
PIN DIODE X-RAY SPECTROMETERS 

Calibrations and data analysis 



XSM (X-ray Solar Monitor) and SIXS (Solar Intensity and X-ray Spectrometer) 

 

SMART-1 XSM (ESA) 2004-2006, Moon mission 

Chandrayaan-1 XSM (ISRO) 2008-2009, Moon mission 

BepiColombo SIXS (ESA) 2014-2022, Mercury mission 

 

All  these instruiments included (or will include) similar Si PIN diode 

detectors 

 

Large circular FOVs ~100o 

 

Energy resolution: 170-250 eV at 5.9 keV 

 

Energy range: 1.5 – 20 keV (nominal) 

 

Operational temperature :~-15oC (Peltier cooler) 

 

Number of energy channels: 512 

 

Entrance filters: Be (25mm/13mm), Al  (60 nm) & PI (0.25 mm) 

 

Entrance apertures : 1.5 mm, 0.35 mm 0.2 mm amd 0.3 mm 



Ariane V launch vehicle in Guiana Space Center. Kourou is located at the latitude of   l = 

5o10’ , which is about 500 km north of  the  equator. Earth’s rotation velosity gains tracectory 

speed eastwards about 470 m/s, 1700 km/h.  

SMART-1 Earth escape phase trajectory 



SMART-1 XSM 

SMART=Small Mission for Andvanced Research in Technology 
 
Launch  was on 27th of September in 2003  French Guayana Kourou with Arianne 5 
 
ESA’s first Moon mission 

Manufacturer:  Swedish Space Corporation (SSC)  
Volume: ~1 m x 1 m x 1 m (Cubic S/C body) 
Mass: 370 kg  
Primary propulsion: A plasma thruster: Sunlight  electric power by solar cells/panels  a 
strong electric field inside thruster engine  acceleration of ions from thruster  S/C 
acceleration (Batteries for 2 h eclipses) 
Fuel: 82 kg of  Xenon-plasma 
Thrust force: 70 mN  
  - Accelerated SMART-1 to Moon      orbit in 1.5 years  



SMART-1 S/C SEP HALL THRUSTER AT A  TEST BED 



Payload 19 kg : 7 instruments operating during the whole mission 
10 different scientific experiments 
D-CIXS (Demonstration of a Compact Imaging X-ray Spectrometer)  
XSM (X-ray Solar Monitor)  
SPEDE (Spacecraft Potential Electron and Dust Experiment) 
AMIE (Advanced Moon micro-Imager Experiment)  
Laserlink and OBAN  
EPDP (Electric Propulsion Diagnostic Package) 
KATE (Ka-Band TT&C Experiment) 
RSIS (Radio-Science Investigations for SMART-1)  
SIR (SMART-1 Infrared Spectrometer) 



Chandrayaan-1 was launched on October 22, 2008, by 

the PSLV XL from the Satish Dhawan Space Centre, 

Sriharikota, Andhra Pradesh. 

The main goals of Chandrayaan-1 were to conduct 

high-resolution mineralogical and chemical imaging of 

the permanently shadowed north and south polar 

regions, to search for water, identify chemical in 

highland rocks, and map the height variation of lunar 

surface features. 

The Chandrayaan-1 also aims to observe X-ray 

spectrum greater than 10keV, to create a 3-D Moon 

globe, and chemically map the entire surface of the 

Moon. 

Copyright: ISRO 

Chanrayaan-1 



November 14, 2008, 20:31 hours, India created history in its march towards technological 
prowess. Indian tricolour was placed on the lunar surface and India announced to the 
world its arrival on the lunar surface. The Indian flag was painted on the four sides of 
Moon Impact Probe (MIP), one of the 11 payloads of Chandrayaan-1 spacecraft, that 
successfully impacted the lunar surface at 20:31 hrs on November 14, 2008. This is the first 
Indian built object to reach the surface of the moon. 

