
 

 

SCOPING MEMS SEISMOMETERS FOR DEPLOYMENT ON THE MOON.  C. Nunn1, W. T. Pike2, M. 
P. Panning1 and S. Kedar1, 1Jet Propulsion Laboratory - California Institute of Technology, 4800 Oak Grove Drive, 
Pasadena, CA 91109, U.S.A. 2Department of Electrical and Electronic Engineering, Imperial College London, SW7 
2AZ, U.K. Corresponding author: ceri.nunn@jpl.nasa.gov. 

 
 
Introduction: Commercial Lunar Payload Services 

(CLPS) is a NASA program to acquire end-to-end com-
mercial payload services between the Earth and the lu-
nar surface [1]. The competitive nature of the program 
is expected to reduce the cost of lunar exploration. Pro-
posals from commercial partners are currently being so-
licited.  

Here, we consider the advantages of including 
MEMS-type seismometers on one or more landed mis-
sions. Micro-Electro-Mechanical Systems (MEMS) 
sensors are small, lightweight sensors etched on a sili-
con wafer.  A critical question is whether the instrument 
is likely to detect sufficient moonquakes given missions 
that may only extend during a single lunar day (approx-
imately two weeks in Earth-time).  In order to assess the 
deployment quantitatively, we can compare estimated 
instrument response and noise characteristics (e.g. [2]) 
to documented lunar seismicity from Apollo data ([3]). 

The InSight SP sensor: Fig. 1 shows an example 
MEMS sensor (the SEIS-SP). The SEIS-SP sensor is a 

low-mass, but still relatively broadband seismometer 
that uses a silicon MEMS sensor (e.g. [2]). It was devel-
oped by Imperial College, the University of Oxford and 
Kinemetrics. The sensor formed part of the SEIS pack-
age on the InSight mission, and was initially deployed 
on Mars in late 2018. The sensor is a small and robust 
instrument. It is through-wafer etched and patterned in 
single-crystal silicon, with a 25 mm die size. Three sen-
sors measure all three components of translational mo-
tion. The combined package for InSight had a total mass 
of 635 g for the three-axis SP delivery of packaged sen-
sor heads, electronics board and associated connectors 
and cabling [4], making such a system potentially very 
promising for deployment on future commercial lunar 
landers.  

The performance of the current generation of SEIS-
SP sensor is limited by the thermal noise floor from gas 
damping within the package [5]. The noise floor can be 
further improved by evacuating the chamber. The lunar 
environment reduces the risks of leaks [5], making this 
a low-risk option for the Moon, and potentially improv-
ing detection rates. 

Assessing possible detection rates for short de-
ployment missions: We investigate the effectiveness of 
deploying the SEIS-SP or other lightweight instruments 
with similar self-noise and response characteristics for 
missions of varying lengths. 

The Apollo missions included surface deployments 
of seismometers that ran at multiple landing sites over 
periods between 1969 and 1977. Using the seismic data 
available from the seismometers deployed by astronauts 
during these missions (Fig. 2), we investigate the mag-
nitude of moonquakes which would be above the detec-
tion thresholds for various MEMS seismometers. In-
struments deployed during the Apollo era detected sev-
eral types of events, including artificial impacts, mete-
oroid strikes, shallow and deep moonquakes and ther-
mal events (e.g. [3]). Given several years of operations 
for the Apollo instruments, we have excellent con-
straints on the lunar seismicity rate over the multi-year 
catalog ([3],[6]). We also have constraints on diurnal 
variations for thermal events over the course of the lunar 

Figure 1. The SEIS instrument’s short-period sensor. 
The die is 25 x 25 mm. (© Imperial College London). 
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day/night cycle (e.g. [7]). Thermal quakes occur period-
ically, with a sharp double-peak at sunrise and a broad 
single-peak at sunset ([8]). Deep moonquakes have a 
clear correlation with the tidal phase of the Moon, with 
monthly periodicity of their occurrence times as well as 
tidally dependent variations in amplitude ([9]). 

We investigate which types of moonquakes could be 
detected. Finally, we estimate detection levels for a 
short-duration mission. 
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Figure 2. Apollo Lunar Seismic Experiment de-
ployed at the Apollo 16 site. The experiment package 
included a short-period sensor. Photo Credit: NASA. 
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