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Abstract—The chemical composition of Earth’s upper
atmosphere provides key insights into the status and evolution
of the space weather. Earth’s exosphere extends from hundreds
of kilometers to ten thousands of kilometers. Characteristic
measures of the exosphere include the altitude of the exobase,
where the transition between the two flow regimes namely
continuum flow and free-molecular flow occurs, the number
density of species at given altitudes and their dynamics. The
chemical composition can be measured, and the vertical
structure can be converted into exospheric temperatures for
each compound. Although major species dominate, the
abundance of minor species, radicals and even traces of species
might be underestimated, as they might represent more
sensitive tracers of both the space weather influence on the
atmosphere and the pollution of the outer atmosphere by
decomposing space debris. Considering the complex sequence of
chemical reactions, detailed mass spectrometric investigations
are necessary. Despite some chemical species being measured
during the latest measurements in the 1980s, the abundances of
minor components, radicals and trace gasses remain unassessed
until today, as previous instrumentation lacked both sensitivity
and mass range. As these measures are of dynamic nature,
constant monitoring with sensitive instrumentation and high
cadence is demanded to derive data for meaningful
investigations of the atmosphere composition in response to the
exogenous and anthropogenic drivers. Here we report on the
development of a novel mass spectrometer that provides
sensitive in situ measurements of both the neutral gas and ions
in Earth’s upper atmosphere. The time-of-flight ion-optical
system together with its detector provides a sensitivity that is
comparable to full-scale mass spectrometers on board major
deep space missions. In addition, this mass spectrometer directly
measures species without contact with a wall, preventing on one
hand complex species from hypervelocity impact induced bond-
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dissociation and on the other hand radicals from recombining
before measuring at the usual orbital velocities exceeding
7 km/s. These unique instrument capabilities together with its
performance empowers the instrument to measure the
exosphere close to the exobase to determine scale heights of
species reliably, identify and quantify the drivers of the
exosphere, and derive almost real-time exospheric temperatures
from the exosphere. Thanks to its size of 1 U, establishing a
network consisting of several satellites for real-time space
weather monitoring and its related forecasting becomes feasible,
soon.
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1. INTRODUCTION

In situ chemical composition measurements of neutral gas
and ions are essential for understanding Earth’s upper
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Figure 1. Block diagram of the CubeSatTOF instrument. Abbreviations are described in the text.

atmosphere and its responses to both exogenous and
endogenous forcing. Especially measurements of the lower
exosphere and thermosphere with mass spectrometers are
necessary, as identified by recent reviews [1]-[5]. These
reviews discuss the necessity of measuring the chemical
composition of neutral species and ions and underline that no
successful measurement with a mass spectrometer has been
performed since the 1980s [6]. The limited sensitivity in
combination with the upper limit of the mass range of about
m/z 50 of these measurements was sufficient to detect the
major species in the upper atmosphere (H, N, O, N,, CO, O,
Ar; HY, He', N*, O, N;"). The interest in this region is also
reflected by the intention of NASA’s Science Mission
Directorate to release an announcement of opportunity for the
Dynamical Neutral Atmosphere-lonosphere Coupling
(DYNAMIC) mission, soon [7].

The upper atmosphere is a dynamic region and includes the
thermosphere, the exosphere, and the ionosphere (see
reference [8], for example). The exosphere extends from
some 400 km to thousands of kilometers, depending on the
conditions (and models) [9]. The exosphere couples to the

thermosphere, and the exobase separates them [10]. In the
exosphere, ballistic trajectories determine the motion of
species, as it is the case in an almost collision-free region. In
the thermosphere, mixing dominates the trajectories resulting
in a statistical motion. In addition, the ionosphere is
embedded into this region as well. Species occasionally
change their charge, i.e., from neutral to charged, and vice-
versa by, for example, charge exchange processes. Hence, the
exosphere serves as both source and sink for the ionosphere.
However, although these ionization and recombination
mechanisms are thought to be identified, their extent remains
unclear. Moreover, even the precise altitude of the exobase is
subject of debates. This lack of knowledge prevents
concluding the influence of forcing on the upper atmosphere,
i.e., understanding of the influence of space weather on
Earth’s atmosphere.

Hence, the constellation of high-performance exosphere
science satellites (CHESS) mission was conceived to analyze
the dynamics of both the chemical composition and number
densities of species in the upper atmosphere [11]. The
CHESS mission carries a global navigation satellite system
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(GNSS) instrument for the analysis of the total number
density and a complementary mass spectrometer for
analyzing the chemical composition of species, their altitude
profiles, and their variation in both space and time.

