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 Next Generation X-Ray Space Observatory of ESA 

Advanced Telescope for High ENergy Astrophysics 

WFI!
X-IFU!
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  « Hot and Energetic Universe science » theme 
 How does ordinary matter assemble into the large-scale structures we see in the Universe today? 
 How do black holes grow and shape the Universe? 

  0.5-12keV range 
  L-class mission , 5 years lifetime, Launch date: 2028-2030 
  Halo orbit around Lagrange point L2,  

ATHENA Mission  
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  Simulation of a 50 ks X-IFU exposure of the Perseus cluster 

Croston, Sanders et al. (2013, Athena+ Supporting Paper) 

Spectral resolution compare between ATHENA and Chandra 
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X-IFU Electronic Readout chain  

Transition 
Edge Sensors 
(TES)!

SQUID:Superconducting QUantum 
Interference Device!

  Frequency-Division Multiplexing(FDM) 1-6 MHz, factor 40 
  Matrix of 3840 TES /40 = 96 readout channels 

DRE:Digital Readout 
Electronics (300 K)!

WFEE:Warm Front-End 
Electronics (300 K)!

 FPA:Focal plane assembly!

50 mK! 2 K!
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Warm Front-End Electronics (WFEE)  

SQUID!
TES!

LNA: Low Noise Amplifier!
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  AMS 350nm BiCMOS SiGe technology: BJT+MOS, good TID (Total Ionizing Dose) tolerance, widely 
used in space instrmentation, reliable 
  ASIC: Application-specific integrated circuit 

First ASIC AwaXe_V1 dedicated to WFEE 

≈2.4𝑚𝑚 !!
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  TID(Total Ionizing Dose): accumulative effect 
γsource Cobalt 60 with 1.25 MeV, COCASE, CEA-Saclay, >1 months 
  1.4–7 krad during the 5 years lifetime of ATHENA at L2 point  

Radiation tests - TID 

Pack 1 0 rad 1.7 krad 6 krad 8 krad 10 krad 

Pack 2 0 krad 6 krad 12 krad 100 krad

  Positive charged particles trapped in oxide may cause a 
noticeable leakage current between drain and source, 
thus change the DC characteristics of MOS   
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  NMOS ELT Ids(Vgs) & Ids(Vds) 

Radiation tests - TID 

  NMOS ELT transconductance gm = dIds/dVgs 

npn BJT Ice(Vbe) & Ice(Vce) 
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  “Cause I'm the one who's 
gonna make you burn” 

Radiation tests - SEL 
  SEL(Single Event Latch-up): caused by heavy ions or protons from cosmic rays or solar flares 

“thyristor”!
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Radiation tests - SEL 
  Cyclotron, Universite Catholique de Louvain, Belgium 



sichen@apc.in2p3.fr APC Ph.D. Day - 15/11/2017 - Paris  12 

Functional Tests of LNA 

𝐺𝑎𝑖𝑛 = 3!

Gain = 2*2*2 = 8!
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 Gain ≈ 8 
 Noise ≈ 1 nV/√Hz 

Functional Tests of LNA 
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WFEE identified Specifications 

* Small signal!
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WFEE identified Specifications 

* Small signal!
** Small and full dynamic (slew rate)!
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LNA design for ASIC V2 

𝐺𝑎𝑖𝑛=4! 𝐺𝑎𝑖𝑛=3!

𝐺𝑎𝑖𝑛≈1!

Challenge: 1Vpp with 
100Ω output load 
leads to 10mA output 
current, introducing 
large Power 
Consumption and 
difficulties on linearity

Gain=R2/R1!



sichen@apc.in2p3.fr APC Ph.D. Day - 15/11/2017 - Paris  17 

 Compensation system of Base current of npn bipoar transistor 

LNA design for ASIC V2 
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LNA design for ASIC V2 -Simulation results 
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LNA design for ASIC V2 -Simulation results 
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Current Source 

Positive 
temperature 
coefficient!

Negative 
temperature 
coefficient!

Negative 
temperature 
coefficient!

Could be 
very close to 
constant!
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Current Source – Simulation results 
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  Simulations, Layout, Post-simulation (before 03/2018) 
 Measurements (07/2018 - ) 

Future work 

* Small signal!
** Small and full dynamic (slew rate)!
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 Key parameters and requirements of the Athena+ mission 

Back-up 
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ATHENA Payloads 

  3 key components: 
  1) X-Ray telescope – 12m focal length, an effective area about 2 m² at 1 keV 

Wolter I! ESA’s Silicon Pore Optics 
(SPO) technology!
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  2)X-IFU (X-ray Integral Field Unit) : 
Transition Edge Sensors (TES), 2.5 eV high 
spectral resolution: E < 7 keV 
  5”pixels, field of view 5 arc minutes 

  3)WFI (Wide Field Imager) for high 
count rate, large field of view, 0.2-15 
keV energy band 
  Silicon-based detector using DEPFET 
Active Pixel Sensor (APS) technology 

ATHENA Payloads 
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Tests of the I2C decoder 


