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ABSTRACT

This ISR describes théaracteristics of the ‘dark cuent’ for the NICMOS flight detec-
tors, namely the instrumental signakpent in gposues made in the absence of any
external illumination. V¥ show how this comprises élrdistinct components - the shad-
ing, amplifier glowand the true dark cuent. Eat of these tlee components is
described, andx@amples fom the on-orbit observationsepresented. Wthen describe a
recipe for gnegting ‘synthetic’ dark cumnt calib@ation refeence files, whit could in
principle be used toeperte darks for any arbiiry sequence of MULACCUM reads,
and pesent esults of a comparison of ua synthetic dark with observed datamatly
we describe the deficiencies thag atill present in our undstanding of the mperties of
NICMOS detector darks.

1. Introduction

Each readout of a NICMOS detector includes not only the desired detected sibaksio b

the signatures of the detector itself and the readout electronics, winibih e present in

the signal recorded duringyaexposure, een in the absence ofyaexternal illumination.

These parts of the output signal must be needdo get the true detected signal. In CCD
cameras the only such signal is, in general, the dark current. This is a continuous feed into
the pixels of electrons which are not stimulated by photons, and the totgecdm@umu-

lated in an eposure is linearly dependent axpesure time. This signal is not subject to
modulation by the detector non-linearity or flat-field response. Thus in a calibration of an
image from a CCD, the dark subtraction must be among the first steps.

In the case of NICMOS detectors, the darks are considerably more complicated, with
contributions from a number of sources. Additionaityis possible to read the detectors
non-destructiely, and so it is possible to see the signal accumulating in easlhdpiing

the course of an obseon. Havever, the act of reading the detector acf has a small
effect on the signal. As a result of these complications, a significant ‘folklore’ has been



established among ground-based users of NICMOS detectors. One of the elements of this
tradition is the belief that to calibrate a NICMO®esure, it is essential to obtain a ‘dark’

(i.e. unilluminated) ®posure matchedxactly in number of readouts and timing of all the
readouts. One of the results of this tradition is the sets of INAJLCUM readout

sequences with fed readout times which Y@ been dered to NICMOS obseers.

Although we will shav in this ISR that this is not ira€t true, it is true that NICMOS darks
are highly dependent on the readout history of the array sines ilast reset (when all
pixels were last shorted to empty the potential wells). As a result, a dark imagéda&
given posure time cannot simply be scaled by xigasure time and applied to other data
(as is done with most ceentional CCD data). Instead it is necessatyen constructing a
‘dark’ calibration reference file, to account properly for the three components listed ear-
lier, each of which has a tkfent set of dependencies.

During SMO/ and Cycle 7 NICMOS operations, arieet knavn as the ‘pedestal’ has

come to light. This is a change in the bias of the detector which is time-dependent, and
appears to be related to periods of detector wmgctirhis has dgraded the quality of the
calibration of much early NICMOS data, and has prompted a recent FlighttEaftw

change in an attempt to remeothe effect. All of the results presented in this ISR deri

from obserations made before this change wéwer, although some of the numerical

details hae changed, the basic characteristics of the darks and theuidaghzave not

been altered, and so the information presented in this ISR is still applicable. Details of the
pedestal will be gien in a forthcoming ISR.

We describe the three components of a NICMOS dark in titesaetion. Throughout this
ISR, when we refer to a ‘dark’ this implies an obséion with no &ternal illumination;

when we refer to the ‘linear dark current’, this implies that component of the dark which is
linearly dependent on time and directly analogous to the dark current of a CCD.

2. Components of aNICMOS dark

Amplifier Glow

A NICMOS detector is a continuous single slab of Hg& @xelated such that each pix

is individually bump-bonded to a single gkof a CCD which is used as a readoutwHo

ever, there are four separate readout amplifiers, each of which addresses one quadrant of
the detectorEach time the detector is read out, the readout amplifiers, which are situated
near the corners of the detectare turned on. These amplifiers emit IR radiation that is
detected by the pets in the detector - similar toviag a small “light llb” in each cor-

ner. This produces a pattern of light that is highest in the corners and decreasds the

center of the detectorhis is knavn as ‘amp gle'.

