∗ μ μ

∗

−

−

O. BOULADE AND P

. GALLAIS

ob oulade @cea.fr, pgallai s@cea.fr

THE ISOCAM DETECTORS: AN OVER

VIEW

Abstract.

1. Intro duction

Servic e d’Astr ophysique, DAPNIA, CEA/Saclay

91191 Gif sur Yvette Ce dex FRANCE

The two detectors of the ISOCAM camera on b oard the ISO

spacecraft have p erformed nominally for the entire duration of the mission.

Their main prop erties (dark current, noise and resp onsivity) stayed very

stable from the first tests on ground to the end of the life of ISO, a 6 years

long p erio d. The main limitation to the sensitivity of the observ ations came

from transients in the signal delivered by the detectors, induced either by

a change in the sources fluxes or by glitches.

The ISOCAM camera [1] on b oard the ISO Infrared Space Observ atory [2]

had two detectors (see figure 1): the short wave (SW) detector used a InSb

substrate and a Charge Injection Device readout metho d, for wavelengths

from 2.5 to 5 microns, while the long wave (L

W) detector used a Si:Ga sub-

strate with a Direct Readout Output circuit, for wavelengths from 4 to 17

microns. Both detectors had 32x32 100 x100 pixels. A go o d intro duction

to the main characteristics of these detectors can b e found in the ISOCAM

Observer’s Manual [3].

The SW detector was develop ed by So cí et́ e Anonyme de T́ eĺ ecommuni-

cations and D́ epartement de Recherche Spatiale at Observ atoire de Paris-

Meudon. The readout noise of this detector was ab out 700 e , at an op er-

ating temp erature of ab out 5.5K.

The L

W detector was develop ed by two departments of Commissariat ` a

l’Energie Atomique: LETI/LIR Lab oratoire Infra-Rouge and Service d’As-

trophysique. The readout noise of this detector was ab out 180 e , and its

op erating temp erature was regulated at 3.8K.

SW 2.5-5� 32x32 100�x100�

InSb CID SAT/DESPA R.N. 700 e- T~5.5K

LW 4-17� 32x32 100�x100� Si:Ga DRO LETI-LIR/SAp R.N. 180 e- T=3.8K

Figur e 1. The ISOCAM detectors

2. Dark current and noise

O. BOULADE AND P

. GALLAIS

2.1. SW DETECTOR

2

This pap er will fo cus on the following characteristics: dark current and

noise, long term stability of the resp onsivity , L W saturation. A numb er of

more sp ecific pap ers are presented elsewhere in these pro ceedings: L

W tran-

sient mo deling [4], SW transient mo deling [5], L

W dark current subtraction

[6], photometry [7], radiation effects [8], effects and correction of glitches

[9] and L

W ultimate sensitivity [10].

F or b oth detectors, the ISOCAM team designed a set of calibrations

(flat field measurements at two wavelengths using the ISOCAM internal

calibration sources, as well as dark current measurements at different inte-

gration times) that were executed at every revolution of the ISO spacecraft,

during the so-called “deactiv ation” and “hand-over” windows. These mea-

surements proved to b e very useful to study the long term b ehavior of the

detectors during the ISO mission and are the basis of this pap er. The other

main source of measurements came from the tests done on ground, during

the ground calibration campaigns as well as during the integration of the

instrument inside the spacecraft (the “Integrated System T ests” – IST).

Figure 2 shows the dark current level and noise in the dark current images

of the SW detector, for the 6 seconds integration time, for the whole ISO

mission. The dark current level and noise just after launch were the same

The ISOCAM detectors: an overview

2.2. L

W DETECTOR

3

as during the ground tests, and stayed very stable for the whole duration

of the mission, with the exception of a small increase (ab out 2.5%) of the

noise after revolution 700.