2. INSTRUMENT DESIGN

Here we present a novel, miniaturized mass spectrometer that
provides sensitive in situ measurements of both the neutral
gas and ions in Earth’s upper atmosphere enabled by its
compact and powerful electronics. The instrument is a time-
of-flight (TOF) mass spectrometer [12], referred to as
CubeSatTOF, that fits into 1 U of a CubeSat and weighs 1 kg
including shielding.

References [11], [13], [14] describe the design of the ion-
optical system (IOS) and its application in detail. In brief,
CubeSatTOF employs a novel ion-optical system referred to
as the direct open source [13]. Present instruments used so far
implemented either a closed or an open ion source. In a closed
source, neutral particles are thermalized in an antechamber
via multiple collisions with the chamber wall. In an open
source, species are directly ionized and electrostatically
deflected into the ion-optical system of the mass analyzer. In
contrast, in the direct open source, neutral particles are not
thermalized and ions are not deflected before entering the
mass analyzer.

This novel technique avoids both hypervelocity impact
induced bond-dissociation experienced in the closed source
and the requirement of very high voltages to deflect a beam
of high velocity ions in classical open source systems. While
avoiding high voltages reduces complexity in engineering,
avoiding hypervelocity impact induced bond-dissociation
considerably simplifies the interpretation of the scientific
data. At typical low Earth orbit (LEO) velocities of about
7.6 km/s, referred to as hypervelocity, incoming species have
a kinetic energy about 0.3 eV for m/z 1, which scales linear
with mass. For reference, the bond-dissociation energy of a
carbon—carbon bond is 3.6 eV [15]. Thus, the collisions of
incoming species with the wall of the antechamber typically
fragment species. In addition, reactive species such as O and
O3 typically recombine with other species or fragments
thereof in the antechamber before the mass analyzer records
them. Inferring the original molecules from measurements of
partially atomized species is already challenging for simple
molecules in a mixture, and almost impossible for more
complex species. Thus, measuring with this novel gas inlet
system enables reliable measurements of both reactive and
non-atomic species.

The direct open source is capable of measuring neutral
species and positively charged ions. At the entrance of the
instrument, a robust thermionic emitter provides electron
ionization at about 70 eV for ionizing incoming neutral
species. To measure local ions, the filament is turned off.

A high voltage pulser extracts the species from the ion source
representing the start signal for the TOF of the incoming
species. Electrostatic lenses focus the ion beam into a field-
free drift section providing mass separation. A grid-free ion
mirror (reflectron) [16], [17] compensates for variations in
initial energy. It also increases the flight path, as another drift
section precedes the ions’ impact on the multi-channel plate
(MCP) detector, representing the stop signal. The MCPs
amplify the impacts by about a factor of 10° allowing for
single ion analysis on a routinely basis [18], [19]. The
recorded signal is then easily converted into a mass spectrum
(see reference [20], for example). The ion-optical system and
electronics are designed to analyze a full mass spectrum of
the mass range m/z 1 to 200 simultaneously with a repetition
frequency of nominally 10 kHz (up to 40 kHz in extended
mode). The data processing unit operating the electronic
front-end histograms the recorded waveforms to output a full
mass spectrum every 100 ms to 10 s translating to a spatial
resolution of less than 1 km in LEO.

CubeSatTOF achieves mass resolutions exceeding
m/Am 200, where Am is the full width at half maximum
(FWHM) of mass peak m. This mass resolution allows for
clearly resolving isotopes of lower and higher masses, and
outperforms comparable instrumentation concepts by an
order of magnitude [21], [22]. The transmission of the ion-
optical system of 100 %, as demonstrated by SIMION
simulations [13], ensures a high sensitivity enabling analysis
of even traces of species. In addition, it prevents mass
fractionation, as a limited transmission may be mass
dependent, hence ensuring reliable isotope abundance data.
This transmission is ensured for a field of view of + 5° with
respect to ram (flight) direction.

3. ELECTRONICS

The electronics relies on a mixed board design, as usual for
such types of instruments. A detailed description of necessary
subsystems for space-borne mass spectrometers is provided
in reference [23]. The electronics of the CubeSatTOF
represents a slight adaptation to previously used systems
[23], [24] given the opportunity of using commercial off-the-
shelf (COTS) components in CubeSat-type projects.