A typical single readout produces about 20-30 ADUs of amyp-gkr pidel in the corners
of the detectqrand 2-3 DN near the cent&ince the readout time of the detector is the



same each time (it tak 0.203 seconds to read the whole image), the on-time for the
amplifiers is alvays the same for each readout, and thus the light pattern seen by the array
is repeatable. So in avgin readout, the amount of signal due to amprgtoeach piel

scales directly with the number of readouts since the last reset:

Aij) = a(ij) * n
WhereA(i,)) is the obsemd signal due to amp-gloin a gven readout for pedi,j, a(i,j) is
the amp-glw signal per readout (dérent for each pisl), andn, is the total number of
readouts of the array since the last reset. So in the corners of a full 26-readdut MUL
ACCUM there will be of order 500-800 ADUs due to ampaglalong with the xpected
Poisson noise from this signal. It can immediately be seen from the size of this signal that
making ecessve numbers of readouts during a MUJACCUM exposure is harmful to
the results, because although the ammrggnal is highly reproducible and can be sub-
tracted 'ery efectively, the Poisson noise added by it can significanttyatde the S/N of
the resulting imageyven close to the center of the detector where the ampsitmal is
at its minimum.

Of course, since the amp-wlas a radiation source detected by the deteittigsrsubject to

the non-linearity and DQE characteristics of the detettoe lav-level non-linearity of

the NICMOS flight detectors has not been characterized yet, and such errors in making a
good analytic amp-gie correction may be noticeable. Once kng non-linearity can be
factored into the equation for a darlif bf course unknen source signal in science data
images may makit nearly impossible to kmohow the amp-gla truly behaed in a gven

image. This déct will in most cases be small though.

Shading

The bias leel, or ‘DC ofset’, in a gven pixel in a NICMOS arrayis time- dependent.
This is the so-called ‘shading’, which visually in an uncorrected image loaka lilpple
and gradual signal gradient acrossvegiquadrant. The paks in a gien quadrant of a
NICMOS detector are read out sequentidtlyakes a little @er apsec to read a single
pixel, and so with four readout amplifiers reading in parallel é4alst er 0.2 sec to
read the entire 256x256 gikdetectarConsidering a quadrant as an array»of pixels,

the readout sequence consists of reading sequentially along a detedtalockingj

from 1 to 128, then mang to rav i+1 and clocking from 1 to 128, and so on. Since the
amplifier bias changes pseudgenentially with time wer the course of the readout, the
obsenred signal, in the absence ofyaxternal illumination, aries rather slaly along the
rows (i, referred to as the stoclocking direction), bt rather rapidly along the columnjs (
referred to as thest clocking direction). This signal is not accumulated in thelgikur-
ing each DEIATIM period, hut rather is superimposed on the actual signal at the time of
each detector readout. Araample shading signal is skio in Figure 1, where we shdts
amplitude across the Camera 2 deteatath the fist and sl clocking directions



indicated.

Amplitude [ADU]

Figure 1: amplitude of the shading function for the Camera 2 detether gradient of the signal in th
slow clocking direction is dramatic, while the gradient in thst tlocking direction, smaller by actor
128, is dificult to see. May bad pixls are seenery clearly; rav 1 of the bottom left quadrant is bad
(pixels 1 to 128 of nv 1 in the &st clocking direction).

The shading signal is not the same for each readout. Its amplitude and tocsarhagse

shape are a function of the time since &pwas last read ouhft reset). So readouts with

the same DETIATIM (this is the leyword used in NICMOS data to denote the time since
the previous readout) will e the same bias signal, for aen piel. The dependence of

this bias on DETATIM is nearly logrithmic and quite repeatable, although there are
some circumstances when this is not the case (namely in the MIF sequences it has been
seen in on-orbit data that when changing frorerg \ong DEITATIM to a \ery short one,

the shading is not quite what ispected).