Copyright: http://www.indiandefencereview.com/userfiles/image/Payloads_of_chandrayaan.jpg 

Indian Chandrayaan-1 Moon mission 



Copyright: http://www.indiandefencereview.com/userfiles/image/Payloads_of_chandrayaan.jpg 

Q: What does Chandrayaan mean? 
A: In Sanskrit “Chandra” means moon and “yaan” mean craft or 
vehicle. So Chandrayaan literally means Moon-craft or Lunar-
vehicle. 



X-ray Solar Monitors (XSM) onboard SMART-1 and  
Chandrayaan-1 satellites 

The main tasks were to provide simultaneous primary solar X-ray spectra 
for the analysis purposes of  the nadir pointing Moon X-ray flourscence  
cameras. 

Solar X-rays 

S/C 
Moon flourescence  
emission 

Orbit 

XSM FoV cone angle 
           ~ 100o 

FoV of a Moon fluorescence camera 



Top Left: GOES X-ray spectrum showing the Solar input. Note the flares 

around 06:00 UT on 15 January 2005 (GOES Data Courtesy NOAA). 

Lower Left: D-CIXS spectrograms showing fluorescence emission from the 

Moon as a response. The three panels show the summed outputs of the three 

separate D-CIXS facets. 

Top Right: Area of the Moon overflown during this observation, running from 

15° to 45° North, at 60° East longitude, including Mare Crisium in the southern 

part of the overflown region. 

Bottom Right: The derived X-ray spectrum, indicating lunar elemental 

composition. Note the prominent calcium feature, as well as visible aluminium, 

silicon and iron.  Credit: ESA/D-CIXS 

MOON FLUORESCENCE CAMERA 



XSM SENSOR BOX 

Si PIN diode detector ”X-ray eye” 



Basics of the operation of a semiconcutor Si PIN detector 

Structure of a single pixel Si PIN diode 

Signal formation of a single pixel Si PIN diode 

A 

D 

PHA spectrum 
of 512 channels 



Ground calibrations and characterizations 

1. Quantum efficiecy determines the applied energy range:   

       QE(E)=(1-e-mD)e-mF 

 

       The effects of the detector and filer thicknesses and respective  

       materials at different pointing geometries (q, r) can be modelled  

       theoretically. 



Determination of the detector geometric area  

Au stop area defines the  

dynamic range related to the  

count rate.        n R-2 

Solar X-ray flux is higly variable 



0.35 mm 





FoV sensitivity map 

This FoV sensitivity map 

array contains obscuration 

factors (OB) derived for all 

pointings as function of 

offaxis and roll angles.  

OB values are determined 

with collimated white X-ray 

tube beam scans.  

OB, 

Final detector sensitivity for the spectral analysis, i.e. effective area: 

 

Aeff(E,q,r)=AgoemQE(q)OB(q,r) cos(q)    (ARF) 





Energy resolution and detector gain as a function of ambient  

and operational temperture 



SIXS-X detector gains as a function of  ambient temperature of  electronics 



Testing of the readout electronics, e.g. pile up effects 



In-flight calibration 

Energy scale and resolution    RMF 

Calibration source: Fe55+Ti foil of 5 mm 

MnKa at 5.9 keV and TiKa at 4.5 keV 



DATA  ANALYSIS (spectral fitting) 

ARF 
sensitivity 

RMF 
Energy scale 

and resolution 

Raw data, e.g. 

a single spec-

trum of 16 s 

Spectral fitting S/W XSPEC 

Solar spectrum in physical units, 

e.g. flux, plasma temperature, EM 

and line emission of ionized 

coronal elements.  

Light curves, i.e. time evolution of 

the above model parameters.  



DATA  ANALYSIS FLOW CHART 



GOES Space Environment Monitor 

Data describing the environment at geosynchronous orbit. 

