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Introduction:  The X-Ray Fluorescence Instrument 
(XRF-S) is being designed to quantitatively map the 
composition of planetary surface materials. Every 
planetary surface is constantly bombarded with high-
energy solar X-Rays, so a constant ionization of the 
surface and emission of characteristic X-Rays takes 
place, XRF-S on a planetary orbiter provides direct 
energy-dispersive X-Ray fluorescence (EDX) meas-
urements of these. Because the Sun is a highly variable 
radiation source, the intensity of the solar x-ray radia-
tion has to be monitored constantly to determine the 
measurement energy the XRF-S measurement data is 
produced with [1;2].  
The X-Ray Fluorescence Spectrometer is developed to 
be employed preferably on future missions to the Moon, 
but also to the Galileian Satellites or any other planetary 
or asteroidal surface without an atmosphere in our solar 
system.  
The XRF-S is intended to produce a detailed set of 
measurements of the chemical composition of the 
Moon with global coverage at a spatial resolution of 6 
km/px (NA) and 12 km/px (WA). XRF-S will scan the 
Moon's surface in the X-ray spectral range of 500 eV 
to 10 keV (2.5 - 0.12 nm) with a spectral resolution of 
approximately 160 eV at 6 keV. At these conditions, 
elements with atomic numbers 9 - 32 and K-lines in the 
range 500 eV - 10 keV should be observable even in 
low concentrations, heavier elements with atomic num-
bers 33 - 80 should be partly observable in high con-
centrations, due to their L-lines. XRF-S will provide 
data for global and regional map generation of the 
chemical composition of the moons surface, especially 
to map concentrations of the main mineral- (and there-
fore rock-) forming elements with atomic numbers 9 – 
32, in particular Na, Mg, Al, Si, K, Ca, Ti, Mn, Fe. 
This should potentially include further heavier ele-
ments, in particular Ni, Co, Cu, S, P, Rb, Sr, U, Th, 
and SEEs. At mapping elemental abundance and chem-
ical concentrations, XRF-S shall reach the 0,1% to 
100ppm limit of detection common in terrestrial 
EDXRF-Spectrometers. 
Scientific Objectives: Various passive XRF-
Spectrometers were successfully used on missions to 
planterary bodies and asteroids, among these some 
XRF-S utilized PIN-diode detectors, and other XRF-S 
instruments with new SCD detectors. Whereas the old-
er XRF-S held no calibration sources, the majority of 
XRF-S instruments on the more recent missions had 

additional detectors for direct monitoring of the inci-
dent solar X-rays, with varying success. Only a minori-
ty of XRF-S on recent missions monitored the incident 
solar X-rays indirectly by an additional detector meas-
uring the emittance of a calibration sample. [3,4,5,6]. 

1 Spatial resolution of XRF-S on an Orbital Platform vs. 
Orbit height  
XRF-S will use a new generation of SCDs and an Indi-
rect Solar Monitor for on board calibration of the data, 
hence being able to deliver data with higher spatial and 
spectral resolution than before, hence enable the de-
tailed discrimination and geochemical characterization 
of geologic units onto planetary surfaces[6]. 
Instrumentation of XRF-X:  The XRF-S experiment 
package consists of three subsystems: (1) the main in-
strument targeting the moon's surface, (2) a zenith-
pointing solar monitor (ISM) which incorporates cali-
bration targets , and (3) a platform for rotation and 
tilting, to 

