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20 ABSTRACT: A Full Field X-ray Camera (FF-XRC) was developed for performing the simultaneous mapping of chemical ele-
21 ments with a high lateral resolution. The device is based on a conventional CCD detector coupled to a straight shaped polycapillary.
22 Samples are illuminated at once with a broad primary beam that can consist of X-rays or charged particles in two different analyti-
23 cal set-up. The characteristic photons induced in the samples are guided by the polycapillary to the detector allowing the elemental
24 imaging without the need of scanning. A single photon counting detection
25 operated in a multi-frame acquisition mode and a processing algorithm de- CCD detector \
26 veloped for event hitting reconstruction, have enabled to use the CCD as a )
27 high energy resolution X-ray detector. A novel software with a graphical us- Sample , polycapillary
28 er interface (GUI) programmed in Matlab allows the full control of the de- = ==
29 vice and the real-time imaging with a region-of-interest (ROI) method. At
30 the end of measurement, the software produces spectra for each of pixels in ™ - —
31 the detector allowing the application of a least square fitting with external
32 analytical tools. The FF-XRC is very compact and can be installed in differ- _ XRF image

ent experimental set-up. This work shows the potentialities of the instrument Primary beam
33 in both a Full Field Micro X-ray Fluorescence (FF-MXRF) tabletop device
34 and in a Full Field Micro Particle Induced X-ray Emission (FF-MPIXE) end-
gg station operated with an external proton beam. Some examples of applications are given as well
37
38
39 Micro X-ray fluorescence spectroscopy is a well-established long measurement time when scanning is performed in a wide
40 method for performing the nondestructive elemental analysis area with a small step-size; iii) presence of local inaccuracy in
41 down to the micron scale of length. In many analytical appli- images when inhomogeneous samples are scanned with a large
42 cations the possibility to perform the simultaneous elemental step size. In addition, a radiation damage is observed in some
43 imaging with high lateral resolution and high spectroscopic typology of materials when operations are performed with
44 capabilities is mandaltcz)ry to obtain straightforward and unam- high intensity and strongly focused beams.
45 biguous information. - Full Field Micro X-ray Fluorescence (FF-MXRF) imaging is
46 Depending on the analytical technique, the X-ray emission a promising alternative method that allows a laterally resolved

can be induced on samples by X-rays or charged particle X-ray spectroscopy avoiding the scanning. The full area of a
a7 beams. In the case of Micro X-ray Fluorescence (MXRF), the sample is illuminated with a broad primary beam inducing the
48 primary X-ray beam from a tube or in a synchrotron beam line emission of X-ray fluorescence by atomic species. The X-ray
49 is focused down the micrometric scale with X-ray optics.”” In fluorescence is detected with a positon-sensitive X-ray detec-
50 the case of Micro Particle Induced X-ray Emission (MPIXE), tor through a polycapillary (or a pinhole), properly positioned
51 dedicated beam lines in accelerator equipped laboratories are between sample and detector (Figure 1a).
52 necessary in order to focus the charged particle beam (usually To date few experimental approaches have been used for
53 low energy protons) to a dimension of few tens of micrometers performing the FF-MXRF imaging.
54 or less. In 2012, a sophisticated pnCCD (the SLCam by pnSensor,
55 Focused beams are then used for scanning samples in order IAP, BAM and IFG) was developed and coupled to polycapil-
56 to build-up the elemental maps point-by—point.lo'17 lary optics.lg’19 This Color X-ray Camera (CXC), is a 264x264
57 The scanning approach presents high chemical sensitivity array of silicon pixels with a 48 um lateral size and a 12x12
58 and high spatial resolution. Main limits consist in: 1) require- mm’® active area. It works with a frame rate of 1 kHz.
59 ment of a flat geometry for samples under investigation; ii) a
60
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Figure 1. (a) Full Field Micro X-ray Fluorescence method with a 1:1 polycapillary. (b) A schematic view of the Full Field X-Ray

Camera.

Energy resolution of the CXC is < 160 eV at 5.9 keV. The
use of special 1:1 and 1:6 polycapillary optics allowed a spa-
tial resolution of 50 pm and 5 pm respectively.'**'

The CXC was successfully used in different applications
both in laboratory and in synchrotron beam lines.”**® Very re-
cently a new setup for in vacuum PIXE applications was in-
stalled as well.***

In 2014, it was demonstrated the feasibility of using a con-
ventional MOS-CCD detector for performing the energy dis-
persive detection of fluorescence X-rays.”™* A deep cooling
of the camera and the development of a special algorithm in a
single photon counting technique allowed an energy resolution
down to 133 eV at 5.9 keV. Other parameters affecting energy
resolution of detector are read-out speed and binning size.”

