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WFEE 1jour Lun 06/02/17 Lun 06/02/17 ]
- AsIC 2367 jiLun 06/02/17 Mar 03/03/26
- ASIC dev 1580 jiLun 06/02/17 Ven 24/02/23 ) U
* AMS ASIC AwaXe_V2 672 jo Lun 06/02/17 Mar 03/09/19 v /’“ -

= AMS ASIC AwaXe_V2.5 500 jo Lun 18/06/18
design buffer + DAC 4 mois Lun 18/06/18
MPW Foundry & packa 9 mois Lun 08/10/18

Tests bench v2.5 5 Lun 25/02/19
development mois
Caracterisation 6 Lun 22/04/19

Measurements v2.5 mois
1 jourilun 16/09/19
Lun 07/10/19

livraison v.5 & carte
Tests fonctionnels sur 2
banc IRAP v2.5 mois
Data sheet Delivery v2. 120 joi Lun 02/12/19
Revue Design ASIC 1 Lun 02/12/19
Athena et plan de jour?
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—

02/12

New cells & DAC desigt 6 mois Mer 08/05/19 Mar 22/10/19

MPW Foundry &
packaging v2.5bis
Test bench v2.5bis
development

6 Mer 23/10/19 Mar 07/04/20
mois
5 Mer 18/12/19 Mar 05/05/20

Data sheet delivery v2. 4 mois Mer 29/07/20 Mar 17/11/20

- AMS ASIC AwaXe_8 ch 520 jo Lun 02/12/19
8 channels + R Bridges 10 mo Lun 02/12/19
"Engineering”" AMS 5 Lun 07/09/20

foundry 8 ch mois

Tests bench 8 ch devel 5 mois Lun 05/10/20

Caracterisation 6 Lun 25/01/21
Measurements 8ch  mois
tests fonctionnels sur t 2 mois Lun 22/03/21
Qualification radiation: 1 mois Lun 17/05/21
Data sheet Delivery 8cl 6 mois Lun 14/06/21

- New ST Techno ASIC 1000 ji Lun 29/04/19
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Installatio
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Ven 14/05/21
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Foundry / packaging mois
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development mois
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STASIC Designrun2 6
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; O
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* ASIC QM 567 jo Lun 01/01/24 Mar 03/03/26 -
* ASIC FM 567 jo Lun 01/01/24 Mar 03/03/26 =
Cartes ASIC 1731 ji Mar 07/02/17 Mar 26/09/23
* Carte Prototype 8 ch 150 jo Lun 27/02/23 Ven 22/09/23 P—)
* Cartes STM 1730 jiMar 07/02/17 Lun 25/09/23 { )
* Cartes EM 1 jour’ Mar 26/09/23 Mar 26/09/23 o
* Cartes QM 1 jour’Lun 27/02/23 Lun 27/02/23 9
* Cartes FM 1 jour’Lun 27/02/23 Lun 27/02/23 [
* Boitier WFEE 1 jour’Lun 06/02/17 Lun 06/02/17 v
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ATHENA

WFFEE

A WFEE part of the X-IFU readout chain A

Warm Front-End Electronics
WFEE Amplify & Bias

(4k TESs / =40 mux. Factor)

~100 FDM channels

3 Front-end Boxes
around the dewar

but
6 independent
electrical

sub-systems

w 3 boxes
w 12 ASICs
= 8 Channels/ASIC

7

O’e,,/)
» 4 Bias DAC (SQUID) ¥
» 1 Bias line (TES)

» 1 Feedback line

—\'96

F. Ardellier, A. Goldwurm, D. Préle X-IFU Consortium Meeting - X-IFU WFEE — 2019 09 16




A ATHENA
{C\‘\'f) WFEE Preliminary Thermal Simulations ’““,ﬁﬁ;

Input data used :
— Al box conductivity : 130 W/m/K

— PCB conductivity : 20 W/m/K Fixed Temperature plate : 20°C (TBC)

*Blue parts : not
in APC WFEE

6 W /ASIC (X4)

ASIC package welded on
PCB and fitted with screws

very closed o )
5W / card (X2) Radiative Sink
CNES procurement Temperature : 20°C
PCB / box contact conductance : (TBC)

