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Abstract.
Spectroscopic observations in the far ultraviolet (FUV, 115-200 nm) and extreme ultraviolet
(EUV, 50-120 nm) are of great interest in many astronomical fields, such as solar physics,
interstellar medium physics, and planetary sciences. In particular, FUV/EUV spectroscopy
is the main technique for studying planetary exospheres but is of significant importance
also for geological studies, water ice research, analysis of dust systems, and of aurora phe-
nomena. The development of FUV/EUV spectrometers is crucial for the upcoming plane-
tary exploration missions. This work is focused on the PLanetary Ultraviolet Spectrometer
(PLUS), a project funded by the Italian Space Agency (ASI). PLUS has the aim to develop
the technology needed for a new generation of FUV/EUV spectrometers, having higher
spatial and spectral resolution, improved detection limits, shorter observation integration
time, and higher dynamic range with respect the past instrumentation. Such characteristics
are obtained by the combination two key technologies: optical components optimized for
each channel, combined with an high resolution/dynamic range solar-blind photon count-
ing detectors. The photon counting detector will be based on a Micro-Channel Plate (MCP)
coupled with an application-specific integrated Circuit (ASIC) read-out system.

Key words. EUV/FUV spectroscopy, exosphere, ice research, EUV/FUV albedo, MCP,
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1. Introduction

Space missions equipped with spectroscopic
instruments operating in the extreme ultravi-
olet (EUV, λ = 50 − 120 nm) and in the

far ultraviolet (FUV, λ = 120 − 300 nm)
play a fundamental role in various scientific
fields, such as in solar and interstellar medium
physics, and in the study of planets and minor
bodies. In planetology, these spectral ranges
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are particularly suitable for investigating plan-
etary and minor body exospheres in terms
of their dynamics and chemical composition.
However, they can also provide a valuable con-
tribution to the determination of the surface
composition of rocky bodies, to the research
of water ice on permanently shielded craters,
and to the study of aurora phenomena occur-
ring in planets having active magnetospheres
(Hendrix et al., 2020).
In the study of planetary exospheres and in
the detection of volatile components around
comets and asteroids, EUV/FUV spectroscopic
observations allow to acquire the spectral sig-
natures of many constituents, including neu-
tral atoms and their relative ions (N, H, He,
C, O, S, ...) hydrocarbons (CH4, C2H4, ...)
and molecules (H2O, HO, S2O, ...) (Hörst,
2017; Stevens et al., 2015). For example, New
Horizons/Alice was able to observe Pluto’s up-
per atmosphere and detected the emission of
H, N, CO, methylacetylene, and Ar (Gladstone
et al., 2016). Combined observations of the
spectrometers LRO/LAMP (Gladstone et al.,
2005) and LADEE/UVS (Elphic et al., 2015)
detected many different species in the lunar ex-
osphere, including H, He, Ar, CH4, N2, CO,
CO2, O, Na e K and likely Mg, Ca, Fe, Si, OH,
Xe, Kr, S. Recently, BepiColobo/PHEBUS in-
vestigated the profile of the He Mercury’ exo-
sphere during the second fly-by of the mission
(Quémerais et al., 2023). Rosetta/Alice, which
observed the 67P/C-G comet for two years, de-
tected many signatures of volatile components,
including H2O, CO, CO2, whose abundances
were then correlated with the comet activity.
The instrument has also monitored the expelled
ice, and the interaction between the coma and
Coronal Mass Ejections (CMEs), improving
the understanding of cometary physics, com-
position, and formation (Hendrix et al., 2020).
Remote observations of such exospheric emis-
sions, continuously performed over time, pro-
vide a set of data that are pivotal for the
study of the seasonal dynamics of the exo-
sphere, allowing the understanding of the for-
mation mechanisms and surface release pro-
cesses that support the exosphere itself. A sim-
ilar set of data can be obtained via in-situ in-
struments, which provide very precise mea-

