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ABSTRACT

During WFC3 thermal-vacuum testing in September and October 2004, a subset of the
UVIS20 test procedure, “UVIS Flat Fields”, was executed twice, both times under ther-
mal-vacuum conditions. The results of this procedure show that high quality UVIS broad-
band flat fields can be easily constructed and that the CCD non-uniformities are
correctable to at least <1% and in some cases to <0.5%.

1. Introduction

Calibrating the response of the WFC3 UVIS channel CCDs as a function of position is
vital to establishing WFC3 as a photometric instrument. Flat fields allow calibration of the
differential spatial response and also aid in identifying cosmetic defects in either filters or
the CCD detectors. The UVIS20 test procedure was designed to obtain flat field reference
images in all UVIS filters for initial calibration of the instrument (see Reid et al. 2004).
During the course of thermal-vacuum testing of WFC3 in September and October 2004,
an abbreviated version of this procedure was executed, using SMS UV20S07. This SMS
was executed twice, on September 20 (day of year 264) and September 30 (day of year
274).

2. Test Contents

The UV20S07 SMS consists of a total of 33 exposures. The parameters for the exposures
are listed in Table 1. All exposures were obtained in full-frame, four amplifier readout
mode, using a commanded CCD gain setting of 1.5 and a commanded CCD bias offset
Copyright© 2005 The Association of Universities for Research in Astronomy, Inc. All Rights Reserved.



Instrument Science Report WFC3 2005-21
value of 3. The CASTLE Optical Stimulus (OS) system was used to provide the field
illumination.

Table 1. UV20S07 Exposure Parameters

Column explanations:
(1) Type of image. (2) Number of exposure iterations. (3) Exposure time. (4) WFC3 filter. (5) Image
size. Full, unbinned raw images are 4206x4140 pixels. (6) On-chip binning factor: 1 = 1x1 binning. (7)
CCD amplifier readout mode. (8) Optical stimulus lamp used for illumination.

3. Data Reduction

Bias and dark images obtained from the UVIS01 test procedures were used to construct
bias and dark reference image files. Each of the raw UV20S07 exposures was processed
with calwf3, applying row-by-row bias subtraction (“blevcorr”), bias image subtraction
(“biascorr”), and dark image subtraction (“darkcorr”).

The processed exposures were combined to produce mean flats for each chip/filter combi-
nation, using the IRAF imcombine task. Separate mean flats were also constructed from
the different sets of exposures obtained from the two separate runs of UV20S07 and were
used to ascertain the stability of the CCD spatial response.

4. Results

4.1. Flat Field Characteristics

The mean flat field images for the F336W, F555W, and F814W filters are shown in Figures
1, 2, and 3, respectively. The F336W flat shows fairly prominent local structures across
both chips, which appear at a level of ~15% peak-to-peak. The F555W and F814W flats,
meanwhile, do not have similar local structures, but contain a large-scale “flare” feature
that runs diagonally across the field of view of both CCD chips. The flare appears at a
level of 1-5% and was also seen in early component-level testing of the UVIS detector
package at Ball Aerospace.

The average signal levels in the individual exposures used to construct the mean flats were
in the range of 8000-21000 DN (13000-32000 e-). The rms scatter in the value of an indi-
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vidual pixel within the stacks of combined images was in the range 75-115 DN (115-178
e-), which exactly matches the level of expected Poisson noise.

Individual exposures were divided by the mean flats and were found to be flat to rms noise
levels of 0.8%, 0.5%, and 0.6% for the F336W, F555W, and F814W images, respectively.
These flatfielded images show no indication of any residual structures and thus confirm
that the various structures seen in the individual flats are stable and easily correctable
through application of the mean flats. Examples of the residual images are shown in Fig-
ures 4, 5, and 6.

Ratios were also formed of the mean flats constructed from the two different runs of the
UV20S07 procedure, which occurred ten days apart. These ratio images also show no
residual structure and are flat to rms noise levels of 0.4%, 0.3%, and 0.3% for the F336W,
F555W, and F814W images, respectively. This again shows the stability of the flatfield
pattern, at least over a ten day time period.

4.2. CEI Specification Conformance

There are four separate CEI specifications dealing with CCD flat field issues. CEI specifi-
cation 4.6.11.1 requires that the CCD detectors shall be correctable to a uniform gain per
pixel to <2% at all wavelengths and <1% between 400 nm and 850 nm, with a goal of
being correctable to <0.5%. The results given above show that the CCD detectors are eas-
ily correctable <1% over the wavelength range encompassed by the F336W, F555W, and
F814W filters, thus meeting the specification.

CEI specification 4.6.11.2 requires that large-scale flat field non-uniformities not exceed
3% peak-to-peak and be correctable to <2%. We have found repetitive features in the
F336W flat that are on a scale of 50-100 pixels and have peak-to-peak variations in sensi-
tivity of 15-20%. The F555W and F814W flats also show large-scale features, including
the diagonal flare, that have peak-to-peak variations of 5-10%. Thus the intrinsic levels of
the non-uniformities do not meet the CEI specification. These features are correctable,
however, to <1%, which is in accordance with the second part of the specification.

CEI specification 4.6.11.3 requires that <1% of the CCD pixels be non-functional, where
“non-functional” includes dead and hot pixels, and pixels with uncorrected QE’s <50% or
>200% of the mean. We find a total of only ~1315 pixels (~0.008%), over both CCD’s,
that have QE values outside of this range. Nearly all of these pixels, 1311 of them, are
confined to three partial bad columns in chip #1.

CEI specification 4.6.11.4 requires that the difference between two flat fields taken sixty
days apart not exceed 1% rms, with a goal of 0.5% rms. We have a baseline of only ten
days from the data included in this particular test procedure, but over that period we have
found differences of <0.5% rms in all three filters. F555W and F814W flat field images
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were also obtained with the UVIS Science Performance Monitor (test procedure UVIS28)
during thermal-vacuum testing, covering a maximum baseline of fifty-one days. Differ-
ences in flats over this time period were <1% rms (see Bushouse & Lupie 2005).

5. Summary

The two repetitions of the UV20S07 SMS that were executed on WFC3 during the ther-
mal-vacuum testing performed in September-October 2004 show that high quality flat
field images can be easily constructed for the UVIS channel and that the flat field pattern is
stable to <1%, at least over the ten-day baseline of these tests. These data meet or exceed
three of the four CEI specifications for flat field uniformity.
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Figure 1: Mean F336W flat field image, shown with a inverse greyscale display. The local
structures are at a level of ~15%. The vignetting in the upper-right corner is due to the
optical stimulus.
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Figure 2: Mean F555W flat field image, shown with an inverse greyscale display. The
diagonal flare feature is at a level of ~1%. The vignetting in the upper-right corner is due
to the optical stimulus.
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Figure 3: Mean F814W flat field image, shown with an inverse greyscale display. The
diagonal flare feature is at a level of ~2%. The vignetting in the upper-right corner is due
to the optical stimulus.
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Figure 4: F336W residuals after dividing an individual flat exposure by the mean flat.
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Figure 5: F555W residuals after dividing an individual flat exposure by the mean flat.
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Figure 6: F814W residuals after dividing an individual flat exposure by the mean flat.
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