A FF-XRF system was developed by coupling this CCD
with pinhole collimators and by using a low power X-ray tube
as primary X-ray source. Elemental maps were obtained with
a lateral resolution of 25 pum at a 3x magnification. In addition,
the possibility to operate a de-magnification of samples, al-
lowed operating the macro FF-XRF with a large field of view
(50 x 50 mmz) and a spatial resolution of 140 pm.29

New updates have been recently introduced in this device
aimed to develop a more efficient tabletop instrument.

The global efficiency of the system was improved by in-
stalling a 1:1 polycapillary instead of pinholes in front of the
CCD. The original algorithm used for processing the events
hitting the detector was optimized and adapted to work with
faster shift register speeds (3 MHz or 5 MHz) available in the
detector with the result of an increased frame rate.

A new software with a graphical user interface (GUI) was
programmed in Matlab. It fully controls the operating parame-
ters of the device; it allows to perform on the fly the elemental
imaging of samples with a region of interest (ROI) method. At
the end of a measurement, it creates the spectra of each pixel
allowing to analyze collected datasets with a least square fit-
ting imaging procedure available in external analytical tools
(for instance in PyMCA).30

The low cost of the system, compact dimensions and the
easy-to-use electronics (only a USB cable and an office PC is
necessary to control the instrument) make this device a valid
tool for laboratory Full Field X-ray Fluorescence imaging ap-
plications.

In this work its potentialities in both a FF-MXRF tabletop
device and a FF-MPIXE end-station are investigated. Compel-
ling applications in different scientific fields are presented and
discussed as well.

EXPERIMENTAL SECTION

The Full Field X-ray Camera. Full Field X-ray Camera
(FF-XRC) consists of a conventional CCD detector (by An-
dor) equipped with a 1:1 polycapillary acting as an X-ray im-
aging optic. A schematic view of the FF-XRC is given in Fig-
ure 1b.

The CCD sensor is composed of 1024x1024 pixels with 13
pm lateral size and 40 um thickness. Main technical capabili-
ties of the detector (i.e., quantum efficiency, read-out speed
and binning capabilities) have been discussed in previous
works.”**

A straight shaped polycapillary (provided by IFG) was in-
stalled in front of the chip at about 10 mm distance. The poly-
capillary optic presents a 25 mm diameter and 30 mm length.
Capillary size is about 20 pm.

The optic is installed in a custom-built measurement head
that is connected to the front flange of the CCD. Both detector
and optic work in a 5x10™* mbar vacuum during measure-
ments. Air-vacuum interface is a 13 um thick Kapton foil. In
addition, a removable 25 um thick Be window is installed in
front of the CCD in order to block the visible radiation during
the measurements.

A Peltier platform and an external water circulation at 20 °C
keep the detector at a temperature of -95°C. This allows to
strongly reduce the electronic noise and to improve the spec-
troscopic capabilities of the device.

The use of the FF-XRC as a high resolution energy disper-
sive X-ray detector is based on a single photon counting (SPC)
technique in a multi-frame acquisition procedure.” In general,
many thousands of SPC frames are necessary to obtain the sta-
tistics for the simultaneous elemental imaging of samples.

A processing algorithm was developed for correcting each
SPC frame for the presence of group of illuminated pixels (due
both to single and multiple hitting events occurring in neigh-
boring pixels of detector plane). This procedure allows to de-
termine the charge generated in each of the pixel by incident
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X-rays and, thanks to a preliminary calibration with pure tar-
get materials, the energy of incident photons.

An energy resolution < 155 eV at 5.9 keV was determined
when the device is operated at the working parameters (chosen
as default values) of -85°C temperature, | MHz read-out speed
and a binning value of 4.

Spatial resolution was measured by USAF1951 reference
pattern irradiated at a distance of 10 mm from the polycapil-
lary. As expected, the use of a polycapillary with a 20 pm ca-
pillary size and CCD binned at 4 (corresponding to a pixel size
of 52 pum in the present detector) allowed to obtain a lateral
resolution of 55 pm.

