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Outline:  I&T Data Topics 

•  Tests performed 
(interfaces) 

•  Meta-data 
•  Data Volume 
•  Data Handling 
•  Data Products 
•  Data Storage and 

Access 
•  Summary 
 



Camera I&T Subsystems 
•  I&T brings together  

•  Cryostat, 
•  Camera body 
•  Utility trunk 
•  Control crate 
•  Power supplies 
•  CCS, protection modules, 
•  DAQ is “the” DAQ 
•  Science and corner rafts 
•  L1-L2 assembly 
•  L3 and L3 flange 
•  Refrigeration 
•  Filter exchange system 



Tests at I&T 

•  Thermal-mechanical studies with analogs 
•  Receiving tests for all rafts 
•  Integrated camera in several steps 

•  2+ engineering rafts 
•  2 science rafts 
•  9 (+4 corner) science rafts 
•  All 21+4 rafts 
•  CCOB (L1+L2, L3, shutter, filter changer) 

•  Image quality, alignment, throughput 
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Battery of Tests 

Fig. TO10.6. Results of the flatness measurements performed on the scientific focal 
plane at -100C using the micro-epsilon system. LSST Camera Meeting 

March 19-23, 2012 

Figure 13. Imaging of the Tuc 47 globular cluster produced
with a DECam CCD installed on a 1m telescope at CTIO.

Figure 14. Distortions measured in flat field exposures for
DECam CCDs (blue curve) compared to the distortions
measured during the 1m imaging of the Tuc 47 globular
cluster as discussed in the text (black points).

at di↵erent locations on the CCD as shown in Fig. 13.
The reconstructed positions of the stars when the clus-
ter was located on the center of the CCD were used
as reference positions. The cluster was then moved to-
wards the edge of the detectors and the o↵set for the
observed stars was measured as a function of the lo-
cation on the CCD. The results show the e↵ect of the
distorted pixels at the edge of the device. Fig. 14 shows
the distortions measured in this way, compared to those
expected from the flat field studies. The results are con-
sistent.
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Figure 15. Variance as a function of mean signal obtained
in a photon transfer curve during production testing of a
DECam CCD.

The edge e↵ect for DECam CCDs was also investi-
gated using a collimated X-ray source with precision
movement over the area of the CCD. These measure-
ments are discussed in Ref.22 and are consistent with
the results shown in Fig. 14.

6. LINEARITY, NOISE AND FULL
WELL CAPACITY

During production testing14 for DECam several pho-
ton transfer curves17 are collected for each CCD. They
consist of taking exposures with flat illumination at dif-
ferent light levels going up to 200,000 e�. Using this
data the gain for the device is determined. This data is
also useful to study the linearity of the response of the
signal readout chain and the readout noise.

The gain is measured by looking at the linear rela-
tion between the variance in the image as a function
of the mean. Given Poisson statistics, a linear relation
between these two quantities is expected. An example
of a photon transfer curve produced during the produc-
tion testing for a DECam CCD is shown in Fig.15. The
gain is measured as the slope in Fig.15. In this case,
the gain for the detector is 0.9 ADU/e�. The curve also
shows that the linear relation is valid up to ⇡175,000
ADU.

DECam requires its detectors to have a full well ca-
pacity larger than 130,000 e� and show less than 1%
non-linearities up to those light levels. The data col-
lected in the photon transfer curve is used to confirm
this. Figure 16 shows the non-linearity measurements
for a typical science grade CCD and demonstrates the
linear response of the complete readout system up to
225,000 e�.

Even with a demonstrated linear response above
200,000 e�, the DECam detectors show an e↵ect that



Battery of Tests 
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2009 JINST 4 P03002
Figure 8. (a) Response to flat field illumination. (b) Slope normalized to the value at 100s. Response is
linear up to 90% of full well.

