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ACS/WFC Crosstalk
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Abstract. The ACS/WFC detector consists of two CCDs, each of which is read out
through two amplifiers. While reading each quadrant of the detector, the electronic
crosstalk between the amplifiers induces faint, typically negative, mirror-symmetric
ghost images on the other three quadrants. The e!ect is strongest for high-signal
o!ending (source) pixels. Analysis of the pre-SM4 crosstalk showed that its impact on
ACS/WFC science was insignificant and can be ignored in most science applications.
In this report, we analyze crosstalk after SM4. Crosstalk due to low-signal o!enders
is much weaker than before SM4 and does not produce ghosts similar to those seen
in pre-SM4 images. For high-signal o!ending pixels, we find substantial di!erences
between the gain=1 e!/DN and gain=2 e!/DN cases. For the default gain setting
of 2, the crosstalk is similar to what it was before the SM4, up to 5–8 e! per pixel on
the same CCD. For gain=1, the crosstalk is 100 e! per pixel for saturated o!ending
pixels on the same CCD, which is more than an order of magnitude above the pre-
SM4 level. The crosstalk from saturated pixels is 20–30 e! per pixel on the other
CCD, which is also much higher than it was before SM4. For gain=1.4, the crosstalk
is very similar to that at gain=2.

1. Introduction

The ACS/WFC detector has four amplifiers, through which the four quadrants of the de-
tector are read separately and simultaneously. As the quadrants are read out, electronic
crosstalk between the amplifiers can be induced. As a result, an imaged source in one quad-
rant may appear as a faint, mirror-symmetric ghost image in the other quadrants. The ghost
image is often negative, so bright features on the “o!ending” quadrant show up as dark
depressions on the “victim” quadrants. Giavalisco (2004a, 2004b) analyzed the pre–SM4
ACS/WFC crosstalk using image frames of external targets. He found that crosstalk ghosts
from extended o!ending sources are observed as faint, negative images, ! 2 e! relative to
the background, characterized by approximately constant surface brightness (here and be-
low the ghost and o!ending signal values are given as electrons per pixels). He also noticed
that sources in some quadrants apparently are more e!ective in generating ghosts than
sources located in other quadrants, and some quadrants are more susceptible to crosstalk
than others are.
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Crosstalk turned out to be stronger for high-signal o!ending pixels, and gain=1 im-
ages were found to be more a!ected by crosstalk than images taken at gain=2. In gen-
eral Giavalisco (2004a, 2004b) concluded that crosstalk ghosts have very little impact on
ACS/WFC photometry and can be ignored in most cases, especially if the observations
are performed using gain=2. Therefore, the gain=2 setting was recommended as a prefer-
able observation mode as it mitigates the crosstalk e!ects on ACS/WFC data (Giavalisco
2004b). In this paper we analyzed ACS/WFC crosstalk after Servicing Mission 4 in May
2009, when the ACS/WFC electronics was replaced (see also Suchkov et al. 2010).

2. Crosstalk in new electronics ground tests

The performance requirements for the new ACS-R electronics identified crosstalk as one
of the limiting criteria for the CCD Electronics Box (CEB). Crosstalk was carefully tested
at multiple stages of the ACS-R program. Special test equipment was developed to facil-
itate crosstalk testing at early stages of electronics development by simulating the CCD
video signal with arbitrary image patterns. In complex multichannel instruments like ACS,
the primary sources of crosstalk are signal couplings through circuit board layout, wiring,
emission, common supply lines and grounding. All these aspects were carefully considered
during the design phase. It was a challenging task because crosstalk parameters are dif-
ficult to model. Depending on the coupling mechanism, crosstalk can manifest itself as a
ghost image of either positive or negative magnitude, and may not be proportional to the
source signal. It can also produce additional noise when digital lines couple to the analog
sections of signal processing chain. Coupling from digital lines can also produce crosstalk
that is not proportional to signal magnitude but shows up in a particular spatial location
or data value. Crosstalk had been measured in engineering models of the ACS-R CEB and
verified to comply with requirements. During the instrument integration and testing, it
was observed that crosstalk can be strongly amplified when the signal significantly exceeds
the normal operating range. Special circuitry was developed and implemented to limit sig-
nal levels at sensitive interfaces to minimize this crosstalk source. The final test results
showed that the crosstalk stays within the requirements specification, below the 0.1% level
for ghost-to-signal ratio. Note that the ACS-R program, unlike normal flight projects, was
unable to verify full instrument performance during ground testing because the detector
assembly was aboard HST and unavailable. Instead, a substitute detector (the ACS5 flight-
spare unit) was used for final performance verification. It is therefore possible that the
observed on-orbit crosstalk may di!er from ground test results due to di!erences in wiring
harnesses, pre-amplifier boards, and detector characteristics.

