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Detector Offsets and Dark Current

The following plots show the detector electrical offset for each camera as a function of temperature.  These are for 1 x 1 detector binning.  In flight the binning is 4 x 8.  The first 2 x 2 occurs on chip and the offsets shown here apply to that mode.  Additional 1 x 2 binning and 2 x 2 binning are performed in the FPGA and in software, respectively, so that the offsets shown here are increased by a factor of 8 in the telemetered data and range from ~ 440 for Camera 0 to ~1360 for Camera 3 when the instrument temperature is ~ 0˚ C.  Offsets vary with temperature in an approximately linear relationship with a slope ~-1 DN/C˚ (Slopes for individual cameras are noted in the figure.).
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Figure 1.  Detector offset for 1 x 1 binning as a function of temperature.

The following plots show dark current as a function of temperature for 1 x 1 binning.  These values increase by a factor of 32 for 4 x 8 binning.  A typical value for 0˚C  and 4 x 8 binning is 6.1 DN/sec.
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Figure 2.  Detector dark current for 1 x 1 binning as a function of temperature
Figure 3 shows plots for the instrument CCD orbital temperatures.  These plots predict ~ ±1˚ C variation in temperature on orbital time scales.  The data in Figure 2 suggests that dark current for individual cameras with 4 x 8 binning, will be stable to ~ ±6 DN for the hot case and to ~ ±3 DN for the cold case over single orbits.  Offsets are expected to vary by ~ ±14 DN over a single orbit.
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Figure 3.  CCD orbital temperatures for the hot case at end-of-life (left) and cold case beginning of life (right).

Table 1 lists camera radiometric sensitivity for intensifier voltage, V=700 in units of DN/sec per Gary (1 Gary is the radiance of an atmosphere with albedo=10-6). 

	Table 1.  Camera Radiometric Sensitivity  (DN/s/G)

	Camera
	1 x 1 binning 
	4 x 8 binning

	Px  (Camera 0)
	8.03
	257.0

	Mx (Camera 2)
	14.07
	450.2

	Py  (Camera 1)
	6.69
	214.1

	My (Camera 3)
	6.45
	206.4


In all cases temperature related variations in detector output correspond to a fraction of a Gary and it is reasonable to use the average the dark images acquired at the beginning and end of each orbit sequence to estimate the contribution to dark current + offset for every science image in that orbit’s sequence.

Linearity correction

The figure below is a plot of detector data number as a function of integration time.  If the detector were linear the output would follow the dashed line.  The solid curve is the actual output data numbers. These observed nonlinear values are corrected to the linear output data numbers using the relation
[image: image5.wmf].   This relationship is valid for DNObserved < 1.5 x 104  DN.  Values for a for the individual detectors are shown on the plots.  These apply to 2x2 binning on chip, where the summing well is the limiting charge collecting structure on the detector.

When the images are binned to 4 x 8, the values of the coefficient in the correction equation must be reduced by a factor of 64.

	Linearity Coefficients for 4 x 8 binning

	Camera 0
	-4.65 x 10-12

	Camera 1
	-6.28 x 10-12

	Camera 2
	-6.67 x 10-12

	Camera 3
	-6.14 x 10-12
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MCP Gain as a Function of High Voltage
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Camera 0 detector output as a function of MCP high voltage for four temperatures
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This equation should be normalized to 1 for T=25˚C and HV=700V.  This requires an additional factor:
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	Table 1 MCP Gain Coefficients

	Camera
	a1
	a2

	0
	0.0161378
	-9.61494e-06

	1
	0.0153218
	-1.02052e-05

	2
	0.0163646
	-9.77719e-06

	3
	0.0149232
	-9.55688e-06


	Table 2 Temperature Gain Coefficients

	Camera
	A0
	a3
	a4

	0
	1.0824
	1.02859
	-0.00418869

	1
	1.1091
	1.01431
	-0.00450727

	2
	1.0945
	1.02406
	-0.00441509

	3
	1.0870
	1.03924
	-0.00477110
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Camera Spectral Response
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