
Evolution of a Compact TOF Mass Spectrometer from Space Exploration to 
the Internet of Things 
______________________________________________________________________________________ 
 

D. Lasi1,2, L. Hofer2, J. Jost1, A. Péteut1, M. Gruber1, S. Gasc1 and P. Wurz2 

 

(1) Spacetek Technology AG, Brüggliweg 18, CH-3073 Bern (Switzerland) 
(2) University of Bern, Physics Institute, Sidlerstrasse 5, 3012 Bern (Switzerland) 
 
We present a new compact time-of-flight (TOF) mass spectrometer for the Internet of 
Things (IoT), which builds upon the heritage of three generations of similar instruments 
for space and stratospheric missions1,2,3.  
 
After an overview of the evolution of the reflectron-TOF architecture for ESA space 
missions, from RTOF/Rosetta to NIM/JUICE, we summarize the key design patterns that 
led to achieving a unique mix of performance, dimensions, and resources utilization (mass 
and power): reliance on electron-impact ionization using low-power (~1W) thermionic 
emitters, extraction and an optional mass blanking with fast (~2-3 ns) high-voltage 
pulsers, use of integrated metal-ceramic screen-printed ion optics, extreme optimization 
of fast (~0.5 ns) custom-build impedance-matched Micro-Channel Plates (MCP) detectors, 
and use of automated particle-swarm optimization algorithm to maximize the instrument 
performance4. Examples of implemented designs together with some key performance 
results are used to expose the key tradeoffs behind these design choices. 
 
We then discuss how some key lessons learned and design patterns from the 
development of these space instrument’s development have been implemented in a 
novel commercial IoT mass spectrometer by a spin-off from the same group. This new 
device is based on orthogonal-extraction reflectron TOF architecture and is compact 
(sensor: ~300 mm; electronics 238x165x105 mm). Early tests with residual and calibration 
gases showed 720 M/∆M (at 44u, CO2) mass resolution and 105 dynamic range, but 950 
and 106 are at reach with further optimizations, considering SIMION results and 
achievable noise level targets (~1mV rms white noise).  
 
Contrary to its predecessors, this commercial instrument has been designed for 
manufacturability and cost, yet with the advantage of using state-of-the-art electronics, 
such as high-performance FPGAs and commercial Systems-in-Package (SiP) that provide 
for higher flexibility, performance, and reduced development times. Moreover, an HTTP 



API make it a true IoT device, allowing real-time control and data visualization via web 
browser and data storage to InfluxDB time-series database, allowing to envision new 
ConOps based on distributed system-of-systems architectures, for example in drinking 
water quality monitoring.  
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