The b ottom curve of figure 2 shows the E1 channel of NOAA’s geosyn-

chronous GOES-9 spacecraft, which is sensitive to trapp ed electrons in the

outer zones of the V an Allen b elts. The spikes seen in b oth the SW detec-

tor signal and noise curves are clearly correlated with the v ariations of the

electron fluence in the radiation b elts (see section 2.3).

The dark current level and noise of the L

W detector, at 2 seconds integration

time, are plotted in figure 3 for the whole ISO mission. The dark current

level at the b eginning of the mission was the same as during the ground

tests. As for the SW detector, there is a very go o d correlation of the spikes

seen in b oth the signal and noise curves and the v ariations of the electron

fluence as measured by the GOES-9 spacecraft.

W e observed a slow decrease of the dark current level with time, as

is b est seen in figure 4 which shows the trend of the mean L

W dark cur-

rent level, again for the 2 seconds integration time, but measured during

the “hand-over windows” (note that there are no spikes in this figure: the

“hand-over window” was a p erio d of the spacecraft orbit that was much

cleaner than the “deactiv ation window” in terms of p ollution by glitches,

which confirms that the radiation b elts were the cause of the spikes in the

deactiv ation measurements).

The reset level of the L

W detector (figure 5) showed in several o ccur-

rences a very strong decrease followed by a slow recovery to the normal

level. There is no explanation for the time b eing. This was not a problem

since the real images of the L

W detector are built by subtraction of the

reset image from the end-of-integration image, and the drop of signal is

cancelled out in this op eration.

Besides the mean level of the dark current, the pattern of the dark im-

ages (see figure 6) also changed, b oth along a given orbit and from one orbit

to the next. Not taking these v ariations into account during the dark cur-

rent subtraction step of the data pro cessing would then generate a residual

pattern at the 1-2 ADU level, which is much to o high for the detection of

very faint sources. A mo del is now av ailable that corrects for all v ariations

of the dark current (long trend decrease of the mean level, as well as v ari-

ability of the pattern) for all integration times (see reference [6] for more

details).

�

3. Resp onsivity

2.3. DARK CURRENTS AND SP

ACE WEA

THER

3.1. SW DETECTOR

4

As explained in the previous sections, there is a clear correlation b etween

the dark currents of b oth detectors, measured in the deactiv ation window

of the ISO spacecraft revolutions, and the electron fluxes from the radiation

b elts. A detailed study of this correlation is not straightforward: first, the

lo cations of the GOES and ISO spacecrafts are not the same, although the

altitude of the ISO spacecraft at the time of the deactiv ation measurements

was always ab out 30000km; and second, the GOES-9 measurements used

in this pap er are integrated over a 24 hour p erio d.

The effect of the proximity of the radiation b elts on the two detectors

was clearly to increase the mean level and the noise in the images; still, the

images do not show more glitches than normal images, as if the additional

signal was constant over the whole surface of the detectors. One p ossible

explanation is that the secondary electrons pro duced by the interaction of

the primary electrons coming from the radiation b elts and the different

shieldi ngs (spacecraft shielding as well as detector blo ck shieldin g) create

a uniform “illumin ation” of the detectors. The “excess signal” for the L W

detector (defined as the dark current level for a given revolution minus a

“baseline” dark current level) is plotted as a function of the SW “excess

signal” in figure 7.

Clearly

, more work is needed to refine the analysis of these correlations:

first we must take into account the precise lo cation of the ISO spacecraft

during the deactiv ation windows, and use only the GOES measurements

done at the time of the deactiv ation windows. Then, the relationship b e-

tween the SW and L

W “excess signals” will b e used to check the mo dels

of the interaction of the electrons trapp ed in the radiation b elts with the

spacecraft and the detector blo cks.

The long term b ehavior of the SW detector resp onsivity was derived first

from the measurements done at the different steps of the integration of the

camera in the spacecraft. The signal levels of a subset of the IST tests are

plotted as a function of time (figure 8), the last p oint in the figure b eing the

“checkout revolution”, which, for ISOCAM, to ok place 7 days after launch.