Main limit in using a conventional CCD for energy disper-
sive measurement is frame rate. At the default parameters of 1
MHz read-out speed and 4 binning, it is 8 frame per second.

Faster read-out speeds of 3 MHz and 5 MHz are possible in
detector. However, some considerations are needed for their
proper use with the SPC technique adopted in the FF-XRC.

When a photon illuminates a single pixel the relation be-
tween generated-charge and photon energy is maintained. In
this case no intervention is necessary with respect to the use of
the default 1 MHz read-out. Only a slight decrease of energy
resolution is observed due to a higher read-out electronic
noise.

On the contrary, a group of illuminated pixels generated by a
single photon at 3 MHz or 5 MHz present a large extension
due to smearing effects arising from a faster reading of data. If
SPC frames are not proper processed, the final X-ray spectrum
could present tailing effects (or additional peaks) due to inac-
curacies arising for an incomplete charge reconstruction.

The processing algorithm for the treatment of the SPC
frames has been further optimized. The event reconstruction
procedure is now operated by investigating presence of illumi-
nated pixels in large regions of CCD; hypothetically the search
of illuminated pixels belonging to a given group could extend
to the full sensor instead of the limited number 25%25 pixels
used in the previous version of the algorithm. Figure 2 shows a
comparison of the measurement of a Ti target at 3 MHz by
using the old (Figure 2a) and the new (Figure 2b) version of
the processing algorithm respectively. It is evident how the
changes introduced in the processing procedure allow an ex-
cellent spectrum reconstruction.
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Figure 2. A Ti target measured at a read-out speed of 3 MHz
and processed with (a) the previous version of algorithm and (b)
the new one.

The possibility of using the faster read-out speeds allows
now to operate with 15-20 frames per second. In addition, the
use of higher binning values or the cropping of the CCD sen-
sor can allow to work up to 50 frame per second with the
drawback to operate with a lower spatial resolution or with a
lower field of view.

Analytical Chemistry

A new software with a graphical user interface (GUI) was
programmed in Matlab. It is shown in Figure S1 of the Sup-
porting Information for the publication.

It allows to setting-up the acquisition parameters of detector,
to process in a live mode the SPC frames and to apply a ROI
imaging procedure to the X-ray line detected in the integral
spectrum. The software works by using the n-dimensional
sparse matrix approach for the zero suppression available in
Matlab. This allows to reduce the storage dimension of the
large dataset acquired in a single measurement.

At the end of the acquisition, the software determines X-ray
spectra of each pixel and allows the user to store them in dif-
ferent formats (i.e., CSV, EDF, HDF5). This way final data
can be imported and analyzed with an external analytical tool
allowing the elemental imaging based on a least square fitting
procedure. Figure 3 shows an X-ray spectrum measured with
the FF-XRC and fitted by PyMCA with a proper configuration
files.
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Figure 3. The FF-XRC spectrum processed with the least square
fitting module in PyMCA.

A tabletop FF-MXRF device. The X-ray camera was installed
in a table top Full Field Micro X-ray Fluorescence setup based on
a 3 kW power X-ray tube. The X-ray source is equipped with Mo
anode and allows to operate with a maximum of 50 kV high volt-
age and 60 mA current. A schematic view of the FF-MXRF de-
vice is given in Figure 4.

sample _—— WL
1em |

‘* Full Field X-ray Camera

X-ray tube

Mo target |

Figure 4. A schematic view of the tabletop FF-XRF instrument.

The distance between the source and the sample is 100 mm
and the incident angle of the primary X-ray beam with respect
to sample surface can range between 20° and 45° for different
irradiation set-up. The X-ray beam is not collimated; its di-
mension at the sample position is 5x5 cm” that fully cover the
field of view of the FF-XRC.

Sample is fixed in a sample holder at a distance of 10 mm
from the front-window of the X-ray camera. The fine position-
ing is performed with two linear stages with a micrometric
precision. In addition, a rotation stage is used for tilting the
samples at the angle to be used during irradiation.

Finally, a programmable X-ray shutter is installed on the X-
ray source and it is used to stop the X-ray beam during the
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readout process. This way the distortion and smearing effects
on the images due to readout time are eliminated.

A FF-MPIXE end station. The FF-XRC camera was used
for the first time in a FF-MPIXE end station operating with a
low energy proton beam of wide dimensions extracted in the
air.

The measurement station has been installed at the 80° beam-
line of the Laboratori Nazionali del Sud (LNS) of the Italian
National Institute of Nuclear Physics (INFN).

