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ABSTRACT 

Euclid is an ESA mission to map the geometry of the dark Universe with a planned launch date in 2020. Euclid is 
optimised for two primary cosmological probes, weak gravitational lensing and galaxy clustering. They are implemented 
through two science instruments on-board Euclid, a visible imager (VIS) and a near-infrared spectro-photometer (NISP), 
which are being developed and built by the Euclid Consortium instrument development teams. The NISP instrument 
contains a large focal plane assembly of 16 Teledyne HgCdTe HAWAII-2RG detectors with 2.3μm cut-off wavelength 
and SIDECAR readout electronics. 
While most Euclid NISP detector system on-ground tests involve flat-field illumination, some performance tests require 
point-like sources to be projected onto the detector. For this purpose a dedicated test bench has been developed by ESA 
at ESTEC including a spot projector capable of generating a Euclid-like PSF. This paper describes the test setup and 
results from two characterisation tests involving the spot projector. 
One performance parameter to be addressed by Euclid is image (charge) persistence resulting from previous exposures in 
the science acquisition sequence. To correlate results from standard on-ground persistence tests from flat-field 
illumination to realistic scenes, the persistence effect from spot illumination has been evaluated and compared to the flat-
field. 
Another important aspect is the photometric impact of intra-pixel response variations. Preliminary results of this 
measurement on a single pixel are presented.  
 
Keywords: Euclid, HAWAII-2RG, persistence, photometric impact, ESA 
 

1. INTRODUCTION 
The combined focal plane for the Near-Infrared Spectrometer and Photometer (NISP) of the ESA medium class mission 
Euclid [1] comprises 16 custom-made HAWAII-2RG detector systems. Procurement of the flight detector systems is 
provided by NASA through JPL after a pre-development phase, which ESA started with Teledyne Imaging Sensors 
(TIS) in August 2012. One full pre-development detector system (detector, cryo-flex cable, readout electronics) has been 
integrated in a cryostat at ESTEC for two different test campaigns. The objective of the first test campaign was to 
perform a comparative analysis of the detector persistence behaviour under different illumination conditions, namely flat 
field versus spot illumination. The second test campaign had the goal of measuring the photometric impact of the 
detector intra-pixel variation using a Euclid representative spot illumination. 
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The dependence of persistence with the illumination level (see Figure 9) in the flat field configuration shows a linear 
dependency below full well (slope of 0.03 e/pxl/s/ke-), a sharp rise (transition zone) and then another linear dependency 
above full well. Each point of the plot represents one pixel of a 200x200 pixels window located in the middle of the 
array. The same window is used for the spot illumination persistence tests. The gradient of color represents the density of 
the pixels. The full well is estimated to be 110ke- given the applied reverse bias of 0.5V on the detector. The equivalent 
illumination is the extrapolated signal level on the detector after 560s of integration time, if the detector were not 
saturating before.   

The persistence theory developed in [3] explains that traps located in the depletion zone around the bowl-shaped P-N 
junction are responsible for the persistence behavior with trapping at the moving depletion edge under charge 
accumulation. The depletion zone extends towards the surface close to the indium bumps. The number of surface traps is 
typically higher than the bulk traps as the surface is more sensible to crystal dislocation and impurities accounting for 
two different persistence regimes depending on which trapping mechanism prevails, with bulk trapping dominating for 
under full well fluences and surface trapping for over full well fluences. The linear dependency below full well seem to 
indicate a linear change in depletion volume with fluence. 

 
Figure 9: Dependence of persistence with equivalent illumination in the flat field configuration. 

 
3.2 Persistence in spot illumination 

With the data recorded with the spot illumination, the dependency of the persistence with the equivalent illumination can 
be plotted as well. In the following plots each marker represents the position of the pixels in the window with respect to 
the spot. The pixels located on top of the spot are marked as diamonds, the ones on the side of the spot as square and the 
ones out of the spot as circles. The spot profile traces different illumination levels for the same chosen illumination flux, 
from the top of the spot with the highest illumination to the area outside of the spot receiving no illumination. A total of 
6 different illumination fluxes were chosen (see Figure 10). 

In this figure one can notice that the transition zone shifts toward smaller equivalent illumination when the illumination 
flux as recorded on the top of the spot is higher. For the highest flux, the transition zone from low to high persistence 
starts already at around half full well and not as expected at full well. Similar results were observed on the Hubble WFC3 
with stars of different intensity located in the field of view [5]. Nevertheless, this behavior is not expected. 

For the lowest illumination flux (400 e/pxl/s) the persistence remains low even beyond full well fluences.  
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Figure 10: Evolution of the persistence in spot illumination for different incoming flux. 

 
 

 
Figure 11: Same as Figure 10 but zoomed into the equivalent illumination range until 500ke-. 
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Figure 19: Two-dimensional response of a 4x4 pixels at 1550nm. 

   
The true pixel response can be then derived. Instead of using a difficult 2D de-convolution of the data, a convolution 
using each component of the pixel response is used to fit the measured data. This method starts by convolving a boxcar 
representing the pixel with the Airy disk coming from the spot projector. The next step is to add lateral diffusion 
proportional to the hyperbolic secant and containing the diffusion length. The diffusion length, as a first approximation 
and used in previous intra-pixel measurement in [5] and [6] can be chosen to be identical to the detector cut-off of 
2.3µm. The last step is to add the inter-pixel capacitance, which is known to be 0.6%. The main contributor in the quality 
of the fit is the diffusion length and the F-number of the projected Airy disk. 

While the F-number was measured to be F#10 at 850nm, the best fit to the data is found to be F#13 at 1100nm.  The best 
fit at the other wavelengths (1550nm, 1950nm) shows a best fit for F#13 as well (see Figure 20). 

