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1. Introduction

The Department of Astronomy and Space Science (DASS) of the University of Florence has
been engaged in fundamental research in astrophysics and space physics since its establish-
ment. DASS had a prominent position (at Co-PI level) in the design and procurement of the
UV Coronagraph and Spectrometer (UVCS) (Kohl et al. 1995 ), an instrument that has been
successfully flown on SOHO, a joint ESA/NASA mission still in operation. Five years ago,
DASS has started an experimental laboratory, the XUVLab, aimed at developing technologies
in the field of instrumentation for UV and X-ray astronomy (XUV, spectral range 1 � 200 nm)
(Chiuderi et al. 1998).

The activity has mainly addressed the study and the development of XUV detectors and
instrumentation for UV spectroscopy and polarimetry. "Traditional detectors", i.e., equipped
with CCD’s, photomultipliers and photon counters, are developed for space and laboratory ap-
plications, but R&D activities concern also innovative detectors, based on new technologies and
materials. On the other hand, UV polarimetric measurements are quite difficult and constrained
by technology. XUVLab team is trying to push ahead these limits, studying new solutions and
techniques in order to pave the way for UV polarimetry experiments on future and planned
space missions.

During these five years the number of researchers involved in the team has greatly increased
and they are engaged in several different projects. A strong financial effort has been put in pro-
viding modern and up-to-date instrumentation and equipments, so that a laboratory of electronic
and a laboratory of optics now are routinely running. Other facilities are planned for the very
next future, as a 10000 class clean room (work is in progress) and two other clean rooms (1000
and 10000 class) for electronic device and detector processing and fabrication, and for optical
instrumentation assembling and testing.

XUVLab is actually an active partner of several national and international collaborations
focused on innovative detectors, applications of "traditional detectors", and development of
UV polarimeters, space- and ground-based experiments and a cosmic-ray observatory on the
International Space Station. XUVLab is also involved in collaborations including industrial
partners and companies, as many activities using or developing technologies are of interest for
applications in very different fields, such as for example optoelectronics, telecommunications,
medicine, and functional materials.

Another crucial target for an academic center, as XUVLab is, is to promote educational and
training activities for graduated and ungraduated students. This is mainly achieved through the-
sis, Ph.D. and Post-doc positions, grants and fellowships. Some of the researchers give lectures
on these arguments and the possibility of having students or post-docs from other countries is
planned for starting from 2002.
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This report is the first of a long series of annual reports, we hope, and therefore it will be
peculiar, because we will describe the activities and the results of these five years of research
activity, from the XUVLab starting in the late 1996. Next issues will report only on the activities
of the specific year.

2. Laboratory instrumentation

The XUVLab is equipped with instruments and devices for VUV spectroscopy and optical char-
acterization, detector development and testing, and analog and digital electronics. This equip-
ment is also supported by a computation facility, specifically designed and developed at XU-
VLab for laboratory instrument control, data analysis, and optical ray tracing. All equipments
and facilities are hereafter described.

2.1. VUV and visible light calibration and testing facility

The calibration and testing facility has the capability of performing spectroscopic and polari-
metric measurements in the normal incidence wavelength range from extreme UV (30 nm) to
near infrared (1100 nm) for detector and optical component testing and characterization.
The vacuum in the calibration chambers is produced and maintained by using oil-free pumps.
The facility is equipped with:

High vacuum calibration chamber for optics and device testing. It consists of a 50 liter
chamber (a cylinder with 0.4m diameter and 0.4m height) equipped with two coaxial elec-
trically driven motors that drive, respectively, a horizontal platform and a vertical arm, on
which detectors and optical components can be mounted and moved. The chamber is
evacuated using a dry Scroll pump and a cryogenic pump down to � 10

� 7 mbar.

VUV polarization testing facility An all reflecting polarization source and polarizer analyzer
consisting of a toric mirror (quartz or gold coated quartz) operating at 51.25

�
incidence

angle that polarizes and refocuses the output radiation of a monochromator onto the round
pinhole of the linear polarization analyser. The linear polarization analyser consists of
a flat reflecting plate and a detector, mounted on an assembly that rotates around the
incidence optical axis. The incidence angle on the plate can be manually adjusted in a
range from 45

�
to 70

�
.

0.5m normal incidence Johnson-Onaka vacuum monochromator (Cinel) for VUV wavelength
band ( � 30 nm), equipped with spherical grating (600 lines/mm, blazed at 150nm, Pt
coated).

0.3m normal incidence Czerny-Turner vacuum monochromator (MacPherson, mod.218) for
VUV wavelength band ( � 120 nm), equipped with 5 plane gratings having different
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blaze wavelength (600 lines/mm, blazed at 120 nm (1 µm), Al � MgF2 (Al) coated; 1200
lines/mm, blazed at 200 nm (1 µm), Al � MgF2 (Al) coated; 150 lines/mm, blazed at 4
µm, Al � MgF2 coated).

0.5m Czerny-Turner monochromator for visible light ( � 200 nm) (Cinel), equipped with a
plane grating.

2m normal incidence vacuum spectrometer (Cinel) for calibration and testing, equipped with
a spherical grating (Jobin-Yvon, 2400 lines/mm, Pt coated).

Radiation sources

� 2 Hollow Cathode Sources (manufactured by Cinel and MacPherson, mod.631) for
VUV and UV spectral line radiation.