1000 W/m?K
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WWFEE
“IFU l.k e

First preliminary results : Thermal behavior

Hot points at ASIC level > 90°C on the PCB - gradient > 70°C

Unit: °C
Time: 1
1170972019 10:55

Unit: *C
Time: 1
1140972019 10:56

92,641 Max 92,641 Max

84571
84,571 16501
76,501 68,432
60,362 52,292
52,202 44222
44222 36,152
36,152 26,083
28,083 20,013 Min
20,013 Min

A. Givaudan, F. Ardelier
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WP FEE
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First preliminary results : Thermal behavior

Very preliminary status :

- Main exchange flux seem
conductive way (via ASIC package
fittings on the PCB)

Unit: W/ mm'
Time: 1
12/09/2019 10:24

2,2466 Max
1,997

1,7474

1,4978

1,2481

0,39851
0,74838

0,49925

0,24963
9,0779e-7 Min

- Radiative flux is negligeable in this
configuration

- Thermal design and coupling has
to be optimized to protect ASIC

life

50,00 150,00

Next steps :

- Put more « realistic » I/F temperatures (CNES inputs for thermal environment )
- Be aware that thermal architecture is one of critical parmeter for WFEE

- Build a quick breadboard with heaters into ASIC package to validate simulation

model
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‘A ATHENA )
by A X-IFU readout chain i
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@ Development plan approach for WFEE ASIC A

Aim: to be ready for E.M. mid 2023

09 / 2019

AMS ASIC AwaXe_350nm

|
1 12/2019
09/2020

5 07/2021
. V 8ch = AMS full demonstrator

ST BICMOS SiGe 130nm

i V 8ch = ST full demonstrator
: 2 runs (perimeter to define)

11/2022

ATMX150RHA (new CNES proposal ) : 7
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ATHENA

WP FEE

b A AwaXe_v2.5 — ASIC WFEE 1 channel WerrE
»

SPecific Integrated Circuit for the X-IFUWarm Front-End Electronics .

Damien Préle (APC, Paris) on behalf of the WFEE and X-IFU detection chain team.

The X-IF'U (X-ray Integral Field Unit) instrument of the Athena mission is designed to operate with 3168 superconducting microcalorimeters (read
out by Transition Edge Sensors - TES) cooled to 50 mK, providing an imaging spectrometer for X-ray astronomy. The unprecedented spectral resolu-
tion of 2.5 eV up to 7 keV requires low noise readout electronics. Located immediately outside the cryostat, the Warm Front End Electronics (WFEE)
is a key component of the readout electronics.

The WFEE amplifies the detection chain signal, adjusts the operating points of the cryogenic devices (Superconducting QUantum Interference De-
vices - SQUIDs), and feeds through the TES bias and feedback loop. Using Frequency Domain Multiplexing (FDM, see Athena Nugget #25 for more
details), 40 microcalorimeters are read out per channel and 40 carriers between 1 to § MHz are injected to 40 sensors. As a result, the detected
X-ray pulses are transposed into 40 different frequencies. Ultimately, about one hundred channels are needed for the full readout of the TES array.

0 Athena X-ray Observaroty

To meet the energy resolution of the cryogenic sensors, the WFEE, like the whole readout chain, has to exhibit ultra-low noise and extremely small
gain-drift. At the same time, the size, the mass, and the dissipation must be minimized as required for a space mission. For this reason, an Applica-
tion-Specific Integrated Circuit (ASIC) has been designed for the WFEE. “350 nm BiCMOS SiGe" ASIC technology is used for the core of the WFEE.
“350nm" corresponds to the minimum gate size of MOS transistors.
“BiCMOS"” means that both bipolar transistors and complementary (N
and P) MOS transistors can be built using this technology. Finally, “SiGe"
indicates that Silicon-Germanium alloy is used to make the base-emitter BUFFER
junction of the bipolar transistor. Such a hetero-junction increases the
speed of the transistors allowing the design of a wide-band amplifier
covering the frequency range of the carriers used for the FDM. The mi-
cro-photograph illustrates an ASIC chip design for the WFEE. Eight in-
dependent readout channels will be integrated on a chip of one square
centimetre.