 
2 Laboratory assembly of SCD with X-Ray filter 
and cooling 
point the main instrument's collimator to each desired 
direction. XRF-S is developed using large-area swept 
charge devices (SCD) to allow for high X-Ray returns, 
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single photon counting and on-board histogramming of 
X-ray spectra. A scalable and modular design allows 
for instrument adaptions to, e.g., desired resolution and 
sun emission intensities and to weight and power con-
sumption constraints. 
The XRF-S-ISM is a miniature edition of the main 
instrument, positioned on the opposite site of the orbit-
er – so if the main instrument is pointed moonwards, 
the ISM will be pointed towards the sun. The ISM is 
constructed with the same type of SCD detectors and 
data processing software, a single detector is pointed to 
each specific sample. The ISM design holds all sam-
ples in a planar alignment in symmetric or triaxial or-
der – for 2 or 3 samples respectively - and at least one 
of the samples is completely illuminated  
Calibration with Indirect Solar Monitor:  The 
measurement principle is based on the synchronous 
measurement of the fluorescence of the Moons surface 
by the main instrument (XRF-S) and the emitted X-Ray 
spectra of the calibration targets by the XRF-S-ISM 
subinstrument. By monitoring incident Solar X-ray 
(and possible particle flux) with an ISM, quantitative 
measurements can be obtained, while minimizing the 
risk of detector overload and damage during extreme 
solar events like high-energy Flares and solar particle 
storms.  
The XRF-S-ISM carries 2 or 3 flat sample sheets (are-
as of 3-9 cm2 , mass well below 45 g per sample), 
whose composition is well known and resembles the 
average composition of a lunar rock or regolith type 
(e.g. lunar maria basalt or highland anorthosite)[1,2]. 
These samples are the chemical calibration targets for 
the chemical composition and elemental abundance 
measurements done by XRF-S under varying ioniza-
tion energy. 
Development of Calibration Samples We are devel-
oping the profile of requirements for samples for 
onboard correction and calibration for the XRF-S, this 
includes the development of the construction concept, 
the determination of the sample-manufacturing meth-
od, the manufacturing and testing process of the cali-
bration targets.  
We will determine the measurement energy and their 
spectra of variability expected in different mission 
periods. Therefore we will calculate on the basis of the 
long- and short-time variation of the solar radiation 
and energy spectra, which elements can be detected at 
which precision on which spectral line during the solar 
maximum, the solar Minimum, and the solar flares 
[1,2].  
The sample manufacturing method is dicated by pa-
rameters like chemical composition, mineralogy, tech-
nical requirements of the XRF-Spectrometry method 
(no contamination, minimizing of noise and bias), du-

rability and endurance in deep space environment and 
requirements through regulations for Planetary Protec-
tion [7, 8, 9]. All parameters’ influence onto sample 
properties and XRF-Spectrometry measurement is 
analyzed and quantified. For determing the adequate 
manufacturing method we will analyze which lunar 
rocks are suited for analogue construction, and also 
meet the technical requirements and those for XRF-S 
calibration. The constructional requirements for the 
samples - number, the exact mass, thickness and 
shape, surface roughness, type of sample holders - will 
be further specified to detail in the ongoing instrument 
development. 
We will compile a catalogue of requirements which the 
fight model of the calibration samples have to fulfill, 
subsequently improving the manufacturing method to 
meet the demands of a minimum sample service life of 4 
years, with durability under physical stress like degas-
sing in vacuum, acceleration, temperature variation of 
130°C to -160°C, constant exposure to high-energy ra-
diation and particle bombardment of the solar wind 
[1,2]. Further on we will improve the method of sample-
manufacturing to meet also the demands of durability 
under extreme physical stress like horizontal and lateral 
acceleration during launch [10]. Further on, we will 
conduct a series of  of prototype-production and co-
development and evaluation of testing methods. Proto-
types will undergo extensive testing (e.g. polarization 
microscopy, electron microprobe analysis (EPMA), en-
vironmental stress tests (e.g. vibration, temperature and 
pressure tests) and XRF-Analysis). Subsequently we will 
choose the final, best suited of the Prototypes to be 
manufactured as Advanced Prototype. The composition 
of the advanced prototype will be determined using 
high-precision measurements (using e.g. EPMA, 
EDXRFS and XRFS flight model) and will serve as a 
calibration standard. This will also include statistical 
analysis of measurement characteristics and quantifica-
tion of other error sources.  
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