surements in terms of chemical composition,
dynamics, and evolution (Mandt et al., 2012;
Teolis et al., 2015). However, such in-situ mea-
surements are always spatially and temporally
limited and, in general, they are not suitable
for detecting constituents having low concen-
trations, due to instrumental limitations and/or
local contamination (Kammer et al., 2013;
Koskinen et al., 2011). In contrast, UV imag-
ing spectroscopy allows for large spatial cover-
age, denser temporal analysis, as well as mea-
surements of the concentration of a large set
of constituents not typically detectable with in-
situ techniques.
In addition to the primary role of study-
ing exospheres, EUV/FUV spectroscopy can
provide complementary information in many
other fields of planetary science. An exam-
ple is the detection of surface water ice de-
posits, which can be identified through the H
Lyman-α (i.e. λ = 121.6 nm) albedo drop-off
measurements on perpetually shadowed craters
and polar regions of celestial bodies devoid of
collisional atmosphere (Hendrix and Hansen,
2008; Hendrix et al., 2012; Hayne et al., 2015).
The EUV/FUV albedo measurement is also
complementary to many geological studies of
the surface via albedo measurements obtained
by push-broom scans (Gladstone et al., 2012;
Mandt et al., 2016). In particular, in the range
between 150−300 nm, the albedo provides ad-
ditional/complementary information on the ge-
ological nature and composition of the surface;
for instance, pyroxenes, feldspars, olivines and
chondritic meteorites show a valuable reduc-
tion of the albedo between 150 − 300 nm,
which is not found in minerals containing valu-
able concentrations of iron, such as ilmenite,
magnetite and others. A similar concept can
be applied also to the observation of the in-
tegrated albedo of a rocky body, as recently
made by BepiColombo/PHEBUS (Chaufray
et al., 2023), or to a system of dust as in
the case of Cassini/UVIS, which provided in-
formation on the structure, composition, and
particle distribution of Saturn rings (Jarmak
et al., 2022). Furthermore, the observation of
extended comet comas at the H Ly-α allows
the evaluation of the H atoms abundance, com-
ing from a photo-dissociation of OH and H2O
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molecule, giving an indirect estimation of the
water out-gassing rate of the comet (Yi et al.,
2007).
Finally, among the secondary science objec-
tives in which EUV/FUV spectroscopy can
give valuable contributions, there is also the
study of auroral phenomena on gas giants
or magnetically active bodies. Cassini/UVIS
observed the auroral footprint on Enceladus
and Saturn, enabling the estimation of auro-
ral electron energies(Gustin et al., 2017; Pryor
et al., 2011). Similarly, Juno/UVS has ob-
served auroral phenomena on Jupiter, provid-
ing insightful details on charged particle accel-
eration processes and their interaction with the
magnetosphere (Gladstone et al., 2017). The
achievement of primary and secondary scien-
tific objectives through an EUV/FUV spec-
trometer involves the use of different obser-
vational modes, which depend on the specific
target under investigation and the operational
orbits. Figure 1 reports a general overview
of such observational modes, highlighting the
characteristics and the main scientific returns
expected from each of these.

The development of FUV/EUV spectrom-
eters operating with improved performance is
crucial for the upcoming planetary exploration
missions. The PLUS (PLanetary Ultraviolet
Spectrometer) project, funded by the Italian
Space Agency (ASI), has been conceived
within this framework, with the aim of devel-
oping the technology to be used for a new gen-
eration of FUV/EUV spectrometers with high
spatial and spectral resolution, improved de-
tection limits, shorter observation integration
time, and high dynamic range (Pelizzo et al.,
2021a). Such objectives have been achieved
by adopting an optical scheme based on two
channels, each of which has a proper optical
coating designed to maximize the reflectance.
Additionally, a new concept of high dynamic-
range and low-noise photon counting detectors
based on a micro-channel plate (MCP) coupled
with an Application-Specific Integrated Circuit
(ASIC) readout system has been developed.

2. Instrument concept

PLUS project (Pelizzo et al., 2021a) was
funded by ASI with the aim of developing the
technologies needed for the realization of a
high-performance dual-channel imaging spec-
trograph capable of operating in the spectral
range between 55 nm to 200 nm. The main
strategies followed to obtain an improvement
in the instrument performance are:

a. the use of a new optical scheme based on
less critical optical components;

b. a more careful division of the two spec-
tral channels allowing a more effective op-
timization of the optical coatings, with a
consequent beneficial increase in the effec-
tive area of the instrument;

c. the development of a new concept of MCP
detector based on an ASIC readout sys-
tem, with high dynamic range and photon
counting capability.