It is possible to find a numerical fit to the shading function inHIM for each pixel of
each detectoiThus it is (in principle) possible to predict what the bias signal isyin an
given pixel for any possible readout sequence. Anothaiwo attack the problem is to
make an aerage image of the bias for each of the D&LIMs in the predefined MULI-



ACCUM sequences. Then taildl a synthetic dark, the bias component can be had by
using the bias image for each appropriate DHIUM in the sequence:

Figure 2: Amplifier glow images generated from on-orbit darks for all three NICMOS cameras. Cam-
era 1 is on the left, and Camera 3 on the right. The bright spots in the ceyitrad i&f the detectors are
bad (hot) piels.
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Figure 3: Slices along i 3 of the amp-gle images, close to the bottom where the amprgkaches
its maximum, for Camera 1 (left) to Camera 3 (right) avabo

B(i,j) = S{,j,DELTATIM)

where S is the bias signal in agm piel as a function of DETATIM. It is the latter oper-
ation which is currently used in generating our synthetic darks.

Linear Dark Current

The linear dark current component is the traditional oleskdetector dark current when
no outside signal is present. This component scales wptbsare time only:

D(i.j) = T* d(i.j)
WhereD(i,j) is the obsered dark current signal in pki,j for a gven readout, T is the



NIC2 bias level vs. time since previous non-destructive readout
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Figure 4: Shading amplitude (in ADUS) plottedagst DETATIM for a single pixel in Camera 2.

The diferent symbols refer to dérent MULTIACCUM sequences. It is clear that for all thdedignt
sequences, the shading is a function of theT2HILM, and so is unrelated to the time since last reset
of the piel.

time since the last detectiaset, andd is the dark current (in/sec). The NICMOS dark

current is gtremely small and isery difficult to measure. It is approximately 0.0%e
over most of the area of each detectizing to about twice thisalue close to the corners.

3. On-orbit Measurements of the Dark Characteristics

The challenge in calibrating these dark components for NICMOS detectors is disentan-
gling the three components so that each can be measured independently of .the other
Fortunately each component has entirelyedént sets of dependencies, and this can be
used, along with the fkéble way the NICMOS detectors can be operated, to aeloar

goal.

First we note that the amp-gids dependent only on number of readouts since the last
detector reset. This means that to calibrate the amplifier gle need to find images with
identical shading componentsthdifferent number of readouts. Because of the depen-
dence of shading, this turns out to be easy: if we lookyabfiie STEPxxx
MULTIACCUM readout sequences, we find that after a set afitbgically increasing
DELTATIMSs, they settle to a constant DEATIM. For example, in the case of the
STEP256 sequence, after apesure time of 256 sec, readouts ocaaryg 256 sec, and
thus the shading is identical for each of these linearly spaced readouts. In this linear
regime, the diference between theh and then+1th readouts is simply the signal added
by 1 readous worth of amp-glav (ignoring the dark current)aking a full set ofn lin-
early spaced readouts yieladots of amp-glay, and thus obtains the highest S/N for the



resulting amp-ghe image. Finallyto correct the amp-gloimages for the small fefcts of
the linear dark current, we can compare the amp-gitages generated as abaising
mary different STEPxxx readout sequences, and use tlegatite in
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Figure5: Amplitude of the shading signal vs. DEATIM for a single representag pixel at the center
of a quadrant for each of the three detectors.

DELTATIMs to measure the linear dark current. The resulting amp-ghages for all
three cameras are st in Figure 2, and cross sections through them alon@ramear
the bottom of the image, are stoin Figure 3.

In order to measure the shading, first we correct each read of aINOCUM exposure
for amp-glav, using the amp-gie calibration images obtained aleo Hasing remwed



this component, shading iswdhe dominant remaining component. If we plot the ampli-
tude of the shading signalagst DEITATIM, we find the tvo are \ery strongly

correlated (see Figure 4). ladt, the shading amplitude is dependent only onTAELM,

and haso dependence on time since last reset wha&so€his is illustrated by theatt

that if we find ag read in the STEP16 pattern whose DELIM is 16 seconds, fon@am-
ple, the shading amplitude for the sameepof the same detector will be identical for a
read from the STEP256 pattern for which OBLIM is 16 seconds - gardless of ha

mary reads hee occurred prgously in either obseation.

In Figure 5 we plot the shading amplitudeagt DELTATIM for a pixel near the center
of a quadrant, using obsations made using mamifferent MULTIACCUM sequences.

Detector Bias as a Function of Time Since Previous Readout (s)
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Figure 6: Images of the shading for each of the three cameras as a functionTADHEL(indicated at
the top in seconds).