Figure 9. Absence of image persistence in n-channel CCD 106-05. Averages of 16 exposures are shown for
the laser spot (left) and first exposure after laser turned off (right). There is no persistence image up to the
level of measurements accuracy 3*10−4.

devices. One of Vendor B’s devices has been measured and it exhibits a poorer flatness character-
istic, with an r.m.s. deviation from plane about seven times larger than the devices from Vendor A.
However, neither vendor made any special attempt to produce flat devices for this study program.

4 Summary and outlook

The LSST sensor study program has been an important step towards development of the advanced
sensors needed to achieve the survey’s ambitious science goals. Vendors participating in the study
program have demonstrated viable approaches to producing devices having extended red response
with 100µm-thick, fully-depleted silicon; transparent back window contact; low dark current; neg-
ligible image persistence; high full well; flat silicon surface; and multiport output for fast readout.
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Exposure Counts 

Note: In an 8 hour shift, taking 15 second 
exposures ~2000 exposures 

Minimally: 1-4,000 exposures per “step” 
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Min 

exposures 
Max 

Exposures Repeat Min Total Max total Notes 
Photon 
Transfer 20 40 2 40 80 10 exp * 2 sample 

Variance 20 40 2 40 80 
FullWell/Linearity/

DES 

Fe55 50 100 2 100 200 
1 % hit per 
exposure 

Star Projector 500 2000 2 1000 4000 4 or 5 * Nsensors 



LSST I&T 
Data 

Volume
N 

exposures N rafts

N 
sensor

s Nx Ny

N bytes 
per 

pixel

Overhead 
(headers, 
telemetry, 

etc) Repeat
Total 

(TB)(10^12)
Incoming 
Raft Tests 100 1 9 4096 4096 8 1.02 5 1

2 
Engineering 

Rafts 100 2 9 4096 4096 8 1.02 50 12

2 Rafts 300 2 9 4096 4096 8 1.02 20 15
9 + 4 

corner 700 10.33 9 4096 4096 8 1.02 10 89
21 + 4 
corner 1200 22.33 9 4096 4096 8 1.02 10 330
Total Total 447

Data 
Products 
Factor 3
Total 1,341

Data Volume (TB) 

Plus metrology maps and other meta data 
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Meta Data 
Data Products 

•  Meta Data 
•  All standard camera 

telemetry 
•  Positions and power for 

star projector 
•  Power for flat light source, 

photo diode 
•  CCOB light source 
•  CCOB diode 
•  CCOB x,y,z (*2) 

•  Time synchronized 

•  Products 
•  Dark subtracted, gain 

balanced images 
•  Image/pixel masks 
•  Cross talk, CTE, gains 
•  Metrology maps 
•  Throughput 
•  Ghosting 
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Algorithms 

•  Dark, flat subtractions 
•  Photon transfer 

•  Full Well 
•  Linearity 

•  Metrology 
•  Stitching (single/full) 
•  Maps 

•  Fe55  
•  Charge Transfer 

(in)efficiency 
•  Charge Diffusion 

•  Cross talk / correlations 
•  Temp analysis  

•  Stability 
•  Variations in ccds 

•  Noise studies 
•  CCOB  

•  Ghosts (alignment) 
•  throughput (roll up) 
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Storage and Access 

•  Full collaboration access 
•  Large data volume 

requires “data 
management” 
•  Not desktop type analysis 

•  Automated test report 
generation (with access) 

•  Cross comparisons to 
prior tests at various 
locations. 

•  Importance of data 
products (“as built” 
values) 
•  CTE/CTI, optical 

throughput, cross talk, 
gains, masks, noise, 
ghosting, alignments, etc 

•  Incorporation of test data 
into simulation and 
analysis (including 
reanalysis of prior test 
data) 
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Summary 

•  A very large volume of information will be 
generated during I&T and in during various 
subsystem development. 
•  Provide “as built” descriptions, meta data, … 
•  Require ability to access data and data products, 

rerun analysis, access and compare to prior tests 
across all subsystems and locations. 

•  Integration of the data products into simulations and 
analysis. 
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