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Abstract—Robust cathodes are used as electron emitters to 
ionize neutral atoms and molecules by electron ionization in 
spaceborne mass spectrometers. These instruments require an 
electron emission current of about 50 to 1000 μA from the 
emitters. The emitters must be power-efficient, robust with 
respect to handling, and withstand launch into space. In 
addition, the lifetime driven by the mission design influences the 
selection of the cathode. The required lifetime is a result of the 
sum of the nominal scientific operation time in space, the time 
operated during both pre-launch and post-launch 
commissioning, potential mission extension if applicable, and 
margin. For example, a simple lunar landing mission such as the 
Neutral Gas Mass Spectrometer (NGMS) on board the Luna 27 
mission requires a nominal total lifetime of the cathodes of about 
4,000 hours. In contrast, the team specified 10,000 hours as a 
requirement for the Neutral and Ion Mass spectrometer (NIM) 
on board ESA’s large-class Jupiter’s Icy Moon Explorer 
(JUICE) mission. Here, we present a study to identify the flight 
cathodes for NGMS/Luna-Resurs, NIM/JUICE, and their 
successor instruments MANIaC and its Neutral Density Gauge 
(NDG) on board Comet Interceptor. The analysis includes a 
detailed survey of concepts presented as review with subsequent 
laboratory investigation of promising candidates. The realized 
concepts included prototypes with, on one hand, innovative 
concepts relying on field effect and secondary electron emission 
namely two types of Carbon Nano-tubes (CNTs) and an UV-
LED triggered microchannel plates (MCPs), overcoming the 
microtips Spindt type cathodes. On the other hand, ten types of 
thermionic emitters are analyzed with materials including BaO, 
LaB6, WRe, WTh, and Y2O3. The tests conducted in this 
framework included laboratory testing with respect to the 
mentioned requirements especially focusing on both normal and 
accelerated life testing and advanced surface analysis (SEM 

with BSE, SE, and EDX). We established a simple metric to 
compare the results of these tests. In addition to the empirically 
derived parameters for such a metric, the current market 
situation, i.e., the availability of the cathodes, strongly 
influenced the selection of flight cathodes. For example, due to a 
shift in technology of consumer electronics for (cathode-ray 
tube) televisions, several best-of-class oxide cathodes suddenly 
became unavailable. In addition, potentially suitable cathodes 
used for calibration of the ROSINA instrument on board the 
ROSETTA mission became unavailable as well. Among the 
remaining candidates, we selected an yttrium-oxide coated 
thermionic disc cathode for NGMS consuming about 1.6 W 
satisfying its lifetime requirement. For NIM, the same cathode 
was further enhanced to achieve a nominal power consumption 
of about 1.1 W, whilst increasing their lifetime to comply with 
the mission requirements. Recently, we successfully 
commissioned one of the cathodes on board the flight instrument 
of NIM during the Near-Earth Commissioning Phase (NECP) 
shortly after launch, attesting the quality of the analysis 
presented in this paper. This success enables NIM to analyze the 
neutral exospheres of Jupiter’s icy moons Europa, Ganymede, 
and Callisto and potentially providing insights on their 
subsurface oceans.  
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1. INTRODUCTION 
Durable cathodes serve as electron emitters in spaceborne 
mass spectrometers, playing a crucial role in ionizing neutral 
atoms and molecules through electron ionization elementary 
for analysis of neutral gas.  

Electron ionization requires an electron source consisting of 
three main elements namely release of electrons from 
condensed matter into in free vacuum, electron optics for 
acceleration, transport and beam shaping, and the very 
ionization process itself.  

Electrons colliding with the chemical species under analysis, 
i.e., neutral atoms and molecules, convert neutral species into 
mostly positive ions by ejecting one or more electrons from 
the neutral species. Although the onset ionization energy of 
single charged both neutral atoms and molecules is in the 
order of some eV to 25 eV for He, a maximum of the 
ionization cross section  of species is observable at about 
70 eV–100 eV [1]. This electron energy optimizes the 
achievable total ion current I+ of the ion source in relation to 
the electron current :  =  (1) 

where  is the ionization probability,  the gas number 
density inside the ionization region, the storage factor s, and 

 the total derivative of the electron’s trajectory. The electron 
current is referred to as anode current, sometimes called 
(electron) emission current. The distance is in the order of 
cm. For reference, at a pressure of 10  mbar = 10  Pa 
that equals 10  cm , the mean free path is about 1 m, 
which can be assumed as free vacuum. An electron impact 
energy 70 eV represents a reasonable trade-off between 
efficient electron ionization and fragmentation caused by the 
process. Relevant ionization potentials, cross sections, and 
fragmentation patterns are well described in the NIST library 
[2]. Deviating from this commonly used energy had been 
shown to be complicated. For lower (or higher) energies, 
fragmentation patterns needed to be recalibrated resulting in 
extensive laboratory campaigns as performed, for example, 
for the ROSINA/ROSETTA instrument suite [3], [4]. 

Electron optics moderates the ionization energy and defines 
the ionization region. For time-of-flight (TOF) mass 
spectrometers, in a simple assumption, electron ionization 
would be optimal to happen in a two-dimensional circle, with 

its normal vector pointing into the acceleration direction of 
the mass analyzer, i.e., the ion-optical axis. Statistically, in a 
modern ion-optical system with a transmission of 1, this 
would cause a complete illumination of the detector, by the 
mass analyzer. This is especially relevant for compact 
detectors using multi-channel plates. However, the sensitivity 
of TOF instruments is considerably increased by introducing 
ion-storage sources. Ideally, they require a collimated beam 
of electrons. The negative space charge of the electron beam 
creates a potential well, which attracts the cations causing 
them to orbit around the beam. The potential well created by 
the charges increases the duration of staying inside the ion 
source. Hence, the storage factor s in Equation (1) equals =1 if there is no storage, = 2.75 if there is nominal storage, 
and = 1.75 if the ion source operates in saturation mode 
due to increased space charge [5]. References [3], [5]–[8] 
discuss the design of ion sources and their regimes in detail. 
To make use of ion storage, the ion source requires a direct 
current from the electron emitter.  

Electron optics directly relates to the extraction of electrons 
from solids. In plasma physics, the Child-Langmuir law [9], 
[10] describes the limit of the current that can be extracted 
from a surface, as limited by space charge. Surface-near 
electrons create space charge repelling further electrons from 
being extracted. Applying a voltage V to the surface, for 
example, in a diode configuration, i.e., a plate capacitor, the 
maximum anode current density j in A/cm2 follows the 
relation: 

= = 4 29 /    (2) 

where  is the free space permittivity, e the elementary 
charge, m the mass of the electron, d the anode–cathode gap, 
A the area of interest. This voltage is referred to as anode 
voltage or extraction voltage. In simplified form, the above 
equation reads:  =  (3) 

where  (in A cm–2 V–k) and  (unitless) are the fit parameters.  