Figure 6 shws the shading image as a function of DELIM for all three cameras. The
detectors are mounted in the cameras such that the readout directions are rotated by multi-
ples of 90 dgrees with respect to one anothard so the shading patterns in Cameras 2
and 3 run parallel to one anothehile that for Camera 1 is in the orthogonal direction. In
Camera 1 the shading generates a bright band along theMirtst be read out of each
guadrant, parallel to the time axis in Figure 6. In Camera 3 a similar bright band is gener-
ated, lmt nav the band runs orthogonal to the time axis of Figure 5. Note that the shading
generates a lgenegative signal. The gradient of the shading function is seen to be quite
steep in the direction orthogonal to the bright bands seen in Cameras 1 and 3: this direc-
tion is the ‘slav clocking direction’, as the time betweengdixeadouts in this direction is

128 times a single pet readout time. In the orthogonal direction, ttestfclocking direc-

tion’, it is more dificult to see the gradient in the shadingit ibcan be seen in Camera 3

by virtue of the quadrant boundaries.

In order to gre an impression of the amplitude of the shading function, we denerated
an average shading function (for display purposes only) by taking, for each Camera, a
median of the pigl values along a w parallel to thedst clocking direction.dking a
median rather than a mearieetively filters out bad pels. The resulting shading func-
tions are plotted in Figure 5 for each of the DELIMs for which images are plotted in
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Figure 7: Representate shading functions for the siaclocking direction for each of the three detec-
tors. These hee been generated by taking medians alongatstecfocking direction in order to impr®
S/N while filtering out bad pids.

Figure 6. A number of &cts are seen readily in this figure. First, the progression of
curves heading twards increasingly more gative values shas hav the shading ampli-
tude changes with increasing DEATIM. Second, the strong gradient in shading
amplitude in the sl clocking direction is seerewy clearly Third, the &ct that Cameras
2 and 3 are rotated 180gtees with respect to one anothenghop because the time axis
along the slar clocking direction is neersed - and thus the shading functiornxizotly
reversed in Camera 2 compared with Camerao8rthR, the spik seen in the 20thwofor
each quadrant of each Camera (because Camerav2risaa, it is the 108thwofor this



Camera) is a result of theay the readouts are carried out: fomaiety of reasons, the first

20 raws are read out a first timefthe results discarded, and then the whole 128 eve

read out and the results recorded. This means that at the @Qthere is a laye disconti-

nuity in the time since last read, and thus the shading patteitvite rather gtreme

behaior at this location. Fifth, in each Camera the top eusvseen to be rather anoma-
lous, the gradient in mgrcases being versed with respect to all the other asvthis

curwve is that for the SCAMRR sequence, which has reads separated by only 0.203 seconds
(exactly the time ta&n to read the whole detector once), and which can only be used when
only one camera is in use. The reason the shading isfeediffor this sequence is not
known, kut the obseration is probably important. Sixth, for Camera 1 jumps’ are present
in the shading function nearws 85 for each quadrant: &g, the reason for this is cur-

rently unknavn, kut the efects are ery clear in obseations.

Figure8: image of the true, ‘linear dark current’, for Camera 2. The amplitude is abouv€e@5®er
most of the detectprising sharply near the corners to roughly Uske..

The linear dark current can be measured in a numbeays.Whe technique whichas
used initially was to dere, for a number of MULIACCUM sequences for which high
guality on-orbit darks were obtained, synthetic dark current images using the amplifier
glow and shading contriltions as determined alm These were then subtracted from the
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obsenrations. The residual as seen for Camera 2 to beesylonv amplitude signal
increasing roughly linearly with time. Thisas the linear dark current. The mean across

Figure 9: Image of the dference between awveraged set of on-orbit darks for the STEP8 MUL
ACCUM sequence and the corresponding synthetic dark, for the 22nd readout. Note the
‘photometrically challenged’ column 128.

the whole detector as determined in order to get moderate St.Gameras 1 and 3 no
residual could be seen algothe uncertainties, indicating that the dark currengiig v
small for these te cameras.

