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ABSTRACT 
 

We report on the performance and characteristics of the CCD camera developed at the XUVLab 

of the Department of Physics and Astronomy, University of Florence, for the project RATS 

(RAdial velocity and Transit Search), that is an Italian-ESA collaboration, whose main goal is 

the search for extrasolar planets with the transit method. This report describes the 

characteristics of the CCD camera head and controller as well as the first tests at the Cima 

Ekar Schmidt telescope (Asiago, Italy). 

 
 
Keywords: CCD cameras, extrasolar planet, transit method. 
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1. INTRODUCTION 
 
The RATS project is an Italian collaboration between several INAF Observatories (Padova, 

Catania, Napoli, Palermo), the Department of Physics and Astronomy of the University of 

Firenze, the Department of Physics and Astronomy of the University of Padua and ESA. The 

main goal of this project is the discovery of giant planets transiting solar type stars. The 

project will have a duration of some years during which the detection of at least ten new 

extrasolar planets is expected.   

The search for extrasolar planets is carried out through the transit photometric technique 

joined to a spectroscopic follow-up strategy for reconnaissance of false alarms. 

The main aim of the RATS project is twofold. The detection of extra solar planets that transit 

the disk of their parent star is the scientific driver of the whole project. In fact the C.ma Ekar 

67/92 Schmidt telescope, equipped with our CCD camera, can observe simultaneously 

thousands of stars (magnitude range between 9th and 14th) in selected star fields. This method 

allows the discovery of new transiting planets. The second aim of the project is to use its 

observing strategy and the scientific data management as a bench work for a future space 

mission for planetary transit search. 

In order to achieve the RATS goals, two different telescopes are used for both the photometry 

search and the spectroscopic follow-up observations. The photometric transit search is 

performed at the Schmidt telescope, which mounts the CCD detector onto its folded focal 

plane. The spectroscopic follow-up is performed at the Copernico Telescope (182 cm 

Cassegrain Ritchey-Chretien) equipped with an echelle spectrograph. 

Planet candidate identification requires a preparatory work, starting from the stellar field 

selection with higher probability to find a transit event. 

An automatic photometric pipeline with a real-time image reduction will directly provide light 

curves of stellar objects in the field. The light curves will be analyzed in order to catch light 

dimming due to a transit. On a transit alarm, the candidate is observed with the spectroscopic 

telescope to rule out astrophysical false alarm like eclipse binary blended with giant stars. 

      

2. THE CCD CAMERA 
 
The camera is mainly composed by three parts: 

 the CAMERA HEAD, including the dewar with the cold finger, the CCD sensor, the shutter 

and the detector proximity electronics (preamplifier, bias filters and waveshapers); 

 the CONTROLLER, including the sequencer, the ADC and the correlated double sampling 

(CDS) circuit, the clock driver and the bias generator, the temperature controller and the 

power supply; 
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 the I/O AND DATA ACQUISITION BOARD, from the National Instruments, that is 

accommodated into a PC. 

 

2.1. The CCD camera head 
 
Our camera is based on the SITe-424a back-illuminated 2048x2048 full-frame area device 

(see Fig.1 and Tab.1 for specifications). The SI-424a CCD imager is a silicon charge-coupled 

device designed to efficiently image scenes at low-light levels from UV to near infrared.  

CCD’s thinning and back-surface enhancement process provide superior quantum efficiency 

and increased blue and UV response. The CCD imager is configured in a windowless non-

hermetic metal package and hosted inside an Oxford LN2 dewar, mounted on the CCD and 

preamplifier board (see Fig.2). Cold finger, wire cabling and mechanics have been fabricated at 

the Padua Astronomical Observatory. 

 

 

 
 

Figure 1. SITe-424a CCD large area detector in its mounting brackets. 
 
 

The window sealing the dewar is a field flattener lens with a 1500 mm focal length in order to 

match the telescope optics and to have a large flat field of view on the focal plane.  

The 67/92 Schmidt telescope has the following characteristics: 

 

 Correcting plate: 67 cm diameter in UBK7 Schott glass;  

 Spherical mirror: 92 cm diameter in Duran-50 Schott glass; 
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 Focal length: 2150 mm (f/3.2, scale 95.9 arcsec/mm).  

 

Until 1998, before a CCD device was installed at the Schmidt’s focal plane, the telescope was 

used with a photographic plate of 20 x 20 cm. The corresponding field-of-view at that time was 

5.1 x 5.1 degrees.  

