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Abstract

The future Chinese-French Gamma-ray burst (GRB) mission SVOM will embark the coded-mask cam-
era ECLAIRs responsible for detecting and providing the first localization of GRBs and other high-energy
transients. The ECLAIRs detection plane will be paved by 80× 80 Schottky-type CdTe detectors coupled
to a low-noise ASIC. We present some highlights of the performances measured on various sub-systems
of the detection plane using our experimental facilities. We show that the CdTe detectors and front-end
electronics show very homogeneous spectral performances allowing us to reach a low energy threshold down
to 4 keV.
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1. The SVOM mission & the coded-mask camera

ECLAIRs

The Space-based multi-band Variable Object Monitor
mission (Wei et al. 2016 ) is dedicated to the study
of the high-energy transient sky with a particular inter-
est for Gamma-ray bursts. Once launched at the end
of 2021, SVOM will work in synergy with the ground
multi-messenger detectors (e.g. Ligo/Virgo, IceCube,
KM3Net, LSST). SVOM will be operated like the Neil

Gehrels Swift observatory i.e. an agile spacecraft carry-
ing a multi-wavelength science payload with both wide-
field (to study the prompt emission from 4 keV to 5
MeV) and narrow-field (to follow-up detected events in
the 0.3-10 keV and optical bands) instruments.

The prime instrument onboard SVOM is the 4 – 150
keV wide-field (∼ 2 sr) coded-mask imager ECLAIRs
(Godet et al. 2014 ) responsible for autonomously de-
tecting GRBs and other high-energy transients and pro-
viding their first localization to the ground (see Fig. 1).
ECLAIRs is part of a collaboration between several
French labs with a science lead by IRAP and a supervi-
sion from the French Space Agency (CNES).

IRAP will build the ECLAIRs detection plane that
has a ∼ 1000 cm2 geometrical area. The plane will be
paved by 200 modules, each of them made of a matrix
of 8 × 4 4 × 4 mm2 Schottky-type CdTe detectors from
Acrorad Ltd. (Japan) hybridized with a low-noise ASIC
(Lacombe et al. 2013 ). This will enable to reach, for
the first time for such a GRB coded-mask camera, a low-
energy threshold down to 4 keV. This will enhance the
ECLAIRs effective area at low-energy making ECLAIRs

Fig. 1. Left: overview of the ECLAIRs sub-systems. Right: Picture

of a detection module made of a matrix of 8× 4 Schottky CdTe

detectors hybridized with a low-noise ASIC. The detection plane

will be paved by 200 such modules.

as sensitive to soft X-ray bursts and high-redshift GRBs
as the Swift/BAT (Godet et al. 2009 ).

2. Performance highlights on the ECLAIRs detection plane

sub-systems

Reaching such a low-energy threshold is one of the main
drivers for the design of the whole instrument. We
crafted a performance validation plan in order to en-
sure that the scientific performance goals are fulfilled
throughout the building process of each ECLAIRs sub-
system, in particular the detection plane. We built test
facilities to measure the performances of the sub-systems



of the detection plane (i.e. individual detectors, detec-
tion modules and prototypes of the whole plane). Thus,
we performed a careful selection of the 6400 CdTe detec-
tors that will pave the flight model in order to ensure low
(< 100 pA typically) leakage current levels when operat-
ing fully depleted 1 mm thick CdTe detectors at –20◦C
and reversely biased at –300 V (Remoué et al. 2010 ).

Schottky CdTe detectors suffer from the polarization
effect (Cola & Farella 2009 ) when reversely biased lead-
ing to a degradation of their spectral performances over
time (see panel A left in Fig. 2). We investigated how
this spectral degradation could be mitigated as a func-
tion of the detector temperature and applied high voltage
(HV) – (Nasser 2015 ). We showed that for a nominal
in-flight temperature of –20◦C and a high voltage value
lower than –200 V no significant spectral degradation
should be noticed in-flight provided that the detectors
are depolarized at least once a day when the spacecraft
will pass through the SAA (see panel A right in Fig. 2).

We performed a thorough mapping of the detection
module performances (e.g. electronic noise level, num-
ber of noisy pixels, spectral response, dead time) as a
function of the instrument settings by irradiating several
invidual modules as well as a prototype of the detection
plane (i.e. 1/8th of the camera) using several radioac-
tive sources. This enabled us to define an area in the
HV – electronics shaping time (tpeak) plane (Bajat 2018
; Nasser 2015 ) within which the performances of the de-
tection modules are optimized and compliant with the
instrument scientific requirements. We chose to set HV
= −300V & tpeak = 2.6µs for the flight. Figure 2 (B and
C panels) highlight some spectral results we measured
on individual detection modules as well as a prototype
of the detection plane. Clearly, most of the detectors
show very good and homogeneous performances.

3. Conclusion

The flight model of the ECLAIRs detection plane is cur-
rently under construction. We crafted a detailed cali-
bration plan to measure the performances of the various
ECLAIRs sub-systems using dedicated experimental fa-
cilities. All the measurements done so far point towards
very good and homogeneous performances of both the
detectors and the electronics. This will enable us to reach
a low-energy threshold down to 4 keV for the ECLAIRs
camera. The on-ground calibration of the flight model
of the detection plane will take place over the summer
2020.
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Fig. 2. A– Spectral degradation (energy shift and efficiency) induced

by polarization effect on the Schottky CdTe detectors over time

and as a function of the high voltage (HV) and temperature of the

detectors. B– Evolution of the 241Am 60 keV line FWHM as a

function of HV & peaking time (left) and the low-energy threshold

(right) for various instrument settings. C– Superimposition of 700

normalized spectra collected over 1h on the prototype of the de-

tection plane irradiated by a 241Am source. Detector temperature

= −20
◦C.
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Remoué, N. et al. 2010, NIMA, 618, 199
Wei, J. et al. 2016, arXiv:1610:06892