The electronics of the CubeSatTOF is accommodated on
5 printed circuit boards (PCBs, Figure 1). Four of them are
stacked forming a card rack and the detector board is
mounted orthogonally to the sensor board (see Figure 2). The
placement of electronic subsystems in a 1U cube
considerably influences the scientific performance and
engineering effort that is necessary for the development of
the instrument. On one hand, all relevant subsystems are in
close proximity to its consumer. This is especially relevant
for high voltage power supplies and high-speed electronics
such as the detector and its supporting electronics. On the
other hand, noise-sensitive subsystems such as, for example,
the detector with related electronic front-end benefit from a
decoupling from noise sources, such as, for example, the high
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Figure 2. Sensor board (A) with digital board on top of it
(B), both at prototype level.

voltage pulser. The mixed board design results in a highly
integrated instrument.

Sensor board

The sensor board supports the ion-optical system, which is
mounted on the PCB. The electrodes comprising the ion-
optical system are directly connected to the PCB circuit
through the screws fixing those electrodes in place. We
decided to place the high voltage power supplies (HVPS) on
this PCB as well. Hence, as compared to previous
instruments, bulky high voltage connectors and stiff
harnesses are not necessary. This architecture reduces risks,
shortens both development time and budget, and allows for a
considerable miniaturization.

Mostly, COTS components are used for the HVPS.
CubeSatTOF relies on seven HVPS, of which one has a
minimum voltage of nominally —1800 V, two —900 V, and
three below +400 V. Another power supply floats on the
detector bias voltage. They are controlled with an analogue
0to 5V input voltage each and connected via the serial
peripheral interface (SPI bus) to the data processing unit
(DPUL).

An additional subsystem that benefits from omitting the
transmission line is the high voltage pulser. The high voltage
pulser rises from about 0 V to nominally +220 V with a rise
time of about 2 ns. The high voltage pulse is created on the
opposite side of the ion source on the PCB, i.e., directly at the
location where it is needed. Thus, the pulse rise time benefits
from the reduced capacitance of the omitted transmission
line. This low pulse rise time is mainly responsible for the
instrument’s high mass resolution, especially at low m/z. The
pulser is connected either to its drivers on the digital board
or to an external breadboard for commissioning.

Using fast high voltage pulsers usually creates a noisy
electronic environment contrasting single ion measurement.
Therefore, the detector board is mounted on the second drift
tube of the ion-optical system. This PCB also supports the
MCP chevron stack, the anode collecting the electrons
created by the MCPs, and limited detector proximity
electronics. Most supporting electronics, i.e., filters and
power supplies, are placed on the sensor board to save space
on the detector board. We found that the sensitivity of the
measurements would benefit only moderately from a
decoupling of the pulser structure. Hence, the developed
detector is compact and it can easily be shielded from particle
radiation if desired (which is likely not the case for the initial
versions of the flight instrument to be placed in LEO). Three
cables connect the proximity electronics to the sensor board
by simple, robust M 1.6 cable lugs. This allows for sufficient
mating cycles, even during commissioning phase and saves
space as well. Thus, the sensitive components of the detector
are actually decoupled from the sensor board. A 50 Q
terminated coaxial cable transmits the signal from the anode
to the digital board. Here, we decided to rely on an SMA
connector to simplify debugging with an oscilloscope. There
is space for this SMA connector. Hence, the flight design will
incorporate this connector as well, accelerating the
commissioning phase.

Digital board

The digital board incorporates two subunits namely the
carrier board and the DPU. The carrier board includes the
following subsystems: front-end electronics with high-speed
analog-to-digital converter (ADC) for signal acquisition,
modules for housekeeping (HK), and modules for
communication with both the spacecraft and the electronic
ground support equipment (EGSE).

DPU with SOM and FPGA—The DPU with its field-
programmable gate arrays (FPGA) is located on a system on
module (SOM). For simplicity, we later refer to this package
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as DPU. To prove the concept of miniaturization, we selected
Xilinx, Inc.’s Kria K26 as SOM, on which the FPGA is
located and hence the DPU operates. Besides the existing
libraries for digital data processing, programmable software
(PS), and programmable logic (PL), its power saving
capability is beneficial for this application, as unused features
can be switched off. An ultra-compact board-to-board
connector connects the carrier board and the SOM and an
additional connector provides connection to the other boards
to read out HK via an SPI bus.

