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RGS-Camera 1 RGS-Camera 2

EPIC-MOS-Camera 2 EPIC-MOS-Camera 1

EPIC-pn-Camera Optical Monitor

RGS
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n

p

1. Take 
positive and 
negative 
doped silicon

n

p
Depletion zone

2. Create 
depletion zone 
by adding 
voltage

Depleted 
pn-junction

������������

am
plifier

3. Arrange pn-
junctions as 
pixels in 
structure, that 
can be read 
out by 
changing 
potentials

! During shifts some electrons may be lost

e
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12 back illuminated 12 back illuminated pnpn--junction junction CCDsCCDs, each with :, each with :

•• 280 280 µµm fully depleted Sim fully depleted Si

•• 200 lines200 lines

•• 64 columns64 columns

•• PixelsizePixelsize: 150 : 150 µµm  x  150 m  x  150 µµmm

•• XX--ray interaction with the silicon atoms, generates electrons and ray interaction with the silicon atoms, generates electrons and holes ~ holes ~ 
energy of  photon. energy of  photon. 

•• average energy required to form an electronaverage energy required to form an electron--hole pair is 3.7 hole pair is 3.7 eVeV at at --9090°° C. C. 

•• Signal charges (electrons), are drifted to the potential minimuSignal charges (electrons), are drifted to the potential minimu m and stored m and stored 
under the transfer registers. under the transfer registers. 

•• The electrons, captured in the potential wells 10 microns belowThe electrons, captured in the potential wells 10 microns belowthe surface the surface 
can be transferred towards the readout nodes upon commandcan be transferred towards the readout nodes upon command

•• Each CCD line is terminated by a readout amplifier. Each CCD line is terminated by a readout amplifier. 
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Full Frame/Ext. FFFull Frame/Ext. FF

Time Res: 73,4Time Res: 73,4/199/199 msms

Large WindowLarge Window Small WindowSmall Window

Time Res: 48 msTime Res: 48 ms Time Res: 6 msTime Res: 6 ms

TimingTiming BurstBurst

Time Res: 7 Time Res: 7 mmssTime Res: 0.03 msTime Res: 0.03 ms
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7 front illuminated 7 front illuminated 
MetalMetal--Oxide SemiOxide Semi--
conductorconductor CCDsCCDs, , 
each with:each with:

•• 100 100 µµm Sim Si

•• 600 lines600 lines

•• 600 columns600 columns

•• PixelsizePixelsize: 40: 40µµm x 40m x 40µµmm

•• frame transfer device on high frame transfer device on high resistivityresistivity epitaxialepitaxial silicon with an opensilicon with an open--electrode structureelectrode structure

•• useful quantum efficiency in the energy range 0.2 to 10 useful quantum efficiency in the energy range 0.2 to 10 keVkeV

•• low energy response of conventional front illuminated CCD is polow energy response of conventional front illuminated CCD is poor below ~700 or below ~700 eVeV because of absorption in the electrode structure. because of absorption in the electrode structure. 

•• one of the three electrodes has been enlarged to occupy a greatone of the three electrodes has been enlarged to occupy a greater fraction of each pixel, and holes have been etched through ther fraction of each pixel, and holes have been etched through this   is   
enlarged electrode to the gate oxide. This gives an "open" frenlarged electrode to the gate oxide. This gives an "open" fr action of the total pixel area of 40%; this region has a high traction of the total pixel area of 40%; this region has a high transmission ansmission 
for very soft Xfor very soft X--rays that would have otherwise be absorbed in the electrodes. rays that would have otherwise be absorbed in the electrodes. 

•• the actual mean depletion of the flight the actual mean depletion of the flight CCDsCCDs is between 35 to 40 microns is between 35 to 40 microns 
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electronics:
Gain, Timing, Modes

CCD:
QE, CTI, Gain, redistribution, 

Astrometry

MirrorsMirrors ::
Eff. Area

PSF
Astrometry
Vignetting

Filter:Filter: eff area
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110 arcsec
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1. mirrors

2. Filter transmission

3. QE of CCDs

4. Vignetting
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CuCu--LL
time dependent MOS responsetime dependent MOS response

pnpn--response to monochromatic ground calibration  sourceresponse to monochromatic ground calibration  source
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Folded light curve of the Crab (P� 33 ms)
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PN Cu KMOS Al K

Details: Details: 
http://xmm.esac.esa.int/external/xmm_sw_cal/background/index.shthttp://xmm.esac.esa.int/external/xmm_sw_cal/background/index.shtmlml
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Effect Max. Error Energy 
dependent

Off axis angle 
dependent

Relative Astrometry 1.5’’(r.m.s.) NO YES

Absolute Astrometry 1.7’’ NO YES

PSF 2 % YES YES

Relative Effective Area ± 5 % YES YES

Absolute Effective 
Area

± 10 % YES YES

Line Energies 10 eV YES YES

Relative Timing deltaP/P=3 10-8 NO NO

Absolute Timing 100 mmmms NO NO