The experimental setup is illustrated in Figure Sa; Figure S5b
shows a picture of the measurement station with indication of
main components.

| .__Beam shutter

Beam
line

3) Shutter
4) Beam line

Figure 5. (a) A schematic view of the FF-MPIXE end station (b)
and the experimental setup.

The beamline is served by a 13 MV TANDEM accelerator
that provides, among others ions, proton beams up to 25 MeV

energies. Proton energy can be tuned down to about 5 MeV
and a maximum current of 1 pA can be delivered to users for
experiments.

A proton beam of 6 MeV energy was extracted in air by us-
ing a 100 pm Kapton window as a vacuum-air interface.

An electronic shutter is positioned between the exit window
of the beamline and the sample. It works as a beam stopper
with an open/close time of 15 msec. The shutter trigger is giv-
en by the control software of the FF-XRC during the read-out
process.

A sample holder equipped with a 4 axis travel system (i.e., 3
linear stages each one allowing a 25 mm travel in the XYZ
directions respectively and 1 rotation stage for the sample tilt-
ing) was positioned at about 14 cm from the Kapton window.
This air path allows to degrade proton energy down to a value
of about 3 MeV, better suited for performing PIXE measure-
ments on samples. Energy straggling is only 120 keV as esti-
mated by the SRIM (formerly TRIM) Monte Carlo simulation
code (Figure 6a).

The Full Field X-ray camera is positioned in a 90° geometry
with reference to the beam direction. Samples to be investigat-
ed are tilted of an angle of 20° and they are placed at 10 mm
distance from the detector.

Figure 6b shows the beam dimensions during the irradiation
of an alumina target at the sample positon in front of the FF-
XRC.

“t E,z6.0 MeV
«o| Equ=3.18 MeV ]
.. [ AE=0.12MeV /1)

Energy (MeV)

Figure 6. Energy and straggling of proton beam evaluated by a
SRIM simulation (a); beam dimension at the sample position (b).

The beam dimension is about 30 mm diameter that fully
cover the field of view of the detector. Such a large beam di-
ameter is obtained by strongly focusing the beam inside the
beam line and taking advantage of its divergence at the meas-
urement distance.

RESULTS AND DISCUSSION

FF-MXRF imaging. The FF-MXRF tabletop device was
used for simultaneous nondestructive mapping of the atomic
species in biological and geological/archeological materials.

In particular, potentialities of the FF-MXRF methodology
have been verified in measurements concerning the elemental
imaging of a bee body.

This measurement is particularly significant since it evi-
dences how FF-MXRF overcomes limits of conventional
scanning MXRF in the case of non-flat samples. Moreover,
analysis is nondestructive and no sample preparation is re-
quired.

The trace elements in the tissues of bees were determined in
previous works with the aim of studying effects of the envi-
ronment on bee health and reproduction and for determining
the quality of the honey production.’’
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It was demonstrated by different analytical techniques (i.e.
TXRF, AES, ICP-MS) that trace elements in the bee tissues
are connected to the environmental pollution. In addition, they
can be used for controlling the quality of honey in the area
were bees live. Analytical techniques used in previous works
are destructive and required a complex procedure for sample
preparation. Table S1 of Supporting Information summarizes
comg)lositional data of trace elements published in the litera-
ture.

A bee body was investigated with the FF-MXRF. It was ir-
radiated for 6700 sec. (500 msec exposure time per frame and
172 msec readout time per frame) with the X-ray source oper-
ated at 35 kV and 20 mA. Measurements were performed by
using the CCD at a binning value of 4 and a readout speed of 1
MHz.

The X-ray spectrum obtained during the measurement is
shown in Figure S2 of the Supporting Information. It shows
elements contained at the trace level in the bee tissues (i.e., K,
Ca, Mn, Fe, Cu and Zn)31. Contaminations due to the sample
holder (a steel-brass needle) are visible as well.

Figure 7 shows the elemental maps obtained during the FF-
MXRF measurement.

100 150 200 250
PIXEL number

50 100 150 200 250
PIXEL number

100 150 200 250
PIXEL humber

50 100 150 200 250
PIXEL number

80 100 150 200 250 50 100 150 200 250 °
PIXEL number PIXEL number

Figure 7. Elemental maps of the bee obtained by the FF-MXRF
tabletop device.

The images were obtained by applying the least square fit-
ting procedure available in PyMCa on the experimental data
exported in a EDF format by the FF-XRC software.

