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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, mirrglymmetric ghost inges on the other three quadrants.

The effect is strongest for higiignal offending (source) pixels. Analysis of-Sid4 crosstalk
showed that its impact on ACS/WFC science is not significant and can be ignored in most
science applications. In this ref, we analyze crosstalk after SMZrosstalk due to lovgignal
offenders is much weaker than before SM4 and does not produce ghosts similar to those seen in
pre-SM4 images.For high-signal offending pixels, we find substantial differences between the

gda n=1 eE/ DN and gai nthe2efaaltEgaiD dettingph2s #es crosstalk i€ o r
similar to what it was before the SM4, upi®5 e E per pi xel on the same
crosst al kpei pixelfor satutated oéfeding pixels on tsame CCD, which is more

than an order of magnitude above the {34 level. The crosstalk from saturated pixels is
~20/'3 0 per fixelon the other CCD, which is also much higher than it was before SM4.

Introduction

The ACS/WFC detector has four amplifiers, through which the four quadrants of the detector are
read separately and simultaneously. As the quadrants are read out, electronic crosstalk between
the amplifiers can be induceds a result, an imaged sourcedne quadrant may appear as

faint, mirro-symmetricghost image ithe other quadrants. The ghost imagefiennegative, so

bright features on thé o f f e maadrantsliow upas dark depressin s on the Avi
quadrants.



Giavalisco (2004a, 2004b) alyzed the pre&sM4 ACS/WFC crosstalkisingimage frames of
external targetHefoundthat crosstalk ghosts from extended offending sousresobserved as

faint, negative images, 2eErelative to the backgroundharacterized by approximately constant
surface brightnesghereand belowthe ghost and offending signal values gneen aselectrons

per pixels) He also noticed that sources in some quadrants apparently are more effective in
generating ghosts than soes located in other quadrants, and sogo@drants areanore
susceptible terosstalk thamthers are

Figure 1. Pre-SM4 ACS image of the field of galaxy &C 4710 (program ID 10594, frame j9ew02wlqg, gain=2) The
galaxy is in quadrantsC and D. Its crosstalk ghosts, seen as dark oval shapes in quants A and B, are due to lowsignal
offending sources of ~100 to 100(Edn the area of the reddish rim of the galaxyAlso the ghosts of three largest galaxies
in quadrant B are easily iderifiable in quadrant A. T he image in quadants A and B is stretchedwithin a narrow signal
range centered at the sky background levelvhich makes the ghosts distinctly stand out against the background



Crosstalk turned out to bstronger for highsignal dfending pixels (although the most
conspicuous crosstalk manifestatiprssich as inFigure 1, were seen dr low-signal source
pixels), andgain=1images were found to be more affected by crosstalk than images taken at
gain=2.In generalGiavalisco(2004a, 2004b) concluded that cradistghosts have very little
impact on ACS/WFC photometry and can be ignored in most cases, especially if the
observations are performed using gainF2erefore, he gain=2 setting was recommended as a
preferable observation mode asnitigates the crossalk effects on ACS/WFC dat@iavalisco
2004b)

In this paper we analyze ACS/WFC crosstalk after Servicing Mission 4 in May 2009, when the
ACS/WEFC electronics was replaced.

Crosstalk in new electronics ground tests

The performance requirements for thew ACSR electronics identified crosstalk as one of the
limiting criteria for the CCD Electronics Box (CEB). Crosstalk was carefully tested at multiple
stages of the AGR program. Special test equipment was developed to facilitate crosstalk
testing atearly 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, emissiormomon supply lines and grounding.

All these aspects were carefully considered during the design phase. It was a challenging task
because crosstalk parameters are difficult to model.

Depending on the coupling mechanism, crosstalk can manifest itself astarghge of either
positive or negative magnitude, usually 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 sstlk that is not proportional to signal
magnitude but shows up in a particular spatial location.

