EURECA: EURopean-JapanEse Calorimeter Array
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Single Pixel Performance of 5 x 5 arrays " [Frequency Dornain Multlplex|ng SQUIDS f /"' r A
Successful fabrication of 5 x 5 pixel arrays with Ti/AU ~|Signal Summing and TES-bias Topology For nowlgur,lfafs;ﬂmej.tﬂe wﬁ SQ@ ari

transition-edge-thermometers and Cu/Bi (3/0.15 um) absorbers [
Qualification for thermal cycling, launch vibrations, and
radiation damage is planned for the 1st half of 2009. .
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The baseline summing topology used for EURECA is current summing TES-ARRAY
“| on the input coil of the read-out SQUID.
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AC-bias Comb
SQUIDs
Current summing LC-filter (close-up coil) EURECA Cold Head
The science performance equals < 2 eV for E < 2 keV and 2.5 - AC-bias comb with capacitive divider Q >> 170 f (MHz) Design
eV @ 6 keV with Cu-stem of representative heat capacity and 4 - Feedback to input or feedback coil Q > 4000 measured

eV @ 6 keV with full mushroom (Cu/BI) absorber.

« FDM requires that each pixel has its own LC-filter to limit the contribution of wide-band Johnson
noise from neighbour pixels and to enable voltage bias.

« Voltage bias requires Ohmic filterloss Resg<< Rygs, and therefore LC-filters Q >> wTgise. FOF trise
= 25 ps we require Q >> 170 f (MHz)

[ « The SQUID input inductance for current summing is the common impedance at the summing
point and has to be small to circumvent crosstalk between pixels. The current crosstalk level

| equals (Lo/2L)x(f/Af). For our case L < 2.8 nH (@10 MHz) for a power crosstalk in the sensor <
5.10-3. Typical SQUIDs will have an input inductance of at least 3 nH.

« AC-biasing by a comb results in predictable and correctible crosstalk levels between pixels at
neighboring frequencies, which can be reduced by use of more than one bias wire pair.
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Cu-stem absorber Cu/Bi mushroom absorber __|Dynamic Range and Linearity

AE=25eV@ 5.9 keV
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" 5 _bi. « X-ray micro-calorimeters do require a large dynamlc range for its electronics. For EURECA a dynamic range of +/- 2.5 10° \Hz is needed.
Single pIRETAG-biasipErioEaNES |« Good SQUIDs have a typical flux noise of 0.2 y@y/YHz and a maximum range of +/- 0.2 @,, giving a full dynamic range of about +/- 106 YHz. (Our

Verification of the pixel read-out under FDM by comparison of presently used PTB-SQUID has a 10x smaller dynamic range) | 10
pixel performance under AC- and DC-bias. Within the present - | So feedback is required to increase the SQUID dynamic range, as well as to linearize its response.

error bars of the measurements the I - V's, complex

impedance, and noise characteristics are equal. Baseband Feedback
Notwithstanding that the X-ray performance is still lagging f A ] k H ] 2 . "
behind, i.e 3.7 eV instead of 2.5 eV. At this moment the set-up | |* Since a feedback system has a limited gain-bandwidth product, high FLL-gains are not possible at carrier frequencies in the MHz range.
still suffers from drifts and rather low FLL-gain « So a base-band feedback system is required in which the gain-bandwidth of the FLL is optimized for the information bandwidth of about 10 kHz
around each carrier. This can actually be done by de-modulation and re-modulation of the signal before feedback, so that the phase difference of the
o0 AE = 3.7 eV@5.9 keV wocerssoroiel "I. carriers can be compensated for.
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Energy resolution of a pixel with Cu-stem absorber under AC-
bias (370 kH: )

FDM Frequency Range, Frequency seperatlon,
and number of pixels/channel

MODULATION - /‘
N Measured (red) amplitude and phase of the error signal at the SQUID input for 8-
channel baseband feedback with 35 kHZ gain-bandwidth and with model (blue)

In this system the FLL-gain at each carrier frequency will be extremely high (60 dB measured) thereby effectively nulling the carriers at the input of
the SQUID. The gain-bandwidth around each carrier is set by the didtances between carriers. For a typical 200 kHz separation the gain-bandwidth
equals 32 kHz, giving a FLL-gain of 3x at the signal risetime (10kHz) and about 20x at the signal decaytime (100 ps)
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The frequency range that can be used for FDM is set by:

« LC capacitor size at low-frequency end, i.e. 3.5 x 3.5 mm2 at
1 MHz

. s @gnet. Suppression 0
« Voltage bias requires Q >> 170 f (MHz). Q > 4000 X P g d
deriib i by |solat|ng the pulse tube valve hea
« SQUID back-action noise. For ® = Rygs.Lso/N.M2 back action
noise equals input noise. About 10 MHz for PTB-SQUID array.

So multiplexing range is: 1< f <10 MHz (44 A 1 | TES Energy Resolution

- 250 eV X-ray Data

The frequency separation required for FDM is set by: 120 —— Gaussian fit 1.7 e FWHM

« The information bandwidth (about 10 kHz for EURECA) -‘
« Enough baseband gain-bandwidth (GBW = Af /6) |
« The requirements on crosstalk between pixels (< 5.10-3) |

& '
{

Counts/in

So frequency seperation is: 200 < Af < 300 kHz
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Using frequency-comb with 200 kHz channel separation R N R
45 pixels can be read-out by one SQUID-channel. AE =1.8 eV @ 250 eV =
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Measurements show that this has been successful down to the 1.8 eV
energy resolution level. Up to countrates of 800 c/s more than 30% of
the events have < 2 eV energy resolution.
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