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Introduction:  The current planetary science deca-

dal survey has identified “building new worlds” as one 
of its three themes. Within this theme, one priority 
question is “what governed the accretion, supply of 
water, chemistry and internal differentiation of the in-
ner planets?” [1]. The answer to this question can be 
addressed by studying the seismic activity and there-
fore internal structure of Solar System bodies, using 
seismometers placed on their surfaces. In this abstract, 
we briefly review the current state of the art, future 
science goals, performance requirements, and the tech-
nology development needed to meet those require-
ments. The 2018 InSight mission Short Period (SP) 
microseismometer is suggested as a suitable candidate 
for a low mass, low power, and high sensitivity seis-
mometer applicable to a broad range of studies. 

Current developments:  The current state of the 
art in in-situ seismometry is the 2018 Discovery-class 
mission to Mars, Interior exploration using Seismic 
Investigations, Geodesy and Heat Transport (InSight). 
Its prime instrument, Seismic Experiment for Interior 
Structure (SEIS), consists of six seismometers: three 
Very Broad Band (VBB) and three Short Period (SP) 
units. The SPs cover the frequency range of approxi-
mately 0.5 to 25 Hz with a noise floor of  10-9 m s-2  
Hz-0.5. 

Future science goals:  Between now and 2050, a 
considerable amount of information could be gained on 
the internal structure of Solar System bodies through 
seismometry. A prime target is Europa, where seis-
mometry may be used to constrain the geometry of the 
subsurface ocean [2]. Another possible destination is 
Venus, and seismometers can be adapted to perform as  
gravitometers for use on, for example, a Ganymede 
orbiter. These destinations present a range of challeng-
ing requirements, particularly in terms of temperature 
and ionizing radiation. 

Performance requirements:  The desired long-
term level of seismometer performance is outlined in 
NASA technology roadmap TA 8: Science Instruments, 
Observatories, and Sensor Systems. The requirements 
are summarized as a 10-10 m s-2 Hz-0.5 noise floor over 
the frequency range 0.01 to 10 Hz with a resonant fre-
quency of 0.03 Hz and Q of 1000. Such a seismometer 
must operate over a temperature range of −220°C to 
100°C, and tolerate up to 1017 fast neutrons cm-2 [3]. 

Technology developments needed to meet these re-
quirements include “electrostatic zeroing” of the reso-

nant frequency, “tunnel diode readout” and “force 
feedback” [3]. 

Our current work in improving the SP’s perfor-
mance  indicates an alternative approach to achieve this 
performance. Reducing the resonance of our suspen-
sion using a non-linear design rather than electrostatic 
zeroing allows an improvement by a factor of 30 to 100 
in the noise floor in our next generation Silicon Seis-
mic Package (SSP). 

 

 
 

Fig. 1. The current performance of the SP (red), 
and the modeled performance of the SSP (black). 
 
 The SSP design remains within the existing re-

source envelope of 600 g for a three-axis instrument, 
drawing 270 mW of power, whilst being robust to 
shock (up to 2000 g) and vibration (30 g rms), and 
includes a self-leveling capability. This allows the in-
clusion of SSP in non-dedicated geophysics missions 
whether as a drop-off module from a rover or as part of 
a payload as for Europa. 

Environmental conditions impose further material 
properties limitations on the SSP: some typical values 
of relevant parameters are listed in Table 1, along with 
their values on Earth for comparison. Cross-referencing 
these parameters with the properties of materials used 
in the SP microseismometer yields Table 2. Green in-
dicates adequate, yellow uncertain, and red inadequate 
performance for each material under the environmental 
conditions of the bodies considered. For example, the 
surface temperature of Venus, 740 K, is above the 

8184.pdfPlanetary Science Vision 2050 Workshop 2017 (LPI Contrib. No. 1989)



melting point of the two solder alloys, eutectic Sn-Ag-
Cu (SAC) and eutectic Au-Sn (AS) which are 493 K 
and 551 K respectively. Alternative solder and/or 
bonding methods are required. 

 
Parameter Earth Moon Mars Venus Europa G’mede 

Typical max. diurnal  
surface temperature (K) 290 390 240 740 130 150 

Typical min. diurnal  
surface temperature (K) 280 100 180 740 90 90 

Mean surface  
temperature (K) 295 250 210 740 100 130 

Diurnal temperature 
variation (K) 10 290* 60* 0 40* 60 

Typical ionizing  
particle flux (cm-2 s-1) 0 1 1 0 107 – 

108 
103 – 
107 

Acceleration due to 
gravity at surface (m s-1) 9.81 1.62 3.70 8.90 1.31 1.43 

Ambient surface 
pressure (kPa) 102 10-13 1 104 10-10 10-4 

Global magnetic field? Y N N N N Y 

 
Table 1. Environmental parameters relevant to the SP 
microseismometer for Solar System bodies of interest. 

Particle flux is in the approximate energy range of 
101 to 105 keV; Moon and Mars flux for Galactic  
Cosmic Rays (GCRs) only. *Diurnal temperature    

variation at low latitudes [4-12]. 
 

Parameter Earth Moon Mars Venus Europa G’mede 

Silicon       

Silicon dioxide       

Sn-Ag-Cu (SAC) alloy       

Au-Sn (AS) alloy       

Pyrex       

Gold       

Titanium       

 
Table 2. Suitability of materials used in the SP 

microseismometer for various bodies of interest. 
 

Possible missions:  With the further development 
of SP microseismometer technology, this instrument 
will be suitable for missions such as those listed in the 
TA 8 technology roadmap: a Flagship mission to Euro-
pa and a New Frontiers Lunar Geophysical Network 
with notional launch dates in 2022 and 2029. 

Such missions would greatly increase our under-
standing of the internal structure of these bodies and 
the processes that created them, helping to answer sub-
sequent decadal surveys’ questions on the origins of 
the Solar System. 
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