CCD Quantum Efficiency
During CCD testing the quantum efficiency of the CCDs was measured [Diehl 2008] in 10 nm increments from 400 to 1080 nm.  Figure [a] shows the quantum efficiency (QE) of 123 out of the 124 science grade CCDs (the data file for the 124th was unavailable as input for the figure) relative to the quantum efficiency at 900 nm.  We think the QE variation for wavelengths above ~600 nm represents uncertainty in the QE measurement of each CCD rather than some spread in the QE. 
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Figure [a]. The quantum efficiency vs. wavelength (lambda) from 400 nm to 1080 nm relative to the QE at 900 nm for 123 of the 124 science grade CCDs.   

We measured the absolute quantum efficiency of only a few CCDs. This measurement is much more difficult and time-consuming than the relative QE measurement.  Figure [b] shows the absolute QE for three DECAM CCDs over that entire wavelength range. It has the same shape as that of the relative QE measurements, particularly at long wavelengths. We can use either plot to attain the QE over a given wavelength range.  Table 1 shows the QE from Fig. [b] from the wavelength range 800 nm  1000 nm for the CCDs measured in our test stand. The average over that wavelength range is 87%; the average is calculated from the integral divided by the wavelength increment (200 nm). 
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Figure [b]. The absolute quantum efficiency of two CCDs measured at Fermilab (green and black curves) as well as a third CCD measured at LBNL.   For comparison a line at the minimum average QE specification for DECam, over the wavelength range 800-1000 nm, is shown.   It can be seen that the average over that range for these three CCDs is well above that value;  from the relative QE plot in Figure [a], we conclude that all our science grade CCDs significantly exceed this specification.

	Wavelength (nm)
	Absolute Quantum Efficiency

	800
	97%

	850
	95%

	900
	92%

	950
	85%

	1000
	58%


Table [1] shows the absolute QE vs. wavelength at 5 points in the curves shown in Fig. [b]. The average QE in the bin from 800 to 850 nm is 96%. The average over the 200 nm wavelength range is 87%. 
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