In principle, V might be increased to high values with a 
subsequent deceleration of the electrons to achieve the 
required total integral acceleration voltage of 70 V. However, 
the theory of electron optics shows that the deceleration of an 
electron beam also leads to defocusing of the beam. One or 
more Einzel lenses, sometimes including a Wehnelt cylinder, 
focus the beam inside the electron emitters. The LACE 
instrument on board Apollo used an ionization energy of 
either 70 eV or a sequence of 70, 27, 20, and 18 eV altering 
subsequently in a scanning mode [11]. Scanning through the 
ionization energy provided additional information for 
identification of complex species via their energy dependent 
fragmentation patterns. This is useful for instruments on 
stationary landers or rovers in a quasi-static atmosphere. 
During descent, flybys, or when orbiting, scanning results in 
a loss of spatial information [12]. Hence, to achieve the 
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desired anode current of about = 10 to 1000 A, as 
typically required by mass spectrometers, the cathode must 
be able to deliver a suitable current density according to their 
emitting geometry, i.e., surface A.

2. PREVIOUSLY USED CATHODES

In the early days of space instrumentation, thermionic 
emitters served as robust cathodes. Inside condensed matter, 
an electrostatic barrier prevents electrons from leaving the 
material. In hot emitters, joule heating modifies the Fermi 
energy distribution until a reasonable number of electrons 
have enough energy to overcome the material specific work 
function and eventually emit into free vacuum. The 
Richardson equation describes the anode current density j

= (4)

where is a material specific parameter, here referred to as 
Richardson constant, T the cathode’s absolute temperature, 
and the Boltzmann constant [13], [14]. Consequently, the 
geometry of the emitter and its heating current, referred to as 
the cathode current , determine the effectively available
anode current and thus the ion current. 

Size, weight, and power consumption of cathodes are mainly 
driven by the emission temperature of the cathode and the 
capability to thermally isolate the emitting region while 
maintaining a high electrical conductivity to dissipate joule 
heating where needed. Several variations of both geometry 

(hairpin, single wire, coil, etc.), and alloys have been used to 
both increase the emitting area to overcome current density 
limitations and to minimize the power consumption of the hot 
emitters.

Table 1 shows both an overview and references of the 
materials and ionization parameters used where available in 
the literature (private communication omitted). In brief, most 
filaments contain tungsten in geometries of straight wires or 
bands, coils, and hairpins. The work function of tungsten can 
be lowered considerably by alloying it with various materials 
(see reference [15]–[18]). A rhenium alloy (about 3%), for 
example, makes the wires more ductile. This was already well 
known at the time of the Apollo missions, with which the 
LACE mass spectrometer flew. It contained two redundant 
tungsten with 1% rhenium (WRe1) filaments [11]. A benefit 
of these tungsten filaments is their robustness. They are 
immune to air exposure, cathode poisoning, outgassing, 
temperature stress, and their geometries lead to very low 
mass, helpful to survive vibration and shock testing for space 
launch. The typical wire diameter is in the order of 100 μm. 

The work function can also be decreased by alloying the 
material with 1 to 15 % thorium [19] as used for MENCA on 
board the Mars Orbiter Mission. As thorium is a radioactive 
alpha emitter, handling the cathode requires increased safety 
concepts, complicating the testing and commissioning phase. 

Accurately controlling the cathode current improves lifetime. 
Equation (1) implies a high sensitivity to temperature. 
Depending on the cathode, an increase of a cathode

Figure 1. We tested 12 candidate electron emitters to select a suitable type for NGMS / Luna 27 (i), NIM / PEP / JUICE
(j), and MANIaC / Comet Interceptor (j). 
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Table 1. Overview of flight cathodes. This table supplements the data in reference [20], specifically focusing on 
information pertinent to electron ionization, where found (N/A indicated otherwise). *: Potential converted into energy. 
TBD: to be defined. ‡: this study. 

Mission 
target Mission Instrument Type Year 

Cathode 
parameters 

Ionization 
parameters Ref. 

Mercury BepiColombo STROFIO TOF 2018– BaO-Ebe: E-beam 
impregnated cathode 

70 eV nominal, 
0 – 1000 μA [21]–[23], ‡ 

Venus Venera 11–12 Mass 
spectrometer Quadrupole 1969–1982 N/A 40 eV*, 400 μA [24] 

 Pioneer Venus 
Orbiter ONMS Quadrupole 1978–1992 N/A 27, 70 eV [25], [26] 

Earth Dellingr INMS TOF 2018 Carbon coated 
cathode N/A [27]–[29] 

 CHESS CubeSatTOF TOF 2027 2 redundant Y2O3e-
525e 

70 eV nominal, 
0 – 1000 μA [30], ‡ 

Moon Apollo 17 LACE Magnetic 1972–1972 2 redundant WRe1 
70 eV const. or 
scanning 70, 27, 
20, 18 eV 

[11] 

 LADEE NMS Quadrupole 2013–2014 127 μm, 6-coil 
WRe3 20 – 400 μA [31] 

 Peregrine Mission 
One / CLPS PTIMS Ion trap 2024 Heated wire 

filament N/A [32] 

 VIPER / CLPS MSolo Quadrupole TBD crossbeam (XB) 
ionization source N/A [33] 

 Luna 27 / TBD NGMS TOF TBD 2 redundant Y2O3-
525, AC supply 

70 eV nominal, 
0 – 1000 μA ‡ 

Mars Viking 1 
Viking 2 GCMS Magnetic 1976–1982 

1976–1980 
2 redundant, u-
shaped filaments 45, 70 [34], [35] 

 Phoenix TEGA Magnetic 2008 W  
90, 37, 27, 23 
eV; 25 μA, 200 
μA; 1 W 

[36] 

 Mars Science 
Laboratory QMS Quadrupole 2012– 

WRe3 wire 
operating at about 
2 V and 2 A (about 
4 Watt) 

70 eV, 10 – 
400 μA, nom. 
20 or 200 μA 

[37] 

 MAVEN NGIMS Quadrupole 2014– 127 μm, 6-coil 
WRe3 

70 eV, 20 – 
400 μA, nom. 
50 or 250 μA 

[38] 

 Mars Orbiter 
Mission MENCA Quadrupole 2014–2022 

2 redundant Th 
coated Ir substrate 
filament 

70 eV [19] 

