5. Residual Images

Description: Bright streaks along CCD Y-direction a few DN above background level.
Can also appear as small spots or large patches. More prevalent in long exposures. Pattern
can repeat in back-to-back images.

Cause:There are three distinct effects that produce residual images. All are aggravated by
high exposure levels. The brst effect occurs in images exceeding full well capacity, and is
caused by charge being trapped at the SiBiterface in the CCD. This effect is similar

to that seen in WF/PC-1. The trapped charge is slowly released back into the imaging lay-
ers and appears in subsequent images. The residual image decays exponentially with a
time constant of ~15 minutes; residuals from strongly saturated images can require several
hours to completely clear.

A second effect, called Obulk residual image,O is peculiar to front-side illuminated devices
such as WFPC2. At long wavelengths, light can pass through the imaging layers of the
CCD and produce charge in the substrate. This charge slowly diffuses into the imaging
layers, and appears as a residual in subsequent images.

A third effect is also peculiar to WFPC2 and is caused by charge transfer efbciency (CTE)
problems. At all exposure levels some charge becomes temporarily bound to impurities
throughout the silicon. Over time the charge is slowly freed and appears in subsequent
images as a residual image. The effect is more prevalent after images with high exposure
levels (>10000 electrons per pixel), since the charge blls a larger volume of the silicon and
hence reaches more capture sites. The residual image appears both at the location of
objects during earlier exposures, and also in pixels below those objects (lower Y values)
where their charge passed during readout. The timescale for dissipation of CTE residuals
is uncertain, but is thought to be of order minutes.

Note that the CTE effect also impacts photometry, since the charge which we see as
OresidualO in one image is, in fact, missing from some previous image. The photometry
effects and their correction are detailed by Holtzman, et al. 1995 (a and b).

Examples:Figures 5.1.a and 5.1.b show a saturated star on PC1 and the residual image
seen in an 1800 sec. dark calibration frame which was started six minutes later. Note that
the residual image has three distinct parts: (1) a narrow vertical line from the top to the
bottom of the CCD about 7 electrons above background where charge bled during the
exposure; (2) a small bright spot at the location of the star about 80 electrons above the
background; and (3) a broad vertical streak about 5 electrons above background from the
location of the target to the bottom of the CCD where charge passed during readout. This
last effect is caused by the CTE problem.

Figures 5.2.a and 5.2.b show a heavily exposed (but not saturated) image of Venus and the
subsequent CTE residual image. The peak counts in Venus are about 36,000 electrons per
pixel, which is signibcantly below the CCD saturation level of ~80,000 electrons. The
subsequent image is an 1800 second dark calibration frame which was started 12 minutes
after the Venus image. The CTE effect causes a 4 electron residual image and trail along
the readout direction.
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Figure 5.3.a shows a 3at bPeld with saturation and blooming in the corners of PC1, WF2,
and WF4. Figure 5.3.b shows the corresponding residual in a 400 second exposure taken
25 minutes later; the residual image is about 15 electrons above background. Note that no
CTE trail is seen downstream from the saturated regions; this is in part because the traps
there were already Plled by the 3at Peld exposure. This residual pattern persists into later
exposures; an 1800 second dark frame taken 67 minutes after the 3at still shows the same
pattern, 4 electrons above background.

Figure 5.4 illustrates the CTE residual images which occur in a dark calibration frame
taken immediately after an image of a star Peld. Both saturated and unsaturated stars leave
trails from their location to the bottom of each CCD along the readout direction. Here
images were taken in a sequence: star beld, dark, star beld, dark, etc., and the star belds
and darks have each been combined to remove cosmic rays.

Figure 5.5 shows CTE residuals which can arise in a sequence of back-to-back images of
the same beld. Here a 1500 sec. F336W image (shown) follows 4 minutes after a 700 sec.
F814W image of the same Peld. Residual charge from the prior F814W exposure is clearly
visible as trails from the location of each star to the bottom of the CCD along the readout
direction.

As Figure 5.6 illustrates, residual images need not be associated with highly exposed data
frames. They can be generated anytime the shutter is opened (e.g. during cal-channel mir-
ror moves, etc.).

Impact: Sky level will be difPcult to determine in regions with residuals. Can reduce
effect by combining pointing-dithered images of the same beld (see below).

