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ATHENA

A
}‘T‘ Advanced Telescope for High ENergy Astrophysics

» Next Generation X-Ray Space Observatory of ESA

Ariane V class launcher -
Satellite mass ~ 5500 kg N
Power ~5600 W g \ \ | :
Focal length: 12 m 4 |
Lifetime: 5 years (10 years) \\ '
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Silicon Pore Optics:
Effective area: 2mé @ 1 ke
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Willingdale ef al. 2013 arxiv1308.6/85
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X-ray Integral Field Unit: X-|FU
Field of view: 5 arcmin Wide Field Imager: WFI
Large array of TES cooled at 50 mK A.E: | QV AR ,
Barret et al. 2013 arxiv:1308 6784 Hield of view: 40" x 40"
Rau et al. 2013 arxkiv] 307.1709
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-4 ATHENA
WAl ATHENA Mission Jewrree

#* « 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+|COLLABORATION
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60 arcsec (22 kpc)

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

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

FPA:Focal plane assembly

WAR I ;' WFEE (300 K) I:' '/' DRE-DEMUX (300 K)
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DRE:Digital Readout
Electronics (300 K)
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WFEE:Warm Front-End

s Electronics (300 K) S¢ IFU [
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SQUID:Superconducting QUantum
Interference Device
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b Al First ASIC AwaXe_V1 dedicated to WFEE
# AMS 350nm BiCMOS SiGe technology: BJT+MOS, good TID (Total lonizing Dose) tolerance, widely

used in space instrmentation, reliable
2 ASIC: Application-specific integrated circuit
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. /"| \, 1 . . ATHENA
b Al Radiation tests - TID '

» TID(Total lonizing Dose): accumulative effect
2 ysource 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

Pack 1 0 rad 1.7 krad 6 krad 8 krad 10 krad
Pack2 . Okrad = 6kad | 12krad = 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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ATHENA
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boAl Radiation tests AEEE
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NMOS ELT Ids(Vgs) & Ids(Vds) 2 npn BJT lce(Vbe) & Ice(Vce)
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ATHENA

}‘T‘(, Radiation tests - SEL AalgUFE‘EA

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

# "Cause I'm the one ! |
nonna make vou burn” “thyristor”
10
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ATHENA

4 Radiation tests - SEL
2 Cyclotron, Universite Catholique de Louvain, Belgium

DUT energy [Mev]
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ATHENA

Gain Linearity - 6 MHz
Measurement and Simulation for LNA A2
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b Al WEEE identified Specifications

ldentified spec | ASICvl measure | ASICv2 goal
Gain 80 V/V 3,8,24V/V
Noise 1 nV/VHz ~1 nV/VHz
BW 1-6 MHz DC-10 MHz-
Linearity 1% on 1 Vpp
Drift 17 uV/V x10 ~200 ppm/K
Serial link RS 485 12C
TID 1.7 - 14 krad 100 krad
LET 10 s 20 (s e

* Small signal
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oAl WFEE identified Specifications

Identified spec | ASICvl measure | ASICv2 goal

Gain 80V/V | 3,8 24V/)V 80 V/V
Noise 1 nV/vVHz ~1 nV /v Hz < 1nV/vVHz
BW 1-6 MHz DC-10 MHz+ DC-6 MHz+

Linearity | 1% on 1 Vpp | 1% on 0.2 Vpp | 1% on 1 Vpp
Drift 17 uV/V x10 ~200 ppm/K < 300 ppm/K

Serial link RS 485 12C 12C;, /RSA85 o,
TID 1.7 - 14 krad 100 krad -
I_ET 10 MeV/mg/cm2 120 MeV/mg/cm2 -

* Small signal
** Small and full dynamic (slew rate)
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by A LNA design for ASIC V2 JrreE
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b A LNA design for ASIC V2 JhereE

»* Compensation system of Base current of npn bipoar transistor
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ATHENA

Gain and Equivalent Input Noise -

LNA W|th 4D + Instru + Common Collector
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ATHENA

LNA design for ASIC V2 -Simulation results

Gain Stability - Gain vs. Power Supply VDD
LNA with 4D + Instru. + Common Collector