3. Quantifying crosstalk in ACS/WFC images

We characterized crosstalk using ACS/WFC dark frames and external images obtained
during the Servicing Mission Observatory Verification (SMOV) that took place after SM4.
Post-SM4 science observations with ACS/WFC are performed with the default gain=2,
which was thoroughly tested and characterized during SMOV. We had a substantial number
of gain=2, 1000 sec dark frames and a few dark frames for gain=1.4. Only a limited number
of gain=1 images of external targets were obtained in the SMOV crosstalk assessment
program (ID 11371). Therefore, in this paper the crosstalk characterization for gain=1 is
more limited than for gain=2. In dark frames, the o!ending source pixels are produced by
cosmic rays and hot pixels. In external data, crosstalk is generated by the observed target,
cosmic rays, and hot pixels. A ghost overlapping a target image on a victim quadrant
is hard to isolate, because it is di"cult to distinguish brightness variations due to the
ghost and the target itself. A more reliable and much easier way to isolate and quantify
crosstalk is to measure ghost images against the sky or dark background in external or dark
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frames, respectively. Consequently, we used the following analysis strategy: In each detector
quadrant, we first isolate the background, which we define as an area with pixels below a
pre-set value. This value is selected using the quadrant’s pixel distribution. Frames suitable
for crosstalk characterization have pixels that follow a quasi-gaussian distribution peaked
near the mean of the distribution. From the pixel histogram, we identify the lower limit
of pixel values associated with imaged objects and then compute the mean and standard
deviation of all pixels below that limit. The pixels within ±2! of the mean are then used
to compute the mean background within each quadrant against which crosstalk ghosts are
measured. Next, we identify in all quadrants the o!ending pixels within a specified signal
range and map them onto the backgrounds of the victim quadrants. Finally, we compute the
mean pixel values in the mapped area of each victim quadrant, and calculate the crosstalk
ghost as the di!erence between the victim quadrant’s mean background and the mean of
the mapped area.

4. Results

Unlike the distinct crosstalk ghosts seen in pre-SM4 images, no ghosts from low-signal
sources were seen in post-SM4 gain=2 and gain=1 images. We infered that the new
ACS/WFC electronics are less susceptible to negative crosstalk at low signal levels.

We detected crosstalk from high-signal source pixels in post-SM4 images obtained with
both gain=1 and gain=2. We found remarkable di!erences between the two gains as we
analyzed ghosts due to saturated stellar images. For gain=1, the ghost are !100 e! in the
quadrant on the same CCD, whereas 30–40 e! ghosts appear in the quadrants on the other
CCD. These values represent a dramatic increase from the pre-SM4 level.

At this point we can only speculate why the gain=1 crosstalk is highly elevated.It may
be caused by saturation of the pre-amplifier internal to the SIDECAR ASIC. At gain=1,
the pre-amplifier outputs are highly saturated for large input signals, which substantially
increases the power consumption and enhances crosstalk. However, we found that unsatu-
rated pixels above !25000 e! also produce ghosts, albeit at a lower level; we estimated that
the ghost e!ect for high-signal sources below saturation is about !10 e!. It is possible that
improvements in the gain=1 crosstalk can be implemented after suitably designed on-orbit
testing.

Because gain=2 is the more common mode of operation, it has been more extensively
tested on the ground and on-orbit. Unlike the gain=1 case, there are no significant changes
in the gain=2 high-signal crosstalk after SM4. It is observed only among quadrants on the
same CCD, as noted in pre-SM4 data, and its depth of 5–8 e! is similar to that before SM4.
The crosstalk signal dependence is essentially linear, with post-SM4 slopes in the range 5e-5
to 7.5e-5. Crosstalk is about two times higher when the o!ender is the CCD’s left quadrant.
It is seen only between the quadrants on the same CCD and becomes noticeable only for
signals above 20000 e!, with a maximum of 5–8 e! for signals near the pixels full-well depth.
This is seen in Table 1, which lists ghost values (and their errors) as obtained from 18 dark
frames.

The ghost estimates become slightly better after the frames are corrected for a quasi-
regular bias spatial noise detected in post-SM4 bias frames. The noise represents a low-level
signal (! " 1 e!) slowly varying across the CCDs rows but remaining homogeneous across
the columns, and is observed on bias frames as stripes running parallel to the CCD’s rows.
Because of the uniformity of the striping across the CCD rows, it is straightforward to
remove bias stripes (de-stripe) from WFC bias or dark frames by performing row-by-row
correction with a simple algorithm for minimizing the mis-estimation due to bias structure.
Table 1 shows the results for both original and de-striped frames.
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Table 1: Post-SM4 crosstalk at gain=2 for o!ending signal > 65000 e!.

CCD quads average ghost, e! average error, e!

original de-striped di!erence original de-striped di!erence

A ! B -6.21 -6.4 0.19 (= 3%) 1.11 1.10 0.01
B ! A -4.3 -4.53 0.21 (= 4%) 1.10 1.09 0
C ! A 1.06 0.95 0.12 (=11%) 0.98 0.98 0
D ! A 0.8 0.54 0.28 (=35%) 0.85 0.84 0.01

A ! C 1.22 1.09 0.13 (=10%) 1.37 1.35 0.02
B ! C -0.99 -1.19 0.2 (=20%) 1.95 1.94 0.01
C ! B 1.23 1.17 0.06 (= 5%) 2.57 2.57 0
D ! B 0.2 0.04 0.16 (=78%) 0.83 0.82 0.01

A ! D 0.58 0.51 0.07 (=11%) 1.02 1.01 0.01
B ! D 0.67 0.41 0.26 (=39%) 0.98 0.98 0
C ! D -7.68 -7.7 0.01 (= 0%) 1.63 1.63 0
D ! C -3.4 -3.67 0.27 (= 8%) 0.86 0.87 0

5. Conclusions

• Negative crosstalk due to low-signal sources is much weaker than it was before SM4
and can be safely ignored, both for gain=1 and gain=2.

• For the current default gain=2, the post-SM4 crosstalk induced by high-signal pixels
remains at pre-SM4 levels (ghost-to-signal ratio " 0.01% for high-signal o!ending
pixels) and thus can be ignored in most scientific applications of ACS/WFC.

• The gain=1.4 crosstalk is very similar to that of gain=2.

• The gain=1 crosstalk due to high-signal sources increased dramatically after SM4 and
is now "10 times stronger than the gain=2 crosstalk.
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