 Rosalind Franklin 
/ TBD MOMA Ion trap 2028– 

2 redundant 76 μm, 
WRe3 filaments, 
AC supply 

70 eV 
10 – 100 μA 
 

[39], [40] 

Jupiter Galileo GPMS Quadrupole 1995–1995 2 redundant 
filaments 15, 25, 75 eV [41] 

 JUICE NIM TOF 2030– 2 redundant Y2O3e-
525e, AC supply 

70 eV nominal, 
0 – 1000 μA [7], [42], ‡ 

 Europa Clipper MASPEX TOF 2030– WRe3 N/A [43] 

Saturn Cassini INMS Quadrupole 2004–2017 2 redundant 76 μm 
coiled WRe3 

25, 70 eV 
40 μA  [44] 

Titan 
(moon) Cassini-Huygens GCMS Quadrupole 2005 76 μm wire, WRe3, 

1 W 
25, 70 eV 
80 μA typical [45] 

Comet - 
67P Rosetta DFMS Magnetic 2014–2016 2 redundant WRe3 10 – 90 eV 

2, 20, 200 μA [3] 

 Rosetta RTOF TOF 2014–2016 
2 redundant WRe3 
bands, 
about 2 W 

70 eV typical, 
30 – 150 V, 
20 – 200 μA 

[3] 

 Rosetta COSAC TOF 2014–2016 
3 redundant 25 μm 
Y wires with 75 μm 
Y2O3 coating, 1.5 W 

N/A [46]–[48] 

 Rosetta Ptolemy Ion trap 2014–2016 3 x 2 x (40 x 40) 
nanotips array N/A [49] 

Comet - 
unknown Comet Interceptor MANIaC TOF 2029– 2 redundant Y2O3e-

525e 
70 eV nominal, 
0 – 1000 μA ‡ 
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temperature of already 100 °C decreases the lifetime by a 
factor of 10 [50].  

There is a tradeoff between lifetime, power consumption, and 
scientific performance. The cathode in the magnetic sector 
type TEGA instrument on board Phoenix employed a 
tungsten filament providing anode currents of 25 μA or 
200 μA. Hoffman et al. [36] reported an increase of the 
dynamic range by a factor of 8, implying no ion storage 
capabilities, as expected for this type of mass analyzers. The 
filament including controller was claimed to consume 1 W, 
which is exceptionally energy efficient especially when 
regarding the expected nominal lifetime of the mission of 90 
Martian sols ground time (approximately 2,200 hours, total 
ground time of the platform, no information of the operation 
time found), which was finally extended to 157 sols 
(approximately 3,870 hours). In contrast, QMS / MSL used a 
WRe3 wire filament operating at 2 V and 2 A and thus 
consuming about 4 W [37]. Whereas hairpin filaments are 
very power efficient but are known to have an operational 
lifetime in the order of hundreds of hours, wire filaments or 
even more complex geometries may achieve lifetimes of two 
or more decades more (see reference [51]). Therefore, 
effective power consumption is strongly influenced by the 
mission’s lifetime requirements. Typical expected lifetimes 
of cathodes are in the order of 1000 hours for a mission to the 
Moon, as foreseen by NGMS / Luna 27 [52]. However, 
required lifetimes can easily reach 10,000 hours for deep 
space missions such as, for example, NIM / PEP / JUICE [7] 
or NMS / Interstellar Probe [25]. Such missions include a 
descent pre-launch commissioning phase, calibration, post-
launch (near-Earth) commissioning, nominal operation, and 
potential mission extension(s). In addition to carefully 
controlling the temperature of the filament, redundancy of the 
cathode and other components increases the overall 
probability of failure free operation. 

The use of tungsten type cathodes in space instrumentation is 
in stark contrast to parallel developments of industrial 
products minimizing the power consumption while 
increasing lifetimes. Driven by the consumer market for 
cathode ray tube (CRT) television (e.g., references [53], 
[54]), the initially used impregnated cathodes were widely 
replaced by oxide and cermet cathodes. Especially oxide 
cathodes drew attention with the introduction of rare-earth 
element doping in the oxide layer and the introduction of the 
‘Oxide Plus’ cathode produced by L.G. Philips Displays [16], 
[55]. This iconic cathode showed about 20,000 hours nominal 
operational lifetime at a power consumption of about 0.65 W 
[56]. With the shift in technology in the consumer market 
away from CRT television in about 2007, these cathodes 
became rare and later even unavailable [17].  

Applying high fields to the surface increases the anode 
current leading to Schottky emission and, for even higher 
fields, to Fowler–Nordheim (FN) when electron tunneling 
dominates the anode current. Carbon nanotubes and field 
emitter arrays [57], [58] show remarkably low power 
consumption, as no heating is needed in this regime and 

basically the only consumer is the high voltage power supply 
providing the necessary field strengths. The resulting narrow 
energy distribution at a low temperature enabled 
measurements of low energetic particles inside ROSETTA’s 
comet pressure sensor (COPS) by employing a Spindt type 
microtips cathode with a resistive layer serving as arc 
generation protection, which increased the lifetime [3], [59]–
[61]. The manufacturer specified a lifetime of about 20,000 
hours. These emitters were rigorously tested [62] and flight 
qualified. The 32 x 32 pixels tip array occupied an area of 
14 x 14 mm2 and the microtips were vertically grouped into 
eight either sequentially or jointly operational units. Each of 
these groups could emit 1 mA at 70 V extraction voltage. 
Thanks to these unique cathodes, the total power 
consumption of the ram gauge of COPS was less than 0.7 W. 
These microtips were later used in related calibration 
facilities [63] but became unavailable as well. 

Microchannel plates create an avalanche of electrons to 
convert single ions or photons into a charge cloud with a 
typical gain of 105 to 106 per event. Given the typical peak 
width of about 100 to 500 ps, a single event results in a 
current of 100 μA, comparable to the required anode currents. 
Schiedt and Weinkauf [64] used such a concept as electron 
source, but the technical readiness level was low, and the 
electron source was commercially unavailable. Another 
group realized an MCP-based electron source with electron 
anode emission mode 
and 10 mA in pulsed emission mode [65], which found 
application in a portable TOF-MS [66]. 

The product lifecycles of cathodes cause engineering teams 
developing mass spectrometers to investigate novel cathodes 
for almost every upcoming mission. Therefore, we analyzed 
the market multiple times and developed cathodes both in 
house and in collaboration with industry, always driven by 
the requirement to fly cathodes consuming around 1 W while 
achieving the requested lifetimes. Here, we discuss the 
cathodes and relevant selection considerations related to P-
BACE / MEAP [67], STROFIO / BepiColombo [22], NGMS 
/ Luna 27 [52], [68], NIM / PEP / JUICE [7], CubeSatTOF / 
CHESS [30], and SHU and NDG of MANIaC / Comet 
Interceptor [69]. 