� Deuterium lamp (Hamamatsu mod.L7293) for continuum UV radiation from 115nm
to 400nm.

� Spectral line UV lamps: Cd (BHK Inc., mod.89-9020-21), Zn (BHK Inc., mod.89-
9020-01), Hg (Hamamatsu, mod.L1834).

� 2 He-Ne lasers (Spectra-Physics, mod.155)

Detectors

� Calibrated NIST windowless photodiode for the 5 � 254 nm wavelength range.
� Calibrated NIST windowless photodiode for the 17.5 � 121.6 nm wavelength range.
� Channel electron multiplier (CEM) (AMPTEK, mod. MOD-501 AMPTEKTRON)
� Several single- and multi-anode photomultiplier tubes (Hamamatsu, EMR) for ana-

log and photon-counting readout.
� CCD cameras with several CCD sensors.
� 2 CMOS imagers (Fill Factory, mod. Fuga 1000 and IBIS) having linear and loga-

rithmic response
� Single pixel silicon photodiode

Equipment for vacuum

� Cryogenic pump (CTI-Cryogenics, mod. Cryo-Torr 8)
� 2 dry Scroll pumps (Varian, mod. Triscroll 300)
� Membrane pump (KNF, mod. N880.3AN.22E)
� 2 turbo-molecular pumps (Edwards, mod. EXT70H)



XUVLab Activity Summary 2001 5

� Turbo-molecular pump (Pfeiffer Vacuum, mod. TMH 071 P)
� Turbo-molecular pump (Edwards, mod. EXT501)
� Turbo-molecular pump (Varian, mod. Turbo-V 1000HT)
� Turbo � dry pump (Alcatel, mod. Drytel Micro)
� Quadrupole for residual gas analysis (Pfeiffer Vacuum, mod. Prisma80-QMS200)
� vacuum gauges (Pirani, Penning, Full-Range, multi-gauge by Pfeiffer Vacuum and

Varian)

Optical bench equipped for optics and device testing under visible radiation.

Theodolite-Digital Total Station (Nikon, mod. DTM-1) for optical alignments

Laminar flux bench (Bassaire mod.A3VB)

2.2. Laboratory for detector development in cleanroom

The XUVLab has started a laboratory for detector development in the newly acquired clean
room space (class 10000). The laboratory is equipped with instrumentation to perform material
processing and treatments and the fabrication of prototypes of electronic devices.

The equipment consists of:

Bonding machine (Delvotech, mod.5430)

Mask aligner (Cobilt, mod. CA800)

Evaporators for metals with one crucible and two electron guns (Leybold)

Microscope (Leica, mod. MZ6)

Tubular oven (LaborChimica, mod.CTF 12/75/700 Plus)

2.3. Laboratory for analog and digital electronics

The XUVLab has a facility for the development of analog and digital electronics, in order to
support the detector development activity and, in general, the laboratory activity. This facility
has instruments and software products that make possible electronic board design and develop-
ment, development of electronics based on micro-controllers and programmable logic devices,
fabrication of detector controllers.

The equipment consists of:

Digital Oscilloscope 2 Gsample/s, 1GHz bandwidth (LeCroy, mod. LC574A)
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Multi-channel logic state analyser (Tektronix, mod. TLA601)

2 Wave generators (HP, mod. 33120A)

2 Digital counters (Agilent, mod. 53131A)

HV/LV power supplies (Stanford, mod. PS350; TTi, mod. EL302D; etc.)

Electrometer with sensitivity 0.1 fA (Keithley, mod. 6517)

2.4. Computation facility

The XUVLab is equipped with several personal computers, including laptops, that form the XU-
VLab network, part of the Osservatorio di Arcetri network. They are operated under Microsoft
Windows (NT, 98, 2000, ME), and Linux.

The computation facility is equipped with software for laboratory equipment control (Lab-
View 6.1)(Puri et al. 2000), data analysis (Origin and IDL), optical ray tracing (Zemax 9.0),
CAD design of instrumentation components (AutoCAD 14), and programmable array and mi-
croprocessor design (XILINX Foundation, ORCAD).

3. XUVLab ongoing activities

3.1. Detector developments

3.1.1. Diamond detectors

An emerging field of research, which has received considerable investment, concerns innovative
detectors, based on novel materials (SiC, amorphous silicon, GaN, AlN, diamond) that are sen-
sitive to UV photons (De Cesare et al. 1997; Salvatori et al. 1997). Diamond synthesized by the
Chemical Vapour Deposition (CVD) technique appears to be the most promising of these mate-
rials. The radiation sensors currently available for astrophysical applications are mainly based
on well-developed, low-cost and versatile materials. Although well adapted to the detection of
low-energy radiation, they are unsuitable whenever visible-blind, chemically inert and radiation
hard sensors are required. In such circumstances, the detectors currently used are often com-
prised of standard diodes or CCDs with shields, filters and sometimes cooling systems. More-
over, cooling and protection from aggressive environments requires sensors sealed within cam-
eras. Diamond is potentially the best solution in these applications, as its wide band-gap (5.5 eV)
results in a very low leakage current (no cooling systems required) and in a selective absorption
of light with wavelengths shorter than 225 nm (visible-blind detectors) (Marinelli et al. 1998c).
Electronic properties (Pruis 1997) and radiation hardness (Gonon et al. 1997; Gu et al. 1997)
are other attractive features. These characteristics have stimulated research on diamond UV de-
tectors at the XUVLab. Thus, several projects have addressed the development and exploitation
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of CVD diamond as new and improved material suitable for high performance radiation and
neutron sensors. In addition, investigation of its functional properties and performance is linked
to, and closely integrated with, synthesis and processing as well as to innovative fabrication
and (micro-)electronic technologies. Collaborations are established with Fraunhofer Institute of
Freiburg (D), De Beers Industrial Diamond (UK), Institute for Material Research of the Uni-
versity of Limburg (B), University of Augsburg (D), Dip. Scienze e Tecnologie Fisiche ed
Energetiche dell’Università di Roma Tor Vergata, Dip. di Meccanica e Materiali dell’Università
di Reggio Calabria, Osservatorio Astrofisico di Catania.

