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X	–	IFU	Global	view	
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ATHENA Study Outline 

• Two competitive industrial studies 
• S/C configuration 
• Two S/C options: 15 mirror  

rows and 20 mirror rows 
 

• Instrument studies 
• Instrument configuration 
• Resource and  

interface requirements 

ESA ATHENA Phase A Study activities 
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MCR Main Identified Issues 

• ATHENA Cost-at-completion target is challenging 
• ATHENA is mass-constrained 
• Instrument resource envelope drives system 

• FPM: CoG balance 
• WFI: Thermal I/F 
• X-IFU: 

• Instrument mass critical: significant extra 
mass penalty due to spacecraft stiffening for 
every extra instrument kg 

• Well balanced FPM allows to reduce the DLL 
to 15g or below. Unbalanced FPM requires 
additional dampers (mass, costs, 
complexity) 
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UTRECHT 23-25 May 2016, 2016           CONSORTIUM MEETING    XIFU STATUS 10 

Lay out 

X	–	IFU	Global	view	
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One	of	the	major	
challenge	is		
accommodate	the	
radiators	to	
dissipate	all	the	
power	generated	
by	the	electronics	
and	coolers.	
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Spanish	Contribu/on	to	the	
Instrument	Flight	Segment	
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UTRECHT 23-25 May 2016, 2016           CONSORTIUM MEETING    XIFU STATUS 17 

X-IFU Electrical Current Architecture 
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Source:	X-IFU	Status.	Th.	Lam	Consor2um	Mee2ng,	May	2016	

INTA	
contributes	to	
the	Dewar.	In	
charge	of	
cryostat.	

IFCA	
contributes	to	
the	DRE	
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DEWAR	CONCEPT	
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Source:	X-IFU	Instrument	Status	Report.	F.	Delcelier-Douchin	
	Consor2um	Mee2ng,	September	2017	

Some	func2ons:	
•  Give	support,	thermal	

protec2on	and	
electromagne2c	isola2on	to	
the	Focal	Plane	Assembly	
(Structure	2K	and	
Mechanical	straps).	

•  Isola2on	from	external	
environment,	support	to	
the	coolers	and	warm	
electronics,	joint	to	the	
spacecraa	(Outer	vessel).	

•  Thermal	accommoda2on.	
(Thermal	baffles	100,	30,	
4K).	

Cryostat.	Dewar	without	cryocoolers	and	FPA	
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Cryostat	design	challenges	

•  FPA	mechanical	perturba2ons	should	be	minimize:	
– Mechanical	support	should	guarantee	survive	the	launch	-
>	dynamical	isola2on.	

– Mechanical	support	should	minimize	microvibra2ons	
transmission	from	external	cryocoolers	to	the	FPA	support	
structure.	

– Mechanical	support	should	manage	a	large	temperature	
gradient	from	external	300	K	to	internal	2	K.	

•  FPA	thermal	isola2on	
–  Thermal	design	should	guarantee	its	working	temperature		
based	on	a	set	of	internal	barriers	(thermal	shield	or	
thermal	buffers).	
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Cryostat	design	challenges	

•  Mechanical	support	to	many	cryocoolers	and	warm	
electronics.	

•  Harness.	
– More	than	1000	wires	should	be	properly	isolated	from	
electromagne2c	point	of	view	and	thermalized	to	
minimize	heat	transmission.	

•  Beryllium	window	accommoda2on	and	isola2on	
•  Minimize	mass	
•  Integra2on	
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Cryostat	
Detector	Cooling	System	(DCS)	
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Beryllium	window	

DCS	is	a	ESA	contract	
to	develop	the	
technologies	required	
for	X-IFU.	
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DCS		
Thermal	shields	
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Outer	Vessel	(300K)	 Outer	Shield	(100K)	 Inner	Shield	(30K)	 4K	Shield	 2K	Structure	
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DCS	
Straps	and	harness	
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DCS	
Thermal	modeliza/on	
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Model overview 

Outer Vessel 300 K Boundary 

MLI (OCS 50 layers & 
ICS 30 layers) 

Shield OCS 

Harness FPA boundary 
 

Coolers boundaries 

Structure 2K 

Structure 4K 

Straps 

SubK ADR boundary 
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DCS	
Mechanical	Analysis	
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DCS	
Materials	tests	

•  Materials	
proper2es	at	
cryogenics	
temperatures	are	
not	available.	