Gain Stability - Gain vs. Temperature
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A WP FEE
po A Current Source e
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Current Source -

Output Current vs. Temperature

Simulation results

ATHENA ‘ FEE
MlFU, | ~

for Current Source W|th Ref Vt+Ref Vbe and Current Source onIy W|th Ref Vbe
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dl/dT of Ref.Vbe+Ref.Vt

8.0n +

— dI/dT of Ref Vbe+Ref Vt

Output Current of Ref.Vbe (A)

Output Current of Ref Vbe |
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by Al Future work

2 Simulations, Layout, Post-simulation (before 03/2018)

# Measurements (07/2018 - )

ldentified spec | ASICvl measure | ASICv2 goal

Gain 80 V/V 3,8,24 V/V 80 V/V

Noise 1 nV/vVHz ~1 nV/VHz < 1nV/VHz

BW 1-6 MHz DC-10 MHz+ DC-6 MHz++
Linearity | 1% on 1 Vpp | 1% on 0.2 Vpp | 1% on 1 Vpp

Drift 17 uV/V x10 ~200 ppm/K < 300 ppm/K
Serial link RS 485 12C 12C;, /RSA85 6,41

TID 1.7 - 14 krad 100 krad -

LET 10 Mev/mg/cm? 120 Mev/meg/cm? -

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

2m*@ 1keV (goal 2.5 m?)

Silicon Pore Optics developed by ESA. Single

Effective Area 025 m? @ 6 keV (03l 0.3 ) i:elescope: 3 m outer diameter, 12 m fixed focal
ength.
Angular 57 (goal 37) on-axis Detailed analysis of error budget confirmes that a
Resolution 107 at 29 radius performance of 57 HEW is feasible
Energy Range 0.3-12 keV Grazing incidence optics & detectors.
, Wide-Fieid Imager: (WFI): 40" (goal 507) Large area DEPFET Active Pixel Sensors.
Instrument Field 3 T loeed Teomcvion B
fVu g . » : e s argc array oL ITid th cX& ransition g<
on e Arey intagra Fisia Ui (KIR U S Ygoslr) Sensors (TES) with 250 micron pixels,
WEFIL: <150 eV @ 6 keV Large area DEPFET Active Pixel Sensors.
Spectral I (10°7%10%) optimszed for goal
Resolution i wner array % optimized for goa
SomHe A2 5 W @Sl izl 15 6 @ 1) resolution at low energy (50 micronm pixels).
+ 1 Crab! (WFI) Cenmff Cbzp. Jor high count rases w;ftbo&t pile-up
Count Rate and with micro-second time resolution.
Capability 1 mCrab, point source (X-IFU) with 90% of | Flters and beam diffuser enable higher count
high-resolution events rate capalility with reduced spectral resofution.
Target of . . .
Opporcaisy | Ao el Do) e Ui offifin: j""’” - <25 "“”;ﬁ“‘“bz’”’. fosal respomse fime
Response ependent on ground system fssues,
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ATHENA“ FEE
oAl ATHENA Payloads sTOEE.

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

Maistis] Paraliolokis ESA’s Silicon Pore Optics
W | | ested Hyperboloids v
olter N d¢/ — Xoraye (SPO) technology
fieded = = 4=

12 meters
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A . WMAFFEE
A ATHENA Payloads ) EE.

o 2)X-IFU (X-ray Integral Field Unit) : 2 3)WFI (Wide Field Imager) for high
Transition Edge Sensors (TES), 2.5 eV high count rate, large field of view, 0.2-15
spectral resolution: E < 7 keV keV energy band

» 5"pixels, field of view 5 arc minutes # Silicon-based detector using DEPFET

Active Pixel Sensor (APS) technology
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boAl Tests of the I2C decoder MAFFEE

4% v A FU UL/“‘
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_ I2C Decoder Test - Short SDA and SCL lines (DC Coupling) - with Pull-up Resistors 1kQ - SCL 100kHz - Data OxAC
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oo | : :
w0 ‘ :
| | H
S ° | ’,r b -
4 | R e e |
-50.0 0.0 50.0p 100.0p 200.0p 250.0

Test Sample: AwaXe v1c/C4
Test Date: 16/11/2016
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