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ABSTRACT

The integrated WFC3 instrument recently underwent testing under thermal vacuum (TV)
conditionsin the GS-C SES (Goddard Space Flight Center Space Environment
Smulator). Thisreport summarizes the behavior of the UVIS channel crosstalk features
seen in the TV data as compared to the behavior seen in previous data taken under
ambient conditions in early 2004 and provides an update on the hardware investigation
underway at the Detector Characterization Lab (DCL) at GS-C . The crosstalk in the TV
images has been found to be essentially identical to the crosstalk in ambient images: 1)
levels are low, +/- a few DN on average though individual pixels can exhibit crosstalk up
to +/-10DN, 2) the effect is highly nonlinear, 3) the crosstalk is bias and gain dependent,
and 4) the behavior of the crosstalk as a function of binning and readout combination
remains unchanged. The hardware testing at DCL has found that the CEB test set and
the flight-like harness generate crosstalk which does not behave exactly like the crosstalk
in the flight channel. Further investigation into the cause of the crosstalk will require use
of the flight hardware.

I ntroduction

Early in 2004, WFC3 underwent its first end-to-end testing, under ambient conditionsin the
GSFC SSDIF (Space Systems Development and Integration Facility). At that time, images of
sources were found to cause low leve eectronic mirror images in other amplifier outputs and
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the effect was investigated as thoroughly as possible. Results from the analysis of the ambient
data have aready been reported (Baggett et al., 2004) and can be summarized as follows.

There appear to be two types of crosstak. In the first type, source pixels with any exposure
levd giveriseto mirror imagesin dl amps (in afull-frame, four-amp readout) whilein the
second type, only heavily saturated pixels cause crosstalk, and only in the dternate amp of the
CCD containing the source. Both types of crosstak are highly nonlinear and depend upon the
gain and amplifier ADC bias offset level in use: changesin the biaslevd of the source amp and
changesin the gain of the source and/or victim amps changes the sign, shape, and/or magnitude
of the crosstak. Changesto the biasleve of the victim amp do not appear to have any effect on
the crosstalk.

The ambient data aso showed that the crosstalk was dependent upon the binning and number
of amps used during readout. Specificaly, binned two-amp read outs do not exhibit any type of
crosstak; binned four-amp read outs do not exhibit the type 1 crosstalk but do exhibit type 2.
In unbinned two-amp read outs, the crosstalk gppears in only one other amp; unbinned four-
amp read outs - expected to be the nomina default mode on orbit - show crosstak in al other
amps (see Figure 1 below).

Therma vacuum testing of the integrated instrument was performed in late 2004. Part of that
testing consisted of acheck of the crosstalk behavior, to alow a comparison to some of the
images taken during ambient conditions. This report compares the crosstalk festuresin TV to
those found in the ambient data and summarizes the current sate of the hardware investigation
at the Detector Characterization Lab (DCL) at GSFC.
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Figure 1. Crosstalk features due to a saturated \/ :
PSF in quadrant D are visble as circular spotsin :
the center of quads A,B,C. Crosstalk due to the T e

optical ghost in quad A can be seen in quads
B,C,D. Theimageisagan 1.5, full-frame
unbinned four-amp readout obtained during
ambient testing, and has been digplayed with an crosstalk
extreme hard log inverted stretch in order to "
highlight the crosstalk features. \ 1
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Observations

The TV crosstalk check was executed as TV SMS script UVIS31. Theintent of the proposa
was not to duplicate the extensive ambient image suite but to spot-check key aspects of the
crosstak behavior. The basic test conssts of 7 images, with the PSF placed at UV13in
quadrant D; the laser attenuation was set to produce a highly saturated PSF in al images except
the first one, where the atttenuation was set to produce a source ~100x fainter. The dataset
dlowsfor checks of the crosstalk behavior in afull frame 4-amp read out, in binned frames (4-
amp and 2-amp read out), in dl gain settings, and in an image at a different exposure leve. The
test was performed at an ADC hias offset of 0, which was used for most of the ambient testing,
and at bias offset of 3, the expected default offset on-orhit.

Table 1. Ligt of TV crosstak images, showing database entry number, root and filename, read
out amps, gain, X & y axisszes, x & y binning, and ADC bias offset level. Images were taken
Oct8/9, 2004, with F625W, 10 sec exposures, source placed at UV 13 (quadrant D) in each.

Entry root name fil ename anps gain xaxis yaxis xbin ybin offset

18264 1U310101 CSI'104282161510 1 ABCD 1.5 4206 4140 1 1 3
18265 [ U310103 CSI104282162432_1 ABCD 1.5 4206 4140 1 1 3
18266 |1U310105 CSI104282163932_1 ABCD 1.5 2102 2070 2 2 3
18267 1U310106 CSI104282163932_2 BD 1.5 1402 1380 3 3 3
18268 1U310107 CSI104282163932_3 ABCD 1.0 4206 4140 1 1 3
18269 1U310109 CSI104282165240_1 ABCD 2.0 4206 4140 1 1 3
18270 | U31010A CSI104282165240_2 ABCD 4.0 4206 4140 1 1 3
18398 1U310101 CSI104283093410.1 ABCD 1.5 4206 4140 1 1 0
18399 [U310103 CSI'104283094332_.1 ABCD 1.5 4206 4140 1 1 0
18400 1U310105 CSI104283095832_1 ABCD 1.5 2102 2070 2 2 0
18401 1U310106 CSI104283095832_2 BD 1.5 1402 1380 3 3 0
18402 1U310107 CSI104283095832_3 ABCD 1.0 4206 4140 1 1 0
18403 1U310109 CSI104283101140_1 ABCD 2.0 4206 4140 1 1 0
18404 | U31010A CSI104283101140_2 ABCD 4.0 4206 4140 1 1 0