The spectroscopic capabilities of the FF-MXRF allowed to
distinguish with high accuracy the K-lines of main chemical
elements. In the case of Zn it is also visible the contamination
due to the needle used as sample holder.

Figure 8 shows the elemental maps of Fe and Mn taken by
tilting the sample in order to irradiate the back side. This ap-
proach allows in some analytical cases to better resolve the

Analytical Chemistry

distribution of chemical elements in a three-dimensional sam-
ple. However, it should be noted that since technique provides
information integrated along the depth of field of the X-ray
Camera, some inaccuracies could arise in the final elemental
distribution.

100 150 200 250
CCD pixel

50 100 150 200 250
CCD pixel

Figure 8. The elemental map of Fe and Mn taken with sample
tilted on the back side.

The second application of the FF-MXRF concern the analy-
sis of Lapis lazuli stones.

Lapis lazuli is one of the most ancient stones used in antiqui-
ty as a precious decoration of objects. From the geochemical
point of view, Lapis lazuli is composed by the Lazurite miner-
al Na;Ca(Si;Al;04,)S with other inclusions like Calcite, Diop-
side, Wollastonite and Pyrite.

Procurement of Lapis lazuli in ancient time has been identi-
fied in the sources located in Afghanistan. Despite other
source of Lapis lazuli are known (Siberia, Pamir, Myanmar,
etc.) it is not well-established if and at what extent these
sources have been exploited. Consequently, determination of
provenance of ancient Lapis lazuli is a question of both geo-
logical and archeological interest that has pushed development
of different analytical approaches.”

FF-MXRF was used to map the chemical elements of a La-
pis lazuli from Siberia. Results are summarized in Figure 9.
Measurements were performed by using the detector at a bin-
ning value of 4 and a readout speed of 1 MHz. X-ray source
was operated at 40 kV and 20 mA. Total measurement time
was 2700 sec; total number of frames were 10000 with 270
msec time (including both exposure and read-out times) per
frame.

It is evident that FF-MXRF provides information on main
expected components of the precious stone.

150 50

100 150 200 250
CCD pixel

50 100 150 200 250 100 150 200 250
CCD pixel

CCD pixel
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Figure 9. Elemental maps of a Lapis lazuli from Siberia.

The pattern of Ca-rich and K-rich phases, detected with high
lateral resolution, together with the presence of traces of Ba
and inclusions of Fe (Pyrite) constitute a fingerprint for the
Siberia source. >’ More in general, results evidenced how FF-
MXREF can be a nondestructive analytical tool to be used in
provenance studies in comparison with data obtained from ma-
terials coming from other known and unknown sources.’”

FF-MPIXE imaging. Particle Induced X-ray Emission
(PIXE) allows measurements of fluorescence K lines of low Z
elements with higher ionization cross section. Moreover, due
to the high stopping power of charged particles in the matter,
the analytical depth of PIXE is well-defined and limited to the
near surface layer. Finally, accelerated charge particle beams
can be tuned in energy and a differential PIXE can be applied
for an in-depth compositional integrated profile of samples.”

In this section it is demonstrated the feasibility of the FF-
MPIXE imaging in analytical applications based on the use of
a wide dimension proton beam extracted in air.

Samples discussed in this section consist of: i) a fragment of
a polychrome pottery belonging to the Nasca culture from Pe-
ru (Figure 10) dating to the 5th century AD; ii) a late Roman
silvered nummus belonging to the Treasure of Misurata
(Lybia) dated back to 330-333 AD (Figure 11).

Measurements of the samples were performed by using the
FF-XRC at a binning value of 4 and a readout speed of 1
MHz. Samples were irradiated for about 5 hours with a proton
current of 30 nA. The energy of protons in the sample positon
was about 3 MeV.

Figure 10 shows the FF-MPIXE elemental maps of the deco-
rative layer in the surface of the painted pottery.
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Figure 10. The Nasca sample and the elemental maps ob-
tained by the FF-MPIXE technique.

Main chemical components of the black decoration are Mn
and Fe, as expected for the case of a manganese-black tech-
nique. In addition, the elemental maps show the presence of Ca
with a coarse distribution and with an enriched presence in
correspondence of the black decoration. This suggest the asso-
ciation of Ca to the clay materials used for manufacturing the
slip in the black decoration layer as verified by authors in a
previous work with different analytical techngiues.*

A comparison between the FF-MPIXE and FF-MXRF re-
sults on the same sample is given in Figure S3 of Supporting
Information in order to evidence the potentiality of FF-MPIXE
in exciting the light elements.