 

3. MATERIAL AND METHODS 
After developing the ROSINA / ROSETTA payload and 
given the shortage of the Spindt cathode, we considered many 
cathodes for spaceflight. Table 2 shows an overview of the 
cathodes considered for various missions in context of time. 
The P-BACE instrument on board MEAP is a miniaturization 
of the RTOF / ROSINA / ROSETTA instrument from about 
1 m length to 30 cm length and served as design baseline for 
all following instruments, except for STROFIO / 
BepiColombo and CubeSatTOF / CHESS, the latter is a 
further miniaturization to 10 cm. Table 3 provides a detailed 
overview of the cathodes, their types, and names. For P-
BACE, the LaB6-423 cathode was used, as the mission 
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needed to fly within 6 months of development time. Its 
prototype was operated with this cathode despite consuming 
close to 4 W (see also Figure 5). The cathode operated stable 
both in the laboratory and during flight. 

STROFIO / BepiColombo required a power consumption 
below 2 W for an anode current of 1 μA and a nominal 
lifetime of about 1 year. Hence, LGP-I, BaO-EBe, WRe-020, 
and Y2O3-525 were considered as thermionic emitters (see 
also Figure 1). These cathodes were tested in a versatile setup 
with diode configuration (Figure 2, panel a, b). The cathodes 
were screened for suitability, which includes testing of the 
operation characteristics. The best cathodes were tested in a 
batch to verify the selection (Figure 2, panel c). Additionally, 
a second batch was tested to identify the very flight cathode, 
by carefully analyzing the surface with secondary electron 
microscopy upon a short functional verification during the 
commissioning (see reference [23]). 

At that time, carbon nanotubes (CNTs) became increasingly 
available. As the cold emitters of ROSINA were promising, 
we tested CNT-XIN, which we assembled in house and tested 
in a dedicated setup (Figure 1, panel b). We used a coarse
extraction grid with a geometrical transmission factor of 0.85 
to establish the field strength necessary for electron 
extraction.

For NGMS / Luna 27 [70], [71], and later NIM / PEP / JUICE
[7], [42], [72], we surveyed the market again. BaO-015, 
WTh-UBE, MCP-Beam, and Y2O3-525 were considered. The 
procedure was like the one indicated before. Various versions 
of the WTh-UBE cathodes were fabricated, i.e., we 
experimented with the thickness of the wire of this hairpin 
filament (see Figure 1, panel h). 

The MCP-Beam setup required a customized design. Figure 
3, panel a, shows the concept. A trigger signal causes the UV-
LED to emit photons, which are then transported via optical 
fiber to a diffusor illuminating the complete surface of the 
first microchannel plate (MCP). Ultraviolet light increases 
the detection efficiency of the MCPs as compared to VIS/IR. 
The MCPs are operated with a high voltage (HV) power 
supply, in the order of 2 kV. Additional low voltages (LV) 
provided focusing of the beam. Figure 3, panel b, shows the 
related SIMION simulation (a commercial software package 
for simulating ion- and electron-optical systems).

Initially, the selection criteria were dominated by power 
consumption and lifetime, which can be derived from data 
sheets and testing. For the missions following STROFIO / 
BepiColombo, we added requirements to better account for 
the handling, especially with respect to radioactivity and 
venting cycles, i.e., immunity (or close to) towards air 
exposure upon operation. Both requirements became 
Go / No-Go criteria.

Table 2. Timeline of mission and cathode development
discussed in this study.

Figure 2. The multi-purpose diode setup was used for 
testing the MCP-Beam (a), LGP-I (b), and most others 
listed in Table 3. The BaO-EBe cathode for STROFIO 
required a different setup for batch testing (c). A setup 
mocking the NIM ion source was used for testing the NIM 
filaments in a batch of 20 (d). 

Figure 3. Concept of the MPC-Beam emitter. A LED 
emits light in UV at the desired instance triggering 
secondary electron emission in the MCP (a). An electron-
optical system supplied by both high and low voltages 
(HV, LV) focuses the emitted electrons to form an 
electron beam (b).
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Table 3. Overview of the assessed cathodes in a given setup (X). Column # refers to the label indicated in Figure 1. 
Details are provided in the text and details of the manufacturer in Appendix A. *: on CB-104 base. The availability is 
reassessed on October 1, 2023 (†)  refers . Technology remains 
available in principle, but no suitable cathodes are available. ‡: for reference, not part of this study. 

# Designator 
Emission 
type Description Manufacturer 

Tested in setup / model 
Status 
now † 

Diode, 
triode 

Life 
test 

Prototype, 
EM, EQM 

Flight 
model 

a BaO-015 Thermionic  

Barium Oxide 
Coated Disc 
Cathodes 
(ES-015*) 

Kimball Physics 
Inc. X X X   

b CNT-XIN Field  

Carbon nanotube 
diameter 2.5 mm 
(XTC-D01-SSC-
C2.5x2.5) 

Xintek Inc. X     

c  BaO-EBe Thermionic  
BaO 
impregnated 
cathode 

E-Beam Inc. X X  
STROFIO / 

Bepi-
Colombo 

 

d  LaB6-423 Thermionic 

Lanthanum 
Hexaboride 
Single Crystal 
Cathodes 
(ES-423*) 

Kimball Physics 
Inc. X X X P-BACE / 

MEAP  

e  LGP-I Thermionic 
LG-Philips 
Impregnated 
cathode 

LG-Philips X     

f MCP-
Beam 

Secondary 
electron 

Microchannel 
plates triggered 
with UV-LED 

LEUVA66B00H
F00) 

Photonis USA 
Inc., LED Engin 
Inc., LG Innotek 
Co. Ltd. 

X     

g WRe-020 Thermionic 

Tungsten 
rhenium (3 %) 
hairpin 
(ES-020*) 

Kimball Physics 
Inc. X     

h WTh-UBE Thermionic 
Tungsten (85%) 
thorium (15 %) 
hairpin* 

University of 
Bern X  X   

i Y2O3-525 Thermionic 

Yttria coated 
iridium disc 
cathode 
(ES-525*) 

Kimball Physics 
Inc. X X X NGMS / 

Luna 27  

j Y2O3e-
525e Thermionic 

Customized 
Y2O3-525 
cathode with 
enhanced coating 
(ES-525B*) 

Kimball Physics 
Inc. X X X 

NIM / 
JUICE, 

MANIaC / 
Comet 

Interceptor, 
CubeSatTOF 

/ CHESS 

 

k Y2O3W-
535W Thermionic 

Yttria coated 
iridium disc 
cathodes, 
tungsten wire 
(ES-535W*) 

Kimball Physics 
Inc.   X   

l WRe-
RTOF‡ Thermionic Tungsten 

rhenium 
University of 
Bern X X X RTOF / 

ROSETTA  
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4. SELECTION OF THE CATHODES

Since the launch of ROSETTA in 2004, we have been 
evaluating cathodes to further improve their performance and 
anticipate space qualification for likely upcoming missions. 
Wherever possible, we used them for prototyping and our 
laboratory instruments as well.