The first target has been the feasibility study of single-pixel photoconductive diamond de-
tectors. The experiments carried out in collaboration with national and international teams have
produced results suggesting that CVD diamond is a very sensitive material to XUV photons,
but that there are still some problem to solve, like the time response and the uniformity of the
signal from different points of the sensitive area. The experimental results obtained from several
samples show the high UV sensitivity of diamond-based photoconductors, with a gain G � 1 in
the spectral region around 200 nm. For comparison, silicon has 10% efficiency in the range
100-300 nm and an efficiency of 100% in the visible. On the contrary, diamond can exhibit
an internal photoconductive gain G = 200 @ 200 nm, and a 30% of quantum efficiency around
120 nm as minimum value (Salvatori et al. 1998a; Salvatori et al. 1998b; Marinelli et al. 1998a;
Pace et al. 2000a). Another interesting feature is the visible rejection: the data collected at
XUVLab indicate a visible rejection ratio (ultraviolet-to-visible) of 108. Diamond appears to
be therefore an ideal candidate for applications where ultraviolet signals are weaker than visible
fluxes (a typical situation in astronomical observations) (Salvatori et al. 1998b; Pace et al. 2000a).
The influence of the diamond film structure and morphology on the photoelectric response was
also studied, showing that a randomly oriented polycrystalline film is more efficient than any
textured film (Marinelli et al. 1998b).

The exhibited time response is still longer than expected and this needs further improve-
ments (Pace et al. 2000a; Di Benedetto et al. 2001). Our results indicate that origin of the slow
component in the photocurrent response could be an intrinsic problem in polycrystalline dia-
mond. Samples with a grain size greater than the gap between electrodes could result in an
improvement. Another possible solution could be the use of single crystal diamonds. This is an
open field that our group has started to investigate. The availability of rather large crystal size
is quite recent and this material is now close to be ideal. Therefore, XUVLab has also carried
out experimental research on single crystal diamond samples, produced by the High Pressure
High Temperature (HPHT) technique or by homoepitaxial CVD growth. These studies have al-
lowed the comparison between the performances of polycrystalline diamond devices with those
of single crystal. The detectors are fabricated with the same planar interdigitated planar con-
tacts. The material properties are analysed by Raman spectroscopy, UV photoluminescence at
low temperature, optical, UV and IR absorbance (Pace et al. 2000b). Another crucial item that
requires a deep technological investigation is the fabrication of electric contacts on the diamond
surface. This is the motivation for XUVlab building up a facility to face such a problem in a



XUVLab Activity Summary 2001 8
systematic way. The performance of several metal-diamond interfaces and the reproducibility
of contact processing have been studied. Work is still in progress and new techniques as ion
implantation have been planned for the next months. The importance of the techniques to fab-
ricate electronic devices can be also explained by the recent starting of a new project, funded
by Italian Space Agency, aimed at facing the challenging development of diamond pixellated
structures to produce UV imagers.

3.1.2. CMOS detectors

Since the early 1990s, an explosion of activity in the area of CMOS image sensors has taken
place. Several important factors have contributed to their emergence. Firstly, the recent de-
mand for low-power miniaturized digital imaging systems. Then, CMOS currently offers sub-
micron feature sizes and low defect and contamination levels. Moreover, CMOS image sen-
sors have an intrinsically panchromatic response to visible and near-infrared (NIR) photons
(Ogiers et al. 1997; Dierickx et al. 1997).

Unfortunately, a limit of this imaging technology is related to extending such a performance
in different portions of the spectrum. The XUVLab team has suggested a possible way to over-
come such a limitation: a hybrid detector integrating CMOS technology with wide bandgap
semiconductors by using techniques such as bump bonding. Both materials and CMOS de-
vices have to be optimized to produce an UV imaging detector with a high visible rejection
ratio (UV/VIS > 106 at wavelengths below 230 nm). Other important features must be a
high efficiency in UV spectrum, a very low noise, an ultra-fast frame rate, low power con-
sumption, and a high level of radiation hardness, with stable response on a wide temporal
range. The advent of CMOS technology for imagers and the availability of System-On-A-
Chip electronics could allow a strong mass reduction, owing to a very compact system re-
quiring only a 5 V power supply, and integrates the readout electronics on a rad-hard chip
(Hopkinson 1992; Hopkinson et al. 1996; IMEC 1997). The combination of different, but con-
solidated, technologies to achieve a unique detector allows a rather versatile approach. The
advantage of this approach is that the risks related to new developments are reduced and limited
to the coupling techniques, their reliability and to the on-chip signal transfer from the sensitive
material to the readout electronics. Other approaches, trying to develop different technolo-
gies, require a bigger effort because they have to face with new problems in many, or all the,
parts of the device. This is more risky and surely requires a longer development time. In ad-
dition, hybrid devices allow many possible technical solutions and therefore a wider range of
possible applications, as for example it was in the case of IR imaging and particle detection
(RD42 Collaboration 1999).

