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Key Parameters

Parameter

Requirement (goal)

Spectral range

0.2-15 keV (0.2-40)

Focal length

35m

Effective area

5m2@ 1 keV
2m2@ 7 keV
(Im? @ 10 keV,
0.1m?2 @ 40 keV)

Angular resolution

5" (2") @<15keV

Fields of view

7’ (WFI)
0.75" (1.7") (NFI)

Spectral resolution

/~

Near Field Imager:

Unprecedented spectral resolution

150 e3C
2V (3) @ 6 keV (NF) Good countrate and sensitivity
2 eV (1) @ 0.5keV (NFI)

Count rate 2 106cts/s (HTRS)
3 10%cts/s
Time resolution \ 10 m

N

Sensitivity

%‘mergcm 25-1@0.2-10




XEUS - Studying the Hot Universe
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X-ray astronomy: the study of the hot Universe
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* High spectral resolutioDE

» Broadband, high detection efficiency

« High time resolution
» High counting rate
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Superconducting

Calorimeters
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Particle physics
Astronomy:
» X-ray and gray detection (high resolution and efficiency)
e Time-resolved spectrophotometric studies of objects
(IR-UV range) (energy, time and space resolution)

Materials analysis (bio and nanotechnology) :
« X-ray microanalysis (EDS) (resolutior)
» X-ray fluorescence analysis (high counting rate)
» Mass spectrometers (detection of ionization state;
high efficiency, independent of mass)
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EURECA: Eurocryospectrometer prototype for XEUS

* Microcalorimeter array meeting XEUS requirements
« Smaller area (5x5 pixels instead of 32x32)
* ADR cooler (35mK base temperature; 50mK bath)
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Spatial resolution element |5 (2) arcsec (250 or 500nm)
(pixel size) (240nm)
Field of View (array size) 1 arcmin (32x32)
(5x5)
Energy range (detection 0.1-20keV (>90% for 1-3 keV)
efficiency) 0.1-6keV
Energy resolution leV @ 0.1-2 keV
Count rate >250cts/s/pixel
Effective time constant 100ns
Background rejection >95% (minimum ionising)
particles




Partners of EURECA

« SRON (Space Research Organization of Netherlands).
Pl. Piet de Korte

« ESTEC (ESA)

* Mullard Space Science Laboratory; Univ. Leicester (UK)

* VTT, U.Helsinki (Finland)

o Kirchhoff Institut fir Physik; Univ. Heidelberg (Germany)

* INAF (Rome); INFN (Genova); Alenia Spazio (Milano)

« JAXA; Metropolitan Univ.; Seiko Il (Japan)

* ICMAB, IMM-CNM, ICMA, INA, IFCA (Spain)

« Paul Scherrer Institute, ISDC (Switzerland)



The Spanish contribution to EURECA:
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X.Barcons, F.Briones, A.Camon, J.Sese,
R.Gonzalez-Arrabal, I.Fernandez, J.L.Costa-Kramer, J.Anguita,

M.Parra, O.Gill,
F.Carrera, J.Bussons, M.T.Ceballos, J.R.Rodon
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LARGE AREA FORMAT: ARRAYS

High filling factor
Good resolution in position




Readout of TES arrays : frequency domain multiplexing

AC readout:
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L0~10 10

LC noise blocking filters required
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e Coil inductance L=380nH

» Capacitance range 0.67-67nF at 10-1 MHz

e 0>680f(MH2z2)

 C density >1.7nF/mm?2

e High tuning accuracy: 800Hz in 1 to 10 MHz

* The resonance frequency of similar filters has to be matched to 0.01%

7/

Fabrication is only 1% accurate,
S0 a triming process Is required
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FEI Nanolab 200 Dual beam
(SEM + FIB) in operation at INA

M) % - 565555578
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Ti/Au 100mK | 300mW | 0.5pJ/K | 2.5eV @ 6keV
18nm/50nm (<2eV @ 2keV)
(SRON 2007)
Mo/Au 100mK | 9.8mW | 1.6pJ/K | 2.1-1.8eV @ 6keV
50nm/270nm
(GSFC 2007)
Mo/Cu 100mK 2.4 eV @ 6keV
(NIST, 2007)
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Experimental setup at the IMM (Madrid)

(
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Mo Au
RF magnetron DC triode
W=210 W Vc=2kV
6x10-3 mbar 8x10-3 mbar
RT RT
7 (Als) 1,4 (Als)




28nm/58nm bilayer

Average roughness (over 1nm?):
0.63 nm

25nm/114nm bilayer

—5.5




e Cryogenic characterization

Dilution refrigerator:

Kelvinox MX40 ( Oxford Instruments )

« Sample in vacuum

» Base temperature 27 mK

» Refrigeration power 80 mW at 100mK
» Wiring 24 +24

«dT/dt = 102 mK/s

 Field screening
* Low H superconducting coil



d(Mo)=27nm
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Mo/Au bilayer (27nm/122nm)on a membrane

Ry = 1.4 Ohm

R esigua= 1-04 Ohm
RRR =1.35
r ~1.50hmm
T =141 mK

DI = 0.3 mK
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Au sputtering 150nm Au e-beam 150nm
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X-ray fluorescence spectrometers
for contaminant analytics

» Microelectronics
 Steel industry

e Automotion

» Nanotechnology

Mass spectroscopy for large
molecules

 Pharmacy: (quality, drug discovery)
* Medical diagnosis

* Polymer chemistry (quality control)
» Forensics

« Agrobio industry

* Biology

FIR Spectrometers

e Environment and polution control
IR Molecular Spectroscopy
* Radioastronomy




LC FILTERS

e Inductance

Imm

v

Coll inductance L=380nH

Capacitance range 0.67-67nF at 10-1 MHz

Q>680 f (MHz)

C density >1.7nF/mm?2

Frequency acuracy 0.5% and 0.05% for 1 and 10 MHz

« Capacitance

7

Si;N, dielectric

36 turn, 7 micron pitch, spiral on washer
superconducting coil (Nb) with a nominal

induction of 500 nH.
—NI2
L=N2_,
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Fabrication and test at 4.2K
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Key issues :

High Q (680 f)
High C density (>1.7nF/mm ?2)

of the capacitor

Dielectric material effects (SiO, SiN, AlO..), Dielectric | Qexp
Dielectric thickness dependence (50nm,... 5nm) 18,05 0
Metal/dielectric interface quality (in-situ process ND,Os 333
possible?) SigN, 630-2800
Substrates (Oxidized Si, glass, quartz..) Al,O,

Dielectric g thickness (nm) C (nF/mm?)

SiN 7.8 1,38

Al203 9,8 1,73

Si02 3,9 0,69
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