B ACO@ifca.unican.es ¥ @AthenaXobs

The noise degradation of WFEE is minimized by reducing any parasitic e

resistance and thanks to fine-tuning of the transistors biasing to operate
in an optimal noise condition.

) - . : : S555 Fu¥S seey "o"'.",i,' SEEE SUEN GUUN SN SERS
The gain drift is also a significant contributor to the energy resolution
budget. At large time scale (> 1s), the thermal drift is the main cause of
electronic parameter shifts. The entire circuit is based on a specific de-

sign including thermal compensation techniques. Micro-photograph of one WFEE readout channel in an mregzated circuit: Awa)xe
v2.5. The figure shows the LNA (Low Noise Amplifier) to amplify the mulitiplexed

The WFEE with its custom designed ASIC is a compact, light-weight signal; the Buffer to drive the biasing of the sensors; and finally four differential
component with minimal power consumption and it delivers the high quasi-DC SQUID Bias with associated bus decoders to adjust the operating points
perfo ce required for Athena's X-IFU readout electronics. of the readout chain.Credit: Damien Préle.

www.the-athena-x-ray-observatory.eu
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/\(\ AwaXe v2.5 — ASIC WFEE 1 channel m
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2l AwaXe_v2.5 — ASIC WFEE 1 channel

# AwaXe_v2.5 (bare dies or CQFP144)




ATHENA

}fﬂ AwaXe_v2.5 — Test PCB board A_ﬂjﬁi i
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ATHENA

}fﬂ AwaXe_v2.5 — Test bench | ,, fS\EEz

D —
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Pham Viet Dung,
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ATHENA : FEE

ﬁ'@ Gain and Noise LNA Measures AwaxXe _v2.5 MOIFU, | ~
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by A Linearity and time response AwaXe_v2.5 auThEE
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B4 sQuID Bias (I_DAC) AwaXe_v2.5 - Jharee
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WFEE modelization for E2E

ATHENA

WP FEE
MIFU | ~

1 T e e e e e e e T A T ey ey st S T e o
KX 4
#« LNA & Buffer models ]
—
inout sianal 8 O e B A B e LS o S s B S R N Ty
1.00 Peak-Peak = 0.97 P >
0.75 7
0.50 . L PO == ! :
PREEE * méthode "brut" a 10 kHz
. — (84.696x)/(1 + ((-78.998)x)2%)%-021748 . gain=84,7(impose)
< -0z 0.01 - residus both offset together
~0.50 = g
075 .‘!;’ 0 -
, , , . e -001
0 20 40 . 60 80 100 . . s ! ; . B . . . ; . . .
ime (A.U.) T 1
. -0,02 -0,01 0 0,01 0,02
Vin
=50
§ —100
Z + Vin 89.0
g—lso ~| * Vout rephased ]
+ LNA(Vin) 88,5
- + LNAin(Vin) ]
s | ' [_NAZMn). 88.0—5"'
1.0 15 2.0 2.5 Freque:.coy b 35 4.0 45 5.0 ; ! 87.5—;"'
0’002.. TR .................................. ......... _0,2 87.0_:
5 z 86.5-
= : 9
> q : £ 86.0
; 5 855
_0'002_ s i R E
: 85.0
0004 o ar
: 84.0 |
-0,006 : 5 -06 835
T T T I T T T T l T T T T ] T T T T l T T T T l T T T T l T T T T l T T T 83'0_: P o 2 = 2 2 7 ““““““““““““““
0 50 1000 1500 200 2500 300 3500 e S BT R0 A) G EDRAGTTET ) i SRR TIOER DO |
2 3 4 S ] v
IRAP L Ravera # 10 10 10 10 10 10
E2E P. Peille ... freq

APC P. Varniere, A. Coleiro, S. Chen, D. Prele

F. Ardellier, A. Goldwurm, D. Préle

X-IFU Consortium Meeting - X-IFU WFEE — 2019 09 16




}f(, AwaXe_v2.5 delivery
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