COTS (Commercial-Of-The-Shelf) 
• PEM (Plastic Encapsulated
Microcircuit)

• Tecnologies “magnetically clean”
• “Spectral integrated” Tecnologies





INTA
Strategy

INTA´s strategy of COTS-based magnetic payloads



Real System qualified in flight By sucessed 
mission operations 

Complete real System and qualified to fly by 
demostrations and tests 

“Demostrador“ Prototipe of a system in a 
real environment

Analysis and  critics experiments of the 
function or characteristic in conceptual test 

Technological concept  and/or application  
formulation

Basic rudiments: observation and reference

Technology Readiness Level - TRL

Lo
w

H
ig

h

TRL-1

TRL-2

TRL-3

TRL-7

TRL-8

TRL-9

Model system /subsystem  or  “demostrador“
validation within a relevant enviroment

Component or functional model development 
within a relevant environment

Component or functional model development 
within a laboratory environment

M
ed

iu
m

TRL-4

TRL-5

TRL-6





ROSETTA

Small Platforms

From… To…

SPICA

Solar System Exploration
Susceptometers / Gradiometers

Instruments for the future



MOURA Evolution… Making ProgressMagellanes Geology

South America 
magnetic anomalies



Thank you!

Per aspera ad astra


