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Correlated Double Sampling (CDS) 
• Advantages: 

 It generates a single data point per pixel and it is implemented by a simple analogue circuit. 

• Disadvantage: 

 One sample/pixel eliminates the possibility of signal processing. 

 

 

 

 

 

Development and characterization of  a digital 

CCD readout system 

Alternative method 
• Sample the video output 

• Advantages: 

 Lower noise and lower power consume. 

              Simplicity and compactness 

 Dynamic range exceeds ADCs thanks to averaging 

 

 

 

 

 

 

CCDs  
• Used in a diverse range of applications  

• Very low noise performance is required such as PAUcam project  
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EXPERIMENTAL SETUP 

DCDS   

AD9467 system 

DCDS  

AD7760 system 

Xilinx Zynq-7000 AP SoC 
250MSPS, 16 bit  
Pipeline ADC 
 

Cyclone FPGA 
2.5MSPS, 24 bit 
Sigma-Delta ADC 
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Analog 
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Analog and DCDS electronic boards 

Master Control  
Acquisition Board 
Clock Board 
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Pixel waveform obtained from the AD7760  and the AD9467digital systems 

 

DCDS System design 
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DCDS averaging function 
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AD9467 Internal FPGA structure and floorplan  
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DCDS algorithm as  implemented in hardware 

OFF-ON LINE DCDS noise comparison  
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Photon-Transfer technique [1] provides 

different parameters:  

• Gain (K),  

• Full Well Capacity (FWC)  

• Readout Noise (RON) 

 

CHARACTERIZATION RESULTS 

[1] Janesick, J. R., Photon Transfer DN, SPIE PRESS BOOK, (2007). 
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                     Readout noise                                        Gain comparison 
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RMS noise as a function of the number of 

averaged samples 

Readout speed 
130kpixel/sec 

 

Full well 
(e-) 

Gain 
(e/ADU) 

RON 
 (e) 

AD7760 143789 0.06±0.02 >50 

AD9467 140570 4.01±0.9 11.61+3.0 

Analog system 146572 0.45±0.02 14.31±0.2 

Hamamatsu 150000 5 

AD9467 RON result: 6.26 e- rms at 45 Kpixel/sec  

CHARACTERIZATION RESULTS 
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Conclusions 
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• Parameters such as the number of samples and its position in the pixel period are essential to 

obtain a correct gain value 

• The noise values achieved are at same level with those from analog processing  

• The power dissipation obtained from the AD9467 board (7.10watts) is a high improvement 

compared with the one obtained from a single channel of the analog acquisition board (14watts)  

Research leading to these results is supported by Comunidad de Madrid under grants  

SPACETEC-CM S2013 ICE-2822, MINECO FPA2015-68048 and Centro de Excelencia María de Maeztu MDM-2015-0509 
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