Therefore, an Italian Consortium, including the XUVLab, the Dipartimento di Elettronica
e Telecomunicazioni of the Università di Firenze (DET), the IFC "G. Occhialini" of the CNR
Milano, and the IMETEM of the CNR Catania, has started a project to face the development
of an innovative vacuum UV (VUV) and soft-X ray Hybrid CMOS Imager (HCI). This inno-
vative detector is proposed as a candidate for the remote sensing experiments on Solar Orbiter
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(ESA 2000) and to answer to the ESA AO for instrumentation payload on Solar Orbiter that will
be likely issued in the first months of 2004. Its concept has been presented to the Solar Com-
munity in May at the First Solar Orbiter Meeting held in Tenerife (Pace et al. 2001b). During
this event, scientists have indicated this proposal for a VUV HCI as the main innovative and
challenging detector and ESA has encouraged a soon development.

The key role in developing such VUV sensitive detectors is played by the front-end sen-
sitive material. Presently, several innovative photosensitive layers are under development, but
synthetic diamond and nitrides compounds are outstanding for their physical, chemical and
mechanical properties (see the paragraph "Diamond detectors"). Research activities have been
carried out to investigate the possibility of using diamond in such detectors. Two directions
have been analyzed: the geometry of a diamond pixellated structure and a specific signal read-
out electronics. This last problem has led to the design of an electronic readout that will be
integrated on-chip for each pixel in the CMOS array, to simulate it for optimizing the response
in terms of sensitivity and linearity, and to fabricate a prototype for laboratory testing with di-
amond pixels. The results are quite encouraging: the pixel structure is typical of active pixel
readout and it allows the dark current subtraction from the photocurrent signal. In addition, we
have obtained a very high sensitivity, which is 7 mV/pA, and a deviation from linearity around
10%. This is the result of efforts of Mauro Focardi during his Doctor degree thesis.

The geometry of diamond pixel is not a trivial problem and the Consortium is still de-
bating how to solve it. In particular, the measurements performed at the XUVLab show that
planar electrodes geometry on the front surface are the most efficient, as photons generate pho-
toelectrons close to the surface, while sandwich configurations are less efficient and there is an
evidence of polarization effects of the irradiated material. The problem is that sandwich con-
figuration is advantageous for bump bonding devices and it is easily feasible. On the contrary
planar configuration has a fill factor much less than one and it is difficult to integrate such ge-
ometry in a bump bonded detector. We are trying to solve this problem using very high quality
polycrystalline diamond layers or single crystallites to improve the sandwich geometry.

During 2002 an integrated prototype of a 3 � 3 pixel CMOS readout will be produced in
collaboration with ST Microelectronics and diamond arrays will be studied to investigate their
feasibility.

3.1.3. Charged coupled devices (CCDs)

Charge Coupled Devices (CCDs) are extensively used in astronomical detectors, and the XU-
VLab’s CCD research group has a broad program on CCD camera development and research
for both current and future space projects. The main activity of the group is the design and im-
plementation of CCD control electronics and software, as well as the development of complete
CCD camera systems useful for wide-band photometry and spectrophotometry. Within this
framework, we have arranged facilities to produce mechanical parts (detector housing and cryo-
genics) (Sarocchi 2001) and to characterize and calibrate detectors in the ultraviolet and visible



XUVLab Activity Summary 2001 10

spectral range. Such argument is part of the Doctor degree thesis of Daniela Sarocchi. The CCD
research group at XUVLab is involved in space missions using CCD detectors in various science
fields and wavelength ranges. The range of wavelengths is from the visible spectrum through
the ultraviolet to x-ray energies (Pace 1995; Tommasi 1995; Pace and Tommasi 1998). We are
currently developing a new concept CCD camera (Gori et al. 2001), whose main features are
a high level of versatility and a fast pixel rate. Based on an embedded PC, a microcontroller
and complex programmable logic devices (CPLD) (Gori 1999), it allows the selection of all the
parameters related to charge transfer and CCD readout and therefore it allows the use of vir-
tually any CCD sensor. Comparing to a common DSP-based Sequencer, it is immune to jitter
noise and it can also reach pixel rates greater than 40 MHz. The software interface is LabVIEW
6i based (Bagnoli 2001) and will allow both local or remote control and display. Furthermore,
it will be possible to remote debug the system and to upgrade the LabVIEW interface itself
and also the microcontroller resident program and the CPLD implemented schemes. The de-
velopment of the camera will include the implementation of a remote link mode to operate
the camera through TCP/IP via a LAN or the Internet. An application of this camera will be
the CCD camera for the detection of visible light of the UVC experiment within the Herschel
rocket, a precursor experiment of the same instrument on the Solar Orbiter Space Mission (see
section 3.3.2). Another research will deal with the development of an astronomical CCD cam-
era, with versatile and high-performances electronics, optimized for a L3CCD sensor. These
new CCDs can achieve a sub-electron readout noise and it is possible to get such a low readout
noise even at MHz pixel rates, thus the L3CCDs can be considered essentially noiseless readout
devices. The use of these detectors will bring a substantial increase in performances in all those
applications with a low signal level and/or the need of high pixel rates: wavefront sensor for
applications in adaptive optics, guide camera for earth telescopes, photometry of faint and/or
rapidly changeable sources, star tracker and almost all those applications where we currently
use analog intensified CCDs. These arguments have been developed during the Doctor degree
thesis of Luca Gori and Veruska Bagnoli, and still are part of the PhD thesis of Luca Gori.

