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ABSTRACT   

Euclid is the ESA mission to map the geometry of the dark Universe using two cosmological probes, namely Weak 
Lensing and Baryonic Acoustic oscillations. The visual imager,  a CCD based optical imaging channel will be used to 
measure the shapes of galaxies in one single wide visual band spanning the wavelength range of 550-920 nm. The focal 
plane array supports 36 CCDs (4k×4k pixels each) with 0.101 arcsec pixel platescale, giving a geometric field of 0.55 
deg2. With the weak lensing technique, the mass distribution of the lensing structures can be traced back. 

The originally baselined CCDs were e2v CCD203-82. Following the results from a dedicated radiation damage test 
activity on their CCD204 variant, a new version, called 273 has been designed and made available in a front-illuminated 
version in April 2012. 
For Euclid, the accuracy with which the shape of the galaxies has to be measured is considerable: 1% and has never been 
demonstrated. The radiation damage effects will adversely affect this measurement and thus need to be characterized. 
Therefore, several test campaigns on the characterization of the CCD radiation damages for Euclid are carried out by 
ESA and by the Euclid Imaging Consortium. 
For this purpose, a test bench has been implemented at ESTEC to characterize CCD devices, with radiometric 
measurements, point source illumination and lab simulation of typical Euclid sky images. The preliminary results 
obtained at ESA on a non-irradiated front-illuminated Euclid prototype CCD 273-84-2-F16 will be shown in this article. 
 
Keywords: Euclid, dark energy, dark matter, CCD 
 

1. INTRODUCTION 

Euclid is the ESA mission to map the geometry of the dark Universe using two cosmological probes, namely Weak 
Lensing and Baryonic Acoustic oscillations. The mission will observe galaxies and clusters of galaxies out to a red-shift 
of z~2, in an all-sky survey covering 15 000 deg². It consists of a 1.2m diameter telescope with two focal plane 
instruments provided by the Euclid Mission Consortium: a visual imager (VIS) and a near-infrared spectrometer-
photometer (NISP). 
The visual imager,  a CCD based optical imaging channel will be used to measure the shapes of galaxies in one single 
wide visual band spanning the wavelength range of 550-920 nm, with about 0.16 arcsec (FWHM) system point-spread 
function excluding pixelisation. The focal plane array supports 36 back-illuminated CCDs (4k×4k pixels each) with 
0.101 arcsec/pixel plate scale, giving a geometric field of 0.55 deg2. With the weak lensing technique, the mass 
distribution of the lensing structures can be traced back.  

The originally baselined CCDs were e2v CCD203-82. As a test vehicle the 1kx4k variant CCD204 was used in a 
dedicated radiation test campaign. Based on the results from this test activity (led by SSTL, UK), a new version, called 
CCD273 has been designed and made available in a front-illuminated version in April 2012. For Euclid, the accuracy 
with which the shape of the galaxies has to be measured is considerable: 1% and has never been demonstrated. The 
radiation damage effects will adversely affect this measurement and thus need to be characterized. 

Therefore, several test campaigns on the characterization of the CCD radiation damages for Euclid are carried out by 
ESA and by the Euclid Imaging Consortium. 
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For this purpose, a test bench [1] has been implemented at ESTEC to characterize CCD devices, with radiometric 
measurements, point source illumination and lab simulation of typical Euclid sky images. The preliminary results 
obtained at ESA on a non-irradiated CCD 273-84-2-F16 will be shown in this article, including bias, clocking scheme 
and noise optimization. 

2. DESCRIPTION OF THE DETECTOR 

2.1 Architecture 

The CCD 273-84-2-F16 [2] is a front-illuminated Euclid format device delivered to ESA as part of the Euclid CCD 
predevelopment contract phase 1. In phase 2 of this contract, back-illuminated versions of this device will be fabricated. 
It is a device with 4k x 4k pixels, divided in two halves with a charge injection structure in the middle. Each of the two 
read-out registers has two output nodes, one at either end. 
It is based on the existing CCD203-82 design with some changes and trade-offs to optimise performance :  
- there is only one output gate at the end of each read-out register, which eliminates the option of gain switching 
- the width of the register channel has been reduced to improve the radiation hardness of the device 
- a parallel charge injection structure has been included in the middle of the device,  
- and a high resistivity silicon and a thin gate dielectric processes were chosen. 
- The output amplifier is derived from the output amplifier of CCD231, and combines low noise and high responsivity 

(~7-8 µV/e-). 
The read-out register has a gate controlled dump drain to allow fast dumping of unwanted data. 

The SiC package provides guaranteed flatness at cryogenic temperatures, as well as a compact footprint. Connections are 
made at the top and bottom of the device, so that the sides may be close butted if needed. The end-bonded flexis at the 
top and bottom are made such that close butting is also possible at  the end-to-end side. The devices do not have a cover 
window. 

Devices are intended for operation at cryogenic temperatures, where the dark signal is negligible, and are tested at the 
nominal Euclid operating temperature of 153K (-120°C), but can function correctly down to about 133K (-140°C), the 
onset of carrier freeze-out causing loss of transfer efficiency. 

The topology of the CCD is shown in Figure 1. View is through the silicon, from the back-thinned side. 

 
        Figure 1: Layout schematic of CCD273. 
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the image section into the serial register, at Rφ_H<8V. The corresponding images clearly show the charge trailing 
associated with this problem. For Rφ_H>8V, this issue is completely resolved. 

 

        Figure 8: Scatter plot of single pixel events from images read out through amplifier G (left) and H (right), with Iφ_H=11.7V and 
Rφ_H=7.0V. The panels below show a zoom-in of the images in the middle of the CCD. At this anomalously low Rφ_H value, a 
hampered transfer of the charge at the image-to-register boundary occurs at the side of the H amplifier. 

 
3.4 Noise versus pixel rate 

With the optimized voltages (see 3rd column in  Table 2) the dependence on the pixel rate of the read noise was measured 
by variation of the CDS integration time Tint. The results are shown in Figure 9. Measured noise values are plotted 
against CDS frequency, as well as against the resulting pixel rate. Note that at the high frequency end, pixel rate is very 
different from CDS frequency, due to the large overhead time of 3.5 µs in the pixel readout time. Hence, the noise 
performance at 200kHz pixel rate is strongly influenced by the overhead time in the pixel readout sequence, as this limits 
the available time for integration. The results have been corrected for the only known system noise contribution of 3.1 
ADU rms. For comparison also the non-corrected values are shown (green line with triangle markers). The system noise 
has only a minor contribution to the measured noise, and only at the high frequency end. The reason for this is that, due 
to the fact that we have a Dual Slope Integrator, the signal increases proportionally to Tint, and hence a constant system 
noise in ADU becomes less important at low frequencies. 

Finally, the noise from amplifier H was also measured with the serial clocks running in the reverse direction. This leads 
to a very different system offset. Since no x-ray signal are available from these images, the noise values in ADU were 
converted into electrons by using the conversion gain measurements from the measurements with proper clock direction. 
Results are shown in Figure 9, bottom panel, with purple X symbols. 
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