•  A	test	campaign	is	
on	going		to	
determine	
mechanical	and	
thermal	proper2es	
of	the	cryostat	
materials	:	CFRP	
and	GFRP	mainly.	
An	components,	
like	fa2gue	test	of	
straps.	
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Properties of composite materials for cryogenic applications: J.B. Schutz

Figure 6 Compressive strength of unidirectional epoxy matrix
composites (data from reference 3)

are the ratios of modulus/thermal conductivity and
strength/thermal conductivity. Figure 8 illustrates the
modulus/thermal conductivity ratio data from Reed and
Golda, as a function of temperature3. When this figure of
merit is considered, glass fibre performance is equivalent
to the significantly more expensive boron and alumina
materials from ambient to about liquid nitrogen tempera-
ture. These materials are superior to the aramid and graph-
ites over this temperature range. Owing to differences in
materials and processes, and the resulting experimental data
variability, considerable variation may occur in this figure
of merit reported by individual investigators. However, it
is generally agreed that HS graphite is superior at lower
temperatures, with the crossover point occurring at about
50 to 150 K. This behaviour also reinforces the selection
of hybrid support structure applications utilizing carbon
materials at the cold end, with glass fibre reinforcement

Figure 7 Thermal conductivity of unidirectional composites (data from reference 3)

6 Cryogenics 1998 Volume 38, Number 1

from intermediate temperature location to ambient tempera-
ture. Figure 9 contains similar data for the tensile
strength/thermal conductivity figure of merit. Glass fibre
composites are clearly superior over a wide range of tem-
perature. It is only at very low temperatures, below ! 20 K,
that alternative materials offer marginal improvement.
Reed and Golda3 found that reliable cryogenic fatigue

data on unidirectional composites are scarce. Their review
suggested that over the temperature range from 77 to
295 K, carbon fibre reinforced composites were superior to
other reinforcement materials. No unidirectional composite
fatigue data was available at temperatures below liquid
nitrogen temperature. Hartwig et al.1,7,8 have shown that
matrix properties can have significant influence on the cryo-
genic fatigue behaviour of unidirectional high strength
graphite fibre composites. Brittle epoxy, toughened epoxy
and thermoplastic matrix material selections had only lim-
ited effect on static tensile strength of these composites.
However, the brittle epoxy composites exhibited a reduced
sensitivity to fatigue relative to the tougher matrix
materials. This effect was attributed to a generalized degra-
dation of the toughened and thermoplastic matrices, which
resulted in a reduced shear stress transfer capability of the
matrix. Fatigue damage in brittle matrix materials was more
localized, and efficient shear stress transfer to the fibres
could still occur.
Loads on pressure vessels and cryostats are typically ten-

sion, compression, or internal/external pressure. Since these
loads are in the plane of the composite, analytical methods
developed for conventional aerospace composites may be
utilized directly. Laminate properties may be calculated
using unidirectional ply (lamina) properties and lamina
thicknesses and orientations. Pressure vessel analyses have
also been well developed by the aerospace industry. Gener-
ally, composite properties increase with decreasing tem-
perature. In cases where a composite part spans a range of
temperature from cryogenic to ambient, the part may be
analysed with room temperature properties. Since the cryo-
genic properties are better than the ambient ones, the design
will be conservative. Fabrication methods for these appli-
cations, such as filament winding, are also similar to those
for aerospace composites.

