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Dark Energy Camera CCD and Imager 
Production and Testing

Dark Energy Camera (DECam) is a 520 Mpix, 3 square-deg FOV imager being built for the Blanco 4m 
Telescope at CTIO. This facility instrument will be used for the "Dark Energy Survey“ [1] of the southern 
galactic cap. DECam has chosen 250 um thick CCDs with good QE in the near IR for the focal plane. We 
present the progress in production and testing of the detectors and focal plane assembly. We compare them 
with the technical requirements.

CCDs
Developed by LBNL [2].
• 250 microns thick, fully depleted 
• 2 Readout channels/device 
• 2k x 4k  15µm pixels. Size 31.5 mm x 63 mm
• High QE in the near infra-red compared to 
standard astronomical CCDs. 

Summary

Production CCD packaging and testing is proceeding well. 
We are about 2/3 finished. So far we have 63+ devices that 
satisfy the DES  requirements. We are now building up a 
supply of spare detectors.

Some characteristics of the science grade devices are shown 
in detail.

We use a prototype camera to perform integration studies 
and operation of the CCDs, electronics, and cooling system. 

Construction of the production imager is nearly done. 

We will test DECam using a “Telescope Simulator”.

DES wafer with four 2048x4096, one 
2048x2048, and eight 1024x512 CCDs. 

CCD Test Setup at Fermilab 

At Fermilab we have a CCD testing facility with five testing stations; For the full focal plane we need to have 62
2kx4k devices (+ spares), for which we expect to test about 250 CCDs. We also need to produce 12 (+ spares)
2kx2k packages for Guide and Focus needs. As of December 25, 2009 we have 63 science grade 2kx4k packages
that have passed all test criteria; enough to build DECam. We have 6 science grade 2kx2k packages.

We use standard CCD measurement techniques such as photon transfer curve, clock voltage scans for optimal CTI performance, and 55FE x-rays to 
measure charge diffusion. Filters and a monochrometer control the wavelength of the light for quantum efficiency measurements. All our instruments are 
under GPIB control and monitors, which allows a complete automation of the CCD testing. Characterization of a device corresponds to ~700 images and 
approximately 14 hours. We test all the technical specifications.
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The PCB in the dewar connector has a 
preamplifier that enables us to readout with low 
noise (<10e RMS) and @ 4 µsec/pixel. The 
Monsoon system will used to readout the survey 
instrument.

Shutter

The “Multi-CCD Test Vessel” is a full-sized prototype of
the camera that allows us to perform systems integration
tests of the electronics, cooling, camera controls and
CCDs as we design and build our equipment.

Examples: focal plane flatness, heat load, CCD cross-
talk & readout noise.

So far we have found 63+ that pass all requirements and are 
working on building up a supply of spares.  Here we show 
some of their characteristics.

Cosmetics. The plot shows the 
fraction of hot pixels (excess 
dark current), dark or dead 
pixels (20% less response), 
pixels with traps deeper than 
700 electrons, unstable pixels, 
or pixels that are > 1% non-
linear.  The mean is 0.13% per 
device. The best 60 have a 
mean of 0.076%.

Full Well. The Dark Energy 
Survey Calibrations group is 
already compiling and 
studying standard stars for 
photometric calibration. The 
full well constrains the 
maximum star brightness to 
griz magnitude > ~16 and  Y-
band magnitude > ~14.

Quantum Efficiency vs. λ.  
We measure the relative QE 
every 10 nm. The different 
science grade CCDs are 
indistinguishable. We 
measure the absolute QE to 
about 3% using calibrated 
photodiodes.
We also study QE vs. T(oK) 
as we warm up each CCD.
The plot is absolute QE for 
three different CCDs.

Readout Noise.  One 
CCD at a time in the test 
“Cube” using Monsoon 
electronics @ readout 
speed 250 kpixels/s 
(right). The mean is 8.6 
electrons. 

CCD Flatness Measurement
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Flatness Specifications  (at T=172K):
• Height difference between adjacent 
1 cm2 subsurfaces < 10 µm (overall shape)

• Within a 1 cm2 subsurface there are no devations > 3 µm 
(small bumps).
•This is the result (topographical map) from a typical device.
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“Science Grade” Detectors

Integration Platform 2 – “Telescope Simulator”

DECam systems will be commissioned at Fermilab prior to 
shipping the camera to the telescope. The telescope simulator 
will allow us to test all systems in any physical orientation.

“Pedestal” (Focal Plane) Package

Anti-Reflective 
Coating

Requirements for DECam CCDs
Pixel array 2048 4096 pixels
Pixel size 15 µm x 15 µm 
# Outputs 2
QE(g,r,i,z) 60%, 75%, 60%, 65%

QE Instability <0.3% in 12-18 hrs
QE Uniformity in 

focal plane <5% in 12-18 hrs

Full well capacity >130,000 e-

Dark current <~25 e-/hr/pixel
Persistence Erase mechanism
Read noise < 15 e- @ 250kpix/s

Charge Transfer 
Inefficiency <10-5

Charge diffusion 1D σ < 7.5 µm

Cosmetic 
Requirements

<# Bad pixels>
<0.5%

None worse than 2.5%
Linearity 1%

Package Flatness 10 microns. See Below

Prototype Imager & Test Dewar

Production Imager Status
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We measure the focal plane flatness through the fused-
silica window while the focal plane is at operating
temperature. The requirement is that entire focal plane
be within a 60 micron envelope. Above we show the
result: better than a 45 micron envelope with σ = 9.2 µm.
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Back of Production Imager (above). New aluminum
cold plate (right). The part of the cold plate between
CCDs will be painted black Aeroglaze to reduce
reflected light.
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