Correction: Narrow streaks and small spots can be removed by masking (discarding)
these regions when combining multiple pointing-dithered frames of the same pbeld. See
Section 14.

Prevention: Observers can take several steps to reduce residual image problems. Itis rela-
tively rare for observations in one science program to be impacted by residuals from a pre-
vious science program. This is because the nominal slew and setup times between
programs are usually enough to allow most residuals to dissipate. Observers who are con-
cerned about the slight possibility of residual images from previous programs should
schedule their least sensitive observations brst within the program; this will allow residu-
als to dissipate before more sensitive observations commence.

Within a multiple-orbit science program, residual image problems can be reduced by
scheduling the most sensitive exposures and those with the lowest count levels brst on
each orbit (except possibly the brst orbit, as noted above). Exposures with high count lev-
els should be placed at the ends of orbits, so as to allow dissipation of the residual during
Earth occultation. Also, dithering the telescope pointing with POS TARGs between expo-
sures will allow affected image regions to be discarded when combining multiple frames.
A common strategy is to take exposures at both POS TARG 0, 0 and POS TARG 0.501,
0.501, which is nearly an integral pixel shift on both the PC and WFC. See Section 14 for
an example of image combination with artifact rejection.
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Observers who anticipate taking highly saturated images are requested to identify such
exposures in their Phase Il proposal comments. This will help STScl staff in scheduling
subsequent science programs so as to eliminate residuals. Automatic bright target warn-
ings are under study, and might eventually eliminate cross-contamination between science
programs.

Eventually it may be possible to eliminate the CTE problem and its residuals by pref3ash-
ing the CCDs with a low exposure level or by Plling charge capture sites with INTFLATSs
or VISFLATS prior to science exposures. These methods are currently being tested.
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Figure 5.1.a. PC1 image of star with saturation and blooming.
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Figure 5.1.b. Residual image in dark exposure resulting after saturated star in 5.1.a.
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Figure 5.2.a. Non-saturated image of Venus on WF2 (mosaicked)
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Figure 5.2.b. Residual image left by exposure and readout of Venus image.
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Figure 5.3.a. Saturated / blooming 3at Peld exposure (linear ramp Plter).
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Figure 5.3.b. Residual image left by saturated R3at beld in Figure 5.3.a.
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Figure 5.4.a. Image of star Peld. Four images have been combined to remove cosmic rays,
and then the 4 CCDs were mosaicked together.

WF4
PCH

WF2 WF3

33



Figure 5.4.b.Combined series of four dark calibration frames showing residual images left
by the star bPeld in Figure 5.4.a. Each of the four 1800 sec. dark images followed one of the
star Peld exposures by about 8 minutes. Trails caused by CTE problem can be seen start-
ing at the location of each star, and then continuing along the readout direction.
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Figure 5.4.c. PC1 image from Figure 5.4.a showing detail of star locations.
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Figure 5.4.d. PC1 image showing detail of CTE residual trails caused by previous expo-
sure (Figure 5.4.c). Brightest trails are about 4 electrons high. Compare against star loca-
tions in 5.4.c. Figures 5.4.a and 5.4.b show 4-CCD mosaic of these images.
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Figure 5.5.a. Image of star Peld showing CTE residual trails from prior exposure of same
Peld. This 1500 sec F336W image follows 4 minutes after a 700 sec. F814W exposure,
which is responsible for the trails. Brightest trails are about 6 electrons high.
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Figure 5.5.b. Detail of PC1 image from Figure 5.5.a (central 500 x 500 pixels). Each mod-
erately bright star has a trail extending downward along the readout direction. Trails are
caused by CTE problem in previous exposure of same beld.
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Figure 5.6. Faint image of Mars appearing in a 2200 sec. F160BW VISFLAT. A 200x200
pixel detail of WF4 is shown. This image is thought to be a Obulk residualO resulting not
from a prior science image, but instead from saturation occurring while the shutter was
open (2-3 sec.) to allow positioning of the cal-channel 3ip mirror for the VISFLAT. Mars
happened to be in the Peld of view with the FR868N Plter in place during the mirror move.
Brightest Mars regions (white) are ~ 100 electrons high.
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