3.2. Optical components testing

3.2.1. Polarimetry

The XUVLab interest on polarimetry (Corti et al. 1999) is focussed on the vacuum UV spec-
tral region (below approximately 190 nm), a wavelength region scarcely investigated, which
contains important astronomical signatures. In this wavelength range, efficient polarizers do
not exist and right below the cutoff of the Lithium Fluoride (LiF), at 105 nm, there are no
transparent materials (the index of refraction, n, is complex) and therefore transmission po-
larizers/retarders cannot be used. The alternative is to exploit the polarization by reflection
off a mirror surface. In addition, a complex index of refraction makes all materials opti-
cally behave like metals, that is they do not perform as ideal polarizer at the Brewster an-
gle of incidence. The work done at XUVLab consists in the development and construction
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of a single reflection linear polarization analyzer, and on the selection, via laboratory tests,
of the best reflection plate material and incidence angle for the spectral region 90 � 125 nm
(Corti and Romoli 2001a; Corti and Romoli 2001b). The choice of this spectral window is re-
lated to the development of a UV polarimeter for the MIDEX/Advanced Solar Coronal Ex-
plorer (ASCE) NASA project, that exploits the linear polarization modifications induced by
Hanle effect to retrieve the magnetic field vector in the extended solar corona (see section
3.3.1). The material and the incidence angle selection has be performed in the XUVLab for
several different material, selected in advance on the basis of the literature optical constants
(Palik 1985; Palik 1991). The comparison of different material performances can only be done
on relative grounds, due to the lack of knowledge on the linear polarization degree of the inci-
dent radiation and on the material reflectivity. To overcome this problem we plan polarization
measurements at the Bessy synchrotron (Berlin) and at the LENS laboratory, with a high-order
harmonic laser beam. The synchrotron and the laser radiation are both fully linearly polar-
ized allowing us to measure the absolute reflectivities, and therefore, to calibrate the XUVLab
polarization analyzerthe absolute reflectivities, and therefore, to calibrate the XUVLab polar-
ization analyzer. Once the polarization analyzer is calibrated, it will be possible to measure
the polarimetric characteristics of several devices such as gratings, mirrors, and other optical
components.

3.2.2. Diamond optics

The reflectivity of optical surfaces plays a key role in maximizing the throughput of optical
systems in the ultraviolet. The VUV mirrors currently available are based on zerodur substrates
coated by a thin reflecting layer, typically Au, Pt, Pt-Ir or SiC (Samson 1967). Their reflectivity
spans the 20% � 40% range, depending on the material and the spectral region of interest. Unfor-
tunately, metal-coated mirrors have a high reflectivity in the visible, and then optical designers
have to suppress the visible light, enhancing UV components. Even when these two portions of
the spectrum are of interest, it is not easy to separate them. Finally, the off-band stray light is
always a crucial problem. As the intensity of visible radiation from a stellar source is usually
higher than UV radiation from the same source, the stray light can give a strong background
if the optical system is not equipped with baffles, light stops or traps. Thus, optical design
becomes difficult and the system heavier and complex.

The XUVLab is studying the properties of CVD diamond mirrors operating in the 30-200
nm spectral range. CVD diamond has many potential advantages over traditional metal-coated
mirrors:

� No coating is required, so it is durable and does not degrade

� It is mechanically very hard and it is chemically inert, therefore it is very attractive for
space applications
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� The reflectivity is higher than that of other materials presently available (up to 60% in
normal incidence)

� Visible transmission is about 80% and increase up to 95% in the infrared

� It slightly affects the polarization degree of incident radiation

� Surface can be polished at a final roughness of about 1 nm r.m.s.

� It is thermally stable, since it has a very high thermal conductivity

There are several advantages in using diamond mirrors in space experiments. The high
reflectivity makes diamond very appealing for producing VUV mirrors, filters and gratings
(Kurosawa et al. 1995). Nevertheless, the low reflectivity in the visible ( � 20%) reduces its
intensity with respect to UV components (the UV flux is about 35% and the visible is 4% of the
incident one after two reflections) and makes stray light negligible with respect to current opti-
cal instruments. Considering a highly polished surface, the stray light level at the detector could
be comparable to that achieved using baffles. In addition, diamond layers transmit the 80-90%
of the visible component, so they could be used to design an innovative and high performance
UV-visible instrument using only one "beam splitter". Finally, mechanical, chemical and ther-
mal properties make diamond layers durable and resistant to radiation damaging, to thermal
stresses and to bombardments by micrometeorites. Therefore, optical properties would be sta-
ble even for long-term space missions. Still, thermal properties of diamond assure stable optical
performances for external (day/night) and/or internal (high fluxes of the incident radiation on
the optics) thermal variations.