Actually, thanks to the field flattener lens, the large area CCD cover a field of view of about 1 

squared degree on the telescope focal plane, allowing the imaging of many candidate planetary 

systems around host stars.   

The camera head was mounted at the focal plane of the Cima Ekar Schmidt telescope where, 

as first issue, were performed focusing optimization procedures and scientific tests and 

calibrations useful for the RATS project aims. 

 

 

 

 

Table 1. SITe-424a device specifications. 
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Figure 2. The LN2 dewar with the proximity electronics hosted in the grey box. 
 
 

2.2. The CCD controller 
 

The CCD camera for the RATS project makes use of the CCD controller developed for 

HiVeCam, the Highly Versatile CCD Camera designed and fabricated at the XUVLab [6]. 

Presently, we are using a version of the controller based on the Xilinx CPLD programmable 

logics coupled to the Hitachi microcontroller sequencer, whose main feature is the read-out 

speed lower than 1 Mpix/s that depends on the CCD current load and clock driver 

characteristics. In fact, owing to the SITe-424a very high clockline capacitance and resistance, 

we use a pixel rate of 115 kpx/s. However, this slow speed is still more than two times faster 

than the previous CCD controllers (50 kpx/s) developed for the “Telescopio Nazionale Galileo” 

(TNG) and early applied to the RATS project [8].  

The HiVeCam controller hosts all the necessary electronics to acquire new images and to 

perform every action demanded by the high-level software interface. It is characterized by a 

modular architecture (see Fig.3). This provides a high versatility, as every electronic board can 

be removed and substituted for another one. This feature has several benefits since the 

laboratory prototype requires fine tuning of all boards to optimise the camera. 

The controller hosts several electronic circuits: Sequencer, A/D converter (ADC), Clock Driver 

(CD), Bias Generator (BG), Correlated Double Sampler (CDS), power supplies, temperature 

controller and I/O opto-couplers. 
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Figure 3. The CCD camera controller. 
 

 

Its main features are: 

 Continuously SW-tunable pixel rate 

 Pixel rate up to 13 Mpixel/s (max. CPLD clocks frequency generation) 

 Commands through serial link RS232; SCSI port for data I/O 

 CCD timing fully SW programmable 

 Automatic acquisition procedures with varying pixel rate and exposure time 

 9 clocks (-13V to +18V), 10 voltage biases (-3V to +33V) available to host any CCDs 

 16-bit signal resolution  

 Time resolution up to 25 ns 

 Temperature Control: -75°C to +10°C (Eurotherm temperature controller) 

 Low power (5 W); battery operation optional 

 TCP/IP remote control, Sequencer programming and initialization, image acquisition and 

analysis.  

2.3. The high-level acquisition software 
 

The high-level SW interface (see Fig.4) was developed under LabVIEW to provide users 

with friendly operation procedures. The main features are: 

 

 image displaying, processing and storage;  

 automatic acquisition and displaying of the images; 

 mathematical operation at single pixel level, including programmable binning; 

 mathematical operation at image level;  

 graphical tools; 

 statistical image processing, including histogram and profile tools;  

 a tool to pick part of the image up for analysis, by means of a selection editor capable of 

unlimited shapes; 
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 export from proprietary format (.img) to standard formats (.bmp, .jpg, .tiff –.fits format is 

derived from raw images thanks to a conversion SW-); 

 image displayed in B/W or in false colours, by selecting among a varieties of palettes. 

 

Our camera is fully SW controllable for a quick setting of its main parameters. In fact, the 

user-friendly graphical interface allows for setting the best configuration of the selected CCD 

(format, timing, exposition time, pixel rate, vertical binning, etc.) and displaying on screen the 

waveforms of the clocks just set. So, inexperienced users can easily configure the CCD 

parameters by comparing the obtained waveforms with those reported in the CCD datasheet. 

Finally, it is possible to control remotely every function of the camera, like setting the CCD 

parameters and sensor initialization, image acquisition and display.  

 

 

 

 

 

 

 

 

Figure 4. The high-level SW interface with graphical clock timing capability. 

 

3. TESTS AND  RESULTS 
 
Tests and instrumental set-up were performed before delivery the CCD camera to the Asiago’s 

67/92 Schmidt telescope. These tests aimed to get the following requirements: 

 

 S/N P 400 @ mV = 14 (from Science requirements) 

 At least 4-5 star magnitudes level in a image 

 Noise < 60 e- 

 Versatility 

 Remote controllable camera 
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3.1.  Experimental set-up and laboratory tests 
 
Before accommodation of the CCD camera at the Cima Ekar Schmidt telescope, we performed 

laboratory calibration activities in order to characterize the camera. As first, we operated a 

fine-tuning of all clocks and control signals (see Fig. 5 and Fig. 6) to get a correct and clean 

video signal at the CCD output stage and take some preliminary images of a test target. 

