Compact magnetic sensors for magnetic mineralogy
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High density of groups of Magnetism in a very small sample!
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Why magnetic microsensors?
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Great Missions for the Solar System Exploration
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Number of exploration missions

Great MAGNETIC Missions for the Solar System

Exploration (Earth included)
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A “new approach” for Space Magnetometry

COTS and more...

Optical Wireless
Interface

A/D, Logic and
Transceiver

Battery —>
LiSOClI,
(48 g /7.7 Ah)

AMR —>
Magnetometers
and Front-end
electronics

Mass: 200 g

Data rate: 500 kbps
Range: £ 0.4 Gauss
Accuracy: 40 nTesla
Resolution: 12 bits

Electronics Unit - EU:
- has a volume of 100x100x60 mm
- has a weight of 750 g
- uses ~1W of power
- cold redundant
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MEMS - Magnetic micro-cantilever

Magnetic and optoelectronic technology
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Magnetic

Sensor Type‘

Magn. Diode-
Magn. Transistor-
Hall Probe -

GMR 4

EMR +
MagnetoStrict./Elast
TMR 4
Magneto-OpticH
GMI -

Optical Fiber4
AMR -

Fluxgate 4

Nuclear precessions;
Optical Pumping
Search Coil-

SQUID 4
SERF 4

Magnetic Sensor Applications
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MEG |
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DIMENSIONS HIGHER
PERFORMANCE

TRADE OFF
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)

Impact of the Technology
(Economical, Social..

Magnetic Sensors Technology and Disruptions
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Magnetic Sensors

Operation Size Noise Thermal Drift | Exciting Power
Principle (mm) (pT/VHz @ 1Hz) (nT/K) (mW)
Fluxgates

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
Induction 100 2 Solo AC 0
GMI 10 100 K10 5
IWE* 80 ? 5 20

*Inverse Wiedemann Effect

Ripka et al.



High Resolution Sensors (pT/VHz)
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Adapted from “GMR and SDT Sensors and Arrays for Low-Field Magnetic Applications” Carl H. Smith & Robert W. Schneider
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We can only use robust technologies




Space: Working under Extreme Conditior

@® Vibration and shocks (launching and landing

7 emperature Variations
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Temperature, Vacuum...
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MOURA
First prototype

N“\ation made in Spain for a Trilateral Internaliana‘,”‘
W s,
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A new ‘vision’ for Mars Exploration

The convenience of using PEMs



magnetic sensors...
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Component

Distance (mm)

&

15 20 25

MOSFET 2P + 2N

-451280,0

-60180,0 -17825,2 -7520.0 -3850,2

FPGA (AB4SX32A)"

B = 1727 nT

PROGRAMABLE VOLTAGE RE(Q

B = 1513 nT

16 CHANNEL MULTIPLEXOR

-552485 0

-2046,2
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-341.9

16 bits ADC
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-356 .4

12 bit DAC
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PSPICE and FEM Simulations Experimental Measurements
TOP (as seen) BOTTOM (as seen) -
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MOURA Evolution... Making Progress
2011 MMPM-FM 2012 Mixed ASIC

2010 MMPM-EQM
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Compaonents distributed to reduce
magnatic signal on the sensor.

bue to next month!
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Latitude

Longitude

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

Arquitecture

Noise (pT)

BW (Hz)

Robustness

to high
fields

to temperature
swings

Complexity

Consumption
(mA) @ 5V

Open Circuit S/R

High

Need exhaustive
calibration

Low

86

S/R Lock-in

High

Need exhaustive
calibration

Moderate

~ 86

Lock-in with
Offset

Moderate

Need exhaustive
calibration

Moderate

Mixed Lock-in

High

Need exhaustive
calibration

High

Mixed lock-in +
temperature
compensation

High

High

High




TESTING

BESIDES

» Circuits Technologies: PCB, welding...

* Glues & foams (structurale, optic...)

* Identification of components (no ITAR):
* COTS (Commercial-Of-The-Shelf)
* PEM (Plastic Encapsulated
Microcircuit)

INTENSIVE

» Tecnologies “magnetically clean”
« “Spectral integrated” Tecnologies

-

Shaock, vibraticn, thermal cycling,
thermal vacuum, magnetic
cleanliness
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INTA's strategy of COTS-based magnetic payloads

Expected flight opportunities!
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Technology Readiness Level - TRL ., 0

Real System qualified in flight By sucessed 3 MAGNETIC
- - - CHARACTERIZATION
mission operations

Complete real System and qualified to fly by
demostrations and tests

“Demostrador” Prototipe of a system in a
real environment

TRL-6
TRL-5
TRL-4

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

Technological concept and/or application
formulation

Basic rudiments: observation and reference
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From...
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llanes Geology

MOURA Evolution... Making Progress

South America
magnetic anomalies
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