Layers having thickness up to few millimeters and diameters up to 12" are presently avail-
able. Mechanical properties make these apparently light and fragile layers, very hard and shock
resistant. De Beers Industrial Diamond Ltd. has provided some 1-cm2 flat polycrystalline di-
amond layers for our testing. Thus, the reflectivity of these CVD diamond mirrors has been
measured in the 120-300 nm spectral range and the experimental data confirm theoretical pre-
dictions (35% @ 120 nm and 15% @ 300 nm), within 10% (Pace et al. 2001a). In addition, the
reflectivity appears to be independent from the material quality, as can be expected: transparent
and "black" diamonds (having high non-diamond contents) show quite similar behaviors. The
reflectivity of single-crystal diamonds synthesized using the high-pressure high-temperature
technique has been measured to make a comparison, and the same reflectivity values have been
observed. Therefore, lower quality diamond (reduced costs) can be likely used to make UV
mirrors and the polycrystalline morphology produces negligible differences. Open problems
remain the layer roughness and flatness over wider area, which are still a technological limit
to the diffusion of diamond optics for ultraviolet application (Keski-Kuha et al. 1994). On the
contrary, diamond optics have been already tested and used in IR systems and gratings have
been developed in Russia (Konov et al. 1999). Therefore, that technology, i.e. laser ablation,
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could be improved for ultraviolet mirrors. Next step will be a deeper characterization to ul-
timately understand the role of the absorption coefficient and its dependence on the material
purity. Then, polishing techniques or some viable alternative will be studied to improve the
final roughness and flatness.

3.3. Collaboration to space projects

3.3.1. Advanced Solar Coronal Explorer (ASCE)

The Advanced Solar Coronal Explorer (ASCE) mission has been designed to make major break-
throughs in the following solar physics topics: solar wind, energy trasport through the lower
atmosphere, coronal mass ejection’s heating and acceleration. The use of spectroscopic and
polarimetric diagnostic techniques provides the detailed empirical description of the coronal
plasma. The ASCE payload comprises three coaligned optical channels: the Advanced Ultra-
violet coronagraph spectrometer (AUVCS); the Advanced Large Aperture Solar Coronagraph
(ALASCO); and the Advanced Solar Disk Spectrometer (ASDS). Their design is based on
the designs of some of the SOHO instruments, such as UVCS/SOHO (Kohl et al. 1995 ) and
LASCO/SOHO (Brückner et al. 1995 ), with improved performances and new capabilities en-
hanced by a 13 m extendable boom. In fact, ASCE will measure, for the first time in the ex-
tended corona: the Helium abundance, flow speed, and temperature; the magnetic field strength;
and the electron velocity distribution.

The four AUVCS paths, which have a common mirror mechanism and internal occulter,
are the :

HeII Path (HeP) for line profile and intensity measurements from 26 to 37 nm (2nd grating
order) and from 48 to 74 nm (1st order), including the He I 58.4 nm and the He II 30.4
nm lines;

EUV Spectroscopy Path (EUVSP) for line profile and intensity measurements from 38 to 70
nm (2nd grating order) and from 75 to 140 nm (1st order);

EUV Polarimetric Path (EUVPP) for polarimetric measurements that will explore the mea-
suring of anisotropic ion velocities and coronal magnetic fields over the wavelength range
94 to 125 nm;

Electron Velocity Distribution Path (EVP) for measurement of the profiles of electron scat-
tered, coronal HI Lya radiation for determination of the velocity distributions of coronal
electrons.

ASCE was proposed for the first time to the NASA/MIDEX (Medium Class Explorers and
Missions) in 1998 and was selected for Phase A study (Gardner et al. 1999), and it has been
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proposed again to the NASA/MIDEX, with some major updates and modifications, in October
2001.

In both proposals, the DASS responsibility is the design, the procurement and the charac-
terization of the EUV polarimeter assembly that belongs to the EUVPP path. The polarimeter
is designed to measure the linear polarized brightness of the hydrogen Lyman series lines, and,
in general, of all the most intense EUV lines in the wavelength range 95 � 125 nm. The mea-
surement of the change in strength and in direction of the polarization vector of the hydrogen
Ly-α, Ly-β, and Ly-γ lines, is a signature of the Hanle effect, which is related to the magnetic
field strength (Fineschi et al. 1999).

The research activity carried on by the XUVLab was the characterization of the polarizing
properties of a selected number of material which best perform as reflecting polarization ana-
lyzers (see section 3.2.1). Such activity has been subject of the PhD thesis work by Dr. Gianni
Corti (Corti 2001).

The XUVLab is also involved in the definition and testing of the EUV polarimeter MCP
detector in collaboration with the Istituto di Fisica Cosmica, CNR, Milano (Pace et al. 2000c).

3.3.2. Solar Orbiter and Herschel

The Solar Orbiter Mission was proposed to ESA by an international team of scientists in re-
sponse to the call for mission proposal for two flexible mission (F2 and F3) and selected in
March 2000 for further study. The Solar Orbiter will study, for the first time, the Sun from
near-Sun (0.21 AU) and out-of-ecliptic perspective and will perform spectroscopy and imaging
at high resolution; co-rotational in-situ sampling of particles and fields; and remote-sensing of
the polar regions of the Sun (ESA 2000).