The DPU collects data, processes them, and forwards them to
other subsystems. Figure 4 provides an overview of these
data flows in the digital design and their physical location on
the digital board. On the input side, the SOM reads out HK
data to monitor the status of the digital board, in addition to
the locally generated HK data that are fetched via SPI bus.
Also, the analog signal processing with its high-speed ADC
and front-end inputs the SOM. The SOM provides an internal
file system, programmable software and programmable logic.
On the output side, transmission modules (PHY and TRANS)
enable communication and digital-to-analog converters
(DAC) allow for controlling the periphery.
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High Communication
[t H}» oSN A by Rz
ADC (redundant)
DAC LVPS control ‘
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Figure 4. Location of the subsystems on the digital board.

Filament control ‘

A DPU-internal file system holds information on the current
configuration of the instrument (Figure 5). Modifying this
configuration file will cause updates to the instrument’s
parameters. For example, to change the emission current of
the cathode, or to adapt the voltages applied to the electrodes,
this file, referred to as the MeasConlfig file, has to be adapted.
Even the commands for initializing measurements are
mapped through this parameter file. Once the update is
recognized, the system allows for some settling time before
triggering the pulser (see also Figure 3). A second triggering
system for either technological use or for blanking selected
species preventing the detector from saturation is anticipated,
but not used in the current configuration of the instrument. In
parallel, the set values on the periphery are updated. If a
measurement process is started, then the acquisition process
is initiated and the resulting data files are stored in the
Meas IDx files.

Time-of-flight mass spectrometers react sensitive to both
jitter in the analog domain and different response times in the
digitized signal path. Deviations have a direct impact on the
measurement quality. Histogramming of spectra is performed
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Figure S. The process from initiating a measurement by
modification of the MeasConfig file to the final data is
shown.

to improve the signal to noise ratio by about a factor of the
square root of the number of accumulated waveforms. If there
is jitter, then the Gaussian peak of a mass line in the final
spectrum is broadened correspondingly, reducing the mass
resolution and the signal to noise ratio. Thus, we focused on
minimizing jitter and other time relevant distortion between
the DPU and the ADC.

The CubeSatTOF instrument implements a dedicated
triggering system and related architecture ensuring low jitter
measurements (Figure 3). Once a measurement is scheduled,
the DPU on the SOM writes a timestamp into a register of the
high-speed ADC register. The ADC outputs a (5V) transistor-
transistor logic (TTL) signal triggering the high voltage
pulser of the ion-optical system. In parallel, the modification
in the register interrupts the ADC triggering the digitization
of the analog ADC input signal. The JESD204c data
packages (standardized serial interface) include this
timestamp as a marker. The DPU monitors these timestamps
in the ADC data readout stream. Once a relevant timestamp
is detected in the stream, it distributes the integers of the
waveform to histogram the signal, as on board digital signal
processing (DSP). This process is repeated until the desired
number of waveforms are accumulated (the integration time).
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Figure 3. Triggering system of the CubeSatTOF
instrument.
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The DPU stores the spectrum in a data file once the
accumulation process has finished.

Given this concept, the accuracy of the timestamp is crucial.
Therefore, an accurate external local oscillator clocks the
ADC ensuring phase jitter in the low femtosecond range.
Given this low jitter of the clock and as all time-critical
processes are performed inside the ADC based on the internal
phase-locked loop (PLL), the dominating source of the jitter
affecting the sampling is the ADC itself, which has a typical
jitter time of 0.71 ns according to the specification [25].

Front-end with high-speed ADC—The SMA connector
inputs the raw analog signal of the defector board into the
analog electronics front-end. A protection and input filter
circuit protects the front-end from overcurrent. Two gain
stages amplify the signal. A third order low pass filter at a
cut-off frequency of about 800 MHz prevents aliasing before
digitization with a 12-bit high-speed ADC supplied by Texas
Instruments, Inc. (ADC12SJ1600; 9.0 ENOB at 800 MHz)
operating at 1.6 GHz. This high-end ADC delivers the
sampled data through a state of the art JESD204c interface to
the DPU for further digital data processing.

Front-end input

0 -
g ]
=,
-6 T T T T T T g T T T T T
Front-end output
1.10
S 1.08 1
1.06 T T T T T T T T T T T T T
0 1 2 3 4 5 6 7

time (ns)

Figure 6. Estimated detector output that corresponds to
the input of the electronic front-end (green, A) and the
front-end output (blue, B).