Crosstalk had been measured in engineering models of theRACEB and verified to comply

with requirements. During the instrument integration and testirgas observed that crosstalk

can be strongly amplified when the signal significantly exceeds the normal operating range.
Special circuitry was developed and implemented to limit signal levels at sensitive interfaces to
minimize this crosstalk source. @&linal test results showed that the crosstalk staysn the
requirements specificatiobglow the 0.1% levdbr ghostto-signal ratio

Note that the ACSR program, unlike normal flight projects, was unable to verify full instrument
performance duringground testing because the detector assembly was aboard HST and
unavailable. Instead, a substitute detector (the ACSS5 #igate unit) was used for final
performance verification. It is therefore possible that the observwedbitncrosstalk may differ



from ground test results due to differences in wiring harnesses, preamplifier boards, and detector
characteristics.

Quantifying crosstalk in ACS/WFC images

In this report, we characterize crosstalk using ACS/WFC dark frames and external images
obtained dung the Servicing Mission Observatory Verification (SMOV) that took place after
SM4. PostSM4 science observations with ACS/WFC are performed with the default gain=2,
which was thoroughly tested and characterized during SMOV. A substantial number & gain=
1000 sec.dark frames were analyzed, but no dark frames were obtained for other gain settings.
Only a limited number of gain=1 images of external targets were obtainéuke iIisMOV
crosstalk assessment program (ID 1137Therefore, the crosstalk characterization for gain=1 is
more limited here than for gain=2.

In dark frames, the offending source pixels are produced by cosmic rays and hot pixels. In
external data, crosstalk is generated by the observed target, cagsiand hot pixels.

A ghost overlapping a target image on a victim quadrant is hard to isolate, because it is difficult
to distinguish brightness variations due to the ghost andathetitself. A more reliable and
much easier way to isolate and qgtigy crosstalk is to measure ghost images against the sky or
dark background in external or dark frames, respectively. Consequently, we use the following
analysis strategy:

In each detector quadrant, we first isolate the background, which we defimam@aavith pixels

below a pres e t val ue. This value is selected using
suitable for crosstalk characterization have pixels that follow a -gaasisian distribution

peaked near the mean of the distribution. Frbengixel 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 withi2# of t he mean ar e
compute the mean backgraurwithin each quadrant against which crosstalk ghosts are
measured.

Next, we identify in all quadrants the offending pixels within a specified signal range and map
them onto the backgrounds of the victim quadrants. Finally, we compute the mean pigl valu

in the mapped area of each victim quadrant, and calculate the crosstalk ghost as the difference
between the victingqguadranb s mean background and the mean of



Figure 2. PostSM4 image of the field of galaxy N& 6217 (centered in quadrantd) obtained with gain=2(program
ID 11371, frameja7z03ung). The images in quadrantsB, C, and D are stretched similarly to that in quadrants A and B
in Figure 1. No ghosts from lowsignal areas in quadrant C are seen in the other three quadrants.

Crosstalk from low-signal pixels

Unlike the distinct crosstalk ghosts seen in-$M4 images Kigure 1), no ghosts from low
signal sources are seém postSM4 gain=2 and gain=1 images displayed in a similar way
(Figure 2 and Figure 3, respectively). We infer that the new ACS/WFC electronics are less
susceptible tmegativecrosstalk at low signal levelsFigure 4 and Figure 5 show that this
inference is consistent with a mageanttative analysis of the strategyescribed above. The
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preSM4 ghost value distribution shown Higure4 has distinct dips for source signals of 200

600 eE for the offenderYvictim combinations C
seen as dark oval features in the upper paFigirel . The combinations B Y
also exhibit substantial dips in the same source signal range. These ghosts of galaxies in quadrant

B are clearly seen in quadrant A. (The way quadrant C is displayed does naisatiowee the

ghosts in that quadrant.)

Figure 3. Same as irFigure 2 but for gain=1 (program ID 11371, frameja7z03uhg). The galaxy is centered in quadrant B.