2.1. Optical design:

PLUS is based on a multichannel FUV/EUV
imaging spectrometer working in 55- 200
nm spectral range. The improvement with re-
spect to previous solutions (Gladstone et al.,
2005; Stern et al., 2005; Quémerais et al.,
2020), is the use of a compact variable-line-
spaced (VLS) grating configuration based on
the Harada layout (Harada et al., 1991). In
this configuration, the required aberration cor-
rection is achieved with a specific out-of-
Roland geometry, which further optimizes the
aberration compensation thanks to the use of
two spherical VLS gratings. The first chan-
nel works in the EUV (λ ≃ 55 − 120 nm)
whereas the second one in the FUV far ultra-
violet (λ ≃ 115 − 200 nm); however, the sec-
ond channel can be potentially extended up to
300 nm. With this division, each channel can
be equipped with coatings having high effi-
ciency in that restricted wavelength range, giv-
ing a higher effective area than previous solu-
tions. For each channel, the design starts with
the choice of the incidence angle, the number
of lines per mm, and the curvature radius of
the channel grating. Such three parameters are
selected based on the available space for the
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Fig. 1. Typical observational modes used for pursuing the scientific objectives with a FUV/EUV spectrom-
eter.

spectrometer (i.e., incidence angle α + αG and
the curvature radius R) and the target resolution
(i.e., primary lines per mm d0). After selecting
these three parameters, the exit arm length of
the grating (LB), which determines the position
of the detector, can be calculated. This com-
putation is made by canceling the astigmatism
term at the central wavelength of the channel

being designed (i.e., the F02 term). The deter-
mination of the LB arm establishes the mag-
nification of the system, which automatically
also identifies the slit width. By using a VSL
grating, whose grooves density distribution is
given by the relationship

n(w) =
1
d0

(
w +

B
R

w2 +
C
R2 w3 +

D
R3 w4

)
,
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the coefficient B, C, and D can be computed
to place the spectral focus at the detector plane
(i.e. F20 = 0), and removing the spherical aber-
ration and the coma (i.e. F30 = 0 and F40 = 0)
for the channel central wavelength. With this
design, residual aberrations, mainly astigma-
tism, are present at the edge wavelengths of
the channel. Further partial compensation of
such residual aberrations can be performed by
slightly rotating the detector with an angle αD.
The collecting mirror of the spectrometer is an
off-axis parabola working in a quasi-normal in-
cidence configuration. Figure 2 shows the con-
ceptual layout of the instrument. The best com-
pact design obtained foresees a 40 mm diame-
ter parabola, having f = 170 mm and working
at 30◦ of incidence, a spectrometer entrance slit
of 200 µm. The two channels adopt spherical
VLS gratings, one having a curvature radius
R = 201.4 mm and a central groove density
of 2400 mm−1 and the other one a R = 215.0
mm central groove density of 1600 mm−1. For
this design, a SiC coating was considered for
the EUV channel grating (Favaro et al., 2022)
whereas a MgF2-protected Al coating was se-
lected for the FUV channel grating. Such coat-
ings will be tested for stability in space envi-
ronment (Pelizzo et al., 2011, 2018, 2021b). In
this solution, the primary parabola is half area
coated with SiC and the other half area coated
with Al/MgF2 to improve as much as possi-
ble the channel effective areas. Considering a
detector pixel size of 35 µm, the best design
shows a PSF at the central wavelength is com-
parable with the pixel size whereas at the edge
wavelengths, the residual aberrations produce
a PSF of 4 pixels along the spectral direction
and 5 pixels along the spatial direction in the
EUV channel; for the FUV channel, the PSF
obtained for the edge wavelengths is slightly
bigger, being of 5 pixels along the spectral di-
rection and 6 pixels along the spatial direction.
By considering an extended source that ful-
fills the width of the entrance slit and a height
equal to the pixel size, the spectrometer shows
a spectral resolution < 0.5 nm and a spatial res-
olution < 0.11◦ is expected for the EUV chan-
nel; for the FUV channel, a spectral resolution
of < 0.6 nm and a spatial resolution < 0.18◦
is instead obtained. Based on the experience

given by previous missions equipped with an
EUV or FUV spectrometer, the scientific return
typically requires a spectral resolution of at
least 0.5 - 1 nm, depending on the specific ob-
servation. Normally, a good SNR in exosphere
emission observations is already given by spec-
tral resolutions of 0.5 nm or better whereas
in occultations or albedo observations, a 1 nm
spectral resolution is typically enough in most
cases (Hansen et al., 2006; Byron et al., 2020;
Steffl et al., 2020; Yoshikawa et al., 2014).