As necessary for recording signals in the time domain, the
front-end electronics benefit from minimizing the frequency-
dependent phase shift over the used frequencies. Figure 6
shows the simulation of the transfer function of the front-end
in the time domain. For this simulation performed in LTspice
from Linear Technology, Inc., the input signal is modeled
with a pulse of 5 mV in 3 ns (Figure 6, panel A). The front-
end provides a gain of about 5 (Figure 6, panel B), which is
sufficient for sampling with the ADC, in analogy to
previously developed electronic front-ends (for example,
reference [23]).

Figure 7 presents the performance of the front-end electronics
in a Bode plot. Panel A shows the classical Bode plot with
the solid line representing the gain (left-hand scale) and the
dotted line representing the phase (right-hand scale). Panel B

Bode diagram
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@ 20 - L _100 &
~40 el N -300
-60 —

20

—-20

(dB) E
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—40 A

-60 T
10 100
frequency (MHz)
Figure 7. Bode diagram of the front-end. A description is
provided in the text.

shows the gain for reference (solid line) and the individual
time delays (dotted line). This LTspice simulation shows an
expected maximal runtime difference of about 310 ps at
800 MHz. Even though this runtime difference results in
some distortion of the signal, its impact is negligible, hence
the front-end electronics maintain a constant group delay in a
sufficiently accurate manner.

Communication interfaces—The digital board hosts
communication interfaces for inter-board communication,
i.e., the SPI bus and output of drivers, and dedicated
interfaces for communication with either the EGSE or the
spacecraft. Experience has shown that the commissioning
phase is considerably accelerated if including a high-speed
communication interface. Therefore, we implemented
Ethernet in addition to the usually implemented RS-422
interface. A universal asynchronous receiver transmitter
(UART) console allows for direct communication with the
DPU for debugging.

During commissioning and development, the DPU hosts a
hypertext transfer protocol (HTTP) server that provides an
application programming interface (API) with standard
HTTP request methods such as DELETE, GET, PATCH,
POST, and PUT to operate it as an internet-of-things (I0T)
device. This web server provides easy access to control the
status of the instrument by updating the internal MeasConfig
files. The typical output data package includes housekeeping
of the instrument in the header and scientific data in the
payload of a data product.

Power Board

First, the power for consumers is prepared on the power
board. The EGSE or the spacecraft inputs 12 V direct current
(DC). An additional circuitry for filtering and current limiting
protects the instrument. The stabilized voltage is either
distributed directly, or converted to +5V and +3.3V via
DC/DC converters to provide input voltages for the
consumers. Second, in contrast to the high voltages, low
voltage can easily be transported from one board to another.
Thus, we placed the low voltage power supplies (LVPS) on
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this board and connected them to the sensor board with the
board-to-board  connector. The ion-optical system
requires two variable LVPS providing £12V and three
providing —100 V. Third, the filament controller is located on
the power board. The baseline for heating the filament is a
low power consumption, alternating current (AC) driver [23].
As this driver creates some noise, we placed it far away from
the ion-optical system and the read-out electronics. In fact,
insusceptible locations on the digital board are used for
shielding the ion-optical system from noise. Fourth, we
reserved space on this board to anticipate a driver that is used
on the technology board.

Technology Board

On one hand, the philosophy of CubeSatTOF is to provide a
robust instrument at very low risks to ensure a high
probability of failure-free operation despite accepting COTS
components. On the other hand, CubeSatTOF includes some
redundant subsystems for technology demonstration in space,
to gain technical readiness level (TRL) 9. Although the
evaluation process of technologies to be tested is ongoing, we
favor testing COTS HVPS and subsystems of a tunable laser
system for selective ionization of species. The technology
board will be populated with devices under testing (DUTSs) in
accordance with the mneeds for other, future mass
spectrometers on major spacecraft (see reference [20], for
example).

4. TEST FACILITIES

Providing a beam of neutral species at orbital velocities is a
major challenge. Currently available facilities offer the
capability to accelerate neutrals up to 4.2 km/s for H, and
considerably lower for heavier masses, i.e., in the order of
km/s [13], [24], [26]. Hence, we modified a low energy ion
source (LEIS) [27]. It was originally designed to generate low
energetic ions with energies in the range of 1 to 20 eV with
which the mass spectrometers on board
ROSINA / ROSETTA were calibrated. This was necessary,
as thermionic emitters heated the gas too much, being
unrepresentative for the cold exosphere of the comet
67P / Churyumov-Gerasimenko [27]. We upgraded LEIS to
anticipate ions and neutral particles with energies up to
2 keV. This allows for calibration of mass spectrometers
performing hypervelocity flybys or experience orbital
velocity in LEO, as do NIM on board JUICE [24] and this
instrument [11]. Given the schedules of both instruments,
LEIS is expected to be fully operational in spring 2023.