A better technique which has recently been put into practise is to measure the amplifier
glow signal, as described in section 3, for a section of a STEPXXXIMWA@CUM obser-
vation involving linearly spaced darks. This is done for a number tdreift

MULTIACCUM patterns. The diérent patterns, because yhavolve different total inte-
gration times, contain dérent linear dark current conttitbons, and thus the ‘amplifier
glow’ measurements will diér. By comparing the results from thanous diferent
sequences, the linear dark current can be estimated. It is found that the linear dark current
is not uniform across the detegtbut is much lager in the corners, in a manner qualita-
tively similar to the amplifier gl images. Haever, in the case of the dark current, the
image is in &ct fairly flat across much of the detegtamith the increased dark current

being seen only in gtgons within roughly 30 pigls or so of the cornersoFCamera 2, we

find by this technique that the dark current is roughly 0/6&e across most of the array

rising to about 1.0ésec in the corners (the Camera 2 dark image wislag Figure 8).
This result is nicely consistent with thalwe obtained from the preus technique. Simi-
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lar results are obtained for the othenteameras. The synthetic darks deded to CDBS
up to October 1997 assumed a uniform linear dark current. As a result, in lgpgsures
the dark signal in the corners of the detectaxs wften underestimatedyfig rise to

what looled like residual amplifier gl@ in the calibrated data. &\hav know thta this vas
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Figure 10: Histogram of the pigl values in the dference image displayed in Figure 9.

in fact real dark current structure, not amplifiemgland the most recent synthetic darks
no longer suer this efect.

4. Making a Synthetic Dark

The total “dark” signal in angiven pixel of ary given NICMOS MULTIACCUM readout
is just the sum of the 3 components describedeabo

DARK(i,j) = D(i,j)+ A(,j) + B(i,))

An IDL routine has been deloped to ma& synthetic darks. This routine uses the ampli-
fier glov image displayed in Figure 2 and 3, and simply multiplies it by the accumulated
number of reads in order to generAfgj) for each readout. The shading as a function of
DELTATIM has been populated by the technique describedealyeelding an array of
shading images some of which are displayed in Figure 6. An appropriate imageds pick
out of this array in order to generd&,j) for each readout. Finallthe linear dark current

is determined using the dark images measured as described(abd plotted in Figure 8

for Camera 2) multiplied by thexposure time at each readout. Finalhe routine no@
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sums the three contrbons for each readout.

The calibration database has been populated withTMAICCUM darks for all sequences
which hare not yet been obseatt on-orbit, or for which otherfefkcts, such as the pedestal,
have contaminated the early on-orbit dark obagons. There are plans to tune up the syn-
thetic dark algorithm soméhat (see nda section) andwentually release it as an STAS

tool in the NICMOS package.

5. How Good Are The Synthetic Darks?

Comparisons of on-orbit to synthetic darkswstbat the diferences are relatly small -
usually of the order of adeADUs, with the lagest diferences in the corners of the detec-
tors. \& believe that most of the dérences we ne obsere between on-orbit darks and
our synthetic darks are a result of temperature fluctuations of the detectors. These will be
described in more detail in a future ISRt kve note here that the shading function for
each piel is seen to be quite sengttito detector temperature, that the linear dark current
is very sensitte to detector temperature, and that the temperature appearyg thuxing

the course of typical@osures, as well asarying significantly with spacecraft attitude

and other evironmental &ctors. As anxample, we sho here the ditrence between a
synthetic STEP8 dark calibration reference file, and a STEP8 reference file generated as
the mean of a set of 8 22 readout STEPS8 dark ofeng obtained as part of the 7116
ERO obseration. The obserd dark contains aviehundred Cosmic Rays which were not
successfully median filtered out when the widlial exposures were combined. (€nall

we would expect to hae receved about 2000 Cosmic Ray hits in the set of darks; most of
these hee been successfully remaxd by the combination algorithm, with about 10-20%
of them remaining, mostly because their amplituds o lov to be detected.) These can
be seen in the ddrence image of the 22nd readouts (Figure 9) as dark blobs or streaks.
Overall we can see that there is no residual shading pattern inférenlie image, and no
residual amp-ghe. There is about a couple of ADUxth of residual linear dark current