The Synchronous Meteorological Satellites (SMS-1 and SMS-2) and the 

Geostationary Operational Environmental Satellites (GOES-1, GOES-2, etc.) all 

carry on board the Space Environment Monitor (SEM) instrument subsystem. The 

SEM has provided magnetometer, energetic particle, and soft X-ray data 

continuously since July 1974. The Solar X-ray Imager was introduced on GOES-12 

and EUV sensors on GOES-13. Geosynchronous satellites have an unobstructed 

view of the sun for all but the few dozen hours per year when the Earth eclipses the 

sun. You can identify these intervals as gaps in the X-ray data near satellite local 

midnight in March-April, and September-October. The source data for these plots 

are averages; as a result, the peak values may appear smaller than they actually 

were. The volume of these data makes it impossible to issue a guarantee as to the 

quality of each and every data point. Users should be suspicious of ‘spikes’ in the 

data and attempt to correlate them with other sources before assuming that they 

represent the space environment. The GOES Space Environment Monitor archive 

is an important component of the National Space Weather Program --a interagency 

program to provide timely and reliable space environment observations and 

forecasts. 

Copyright: NOAA 

http://www.nswp.gov/


X-ray Sensor (XRS)  
Ion chamber detectors provide whole-sun X-ray fluxes for the 0.5-to-3 (0.5-to-4 prior to 

GOES-8) and 1-to-8 Å wavelength bands. The X-ray sensors may experience significant 

bremsstrahlung contamination. This contamination is caused by energetic particles in the 

outer radiation belts and depends on satellite local time, time of year, and the local particle 

pitch-angle distribution. The X-ray sensors are also sensitive to background contamination 

due to energetic electrons that either deposit their energy directly in the telescope or strike 

the external structure and produce bremsstrahlung X-rays inside the ion chambers.  

copyright: NOAA 



GOES X-ray classes:  (E= 1.55-12.4keV or l=1.0-8.0 Å): 

Y   10-3 Wm-2 

X   10-4 Wm-2 

M  10-5 Wm-2 

C   10-6 Wm-2 

B   10-7 Wm-2 

A   10-8 Wm-2 







C-flare temeprature vs. Emission measure 

XSM solar plasma diagnostics 

Original plot by Shibata et al. 
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The Mercury Composite Spacecraft (MCS) of the BepiColombo 

mission comprises the three main elements:  

Mercury Magnetospheric Orbiter (MMO - blue) surrounded by a 

Sunshield (yellow) up to Mercury orbit insertion  

Mercury Planetary Orbiter (MPO - green) with solar panel  

Mercury Transfer Module (MTM - grey) with two solar array wings 

Bottom left: the MCS in launch configuration inside the launcher 

fairing.  

NECP – Near Earth Commissioning Phase 

After launch into a geostationary transfer orbit, the MCS will be 

boosted to the phasing orbit using chemical propulsion. From here 

the composite spacecraft will be set on its interplanetary trajectory 

through a flyby of the Moon (bottom right).  

Cruise 

On its way to Mercury, the spacecraft must brake against the Sun's 

gravity, which increases with proximity to the Sun. BepiColombo will 

accomplish this by making clever use of the gravity of the Earth, 

Venus and Mercury itself and by using solar electric propulsion (on 

the MTM). At the end of the interplanetary cruise phase, about two 

months before capture by Mercury, the MTM detaches.  

Arrival at Mercury 

When approaching Mercury, the spacecraft will use the planet's 

gravity plus conventional rocket engines (on the MPO) to insert itself 

into a polar orbit. A special Weak Stability Boundary Capturing 

technique is employed. This gives flexibility and is more robust 

against failures compared to using the more traditional "big kick" 

approach (single burn capture).  

The MMO will be released into its operational orbit, then the 

Sunshield and the MMO interface structure will be separated while 

the MPO uses its own chemical propulsion to enter a lower orbit. 



BepiColombo SIXS (Solar Intensity and X-ray Spectrometer 
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Aperture entrance 

Calibration holes 



EXERCISE TASKS 