Properties of composite materials for cryogenic applications: J.B. Schutz

Figure 2 Cryogenic composite vessel applications: pressure vessels and cryostats

Figure 3 Cryogenic composite electrical insulation: ITER CS
turn and layer insulation

pressive strengths are reported for aramid, as would be
expected from the fibrillar microstructure of this fibre.
For many support element and cryostat applications,

thermal conductivity is the most critical material property.
Figure 7 contains comparative thermal conductivity data
for several composites, as well as data for steel and a neat
epoxy1. Glass fibre composites offer the lowest thermal
conductivity from ambient temperature to about 40 K.
Below this temperature, however, carbon fibre composites
exhibit the lowest thermal conductivity of the materials
investigated.
In many support element applications, such as those

illustrated schematically in Figure 1, one end of the support
will be attached to a cold mass at 2–4 K while the other
end will be at ambient temperature. In these cases, the total
integrated thermal conductivity of the support element may
be reduced by use of a hybrid structure. Carbon composite
may be used at the colder locations where the support tem-
perature will be below the ! 40 K crossover point. Glass
composite may then be used over the remaining distance,
where the temperature spans ! 40 K to ambient, in the
range where glass has the lower thermal conductivity.
Useful figures of merit for support element applications

Cryogenics 1998 Volume 38, Number 1 5

Figure 4 Tensile strength of unidirectional epoxy matrix com-
posites (data from reference 3)

Figure 5 Tensile modulus of unidirectional epoxy matrix com-
posites (data from reference 3)

Properties of composite materials for cryogenic applications: J.B. Schutz

Figure 2 Cryogenic composite vessel applications: pressure vessels and cryostats

Figure 3 Cryogenic composite electrical insulation: ITER CS
turn and layer insulation

pressive strengths are reported for aramid, as would be
expected from the fibrillar microstructure of this fibre.
For many support element and cryostat applications,

thermal conductivity is the most critical material property.
Figure 7 contains comparative thermal conductivity data
for several composites, as well as data for steel and a neat
epoxy1. Glass fibre composites offer the lowest thermal
conductivity from ambient temperature to about 40 K.
Below this temperature, however, carbon fibre composites
exhibit the lowest thermal conductivity of the materials
investigated.
In many support element applications, such as those

illustrated schematically in Figure 1, one end of the support
will be attached to a cold mass at 2–4 K while the other
end will be at ambient temperature. In these cases, the total
integrated thermal conductivity of the support element may
be reduced by use of a hybrid structure. Carbon composite
may be used at the colder locations where the support tem-
perature will be below the ! 40 K crossover point. Glass
composite may then be used over the remaining distance,
where the temperature spans ! 40 K to ambient, in the
range where glass has the lower thermal conductivity.
Useful figures of merit for support element applications

Cryogenics 1998 Volume 38, Number 1 5

Figure 4 Tensile strength of unidirectional epoxy matrix com-
posites (data from reference 3)

Figure 5 Tensile modulus of unidirectional epoxy matrix com-
posites (data from reference 3)

Proper2es	of	composites	materials	for	cryogenic	applica2ons	
Schutz	J.B.,	Cryogenics	38	(1998)	
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DCS	
Thermal	tests	

•  One	of	the	key	aspect	of	the	cryostat	design	is	the	need	
of	properly	modelling	the	thermal	behaviour	of	the	flight	
instrument.	There	are	a	lot	of	details	that	need	to	be	
tested	well	in	advance:	MLI	proper2es	at	low	
temperatures,	thermal	conduc2vi2es,	radia2on,	thermal	
couplings,	etc.	INTA	is	in	charge	of	defining	and	
performing	those	tests	in	collabora2on	with	CNES	and	
CEA.	
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DCS	
Harness	
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•  DCS	harness		is	a	compromise	
of	electronics,	thermal,	EMI	
and	mechanics.	

•  Harness	thermal,	EMI	and	
mechanical	characteriza2on	
is	part	of	the	INTA	ac2vi2es.	
Wire	selec2on	and	bundle	
configura2on	is	a	work	
managed	by	CNES	with	
SRON,	CEA	and	INTA	
par2cipa2on.	

