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Outline Outline 

•• Intro: Intro: SeismometrySeismometry on Mars on Mars 
•• GEP PackageGEP Package
•• The VBBThe VBB--SeismometerSeismometer

•• Principle of operationPrinciple of operation
•• PerformancePerformance

•• ReadRead--out electronics / out electronics / ASICsASICs
•• ConclusionsConclusions
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Introduction: Status Planetary SeismologyIntroduction: Status Planetary Seismology

•• At present:At present:
•• Nothing Nothing 
•• No data, only modelsNo data, only models
•• There is room for improvement There is room for improvement 

•• The Moon:The Moon:
•• Apollo Seismic Network 1969 Apollo Seismic Network 1969 

Seismic recordings Seismic recordings 
(moonquakes) up to 1977(moonquakes) up to 1977

•• Mars: Mars: 
•• Viking (1975) seismometers Viking (1975) seismometers 

measured windmeasured wind
•• Other attempts unsuccessful Other attempts unsuccessful 

•• Failure of mission (Mars69)Failure of mission (Mars69)
•• Failure of funds (Failure of funds (NetlanderNetlander) ) 
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ExoMarsExoMars landerlander: Rover+GEP: Rover+GEP
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ExoMarsExoMars--GEPGEP--SEISSEIS: : SeismometerSeismometer ‘‘packagepackage’’

•• SEIS : a 2 kg SEIS : a 2 kg «« allall includedincluded »» planetaryplanetary science science 
seismometerseismometer compatible compatible withwith tinytiny landerslanders withwith lowlow
powerpower

•• SEIS is composed of :SEIS is composed of :
•• Two Very Broad Band seismometers, in Two Very Broad Band seismometers, in 

opposite sensing directions, opposite sensing directions, 
PI=Philippe PI=Philippe LognonnLognonnéé, IPGP Paris., IPGP Paris.

•• 3 Short Period MEMS seismometers 3 Short Period MEMS seismometers 
PI=Tom Pike, IC LondonPI=Tom Pike, IC London

•• Environmental sensors (Environmental sensors (Temp.,PressTemp.,Press.) .) 

•• SEIS package main performances requirements :SEIS package main performances requirements :
•• VBB (<10VBB (<10--99 m.sm.s--²² HzHz--½½ from 10from 10--55 up to 10 Hz)up to 10 Hz)
•• SP ( < 5 10SP ( < 5 10--88 m.sm.s--²² HzHz--½½ from 10from 10--22 up to 100 up to 100 

Hz)Hz)
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GEPGEP--SphereSphere

15 cm15 cm

Sphere with 2 Very Broadband Seismometers
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Very Broadband single axis seismometerVery Broadband single axis seismometer

Test configurationCAD view of sensing axis
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General seismometer operational principleGeneral seismometer operational principle

•• Seismometer measures groundSeismometer measures ground--
motion motion xx(t),(t),vv(t(t) or ) or aa(t(t))

•• Seismometer records principle: Seismometer records principle: 
damped massdamped mass--spring system spring system 

•• InputInput--output system:output system:
•• Input: ground motion Input: ground motion x(tx(t))
•• (Sensor) Output: (Sensor) Output: z(tz(t) ) 

•• Equation of motion:Equation of motion:
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sensor output sensor output 
proportional to ground proportional to ground 
accelerationacceleration
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SEISSEIS--VBB VBB OperationalOperational PrinciplePrinciple: : PendulumPendulum

•• MechanicalMechanical pendulumpendulum..
•• A second A second orderorder responseresponse ((dampeddamped harmonicharmonic oscillatoroscillator))
•• BasedBased on STSon STS--2 design (by 2 design (by WielandtWielandt//StreckeisenStreckeisen))
•• Feedback Feedback usingusing coilscoils
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SEISSEIS--VBB VBB OperationalOperational PrinciplePrinciple ((concon’’tt))

•• Feedback: sensing by Capacitive Feedback: sensing by Capacitive 
Displacement Sensor is used to Displacement Sensor is used to 
drive the mass back to the drive the mass back to the 
equilibrium positionequilibrium position

•• Linearity / dynamic rangeLinearity / dynamic range
•• Science output: timeScience output: time--integral of integral of 

capacitive displacement sensor, capacitive displacement sensor, 
with 24  bits A/Dwith 24  bits A/D

•• Separate feedback for Separate feedback for 
compensation of temperature compensation of temperature 
drift using 24 bit D/Adrift using 24 bit D/A

•• System acts as a ground System acts as a ground 
velocityvelocity--sensor 

Capacitive sensor

ggMarsMars

CoilCoil--magnetmagnet

sensor 
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SEIS VBB Schematics (feedback circuit) SEIS VBB Schematics (feedback circuit) 
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SEISSEIS--VBB ResolutionVBB Resolution
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SEISSEIS--VBB ResolutionVBB Resolution