 

 
Figure 20: Fit of the intra-pixel response convolved with the Airy function at 1550nm 

 

Proc. of SPIE Vol. 9915  99151E-12
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 May 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



n
o
r
m
a
l
i
z
e
d
 
s
i
g
n
a
l

P

A boxcar response convolved with Ihe best fit diffusi on. Opitcal Airy fu

20

[notion removed

30

 

 

Once the best
Figure 21).   
 

Figure 21

 

4.4 Photome

For each posi
standard devi
the intra-pixe

To decrease t
sum of the si
set by the cry
5 compared t
to reach the n
on the near-i
outside of the

A Euclid pre-
two test cam
measure the p
The persisten
adjacent pixe
shows a mu
saturation. Th
The persisten
saturation of 
To quantify 
detector. The
effects. The s
on-going. 

t fit is obtaine

: Pixel response

etric impact o

ition of the sp
iation of the s
el variation ass

the photon sh
gnal in a win

yostat LN2 ho
o a local mach
needed measu
infrared wave
e spot will be u

-development 
mpaigns, one t
photometric im
nce test using t
els along the su
ch higher pe
his effect does
nce behaviour
its neighbor p
the photomet

e response of 
stability and c

ed, the respons

e function with 

of intra-pixel

pot inside a pi
sums compute
suming the fit

hot noise, 60 C
dow of 7x7 p
ld time. The E
hine . A more

urement accur
elength range 
used to correc

SCS produce
to compare th
mpact of the in
the spot show
urface togethe

ersistence sign
s not appear in
r of one pixel
pixels. 
tric impact of
f one pixel ha
control of syst

se of the pixel

the effects of t

l variations 

ixel, the signa
ed for each po
tted F#13 beam

CDS were rec
pixels was reco
ESTEC compu
e detailed data
acy. The QTH
could not be

ct the lamp va

5.
ed for the Eucl
he persistenc
ntra-pixel vari

wed that fluenc
er with its cor
nal in these 
n flat field illu
l depends not

f the intra-pix
as been deriv
tematics are k

l can be deduc

the Airy functio

al received ins
osition of the s
m.  

corded for eac
orded. This re
uting grid has

a analysis is on
H lamp was in
e monitored. T
ariations at the

CONCLUS
lid mission wa
e behavior in
iations projec

ces above full 
rresponding su
adjacent pixe

umination data
t only on the 

xel variation, 
ved and fitted 
ey parameters

ced by removi

on removed. 

side a given ph
spot inside a p

ch spot positi
esulted in 51h
s been used to
n-going, as th
nitially monito
To improve t

e correct wave

SION 
as successfull
n flat field an
ting a F#10 E
well cause a l

urface trapping
els than expe
a due to the lit

flux it receiv

a F#10 Eucl
with a PSF 

s to the photom

ing the impact

hotometric wi
pixel will give

ion inside a p
h of data acqu
 process the d
e control of th
ored with a si
the accuracy 
elength. 

y integrated in
nd spot illum

Euclid-like bea
lateral diffusio
g. The dark im
ected from th
ttle signal con
ved, but as w

id-like beam 
simulation in
metric impact

t of the Airy fu

indow can be 
e the photome

pixel. For each
uisition, which
data in order to
he lamp stabil
ilicon sensor. 
data on the H

n a test bench
mination, and 
am. 
on of the exce
mage after illu
he recorded f
ntrast between
well on the so

has been pro
ncluding diffu
t. A detailed a

function (see 

 

summed. The
etric impact o

h position, the
h was the limi
o gain a factor
ity is essentia
Any variation

HAWAII-2RG

 at ESTEC for
the second to

ess charge into
umination then
fluence under

n pixels. 
oaking time in

ojected on the
usion and IPC
analysis is stil

e 
f 

e 
it 
r 

al 
n 
G 

r 
o 

o 
n 
r 

n 

e 
C 
ll 

Proc. of SPIE Vol. 9915  99151E-13
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 May 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use



 

 

REFERENCES 

[1]   Laureijs, R.J., et al, “The Euclid Mission”, Proc. SPIE 7731, (2010) 
[2]  Verhoeve P. et al. , “ESA's CCD test bench for the Euclid visible channel”, Proc. SPIE 8453, (2012) 
[3]  Smith, R.M., et al., “A theory for image persistence in HgCdTe photodiodes”, Proc. SPIE 7021, (2008) 
[4]  Smith, R.M., et al., “Calibration of image persistence in HgCdTe photodiodes”, Proc. SPIE 7021 (2008) 
[5] Long, K.S, et al., “Persistence in the WFC3 IR Detector”, The 2010 STScI Calibration Workshop Space Telescope 
Science Institute, (2010) 
[6]  Cheng, L., “Interpixel capacitive coupling,”, MS Thesis, Center for Imaging Science - Rochester Institute of 
Technology, (2009) 
[7] Giardino,G., et al., “Noise properties and signal-dependent interpixel crosstalk of the detectors of the Near-Infrared 
Spectrograph of the James Webb Space Telescope”, Opt. Eng. Vol.52, Iss.3, (2013) 
[8]  Barron, N. et al., “Subpixel response measurement of near-infrared detectors,” PASP 119, 466–475, (2007) 
[9] Hardy, T.,  et al., “Intra-pixel response of the new JWST infrared detector arrays”, Proc. SPIE 9154, (2014) 

Proc. of SPIE Vol. 9915  99151E-14
Downloaded From: https://www.spiedigitallibrary.org/conference-proceedings-of-spie on 06 May 2023
Terms of Use: https://www.spiedigitallibrary.org/terms-of-use