•  Test	will	be	performed	in	the	
futures	for	characteriza2on.	 Harness	configura2on	of	

laboratory	cryostat	based	on	a	
loom	which	is	thermalized	in	
different	steps.	

An	example	of	
poten2al	harness	
configura2on.		



Spanish	X-ray	Astronomy	2017:	the	path	towards	Athena	
IAA	–	Granada	October	23-25,	2017	 J.	Gómez-Elvira	-	INTA	

Digital	Read-out	Eletronics	
Event	reconstruc/on	
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Laurent RaveraDigital Readout Electronics 

6th XIFU CM, 13-14th of September, Madrid

Event Processor algorithm
• Waiting	for	inputs	from	IFCA

21
Meeting, Date, Location   Your name and logo EP splinter (CM #6 Madrid) 

Event Reconstruction @ IFCA !

M.Ceballos  
et al. 

 
Definition of: 
 
- pulse detection & 
reconstruction algos. 
 
- method to acquire DB 
for on-board processing 
 
- post-processing 
corrections to deal with 
potential biases 
 

BASELINE 

 
Working on: 
 
* Alternative detection 
methods (less 
computing cost) →  
effect of missing pulses 
in energy resolution? 
 
* Effect of reducing the 
sampling rate 
 
* Effect of time jitter in 
the pulse detection 
 
* Exploring Neural 
Network approach to 
event reconstruction 
 

w/ CNES: First Draft of Definition Document 

Event	processor	
algorithms		

Collabora2on	with	CEA	
Saclay	(DRE	HW/SW)	
and	Bamberg	
University	

SIRENA:		
SoBware	IFCA	for	
ReconstrucFon		
of	EveNts	for	Athena	X-IFU	
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Digital	Read-out	Eletronics	
Event	reconstruc/on	
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Event		
processor		
algorithms		
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Spanish	Contribu/on	to	the	
Instrument	Ground	Segment	

X-IFU	Science	Advisory	Team/X-IFU	Instrument	Science	Center	
•  Assessing	the	impact	of	Be	filters	of	several	thicknesses	on	the	He	like	

triplets	spectral	diagnos2cs	of	bright	point	sources	at	low	energies.		
•  Hundreds	of	science	simula2ons	to	study	the	X-IFU	capabili2es	to	

recover	the	spectra	of	close	sources	in	crowded	fields.	
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X-IFU	instrument	development	
Spanish	team			
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•  Cryostat	(not	including	cryocoolers)	
–  INTA.	J.	Azcue,	A.	Balado	,	F.	Cabrerizo,	J.M.	Encinas,	J.	Gómez-Elvira,	

J.M.	Pintado,	M.	Reina,		J.Sanmillan.		

•  Cryogenic	harness	(2	K	à	300	K)	
–  INTA.	A.	Balado,	D.	Escot,	J.	Gómez-Elvira,		M.	Pajas,	D.	Poyatos	

•  Event	processing	algorithms	
–  Maite	Ceballos	and	Beatriz	Cobo	(IFCA)		

•  X-IFU	Instrument	and	Science	Center	
–  J.	Miguel	Torrejón	(UAlicante)	+	IFCA				
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ICMAB/ICMA	ac/vi/es	
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Transi/on	Edge	Detectors	(TES)		
•  Development	in	parallel.	Not	for	flight.	
•  Fabrica2on	of	Mo	and	Au	thin	films	by	off-axis	spunering	
•  Nb	pads:	fabricated,	lithographed	and	tested	
•  Lithography	tests	fully	performed		
•  Noise	characteriza2on	tests	performed		
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ICMAB/ICMA	ac/vi/es	

Transi/on	Edge	Detectors	(TES)		
•  Pixels	manufactured	and	tested	with	Bi	absorbers:	

–  Parameters	close	to	state	of	the	art.	Very	good	prospects.	
•  Successful	tests	of	electrodeposited	Bi/Au	and	pillar-can2levered	Bi	

absorbers.	
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