in the corners. There is a small gradient across the image from right to left, with an ampli-
tude of about 1ADU. Hwever, the residual signal isevy small. The histogram of gk
values in the dfeérence image, which is siva as Figure 10, skns that the modal dir-

ence is about 1ADU between the obserand synthetic dark. The féifence images for

the intermediate readouts look simjlaith very little structure visible in them apart from

a small amount of residual linear dark current in the corners in some. Tdirbyi$ypical

of most of the MUILIACCUM sequences, the synthetic darks in general reproducing
quite faithfully the obsergd behwaior. The bright column seen in Figure 7 is column 128.
This has been dubbed the ‘photometrically challenged’ column: it frequently displays a
level that is ofset from the rest of the image, and thiseif has been suggested anecdotally
to have an amplitude that is greater in pedestal impacted data. The reason fésethm of
column 128 is not knen.
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The ‘pedestal’ déct also adds some uncertainty to the on-orbit data used in these compar-
isons. This déct was first seen during SV, but not understood, and has been seen
frequently in on-orbit data. It is typically seen after a detector has spent some time in
autoflush mode, and manifests itself as a bisebivhich decays pseudaponentially

with time. The pedestal will be described in a forthcoming ISRg&en & Skinnerin
preparation). Althoughvery efort was made to thie out pedestal-&cted data when

making the reference files currently in the database, some pedestal may nonetheless be
present in either the synthetic darks generated as described here or in the on-orbit darks
with which we are comparing them, sery accurate comparisons will befuiilt until

such time as the pedestal is either eliminated from the instrument or can be accurately cal-
ibrated by other means. It may be possiblenéually to generate code which can
automatically detect and renmthe pedestal fefct from data. Since we are currently at an
early stage in our understanding of the pedestal, such code does xatyét utine

which appears to be able to reradhe pedestaairly succesfully from some types of data

has been deloped, and is currently being testedt its efectiveness is not yet dusf

ciently well understood to use it in this analysis.

There is also a problem with proper shading correction in the first of the multiple readouts
at the end of the MIFxxx sequences. This single readout is the only time a shorié- DEL
TIM occurs after a longer one in the defined sequences, and is so@deied by this.
The result is a lwer amplitude shading function thaxpected for this readout. The feif-
ence amounts to 50-100 ADUs in a smooth gradient acrogsragyadrant in the readout
direction, indicating a change in function shape for that readout. Adigmeand subse-
guent readouts appear uieated. After CALNICA combines all the readouts to mhe
final calibrated image, thefett of this one imperfect dark frame will be rather small - in
fact, it is likely to fool CALNICA into reistering Cosmic Ray hits for most of the gl

in this one readout, and therefore ignoring that read for thosks pihen assembling the
final calibrated image. The most receetsion of the synthetic dark codemmodels this
effect, and at the time of writing the first synthetic darks from this ingatrcode hee just
been delrered to CDBS for use by the calibration pipeline.

Provided the abee issues can be resely; the synthetic darksfef large adantages com-
pared to dark calibration reference files generated by more traditional reduction of on-
orbit darks of the same MUILACCUM sequence. The biggest adtage is S/N. As can

be seen from Figure 5, the amplitude of the combined dark signal is rath&hkread
noise for the flight detectors is approximately 6ADUs, and so obtaining good S/N on the
darks requires mgobsenations, each of which may be quite time consuming. Because
the synthetic dark approach applies obsgons made in magdifferent MULTIACCUM
sequences to each component of the dark, S/N comparable with that which can be
obtained in a complete on-orbit calibration of all MWACCUM sequences can be
obtained in &r fewer orbits. Alternatiely, one can maka complete set of obsations,

but by combining them in thisay one can obtain much higher S/N reference files, and
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thus better calibrated data. Intermediate approaches are also of course possible.

The presence of the ‘pedestalfesit has greatly impacted the Cycle 7 dark current calibra-
tion program, by seriously altering the beioa of the detectors during some of the
obsenrations in the program. These obsdions are then not used in the subsequent refer-
ence file generation, thusgtading the S/N. Using synthetic darks either instead or in
concert with the calibration program obssiens, has greatly allated this problem. In
general the greatest probleatéd in the dark calibration at present is the pedetat ef

and we will address thisfett in a subsequent ISR.
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