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1. Euclid Mission R L

« ESA survey mission due to launch in
2020

« Study of the geometry of the Universe
using two cosmological probes: Weak
Gravitational Lensing (WL) & Baryonic
Acoustic Oscillations

« WL is a measurement of the galaxy
distortion caused by light lensing

 Nearly 1.5 billion galaxies over 15000
deg2 will be measured

e 1.2 m diameter Korsch te|escope will Fig. Artist representation of the Euclid telescope
carry two instruments:

- Near-infrared spectrometer (NISP)
and

- Visual imager (VIS)
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1.1 Euclid Mission — VIS Instrument  cofociio.

« VIS Focal Plane Assembly PMCU Shutter
consists of a focal plane of
36 CCD273, 12 readout
electronics modules and 12
power supply units

« The instrument also includes
a shutter, calibration unit
(CU), control and data Focal Plane Assembly
processing unit (CDPU) and
power and mechanism
control unit (PMCU)

Electronics Structure
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2. Euclid VIS CCD

CCD273 (e2v technologies) is a
back-illuminated, low-noise device

Matrix: 4k x 4k pixels
Pixel size: 12um x 12um
4 amplifiers allow 4 corner readout

Image area divided into 2 sections
with a charge injection structure in
the middle

Reduced register width for radiation
hardness

Specification:

Amplifier responsivity 6-8 pV/e-
Read noise < 3.6 e- rms at 70 kHz
FWC > 175 ke-

CTI < 5e-6

Dark signal < 6e-4 e-/s/pixel at
153K
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Fig. Picture of the CCD273 and the chip schematic
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3. CCD Calibration vs. Characterization coneomnun

« The CCD273 devices undergo two
routes of the quality assurance
process - calibration and
characterization

< Calibration is a set of measurements
performed on all flight devices to
ensure that they meet mission
requirements

» Characterization is detailed research
performed at all stages of
development on a limited number of
sensors to optimize CCD operation
(Euclid CCD Working Group): at MSSL
we test devices with the Euclid design
readout electronics and power supply
unit.

« Quantum Efficiency measured at e2v

« Radiation induced Charge Transfer
Inefficiency (CTI) characterized at
Open University (e.g. J. Gow talk)

Fig. MSSL CCD273 characterization chamber and
the evaluation model (EVM) readout electronics
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4. Flat Field Characterization e

Mean Variance Curve analysis

« Read noise

« Photon statistics

* Pixel response non-uniformity (PRNU)

« Dark current

Large scale image non-uniformities (e.g. Tree rings)

PSD10 8 September 2014 7



4.1 CCD273 Mean Variance Curve St a1
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Fig. Mean Variance Curve for four quadrants of the CCD273: E, F, G and H. The system
gain is between 3.6 - 3.8 e-/DN and the Full Well Capacity is between 200ke- and 230ke-.
The average electronics read noise is 2.6e-, while the total system read noise is 4.1e-.
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4.2 Large area image patterns SR

« Tree rings are fixed pattern
effects visible in flat fields
(due to variation in Si bulk
resistivity caused by the
manufacturing process which
is used to grow and purify
the crystal ingot)

« Residual step pattern (due to
back-side laser annealing)

« Stitching edges

« These patterns are not
visible in single frames
(much less than 1% of the
signal). However, they
should be corrected for to
avoid the astrometric and
shape transfer errors

Fig. Flat field averaged over 30 frames acquired at 800nm
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4.3 PRNU vs. Wavelength ERTEr
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Fig. CCD273 PRNU maps.
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4.3 PRNU vs. Wavelength
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Normalied PrisiVilues Fig. Flat fleld‘_s normalized to
the one acquired at a
wavelength of 700nm. Area
shown: 3200 x 1400 pixels
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4.3 PRNU vs. Wavelength
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5. PSF measurements ST ey

« Goal: comprehensive investigation of the PSF behavior (in function of the
illumination level effects (brighter fatter), wavelength, operation

temperature, CCD clocking schemes, operation voltages, large area image
structures, etc.)

« 5 pum pinhole is projected with 10X optics used in reverse — 0.5 um

CCD ROE
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Fig. Schematic drawing of the MSSL optical bench used for the PSF measurements
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PSF — experiment & simulations  corsasnon
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Fig. Example of the PSF data at 800nm and illustration of the different
components of the PSF model. Data analysis performed by Sami Niemi, MSSL.
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5.1 PSF - simulations & experiment
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Fig. Reconstructed CCD273 PSF size in parallel
(FWHMy) and serial (FWHMXx) direction from the
simulated PSF data (green line) for 5 individual
exposures and one joint (recovered for 5 individual
exposures simultaneously).

Data analysis was performed by Sami Niemi, MSSL.

800nm
. 11.5F [— Requirement fBUOnm)]’
£ 11.0- |
=105} l'
10.0b
b L
= g:g@ ¢ .
= g5l ¢ ¢ ¢
L 8.0
| =
1130
= 11.0-
E 10.5} l
10.0b
~ 9.5
= 9.0} ;
S 8.5—} % { } ]
- 8.0+
7.54L :
\)?}x o?}w \5&'5 Q\u o?}@ \0\.5»
&8 &8 < <8 &8
& & o S &
& & & & A

Fig. CCD273 PSF size in parallel (FWHMy) and serial
(FWHMXx) direction measured at 800nm at ~75%
FWC
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5.2 Brighter-Fatter Effect and Wavelength Dependency: preliminary

PSF Brighter-Fatter effect is observed mostly in the column

direction
« As expected a negative slope is observed in the PSF vs.

wavelength plot.
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6. Summary ORI

« CCD273 has been exclusively designed for Euclid

« Detailed characterization of the devices has started in various research centers

within the Euclid Consortium
« MSSL-based CCD273 characterization program has been in progress

« (CCD273 is being tested together with its flight representative readout

electronics and power supply unit
« The read noise, PRNU and PSF mission requirements have been met

« Large area image patterns due to the device manufacturing process are
observed in flat fields and should be characterized for the future astronomy and

shape transfer corrections
« PSF can be reconstructed using the Bayesian maximum likelihood method
« PSF Brighter-Fatter effect is observed mostly in the column direction

« As expected a negative slope is observed in the PSF vs. wavelength dependency
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