•• Target resolution:Target resolution:
Detect PDetect P--S waves from quake of M=4 at S waves from quake of M=4 at 
180 degrees  180 degrees  -->>
Resolve ground accelerations down to 10Resolve ground accelerations down to 10--99

m/sm/s22/Hz/Hz0.50.5

•• Instrument noise = dominated by electronic noise (!)Instrument noise = dominated by electronic noise (!)
•• Analogue elements in feedback loop Analogue elements in feedback loop 
•• AD/DA Converters (!)AD/DA Converters (!)
•• Brownian noise negligible Brownian noise negligible 

•• Environmental noise (not in figure):Environmental noise (not in figure):
•• Pressure fluctuations Pressure fluctuations --> buoyancy  of seismometer mass > buoyancy  of seismometer mass 
•• Tilt fluctuationsTilt fluctuations
•• ……
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SEISSEIS--ASIC for ASIC for ExoMarsExoMars

•• SEIS Readout Electronics : ETH SEIS Readout Electronics : ETH ZZüürichrich

SEIS Electronics Breadboard ETHSEIS Electronics Breadboard ETH

•• SRON+XensorSRON+Xensor (Delft) Partnership to develop(Delft) Partnership to develop
•• Application Specific Integrated Circuit (ASIC)Application Specific Integrated Circuit (ASIC)
•• For (For (a.oa.o): ): 

•• Acquisition of VBBAcquisition of VBB--Seismometer science channel:Seismometer science channel:
•• Differential Capacitance Sensor output, which Differential Capacitance Sensor output, which 

includesincludes
•• Analogue to Digital Conversion with effective Analogue to Digital Conversion with effective 

resolution of 24 bits, resolution of 24 bits, 
•• In a bandwidth of 10In a bandwidth of 10--55--10 Hz. 10 Hz. 

•• D/A Conversion for temperature feedbackD/A Conversion for temperature feedback--
compensationcompensation

•• Various monitoring and housekeeping signalsVarious monitoring and housekeeping signals
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Subsystems in SRONSubsystems in SRON--ASICASIC
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ASIC DevelopmentASIC Development

•• Why mixedWhy mixed--signal ASIC?signal ASIC?
•• Compared to conventional Compared to conventional 

electronicselectronics
•• Performance Performance 
•• MassMass
•• VolumeVolume
•• Power (! Critical for SEIS)Power (! Critical for SEIS)
•• ReliabilityReliability

•• Commercial Commercial ““2424”” bits ADC: not bits ADC: not 
really 24 bits really 24 bits 

•• SpaceSpace--qualified 24 bits ADC: does qualified 24 bits ADC: does 
not exist not exist 

•• Challenge: ultraChallenge: ultra--high resolution high resolution 
electronics for electronics for 
•• ultraultra--broadband frequencybroadband frequency
•• ultraultra--low frequency  f<1mHz, low frequency  f<1mHz, 

wherewhere
•• 1/f electronic noise is the Goliath 1/f electronic noise is the Goliath 

to deal with.

SEIS Electronics Breadboard ETHSEIS Electronics Breadboard ETH

ASIC for A/D SRONASIC for A/D SRON

SRONSRON’’ss ASICsASICs: : 
See Poster Johan See Poster Johan HaanstraHaanstra !

to deal with.
!
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ConcludingConcluding
•• ExoMars+GEPExoMars+GEP--SEIS will provide the first ever seismic data from MarsSEIS will provide the first ever seismic data from Mars
•• SEIS Science requirements are ambitious SEIS Science requirements are ambitious --> electronic requirements are > electronic requirements are 

challenging  challenging  
•• SRON(+XensorSRON(+Xensor) part of SEIS) part of SEIS--TeamTeam
•• To develop spaceTo develop space--qualified ASIC for 24qualified ASIC for 24--bits AD/DA science channels for bits AD/DA science channels for 

VBB seismometerVBB seismometer
•• Challenge=OpportunityChallenge=Opportunity

•• ASIC for highASIC for high--resolution and low freq. +broadband MBW AD/DA will resolution and low freq. +broadband MBW AD/DA will 
provide stateprovide state--ofof--the art the art uniqueunique solutionsolution

•• Applicable to data acquisition of many future spaceApplicable to data acquisition of many future space--missions; Earthmissions; Earth--
gravity (gravity (gradiometrygradiometry), Planetary ), Planetary GradiometryGradiometry (micro(micro--gradiometer gradiometer 
mission), LISA, Darwin, mission), LISA, Darwin, ……