Cathodes for STROFIO / BepiColombo

The selection process for STROFIO illustrated that the choice 
of the cathode includes accepting many trade-offs, but the 
achievable power consumption dominated the choice. The 
WRe-020 hairpin filament consumed about 2.8 W for the 
desired anode current of 1 mA and a moderate lifetime was 
expected. The single-crystal lanthanum hexaboride LaB6-423
cathode is considered a reliable and stable cathode. Tests 
performed at our institute showed that a lifetime of 2 years 
with a continuous anode current of 130 μA can be expected
[23]. Also, the filament survived vibration tests. However, it 
consumed almost 4 W for the desired anode current, which 
was unacceptable. 

In contrast, the CNT-XIN carbon nanotubes are supposed to 
operate with lower power. However, given the coarse grid, 
one needs to apply high voltages, exceeding 1400 V. In 
hindsight, the coarse grid was responsible for the poor 
electron extraction efficiency. We resumed the concept years 

later for a pressure gauge, and for a potential use in 
miniaturized mass spectrometers. Optimizing the geometry 
provides indeed better results [73], [74]. However, even for 
the newest generations of carbon nanotubes [75], we 
observed lifetimes well below 1000 hours. Besides the actual 
lifetime of the CNTs, a parasitic coating of the spacers 
separating the extraction grid from the substrate where the 
CNTs are grown on remains a challenge. We found carbon 
tracks on some of the devices, causing shorts. As neither the 
lifetime nor the reliability requirements have been fulfilled, 
we have discarded the idea of using carbon nanotubes several 
times, which aligns with similar investigations by others 
(e.g., reference [76]).

Figure 4 indicates current densities of tested cathodes.
Especially the BaO-EBe, also referred to as E-Beam, and the
LGP-I cathodes were considered more promising. BaO-EBe 
achieved the shown emission characteristics at 0.7 W, as 
indicated by the manufacturer. Barium oxide cathodes 
require complex activation procedures once exposed to air 
upon operation, ideally temperature controlled [77]. It was 
also unclear at that time how much the lifetime of the filament 
would be compromised by frequent air exposure during its 
early life. In addition, cathode production was discontinued, 
leading to too many risks for the project. A similar cathode 
was still available, BaO-EBe. Despite having a similarly 
complex activation procedure due to the barium oxide, it 

Figure 4. Increasing the anode voltage in a diode setup causes a transition from the space charge limited region at low
anode voltages to a temperature limited region, as described by the Child-Langmuir law. The nominal integral
acceleration voltage equals 70 V to benefit from the maximal ionization cross section in the range between about 50 and 
120 eV (grey).
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provided 1 mA anode current at a power consumption below 
2 W. In fact, the anode current varied between from about
0.65 W at the beginning to about 1.8 W towards end of life. 
The initial life test, which included two venting cycles,
showed that it operated for about 140 days.

Given the alternatives, the BaO-EBe cathode was selected. 
As the cathode was sensitive to air exposure, the process of 
selecting the very flight cathode from the batch of purchased 
cathodes was challenging. Despite the manufacturer's clear 
warning about performance degradation of the cathode due to 
repeated venting cycles, the team determined it was necessary 
to conduct a functional verification before employing it in a 
flight instrument. Post-use verification with microscopes led 
to the final selection of the flight cathode. 

Y2O3-525 was already considered at that time, but we decided 
that further investigation is necessary before using it for 
spaceflight, postponing its candidacy for the next instrument.

Cathodes for NGMS / Luna 27

The selection of the cathodes for NGMS implemented 
lessons learned from STROFIO, especially with respect to 
activation procedures. Figure 5 shows the power 
consumption of some cathodes tested. Initial tests of the 
WTh-UBE cathodes were promising. We were able to use a 
wire containing 15% Th to form a hairpin filament, 
considerably lowering the power consumption, which was 
well below 1 W. However, its expected lifetime and 
especially its radioactivity discouraged us from further 
considering the cathode. 

We continued testing the Y2O3-525 cathode. Its performance 
is also shown in Figure 5, indicating a power consumption 
just below 2 W. In parallel, tests with the NGMS ion source 
were conducted, resulting in a newer upper limit of the anode 
current of 600 μA with a nominal value of 200 μA, relieving 
the search for cathodes thanks to the temperature relation 
indicated in Equation (4). In contrast to the hairpin emitter, 
this disk emitter provided a bigger surface for emission, 
allowing for a moderate current density while achieving the 
requested anode current (Figure 4). Using Equation (3), the 
Child-Langmuir fit leads to the numeric values of the
parameters = (4.7 ± 0.6) 10 and = 1.38 ± 0.03
(R2 = 0.998). The distance in the diode setup remained 
constant in these tests but the current density would vary
quadratically in such a case. Hence, there is a high sensitivity 
towards the position of the filament with respect to the 
electrodes of the electron optical system. 

A benefit for this Y2O3 disk emitter is its immunity towards 
venting cycles with respect to the overall lifetime. During 
nominal life tests, we performed several venting cycles. The 
activation procedure of this cathode is simple and can easily 
be transferred into software reliably. Figure 6 shows the life 
test of three Y2O3-525 cathodes for space qualification. For 
this test, we purged the system with particle-filtered air 
instead of dry nitrogen to ensure contamination with air (e.g., 
oxygen and water). The tests showed a short increase of 
power consumption upon exposure to air, exponentially 
decaying with a time constant of about 77 h. We found 
lifetimes exceeding 8,000 h and concluded a nominal lifetime 
of about 5,000 to 6,000 hours, aligning with the 
manufacturer’s specification. In addition, the cathode passed 
shock and vibration testing. Given these advantages, we 

Figure 5. Anode current of cathodes tested in the diode setup (open markers) and ion source mockup (filled markers).
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selected this cathode to be the flight cathode for the NGMS 
instrument. Yet, we typically operate the NGMS proto flight 
model (PFM) at 1.6 W and the flight spare instrument (FS) at 
about 1.8 W.