Figure 8, panel A shows a schema of LEIS with a charge state
conversion surface attached to illustrate the working
principle. The test gas penetrates the ion box of LEIS through
a plate consisting of many capillaries. By flowing through the
capillaries, the gas is directed towards the exit of the ion box.

During this flow, electron ionization ionizes the gas. Carbon
nanotubes (CNTs) are used to generate the electron beam
orthogonal to the gas flow direction [28] (Figure 8, panel B).
CNTs are field emitters. Thus, the electrons are extracted
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from the CNTs by applying a high voltage of about 2 kV on
a grid in front of the CNTs. The advantages of using CNTs
compared to hot cathodes are that they only add a narrow
additional energy distribution to the energy of the generated
ion beam, as the system remains at about room temperature.
In addition, they consume much less power and have a bigger
surface from which they emit electrons to ionize the whole
volume of the ion box. The CNTs in LEIS can be heated up
to 100°C to accelerate outgassing. The electron collector
opposite of the CNTs measures the current established by the
electrons reaching the opposite side of the ion box indicating
the status of ionization.

Once the species are ionized inside the ion box, they are
accelerated by the electrostatic fields, i.e., the voltage
difference between the ion box and the outer cover of LEIS.
This potential difference corresponds to the energy of the
ions. LEIS can be floated to voltages between £20 V to
simulate spacecraft charging effects.

To generate a beam consisting of neutral particles out of the
ion beam, a charge state conversion surface has been attached
to the LEIS (Figure 8, panels A and C). The ions graze the
conversion surface and pick up an electron. In this process,
they lose about 11 to 15 % of their initial energy [29] and the
ionization efficiency is about 80 % empowered by the gold-
coated silicon wafer as a charge state conversion surface.

5. CONCLUSION

Monitoring space weather requires in situ measurements with
sensitive mass spectrometers. We developed a CubeSat-type
time-of-flight mass spectrometer that fits into 1 U and
provides a scientific performance to be applied to use in the
upper atmosphere. We showed that a miniaturization is
possible while maintaining the relevant scientific
performance. The anticipated performance in space flight in
conjunction with the CHESS mission supplies the
community with desperately needed chemical composition
and neutral density data of the upper atmosphere, in almost
real-time.

LIST OF ABBREVIATIONS, ACRONYMS AND

SYMBOLS
AC Alternating Current
ADC Analogue to Digital Converter
API Application Programming Interface
BB Breadboard
CHESS Constellation of High-Performance
Exosphere Science Satellites
CNT Carbon Nanotube
COTS Commercial Off-The-Shelf

CubeSatTOF CubeSat Time-Of-Flight mass spectrometer

DAC

DC

DPU

DSP

DUT
DYNAMIC

EGSE
ENOB
ESA
FPGA
FWHM
GNSS
HK
HTTP
HVPS
I10S
10T
JUICE
LEIS
LEO
LVPS
m

m/z
m/Am
Am

MCP
NASA

NGMS
NIM
PCB
PLL

PEP

PL

PS

R
ROSINA

SOM
SPI
TOF
TRL
TTL
U
UART

Digital to Analog Converter

Direct Current

Data Processing Unit

Digital Signal Processing

Device Under Testing

Dynamical Neutral Atmosphere-lonosphere
Coupling

Electronic Ground Support Equipment
Effective Number Of Bits
European Space Agency
Field-Programmable Gate Array
Full Width at Half Maximum
Global Navigation Satellite System
Housekeeping

Hypertext Transfer Protocol

High voltage power supply
Ion-Optical System

Internet Of Things

JUpiter ICy moon Explorer

Low Energy Ion Source

Low Earth Orbit

Low Voltage Power Supply

Mass

Mass per charge ratio

Mass resolution

Peak width of mass of interest, measured as
FWHM

Multi-Channel Plate

National Aeronautics and Space
Administration

Neutral Gas Mass Spectrometer
Neutral and Ton Mass spectrometer
Printed Circuit Board
Phase-Locked Loop

Particle Exploration Package
Programmable Logic
Programmable Software

Mass resolution

Rosetta Orbiter Spectrometer for Ion and
Neutral Analysis

System On a Module

Serial Peripheral Interface

Time-Of-Flight

Technical Readiness Level
Transistor-Transistor Logic

Unit (measure for the volume of a CubeSat)

Universal Asynchronous Receiver
Transmitter
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