The Italian solar physics community has contributed to the mission proposing the Ultravio-
let and Visible-light Coronagraph (UVC), and the XUVlab has coontributed to its optical design
concept (Romoli and Fineschi 1999; ESA 2000; Antonucci et al. 2000).

UVC is an externally occulted coronagraph designed for narrow-band imaging of the EUV
corona in the HeII 30.4 nm and in the HI 121.6 nm lines, and for broad-band polarization
imaging of the visible K-corona, in an annular field of view between 1.2 and 3.5 R � , when the
Solar Orbiter is at perihelion. Co-rotation, during the helio-synchronous phases of the orbit,
will freeze for many days coronal structures on the plane of the sky. This condition is the
most favourable to investigate the evolution of the magnetic configuration of streamers. The
out-of-ecliptic vantage point will make possible to measure the unknown longitudinal extent of
coronal streamers and coronal mass ejections. UVC will allow the first determination of the
absolute abundance (i.e. relative to hydrogen) of helium in corona. Helium, the second largest
contributor to the density of coronal plasma, is important for the dynamics of solar wind, and it
may act as a regulator to maintain a nearly constant solar wind mass flux.

The most stringent requirement on a coronagraph is the stray light rejection, and the nov-
elty of the UVC all-reflecting optical design, which is the first UV coronagraph to image the
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full corona at once, has made necessary a thorough stray light characterization of the corona-
graph. The XUVlab is responsible for the stray light analysis evaluation and a preliminary study
(Romoli et al. 2001) has been presented, this year, at the SPIE Annual Conference in San Diego
(USA). This analysis demonstrates the efficacy of this optical design in the rejection of stray
light.

Nevertheless, it is very important to test experimentally the optical design. For this pur-
pose, a prototype of this instrument has been proposed for a rocket flight at the recent NASA
Announcement of Opportunity for rocket experiments (Moses 2001). The proposed HER-
SCHEL (HElium Resonant Scattering in the Corona and HELiosphere) program is a collab-
oration among NASA and Naval Research Laboratory (NRL) in the USA; all the Italian insti-
tutions involved in space solar physics research; and the University of Paris; with Dr. Daniel
Moses (NRL) as principal investigator. The rocket will carry a UVC-like coronagraph and a
EUV imaging telescope similar to SOHO/EIT (Delaboudinière et al. 1995 ). The rocket coron-
agraph maintains the same optical concept of UVC, although with a modified geometry in order
to perform from 1 AU the same observations of Solar Orbiter. The italian responsibility will be
the design, development and testing of the coronagraph; and the XUVlab will be responsible
for the procurement of the optical components necessary for the stray light rejection (baffles
and occulters) and for the procurement of the visible-light CCD detectors (see section 3.1.3). In
addition, Federico Landini is working on the stray light rejection for UVC rocket version and
will complete the theoretical analysis of the stray light for his Doctor degree thesis.

3.3.3. Extreme Universe Space Observatory (EUSO)

The Extreme Universe Space Observatory (EUSO Proposal 2000; Catalano et al. 2001)(EUSO)
project is devoted to the detection of the very high-energy cosmic rays (E � 1020eV ), that is one
of the most interesting and controversial problems in Astrophysics. These cosmic rays can be
observed by means of the giant showers they produce interacting with the Earth atmosphere.
The flux of these cosmic rays is very low ( � 1 event km

� 2sr
� 1century

� 1 estimated for a total
of about twenty events observed so far) and sophisticated and complex detectors are therefore
required to study them. Some project for the observation from the Earth have been carried out
(AGASA and HiRes) or planned (Auger project), instead the first attempt to observe from space
is represented by the EUSO project. The most promising observational technique consists in
the detection of the nitrogen fluorescence light produced by particles showering in the Earth
atmosphere as well as the diffuse reflection of the Cerenkov light at the Earth surface. The fluo-
rescence emission, directly related to the number of charged particles in the shower, permits to
determine the shower evolution in the atmosphere, to measure its energy and to determine the
direction of the primary cosmic ray. The detector must be equipped with an optical system with
a large field of view to be able to observe a mass of atmosphere as large as possible. It must
have a good sensitivity to be able to detect also the less energetic showers and it must be suf-
ficiently fast to determine the direction of the primary cosmic ray. The EUSO accommodation
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study (Catalano 2001) on board of the International Space Station (ISS) has been definitively
approved in March 2001 by ESA and the "Phase A" study is started on October 2001 to be
completed within December 2002. The XUVLab together with the Istituto Nazionale di Ot-
tica Applicata (INOA) and the Istituto Nazionale di Fisica Nucleare (INFN) Sezione di Firenze
is responsible for the development and characterization of a subsection of the focal plane de-
tector, called microcell. This microcell consists of the mechanical and electrical assembly of
four Multi Anode Photomultiplier Tubes (MAPMT, by Hamamatsu Corp.) coupled to a light
collector system and to a narrow band filter (330 � 400 nm), selecting the wavelength range of
interest. This represents the elementary cell that will be assembled in macrocell and these mod-
ules will cover the entire EUSO focal surface (Ameri et al. 2001). The light collector system
is required in order to concentrate light on the sensitive area of the detector avoiding the large
dead area inside and between MAPMT. During phase A, the XUVLab is engaged in studying
some related problems, such as designing light collector using lenses, spatialization items for
the telescope components and in particular the focal plane detector, the amount of stray-light in
the whole system. Besides these activities, the XUVLab will perform tests of the ultraviolet re-
sponse of MAPMT, transmission properties of lenses and light collectors and ageing of optical
components of EUSO, and will characterize the stray light level on the detector.