Cathodes for NIM / JUICE

The ion source of NIM shares its basic cathodes configuration 
with NGMS. Despite originally only anode current of 300 μA
were requested; providing them over the required lifetime of 
10,000 hours while consuming about 1 W is a challenge. As 
the development of NIM was initiated at the time of NGMS, 
all cathodes discussed so far were considered. Noteworthy is 
the re-consideration of the LaB6-423 cathode thanks to its
outstanding emission stability. However, we dismissed it due 
to its high-power consumption. 

In contrast, the manufacturer of the power-efficient BaO-EBe
cathode specified a high lifetime of about 50,000 h if venting 
was omitted. However, despite it initially operating at a low 
power consumption, we measured a considerable increase at 
end of life, as discussed before. In terms of mission planning, 
this was considered unacceptable because the spacecraft will 
have to operate in the Jovian system with reduced resources 
at the end of the mission. Hence, we tested another barium 
oxide cathode, BaO-015. It showed reasonable emission 
performance (see Figure 5). Less sensitive to air exposure, 

but still too much, the activation procedure persisted to be 
challenging for implementation in the flight software (e.g., 
reference [56] and references therein). We used advanced 
surface analysis techniques, including backscattered electron 
and secondary electron modes with scanning electron 
microscopes, to justify this assumption. For example, Figure 
7 shows the surface of a cathode suffering from overcurrent 
during early testing. The disk of the cathode becomes visible 
because the coating evaporated unexpectedly fast. During a 
life test including repeated both ON/OFF and venting
cycling, some analyzed cathodes showed end of life sooner 
than expected. During testing, on one hand, we observed a 
lifetime of up to 2100 h including 9 venting cycles with 
related subsequent activation. On the other hand, four out of 
five cathodes tested in the mockup setup achieved a lifetime 
of about 2600 h with 6 venting cycles and 327 ON/OFF 
cycles, at a power consumption well below 1 W [71].

We found that no suitable cathode possessing at least a 
moderate technical readiness level for the JUICE mission was 
available on the market.

Thanks to the team’s experience with MCPs and spaceborne
high voltage power supplies the development of an MCP-
Beam was straightforward. We developed a device and tested 
it in the diode setup, but with the internal electron-optical 

Figure 6. Overview of the lifetime test of three cathodes of type Y2O3 (orange, blue, red) in a diode configuration. The
power consumption of all cathodes decreased over time (a). The zoom in panel (a) shows a an exponentially decreasing
power consumption with a characteristic upon air-expsoure to air (dark blue), attributed to outgassing. 
Anode current of the cathodes during testing (b). An anode current of 0 μA indicates a purging of the system for both 
inspection and maintainance.
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system of the cathode. Unfortunately, the efficiency of the 
system was below its expectations, mostly due to the low 
intensity of the available 255 nm LEDs. In addition, the 
lifetime of the MCPs directly depends on their radiation 
environment. With about 1.5 mm of Ta shielding, a gain 
suppression of a factor of 100 would be achieved, and a 
lifetime of about 6,000 h was estimated. This contrasts with
the MCPs inside the detector, which last longer, as less charge 
is deposited on them, and which is shielded better [7]. Despite 
this promising concept would even allow for a 360° field of 
view of NIM, we dropped the concept as well.

We collaborated with Kimball Physics, Wilton, USA to 
provide an enhanced version of the Y2O3-525 that was 
successfully tested for NGMS. The manufacturer specified an 
acceptable power consumption for this Y2O3e-525e cathode, 
in addition to a lifetime of 10,000 hours. 

Figure 5 shows the measured power consumption and related 
anode currents at its first testing in the ion-optical system 
mockup (see Figure 2, panel d). The power consumption was 
bigger than expected. Only after further optimization of the 
electric fields being present the power consumption was 
about as specified but increasing with age. Two of the tested 
cathodes shall serve as example: After 2600 h including 327 
ON/OFF cycles and 6 venting cycles, the power consumption 
increased from (1.04 ± 0.03) W to (1.29 ± 0.03) W for the 
cathode with an anode current of 50 μA and from 

(1.25 ± 0.04) W to (2.10 ± 0.05) W for the cathode with an 
anode current of 300 μA. This behavior contrasted with the 
aging observed in NGMS’ Y2O3-525 cathode. Investigations 
attributed the relatively fast increase of the power 
consumption to geometrical factors of the electron-optical 
system implying operation in a temperature limited regime, 
with higher temperatures than simulated for the flight model. 
Hence, the tests were considered as accelerated tests and 
discontinued due to the shutdown during the pandemic. As 
the geometry of the flight version of the electron source 
slightly differs from the test mockup, the filament is better 
thermally isolated, and the anticipated operational lifetime on 
board the spacecraft was reduced due to change in operations, 
we selected this cathode and performed the necessary 
environmental tests including shock and vibration.

On the control side, we decided to operate the cathode with 
AC with a frequency of 30 kHz. In an earlier study, a power 
saving of around 10% was demonstrated with a comparable 
cathode [78], [79]. In nominal operation, the cathode current 
is regulated to a constant anode current. The cathode itself is 
set to a potential of approximately –70 V to have the electrons 
with the desired energy available for ionization in the ion 
source. The cathode itself is surrounded by a repeller 
electrode with a potential of less than –70 V. A third electrode 
acts as an acceleration lens. Optimized tuning of all control 
circuits and the implementation of filtering is essential on the 
electronic side to achieve stable emission in this AC current 
controlled configuration.

5. FIRST RESULTS FROM NIM’S NEAR-EARTH 
COMMISSIONING PHASE

Two Y2O3e-525e redundant cathodes are implemented in the 
proto flight instrument (PFM) of NIM. The JUICE spacecraft 
was successfully launched on April 14, 2023, at 
12:14:36 UTC and is now in the cruise phase on its gravity 
assist trajectory. During the Near-Earth Commissioning 
Phase (NECP) of JUICE in space, a short time window was 
allocated for the commissioning of the main cathode on 
June 2, 2023, afternoon UTC.

Conditioning Procedure

Figure 8 shows the calibrated (according to NASA’s science 
data processing level: 1b) housekeeping of the NIM PFM 
during NECP during the cathode 1 commissioning window. 
The controller power, cathode current, and anode current are 
indicated. Given design optimizations on the circuitry, the 
NIM PFM controller cannot measure the effective cathode 
voltage . However, the cathode current is directly 
monitored. In addition, the instrument monitors the 12 V 
power supply which supplies various controllers including 
the cathode controller. As only minor commissioning tasks 
were ongoing in parallel and most of the subsystems were 
disabled, the relative change of the power consumption of the 
12 V power supply serves as reasonable indicator for the total 
power consumption of the subsystem. This includes both the 
cathode itself and its controller, referred to as controller 
power.