2.2. Detector:

MCPs are the most utilized detector for
FUV/EUV applications (Vallerga et al., 2009),
as they achieve the requirements of high effi-
ciency in this wavelength range, high space and
time resolution, solar blindness, photon count-
ing capability and low dark count rate (Conti
et al., 2022). The most part of space instru-
ments developed so far use MCPs architec-
ture based on either delay-line or resistive an-
ode as read-out system. Some examples are the
ALICE-class spectrometers (Stern et al., 2005)
or PHEBUS (Yoshioka et al., 2012). In these
cases, a high SNR and efficiency are achieved
by using a stack of MCPs, at least three of
them in cascade. However, the high gain ob-
tained from such multiplication stages poten-
tially leads to a reduction of the detector’s life-
time. Moreover, this solution dramatically lim-
its the dynamic range of the detector, reducing
the performance in many cases, such as in the
exospheres observation, where signal intensi-
ties with differences of several orders of mag-
nitude coexist. Although the recent technolo-
gies in the MCPs production can help to extend
the life of the detectors (Siegmund et al., 2013;
Ertley et al., 2017), the use of a very low-noise
read-out system is certainly one of the most
promising solutions to reduce the MCP gain
requirement, leading a consequent advantage
for the dynamic-range and life-time. Following
this philosophy, the PLUS MCP detector is
based on an ASIC read-out system, called
MIRA (MIcrochannel plate Readout ASIC),
which implements the anode array, low noise
front-end electronics chains (rms ≤ 30e−, thus
allowing the use of an MCP gain lower than
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Fig. 2. PLUS optical layout

5000) and photon counting capability directly
on chip. The chip can be also set in order to
achieve a dynamic range at the order of 2000-
3000, a typical value found between a generic
ion emission line and the HI Ly−α line during
a direct sunlit exospheric observation. Figure
3 shows the architecture of the detector, where
each pixel contains an anode to collect the elec-
trons emitted by the MCP, a low noise amplifier
and filter to maximize the SNR, a comparator
to recognize and count single photon events,
a logic to correct the charge sharing among
pixels and two counters, which will form the
counting matrix. To prevent dead-time, each
pixel hosts two counters (C#1 and C#2), where
one will be used for photon-counting, while the
second for the readout (Fabbrica et al., 2022).

Fig. 3. Detector architecture

The spatial degradation is avoided through
the Charge Control Logic circuit (CCLC)
which identifies the pixel with the most col-
lected charge, transfers all the adjacent pixel
charges to the winner pixel, and avoids fake
hits (see Figure 4). Three different modes of
CCLC were implemented in MIRA, as de-
scribed in Fabbrica et al. (2022). The philos-
ophy of this detector can be easily extended to
realizing detectors having a nominal matrix di-
mension of 1024×1024 pixels (Uslenghi et al.,
2022).

Fig. 4. Pixel electronic and Charge Sharing Logic
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3. Instrument prototype:

A simplified prototype of the EUV channel
based on a 1200 mm−1 grating has been re-
alized. On the concave grating was deposited
a SiC coating, achieving an efficiency of the
order of 13.3% at 93 nm. The grating was
mounted in a vacuum chamber, which rep-
resents the spectrograph demo (Figure 5).
Within the project, a second grating coated
by Al/MgF2 was deposited as well, achiev-
ing a reflectance of 22.1% at 121.6 nm: this
second grating is the main component for the
FUV channel. The prototype has been tested
in the Luxor laboratory in Padua, using a
Hollow Cathode source with an EUV-CCD de-
tector for the spectral calibration of the chan-
nel demonstrator and, then, with the MIRA-
MCP demo for its testing (Figure 6). The spec-
tral calibration was performed by using He, Ar
and Ne gas on the Hollow Cathode lamp and
determining the pixel-wavelength conversion.
Moreover, based on the Ar and Ne spectra, the
spectral resolution of the demo was estimated,
founding a value of ≃ 0.8 nm at the center of
the spectral image and ≃ 1.1 nm at the edge.
Such values were expected for this simplified
prototype.