Analysis

A visud comparison of the images showed that the TV datawith a bias offset level of 0
matched the ambient data (see Figure 2 below), with negative crosstalk due to the optical
ghogts and postive crosstalk dueto the PSF. The TV exposure level was somewhat higher than
in ambient, causng some minor changes in the extent of the crosstak, e.g., featuresin quad A/C
dueto thelow levd ghost in B/D are somewhat more extended in the TV datathan in the



ambient data, and crosstalk from the outer regions of the PSF is more extended than it wasin
the ambient data. Though not crosstalk-rdated, the faint arc festure in quadrant A, running from
lower left to upper right through the figure-8 ghost, appears shorter inthe TV datathan it wasin
ambient; the reason for thisis not clear.

Figure 2: Crosstalk
patterns as a
function of gain. Top
row is ambient data,
bottom row isTV
data, both with bias
offset of O0; gansare
1.0, 15, 2.0, and
4.0, left to right.

An image was a0 taken at each gain setting usng abias offset of 3, asthat islikdy to bethe
offsat used on-orhit. As expected from ambient data results, changing the offset level
dramatically changes the sgn & magnitude of the crosstalk (see figure below). Also, as
expected, agan 1.5, offset 3 image taken during ambient matched the corresponding TV
image.

Figure3: TV
crosstalk patterns as
afunction of gain,
with offset level of 3
(gan 1.0, 15, 2.0,
and 4.0 from |eft to
right).

A comparison of ambient and TV binned data, taken with four-amp and two-amp read outs,
aso showed no surprises. Asin ambient data, a 2x2 binned four-amp read out has type 2
crosstalk (due to saturated source pixels and faling in the dternate amp of the CCD containing
the source) and no type 1 crosstalk, while a 3x3 binned two-amp read out has no detectable
crosstalk at al. Fgure 4 presents the ambient and TV images; as noted in the gain comparisons,
sance the exposure leve in TV was somewhat higher than in ambient, the crosstalk extends
somewhat further inthe TV images.



Figure 4: Crosstdk in
binned data. Four-
amp 2x2 binned and
two-amp 3x3 binned
images are in the top
and bottom rows,
respectively. Ambient
images are on the |l eft,
TV inthe middle (bias |
offsat 0) and right
(bias of fset 3).

A comparison of the magnitude of the crosstalk in the ambient and TV data showed that the
effect remains highly nonlinear: the crosstalk levd fal within +/- 10DN regardless of the leve in
the source pixds. Figure 5 shows the crosstalk pixd levels as afunction of source pixe leve, for
faint and bright source regionsin an ambient and TV image; smilar results were seen for the TV
image taken at 100x fainter exposure level.
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Finally, Figure 6 presents an average cut through the PSF crosstalk in an ambient and TV
image, at the two different bias offset levels. As can be seen from the plats, the levels and
shapes are the same in ambient and TV data, the average crosstdk leve is+/- 2 to 3 DN and
can be pogtive as well as negative.
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Status of hardwar e investigation at DCL

A variety of tests have been run a the Detector Characterization Lab (DCL) in an attempt to
identify the source(s) of the crosstalk. The UV IS surrogate detector enclosure was used aong
with aflight-like harness and the CEB test set (modified to include capacitors to reduce the
commonmode susceptibility); the results can be summarized asfollows.

1) No crosstak is observed internd to the CEB test set (Signd injected at the CEB input,
without a harness).

2) Crosstalk can be detected when the harnessisincluded (Sgnd injected into the harness
running from the detector enclosure to the CEB). However, the behavior differs
sgnificantly from that observed in the flight channd: the crosstalk isdways at alow,
negative, channd-dependent level, the crosstalk does not cross CCD chips, and the
magnitude of the features are proportiona to the injected signd and decay with time.
One smilarity with the flight channdl was noted: the crosstalk level decreased a dower
clock speeds (none at dl is seen when the seria speed is 44ns), such that no crosstalk
is expected for binned images; no crosstalk is seen in binned two-amp read outs in the
flight channel ambient and TV tests. However, the crosstalk in the flight hardware
exhibited changesin sgn when the clock speed was decreased (by using and increased



clamp time) before eventualy vanishing, while the crosstalk seen with the CEB test st
was dways negetive and linear with sgnd.

3) Crosstak isaso detected when the UVIS surrogate detector enclosure isincluded; the
levelsin the various amps are about equal and at the level seenin the CEB crosstdk in
the previous test.

4) Thelevel of the crosstalk increases by about a factor of 4 when the capacitors (added
to correct the common-mode susceptibility) are removed from the input amplifiers.

The crosstalk seen in the DCL testing does not behave like the crosstalk seen in the flight
hardware; the CEB test set and flight- like harness behave differently than the flight CEB and
harness. Further testing to track down the source(s) of the crosstalk seen in the flight channel
will require access to the flight hardware.

Conclusions

The behavior of the UVIS crosstalk in the TV data appearsto bethe same asit wasin the
ambient data. The crosstak is highly nonlinear, with ratively low levels of typicdly afew DN
(though it can range up to +/- 10DN). The bias and gain dependencies found in the ambient
dataare found inthe TV data. The crosstalk behavior as afunction of binning and number of
amps used to read out the frame remains the same as in ambient as well. The hardware
investigation at the DCL has shown that crosstalk from the CEB test set and the flight-like
harness behaves differently than the crosstalk in the flight channd; further testing to determine
the source(s) of the crosstalk will require access to the flight hardware.
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