Figure 7. The disc of the BaO-015 emitter becomes visible
once the coating evaporated.
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The aim of this first conditioning was to approach an anode 
current of at least 100 μA during which the controller 
operates in open loop. This means that the cathode current 
was set to a fixed value. Simultaneously, the necessary data 
for characterizing the cathode were recorded. If the cathode 
functions as expected, it can then be operated in a closed loop 
controlled to the desired anode current.

After starting-up of the basic instrument functionalities, the 
conditioning of the Y2O3e-525e cathode 1 was initiated. First 
the cathode current was automatically ramped to 524 mA 
with a constant ramp speed of rI = 780 mA/min. After a pause 
of 2 min, slower ramping to 806 mA (rI = 35 mA/min), 
followed by a break of 97 min was performed. No anode 
current was detected, as expected. Subsequently, the cathode 
current was increased by increments of 10 mA. First to 
895 mA in 34 min, where an anode current of about 12 μA 
was observed, then to 937 mA in 19 min and a final anode 
current of about 40 μA. After another waiting time of 47 min, 
we continued by steps of 5 mA to 982 mA, where the target 
anode current of 100 μA occurred the first time. Further 
increments of the cathode current with same step size to 
1019 mA led to an anode current of about 170 μA. The entire 
conditioning procedure took about 290 minutes. The bias 
potential was set to –70 V, the entrance slit to 110 V. The 
repeller, powered by a first quadrant uni-polar power supply,
was unregulated which leads to a charging of a few tenth of 
volts.

The described procedure is of a conservative nature with 
respect to the waiting times and step sizes. Long waiting 
times may be due to unexpected operation-specific 
circumstances (e.g., consultations with cathode specialists) 
but are not required from a technical point of view. The 
general procedure for conditioning the redundant cathode is 
retained. However, an adjustment of the step sizes is 
discussed, and minimization of the waiting times is intended.
Overall, the (almost) real-time interaction between the 
spacecraft and the ground team operating the instrument was 
beneficial and recommended for future missions.

The commissioning of cathode 1 up to the upper nominal 
anode current of 600 μA and of the redundant cathode 2 will 
be finalized later, when resources become available again. 

Flight Cathode Characterization

Figure 9 shows the cathode characteristics of NIM as inferred 
from the PFM instrument in space and the FS in the 
laboratory. We show the relationship between cathode 
current and calculated cathode voltage . Notice the 
cathode voltage includes the power consumption of the 
cathode and ohmic losses of the connecting wires. We assume 
a constant controller efficiency (about 85%), as derived from 
calibrated calculations. For a cathode current of 1 A, the 
resistance of the PFM cathode is 0.2 Ohm lower than the one 
of the FS. As expected, assuming a linearization in the 
emitting region, the resistances of the hot cathodes can be 

Figure 8. Filament commissioning of NIM PFM during Near-Earth Commissioning Phase. The level 0 data of the 12V 
power supply indicates the power consumption of the subsystem (see discussion for details, orange). A semi-autonomous 
increase of the cathode current (red) led to reduced emission at an anode current of 50 μA (blue) and a nominal emission 
at an anode current of 100 μA, respectively. Light colors indicate error bars.

Reduced 
emission

Target 
emission

Automatic 
ramping

Stepwise 
ramping
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described by a constant pseudo resistance : =( ) , where represents an offset. For the PFM, we 
found , = (0.461 ± 0.001) A and = (2.4 ± 0.5) Ohm 
We use this information, together with specifications and 
preflight characterization of the cathode, to estimate the 
cathode’s temperature for a given cathode current.

Figure 10 shows the measured anode current for an applied 
cathode current during the conditioning and the fit using
Equation (4). The Richardson constant AG is kept free while 
the work function was constrained between 2.4 and 2.6 eV,
the expected range for this cathode. The hereby found 
Richardson constant is about seven times lower than 
expected. However, this result is consistent with the general 
observation that the cathode current for a desired anode 
current in flight is higher than for the same cathode in the 
laboratory. For an anode current of (170 ± 10) μA, the 
cathode current was 0.95 A in the laboratory and 
(1.02 ± 0.01) A during flight, respectively. A detailed 
investigation is ongoing.

It is noteworthy that the temperatures on board the spacecraft, 
especially the temperature of the ion source and the card rack
(housing the electronics and data processing unit) influence 
the power consumption. Additionally, the instrument supply 
voltage and the momentary FPGA resource consumption due 
to parallel processes considerably influence the presented 
calibrated housekeeping data as well. Further assessment of 
the modifications in the extraction voltage to reproduce 
Child-Langmuir’s law would be helpful to estimate the 

operation regime with respect to temperature, i.e., to better 
estimate its expected lifetime. Consequently, further 
investigation of the data with both the proto flight model and 
the flight spare model is needed before being able to reliably 
estimate operation parameters. However, the initial test 
demonstrated a technical readiness level of 9 of the Y2O3e-
525e cathode, showing good performance.

6. RE-FLIGHT OF THE NIM CATHODE AND 
CATHODES FOR RAPID PROTOTYPING

Other instruments in the institute’s pipeline will make use of 
the NIM Y2O3e-525e cathode namely CubeSatTOF / CHESS
[30] and the sensor head unit (SHU, mass spectrometer) and 
the neutral density gauge (NDG) of MANIaC / Comet 
Interceptor [69] . Therefore, we need to carefully understand 
the cathode’s operation parameters in space, ideally over the 
complete parameter space. Inquiries with the manufacturer 
indicated no supply issues soon. 

Given the performance and the availability of the NGMS 
Y2O3-525 cathode, we used it for laboratory instruments and 
rapid prototyping, including the MEFISTO-TOF instrument 
for analyzing gas released from irradiated ice samples [71]. 
However, the cathode was recently replaced by a successor 
device due to shortage of supply material. Fortunately, the 
Y2O3W-535W cathode provides similar characteristics, in 
fact even lower power consumption, and we were able 
implement this device on several instruments. 

Figure 9. The cathode current as a function of the 
calculated voltage consumed by the cathode, inferred
from calibrated (NASA level: 1b) power measurements.
At a cathode current of 1 A, we calculated a resistance of
(1.29 ± 0.05) Ohm for the PFM and (1.49 ± 0.05) Ohm for 
the FS instrument.