Fig. 5. EUV channel demonstrator in vacuum
chamber; on the right: the EUV channel grating
mounted on the support in the chamber

Fig. 6. Calibration activities: on the top panel the
spetrograph prototype with the EUV CCD camera
during spectral calibration; on the bottom panel the
MIRA-MCP detector demo integrated on the spet-
rograph prototype.

Fig. 7. Integration of the detector in the mechanical
support

The detector demonstrator was based on
the MIRA and it implemented a MCP detec-
tor of 32(spectral)×32(spatial) pixels, with the
pixel pitch of 35 µm (Fabbrica et al., 2024).
Figure 7 shows the integration of the MIRA-
MCP detector. The detector prototype has been
tested in a vacuum chamber, with a pressure of
1 · 10−6 mbar. The assembly was illuminated
with a LED with emission peak at 245 nm,
exploiting the residual efficiency of the bare
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MCP at these wavelengths. The photon event
footprints have been characterized as a func-
tion of the voltages applied to MCP and anode
gap, using MIRA readout mode 1 (Uslenghi
et al., 2024). In this mode all the pixel over
threshold are counted and the CCLC is by-
passed, thus, under an input photon flux low
enough to avoid photon overlapping, the size
of the photon events can be measured. Based
on the results of these preliminary tests, the op-
timal set of voltages for MIRA operations have
been evaluated and used in a subsequent linear-
ity test, measuring the photons detected using
MIRA standard readout mode (with CCLC) as
a function of the incoming flux. Finally, af-
ter the integration of the MIRA-MCP detec-
tor demo with the simplified spetrograph pro-
totype, the observation of the Ar doublet (i.e.
at 92 nm and 93.2 nm) was successfully per-
formed.

4. Conclusion

Space missions equipped with spectroscopic
instruments operating in the extreme ultra-
violet (EUV, λ = 50 − 120 nm) and in the
far ultraviolet (FUV, λ = 120 − 300 nm)
play a fundamental role in various scientific
fields, such as in solar and in the study of
planets and minor bodies. In particular, the
development of FUV/EUV spectrometers op-
erating with improved performance is crucial
for the upcoming planetary missions. The
PLUS (PLanetary Ultraviolet Spectrometer)
project, funded by the Italian Space Agency
(ASI), has been conceived with the aim of
developing the technology to be used for a new
generation of FUV/EUV spectrometers with
high spatial and spectral resolution, improved
detection limits, shorter integration time, and
high dynamic range. In the project has been
designed a new generation of spectrometers,
based on two separate channels with specific
optical coatings that maximize the efficiency
of the instrument: the SiC coating for the EUV
channel and the Al+MgF2 for the FUV. The
two channels adopt two spherical concave
holographic variable line space gratings to
minimize aberrations. The detector is an
innovation with respect to the state of the art:

it is an MCP coupled to an ASIC read-out
system that extends both the lifetime and
dynamic range of the detector; in this way, the
instrument will be highly performing in terms
of both spatial and spectral resolution, having
high dynamics and low integration times.
In order to validate the instrument idea in
terms of efficiency and the new concept of
MCP detector, a demonstrator operating in
the EUV range was built, using a detector
prototype having 32 x 32 pixels.
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R., Garoli, D., Doyle, D., Lubin, P., Cohen,
A. N., Erlikhman, J., Favaro, G., et al.
(2021b). Dependence of the damage in op-
tical metal/dielectric coatings on the energy
of ions in irradiation experiments for space
qualification. Scientific reports, 11(1):3429.

Pryor, W. R., Rymer, A. M., Mitchell, D. G.,
Hill, T. W., Young, D. T., Saur, J., Jones,
G. H., Jacobsen, S., Cowley, S. W., Mauk,
B. H., et al. (2011). The auroral foot-
print of enceladus on saturn. Nature,
472(7343):331–333.
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