
We present characterization methods and results on a number of new devices produced specifically to address LSST's performance goals,  including flatness, QE, PSF, dark current, 
read noise, CTE, cosmetics, and crosstalk. The results indicate that commercially-produced, thick  n-channel over-depleted CCDs with excellent red response can achieve tight PSF 
at  moderate applied substrate bias with no evidence of persistent image artifacts. We also present results of studies of mosaic assembly  techniques to achieve chip-to-chip 
coplanarity, high fill factor, and  thermal stability. 

Stability ~0.5% 

QE and QE reproducibility 
Changing biases, temperatures… 

Several days of runs 
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       Linearity and full well measurements      

Dominance of defects over 
average dark current. 

Temperature (oC) 

Tests of two alignment procedures have 
been made: Lapped spacers and 
Differential screw adjusters. We find that 
Differential screw adjusters achieve better 
results (1.8µ peak to valley) and is quicker 
to implement 

  Exposure time (s)          

 Full well ~330,000 electrons (13.5µ)2 pixels   

Less than 1% deviation from linearity up to 90% of full well 

•  Characterization of LSST Study Contract devices at BNL 
•  “first-generation” high-resistivity CCDs:  

–  backside illuminated 
–  biased, conductive window 

•  100, 150µm thick; 13.5µm pixels; Format: 2K x 0.5K, 2K x 4.5K (col. x row) 
•  single, two-stage amplifiers 
•  Automated script at several temperature and bias levels acquires data for 

gain, readout-noise, dark current, defects, charge-transfer efficiency, 
Quantum Efficiency and uniformity, linearity, full-well 

•  Additional tests for persistence and point-spread-function (PSF) 
•  Metrology tests of flatness and methods to align 9 CCDs into raft-structure 

are under development 

Four methods of measuring PSF 
under study 

Optimization of the operating conditions of the CCDs are critically dependent upon temperature.  

As temperature increases, the quantum efficiency (QE) response at longer wavelengths improves, 
and the charge transfer efficiency becomes acceptable. However, at warmer temperatures, the 
effect of defects within the CCD effect reduces the fraction of the useful CCD area and the dark 
current increases. We find that at operating temperatures between about –80C and –100C, the 
devices perform at levels that will satisfy  LSST specifications.  

Probable LSST 
operating range 
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Tests on ‘Study Contract’ devices are 
nearly complete. Apparatus and analysis 
methods have been developed to test 
critical aspects of sensor CCDs, and 
alignment methods are under 
development.  

The next phase of sensor acquisition for 
LSST has begun. These CCDs will be 
prototype sensors and are expected to 
meet all packaging, flatness, size, 
electrical, and optical specifications for 
LSST. 

doubles every 12 - 17°C 

1.8µm p-v 

Best achieved flatness 
using flat glass plates 

Prototype raft assembly with float glass plates, 
differential screw adjusters 

1.  Modulation Transfer Function 
2.  Virtual Knife Edge 
3.  X-ray cluster size from 55Fe 
4.  Cosmic muon tracks 

      Unique since it allows determination of PSF as a function of depth 

COSMIC RAY TRACK WIDTH 

Intrinsic limitation set by 
gain, noise, and pixel size 