4. Educational and training activities

The XUVLab is an academic research center. Therefore, educational and training activities are
one of the main targets. The know-how of the XUVLab team is in the field of technologies for
space- and ground-based astrophysics and these activities contribute to further disseminate this
know-how among students and staff through seminars, lectures, short courses for professional
advancements, thesis, Ph.D. thesis. Fellowships have been granted to graduate and post-doc
students to carry out studies on detectors and space instrumentation. The XUVLab has also
employed technicians and associate researchers and still some of them are part of the staff.
They contribute to the development of experimental activities, but they also acquire substantial
expertise on instrumentation, equipments, characterization procedures, electronics, and optics.
Owing to the relative novelty of the technologies studied and developed at the XUVLab, the
know-how of engineers and technicians working in this field will be precious for companies
willing to enter this sector. The development of new technologies may contribute to new indus-
trial activities, thus creating conditions favorable to the employment of engineers and techni-
cians. Some students indeed have left XUVLab for high-level positions in national companies
active in the field of space and electronics.

A list of the thesis completed at the XUVLab is hereafter reported:

- Gianni Corti, Ph.D. thesis, "Il polarimetro UV di ASCE", January 2001.
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- Leonardo Tommasi, "Applicazione di una camera CCD per spettroscopia di plasmi nell’es-
tremo ultravioletto" (in collaboration with the University of Padova, Dip. Elettronica e
Informatica), January 1996.

- Luca Gori, "Progettazione e realizzazione di un generatore di fasi digitale basato su mi-
crocontroller e CPLD per il controllo flessibile di sensori CCD", November 1999.

- Andrea Pini, "Studio ed analisi comparata delle proprietà elettroniche e delle prestazioni
di rivelatori UV basati su diamante sintetico", October 2000.

- Daniela Sarocchi, "Progettazione e realizzazione di una camera CCD compatta per appli-
cazioni di imaging e spettroscopia", February 2001

- Veruska Bagnoli, "Sviluppo di un software per la gestione di un sequencer per CCD basato
su componenti elettronici programmabili", April 2001.

- Mauro Focardi, "Studio di fattibilità di un rivelatore ibrido in tecnologia CMOS per la
missione spaziale Solar Orbiter", December 2001.

5. Funded projects

The XUVLab activities have been supported by national institutions and the list of the funded
projects follows:

1997-2001: "Sviluppo del laboratorio XUVLab dedicato alle tecnologie per i rivelatori di fo-
toni", funds from the Università di Firenze.

1998-2000: "Detectors and optical components for astrophysics based on chemical vapour de-
position (CVD) diamond", M.U.R.S.T. contract no. 9802847400.

1998-1999: "Solar Coronagraphic Explorer mission", A.S.I. contract no. ARS-98-215.

1999-2000: "Development of multiplayer mirrors, gratings for UV spectroscopy of the Solar
atmosphere", A.S.I. contract no. ARS-99-81

1998-2000: "Componenti ottici elettronici e rivelatori in diamante CVD per applicazioni nello
spazio", A.S.I. contracts no. ARS-98-215, ARS-99-84, I/R/29/00

1999-2001: "Ultraviolet Coronagraph Spectrometer on SOHO", A.S.I. contract no. ARS-99-
215, ARS-99-84, I/R/29/00

2000: "Very High Frame Rate Detectors for Adaptive Optics at LBT", C.N.A.A. contract
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2001: "Ottiche di riflessione nel vacuum UV basate su diamante CVD per sistemi ottici in
applicazioni spaziali", A.S.I. contract no. I/R/125/01

2001: "Low power visibile blind and radiation hard diamond UV imagers for future space ap-
plications", A.S.I. contract no. I/R/125/01

2001: "Advanced Solar Coronagraph Explorer", A.S.I. contract no. I/R/125/01

2001: "Airwatch R&D", I.N.F.N. contract

2001: "Extreme Universe Space Observatory", A.S.I. contract

6. The staff

Claudio Chiuderi full professor chiuderi@arcetri.astro.it
Gianni Corti associated researcher corti@arcetri.astro.it
Antonio De Sio student desio@arcetri.astro.it
Mauro Focardi student focardi@arcetri.astro.it
Alessandro Gherardi student gherardi@arcetri.astro.it
Luca Gori Ph.D. student gori@arcetri.astro.it
Federico Landini student flandini@arcetri.astro.it
Giovanni Marcucci technician
Giancarlo Noci full professor noci@arcetri.astro.it
Emanuele Pace researcher pace@arcetri.astro.it
Andrea Pini associated researcher pini@arcetri.astro.it
Simone Puri software engineer
Marco Romoli researcher romoli@arcetri.astro.it
Mauro Sozzi technician sozzi@arcetri.astro.it

During these years other people have been part of the XUVLab and we are pleased to
remember them and their contribution to the team activities, as well as their outstanding results:
Dr. Leonardo Tommasi, Dr. Daniela Sarocchi, Dr. Veruska Bagnoli.
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