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PIXEL DESIGN 
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5 x 5 array  

with Cu stems 

Close-up of 32 x 32 array 
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Mn-Kα 

ΔE = 2.9 eV at 5.9 keV 

PERFORMANCE for PIXELS from 5 x 5 arrays 

Cu-absorber 

Cu/Bi-absorber 

ΔE = 1.6 eV @ 250eV 

ΔE = 2.5 eV @ 5.9 keV 

100 µs fall time 

∆ETDL ≈ 3.1 eV  

∆ETDL ≈ 3.8 eV  
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PERFORMANCE for PIXELS from 5 x 5 arrays 

Cu/Bi-absorber (0.3/3 µm); 
TC = 116 mK 

ΔE = 3.1 eV @ 5.9 keV 
200 µs fall time 

∆ETDL ≈ 4.4 eV  

Cu 
→ 

← no isolator 
← Bi 
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•  Amplifier of magnetic flux. Works at < 
4 K, P ~ 10 nW 

•  Current transferred to flux by SQUID 
input coil 

•  SQUID  “Linear” dynamic range 
typically 5 105 √Hz 

•  Feedback with gain ~ 10 required for 
linearization and dynamic range 
improvement (flux-locked-loop/FLL) 

•  Standard FLL not enough gain-
bandwidth  baseband feedback 

PTB 16-SQUID-arrays 
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- AC-bias of TES; so that it acts 
as AM-modulator 

- LC noise blocking filter per TES 
- One SQUID per column 
-  Base-band feedback to decrease 
common impedance, to linearize 
SQUID response, and to increase 
dynamic range 
-  1 – 10 MHz frequency range 
-  200 - 300 kHz separation will 
enable multiplication of 32 – 45 
pixels/channel 
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400 kHz AC-bias: 3.7 eV @ 5.9 keV and 3.5 eV 
baseline; data is drift corrected 
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Q > 4000 measured and demonstrated 
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•  Instability of feedback set by frequency separation of carriers (200 kHz) delay 
(250 ns) due to digitization and processing. Gain-bandwidth at base-band of 
about 30 kHz, so 3x feedback gain at highest signal frequency (10kHz) 

•  Performance tested on electrical breadboard.  

•  Bandwidth for carriers up to about 10 MHz (limited by SQUID back-action noise 
and LC-filter Q-factor) 

•  At least possible to multiplex 32 - 45 pixels XEUS type pixels 
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BaseBand Feedback Electronics board 
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Gain-bandwidth of 35 kHz for 200 kHz spacing and 830 ns delay 

FLL-gain of 3.5x at highest signal frequency (10 kHz) 

Amplitude: red-data blue-model Phase: red-data blue-model 
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Measured carrier suppression – 50 dB  
for a gain-bandwidth of 18 kHz 
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Field of View 

Detection Efficiency (7 µm Bi) 
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ΔE = 2 eV < 2 keV 

1792 pixels for 1.7 
arcmin diameter FoV 

Energy 0.2 – 10 keV 

Mass 151 kg (incl. 
last stage cooler) 

Power 217 W 

Requires 1 m long 
baffle 
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Herschel heritage: Developments by CEA-Saclay and LETI, Grenoble 
Contributed paper by Claude Pigot  
Fully integrated sensor with read-out multiplexer First fully automated  

Tantalum hybridization 

Results: - Impedance of 8X8 sensor matrix in the right range with good sensitivity  
   - Integration of absorber matrix onto sensor matrix promising 

Next steps:  April 2008: First 8X8 array with freed Sensor & Absorber 
  End 2008:  1st Iteration Cold Electronics 
   

Pro: Fully integrated system with multiplexed read-out 
Con: Till now no X-ray performance data, use of Ta-absorbers by other 
teams failed, potentially slow response, developments late for XEUS.   
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Interface with satellite cryostat at 2.5 K with 10 mW cooling power 

2-stage single shot ADR (Astrium/MSSL or JAXA) 
30 W and 31 kg for 1 µW during 30 hours 
He-3 sorption/1-stage ADR (CEA-Grenoble) 

25 W and 5 kg for 1 µW during 30 hours 

Options under development: 

Closed cycle dilution refrigerator (Air Liquide, Institute Neel) 
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Consumables 15 kg and 44 W 
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XPOL - Performance 

5.2 keV polarized photons 
for two angular rotations of 
the polarizer showing the 
good angular sensitivity.   

The modulation factor measured  
at 2.6 keV, 3.7 keV and 5.2 keV  
compared with the Monte Carlo 
previsions.  

Detection-
Efficiency 