 

 
 

Figure 5. An oscilloscope screenshot of horizontal phases H1, H2, H3 and reset signal. 

 

After fine-tuning of clocks and control signals, we set the preamplifier gain and the post-

amplifier gain stage on the CDS board in order to achieve the overall 16-bits full dynamic 

range of the AD converter, relating to the CCD output node responsivity. 

The gain on the CDS board is 1.54 and 57 on the preamplifier board providing a conversion 

factor of 1.36 DN/e- (corresponding to a Gain of 0.74 e-/DN). In this way, the ADC saturation 

corresponds to about one third of the pixel full well capacity avoiding large field blooming 

effects affecting photometric measures. Combining in fact the ADC voltage input range (5.5 V) 

with its resolution (16 bit) we get an ADC sensitivity of 84 μV/DN. In order to get the readout 

chain Gain we have to divide this value by the output node responsivity (1.3 μV/e- in our case) 

multiplied by the total electronic stages gain (1.54x57=88). 
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Figure 6. An oscilloscope screenshot of vertical phases V1, V2, V3 during a vertical transfer  

between two consecutive lines readout performed on CCD shift register. 

 

After these activities, we assessed the readout noise level on some images with the CCD 

cooled down to 77K thanks to a liquid nitrogen cryogenic system and a vacuum pumping 

system (see Fig.7) to avoid ice forming on the detector surface. 

 

 
 

Figure 7.  Experimental set-up: the dewar and the preamplifier board 

with vacuum pipeline and cryogenic system. 
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To know the readout noise level we performed a set of dark images, with different exposure 

times, to monitoring also the dark current contribution with time (it was negligible with CCD 

cooled down to 77K). 

The noise level (see Fig.8), measured as media of the standard deviations on a set of sub-

images and full-frame dark images, was about 45-50 DN. This noise is inclusive of FPN (Fixed 

Pattern Noise) on detector array, due both to processing errors during CCD fabrication and the 

pixels intrinsic response to light. So it was an upper limit to the readout electronic noise. 

Using the above-mentioned conversion factor (0.74 e-/DN), the noise level was estimated to 

be about 36 e-. This overall noise includes the intrinsic CCD noise (7 electrons for the SITe-

424a back-thinned device), so the readout electronics noise was below 35 e-, joining the target 

noise requirement of 60 e-. 

 

 

 
 

Figure. 8. Noise level measurements on a full-frame image as pixel levels standard 
deviation. 

 
 
 

3.2.  Telescope accommodation and tests at the dome 
 

The main problem related to the accommodation of a CCD camera on a telescope is the 

particularly noisy environment offered by the overall system. There are, in fact, a lot of 
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potential noise sources inside a dome and from a telescope mount, mainly related to 

operating the instrument and the dome. 

 

 

Figure 9. The 67/92 Schmidt telescope. 

 

Post-calibration procedures and noise tests have nevertheless shown that the overall noise on 

the images taken at the Schmidt telescope (see Fig.9) was still lower than 40 electrons. This 

noise level matches the original noise requirements deriving from observing candidate 

exoplanetary system host stars with magnitude ranging between 9th and 14th. 

We report hereafter some light images (Fig.10 and Fig.11) in inverted palette taken with our 

camera at the 67/92 Schmidt telescope. Despite the use of a fraction of full well capacity 

(calibrated for stellar visible magnitudes ≥ 9) some brighter stars appear saturated, leading to 

real blooming effect on CCD frame that can potentially affects photometric measurements and 

images reduction processes.  
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Figure 10. M51, the “Whirpool” galaxy. 

 

 

 

Figure 11. M65, M66 and NGC3628, the so called “Leo triplet”. 
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4. CONCLUSIONS 
 
In this report we have shown the aim and the main characteristics of the CCD camera for the 

RATS project developed at XUVLab of the Dept. of Physics and Astronomy of the University of 

Florence. It has been shown that the main requirement on the signal to noise ratio for the 

search for extrasolar planets with the transit method has been achieved.  

We have also reported some astronomical images taken with our camera at the C.ma Ekar 

67/92 Schmidt telescope to show the quality of the images. 
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