Figure 10. Measured and calibrated anode current for a
given cathode current during the conditioning of the PFM
cathode, assessed in space. The Richardson Equation (4)
is fitted to the data by using prior characterization
knowledge of the cathode, manufacturer specifications
and the cathode voltage inferred of the total power
consumption. The red, dashed line indicates the
operational regime.
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The MCP-Beam concept was limited by the intensity of the 
available UV-LEDs at that time. Thanks to technological 
advancements, more powerful LEDs are commercially 
available nowadays. A removal of the high-voltage pulser 
would compensate for the increased power consumption. The 
pulser providing 600 V in about 3 ns risetime as a start signal 
[78], inserting the ions into the mass analyzer, becomes 
obsolete as the start signal is initiated by triggering the LED 
using this cathode. Besides a pulsed ionization would be a 
considerable simplification of the electronics, about 1.6 W of 
the pulser [78] could be reallocated. Hence, the power 
consumption of the LED could be increased considerably. 
The trade-off would be, however, that the storage factor 
indicated in Equation (1) becomes s = 1, hence, the ion source 
would lose it storage capabilities.  

Even after about 20 years of technological advancements in 
vacuum electronics, the Spindt type cathodes are still 
considered the best of class for cold emitters for spaceborne 
mass spectrometers – but unavailable. Recently, there has 
been some interest in chasing these developments. For 
example, Liu et al. [80] discussed opportunities in modern 
microtips arrays. Despite providing a low technical readiness 
level, the method is promising to sustainably replace the 
oxide cathodes, which were invented more than 120 years ago 
[16] but are still the best of class with respect to handling, 
power consumption and lifetime and are actually available. 

 

7. CONCLUSION  
Our comprehensive examination of several types of electron 
emitters aimed to identify options that offer low power 
consumption and a significant lifespan, ranging between 
approximately 1000 to 10,000 hours. These emitters were 
evaluated for their robustness to endure handling and the 
rigorous conditions of space launch. Our motivation stemmed 
from the imperative to transition from the traditional WRe 
emitters, facilitating enhanced power efficiency that could 
unlock new mission possibilities, including explorations of 
Mercury, Moon, and Jupiter. Our findings affirm the 
continued relevance of hot cathodes. However, we replaced 
the WRe emitters with oxide cathodes. These advanced 
cathodes exhibit a lifetime of about 10,000 hours, with a 
modest power consumption of around 1 W, delivering an 
anode current between 50 to 300 μA. We have qualified such 
cathodes for space and demonstrated an operation by the 
successful commissioning of an oxide cathode in NIM on 
board JUICE, attaining a technical readiness level of 9. This 
innovation in cathode technology is poised to be a 
cornerstone for future mass spectrometers, prominently 
featuring in missions like CubeSatTOF / CHESS and 
MANIaC / Comet Interceptor. 

 

APPENDIX 
A. MANUFACTURER OF CATHODES 

E-Beam Inc., 21070 SW Tile Flat Rd, Beaverton, Oregon, 
USA. 
LG-Philips, does not exist anymore. 
Kimball Physics Inc., 311 Kimball Hill Rd, Wilton, NH 
03086, USA. 
Photonis USA Inc., PO Box 1159, Sturbridge, Massachusetts, 
USA. 
LED Engin Inc., 651 River Oaks Parkway, San Jose, 
California, USA. 
LG Innotek Co. Ltd., 30, Magokjungang 10-ro, Gangseo-gu, 
Seoul, Republic of Korea. 
Xintek Inc., 7020 Kit Creek Road, Suite 200, Research 
Triangle Park, North Carolina, USA. 
 

LIST OF ABBREVIATIONS, ACRONYMS, AND 
SYMBOLS 

AC Alternating Current 
BSE BackScattered Electron mode 
CHESS Constellation of High-performance Exospheric Science 

Satellites 
CLPS Commercial Lunar Payload Service 
CNT Carbon Nanotube 
COPS COmet Pressure Sensor 
COSAC COmetary Sampling And Composition 
CRT Cathode Ray Tubes 
CubeSatTOF CubeSat Time-Of-Flight mass spectrometer 
DFMS Double Focusing Mass Spectrometer 
EDX Energy Dispersive X-ray mode 
EM Engineering Model 
EQM Engineering Qualification Model 
FN Fowler–Nordheim  
FPGA Field Programmable Gate Array 
FS Flight Spare model 
GCMS Gas Chromatograph Mass Spectrometer 
GPIMS Galileo Probe Mass Spectrometer 
INMS Ion and Neutral Mass Spectrometer 
JUICE JUpiter ICy moon Explorer 
LACE Lunar Atmospheric Composition Experiment 
LADEE Lunar Atmosphere and Dust Environment Explorer 
LED Light-Emitting Diode 
LV Low Voltage 
MANIaC Mass Analyzer for Neutrals and Ions at Comets 
MASPEX MAss Spectrometer for Planetary EXploration 
MAVEN Mars Express, Venus Express, and Mars Atmosphere 

and Volatile Evolution 
MCP Multi-Channel Plate 
MEFISTO MEsskammer für FlugzeitInStrumente und Time-Of-

Flight (Measurement chamber for TOF instruments) 
MEFISTO-
TOF MEFISTO-Time-Of-Flight instrument 
MENCA Mars Exospheric Neutral Composition Analyser 
MOMA Mars Organic Molecule Analyser 
MSL Mars Science Laboratory 
MSOLO Mass Spectrometer Observing Lunar Operations 
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NDG Neutral Density Gauge 
NECP Near-Earth Commissioning Phase 
NGIMS Neutral Gas and Ion Mass Spectrometer 
NIM Neutral and Ion Mass spectrometer 
ONMS Pioneer Venus Orbiter Neutral Mass Spectrometer  
PEP Particle Environment Package 
PFM Proto-Flight Model 
QMS Quadrupole Mass Spectrometer 
ROSETTA Name 
ROSINA Rosetta Orbiter Spectrometer for Ion and Neutral 

Analysis 
RTOF Reflectron Time-Of-Flight mass spectrometer 
SEM Scanning Electron Microscope 
SHU Sensor Head Unit 
SIMION Commercial software for simulation of trajectories of 

charged particles 
STROFIO STart from a ROtating FIeld mass spectrOmeter 
TBD To Be Defined 
TEGA Thermal Evolved Gas Analyzer 
TOF Time-Of-Flight 
TOF-MS Time-Of-Flight Mass Spectrometer 
UV UltraViolet 
VIS VISible 
A Area 
AG Material specific parameter; Richardson constant 
d Anode–cathode gap / distance 
e Elementary charge 
I+ Ion current 
I0 Offset current 
IC Cathode current  
Ie Electron current  
j Current density  
k Fit parameter 
kB Boltzmann constant  
m Mass 
n0 Total gas number density 
R* Pseudo resistance  
s Storage factor  
T Absolute temperature 
VC Cathode voltage  

 Fit parameter 
 Ionization probability 
0 Space permittivity 
 Ionization cross section  
 Work function 
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