The second application investigated by the FF-MPIXE con-
cerns a late Roman nummus dated back to 330-333 AD.

The surface silvering of coins was adopted as a common
practice during late Roman empire for giving the impression
of a higher finesses despite a global debasement of the alloy.
The nummus, introduced by Diocletian in 294 AD, is manu-
factured with a quaternary alloy (Cu-Sn-Pb-Ag) with a 1-2 pm
thickness silvered patina in the surface.

Different analytical approaches have been developed in the
past for investigating the composition of both patina and bulk
and to determine the manufacturing technology of the Ag-
plated surface of the Roman nummi.””’

FF-MPIXE imaging is particularly suited for the characteri-
zation of archeological metals. The determination of the ele-
mental distribution can support metallurgical studies devoted
to gain new information on manufacturing technology and
conservation states.

Figure 11 shows the FF-MPIXE elemental imaging of the
Roman nummus.

150
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Figure 11. The silvered nummus investigated with the FF-
MPIXE technique.

Copper is the main constituent of the alloy. Its distribution
appears homogeneous in the surface layer investigated with
protons. Previous works evidenced that total weight concentra-
tion of copper is around 90-95%.7’

On the contrary, Sn presents an in homogeneous distribu-
tion. This spotted distribution suggests an incomplete solution
of tin in quaternary alloy and, consequently, a limit of the
metallurgical process used for the nummus coinage. This re-
sults evidences the limit of compositional studies often per-
formed in archeological metals with local or punctual meas-
urements.

Finally, Ag map was determined by using the Ag-L lines at
2.957 keV. Due to the large self-absorption, the use of L-lines
of Ag allows to limit the investigation mainly to the patina
covering the surface of the coin. It is evident that the silvered
patina is strongly degraded due to the circulation and the buri-
al. However, Ag L-lines are partially overlapped in the spectra
with the Ar K-lines from the air. Consequently, images are
particularly noisy and they can present some local inaccura-
cies.

CONCLUSIONS
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A Full Field X-ray Camera (FF-XRC) presenting high-
energy and high-spatial resolution was developed with the aim
to perform the elemental mapping of samples in micro-XRF
and micro-PIXE imaging spectroscopy.

The FF-XRC consists of a conventional CCD detector
equipped with a straight shaped polycapillary that works as a
1:1 imaging optic.

The FF-XRC is fully controlled with an in-house pro-
grammed software working with a GUI in a Matlab environ-
ment.

A multi-frame acquisition with a single-photon counting
technique enabled the use of the CCD detector as an energy
dispersive detector. A custom-developed algorithm is used to
process each frame and to determine the X-ray spectra in each
pixel in the CCD sensor.

A ROI-based imaging can be applied in a live mode during
the measurement. At the end of the acquisition, the full dataset
can be exported in different formats (i.e., CSV, EDF, HDF5)
and analyzed with external analytical tools (e.g., PyMCA) that
allows imaging procedures with a least square fitting of data.
This way artefacts in elemental images that can occur by the
use of ROI method are minimized or eliminated.

Energy resolution of the device is about 150 eV at 5.9 keV
and spatial resolution down to 50 pm at the CCD working pa-
rameters of -85°C cooling temperature, 1 MHz read-out speed
and 4 binning value.

The FF-XRC operated at these parameters allows the acqui-
sition of 8 frames per seconds. A further optimization of the
processing algorithm allowed the use of faster read-out speeds.
A frame-rate up to 50 was obtained with a slightly reduction
of the energy resolution of the FF-XRC.

The FF-XRC was tested with different analytical techniques.
Firstly, a tabletop FF-XRF device operating with a high bril-
liance Mo-target X-ray tube was installed and used for the Full
Field Micro X-ray Fluorescence of samples of biological and
geological/archeological interest.

Finally, the feasibility of using the X-ray Camera in a PIXE
setup was verified. A FF-MPIXE end station was installed at
the INFN-LNS laboratory and used with a 3 MeV energy pro-
ton beam accelerated by a 13 MV TANDEM accelerator and
extracted in air. Proton beam was unfocused to a 3 cm diame-
ter and successfully used for the PIXE micro-imaging of sam-
ples of interest in the cultural heritage field.
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