The levels measured (including the checkout tests) have stayed to within

2% of the mean ground levels for almost 4 years.

Figure 9 shows the mean level for one of the flat field measurements

done at the end of each revolution. The bimo dal distribution of the signal

(b ottom curve) probably comes from a p o or repro ducibil ity of the p osition

�

4. Saturation

3.2. L

W DETECTOR

5

of one or more of the wheels of the SW channel (see [11] for a detailed

explanation of this b ehavior). There is no measurable v ariation of the signal

delivered by the SW detector with time, for the whole mission.

As in the previous section, figure 10 shows the signal levels of the L W

detector for a subset of the IST tests as a function of time. The levels

measured on ground have stayed to within 2.5% of the mean ground

levels for almost 4 years. As can b e seen from figure 10, the levels obtained

during the checkout of the instrument on revolution 7 were systematically

ab ove the nominal v alues by on average 24%.

At the end of the checkout revolution, we re-did some of the tests for

confirmation. Figure 11 shows that the over-resp onsivity of the L

W detector

decreased with time. Given that the checkout o ccurred after 7 days in space,

this b ehavior probably indicates that the L

W detector trapp ed charges

b efore the switch-on, with the excess charges b eing swept away at each

readout.

Figure 12 shows the mean level for one of the flat field measurements

done at the end of each revolution. There is a slight decrease of the mean

level with time (ab out 5% after 800 revolutions). Given that the sensitivity

measurements derived from the photometry of standard stars did not show

such a decrease [7], the effect seen on figure 12 may well come from the

internal calibration source itself.

The saturation of the L

W detector was one of the main problems, b ecause of

the transients induced after each such o ccurrence (see figure 13 for a gallery

of such saturations). W e could not find a satisfying way of recovering from

such an event: as explained in [4], the effect of a strong flux falling on a

given pixel (induced by a glitch or photons) is to decrease the resp onsivity

of this pixel, and it can take hours or even days in extreme cases for the

saturated pixel to recover its nominal resp onsivity .

The recovery pro cedure adapted by the ISOCAM team was, after a sat-

uration had b een detected in real time, to flo o d the whole detector array

with infrared photons up to the saturation level, using the internal calibra-

tion source. Since the illumi nation was uniform, this had the adv antage of

removing the saturation pattern (i.e the remnant image of the saturating

source) that would otherwise have stayed on many subsequent observ ations,

but with the drawback that, after the pro cedure had b een applied, all pix-

els were saturated and had their resp onsivity changed, therefore giving an

inacurrate photometry .

σ μ

μ μ μ al l

al l

5. Ultimate sensitivity

6. Conclusion

6

However, this pro cedure was difficult to apply: first, it had to b e applied

within the saturating observ ation time slot (it was obviously not allowed to

use this pro cedure in a subsequent non saturating observ ation done for a

different observer. . . ), which was not always p ossible given the time needed

for the execution of the pro cedure; and second, it could not b e applied

within a raster observ ation, which was the main observing mo de of the

camera (applying the pro cedure e.g on the first raster p oint of an observ a-

tion b ecause of a bright star in the upp er left corner of the field would then

kill the entire observ ation. . . ).

Therefore the b est solution was to flag the p ossible saturations b efore

they happ en, by screening ISO scheduled observ ations and checking the

scheduled camera observing mo des against the exp ected fluxes of ob jects

in the field of the view of the camera, b e it in prime mo de (when the camera

was the prime observing instrument of ISO) or in parallel mo de (when one

of the three other instruments was prime). In the case of a conflict b etween

the exp ected fluxes and the sensitivity of the scheduled observing mo de,

the camera was reconfigured to a less sensitive mo de prior to the b eginnin g

of the observ ation.

The main two limits to the sensitivity of the ISOCAM observ ations were

the glitches induced by cosmic rays (b ecause of the changes in pixel re-

sp onsivities) and the transients in the signal levels (b ecause of changes in

the incident flux of photons). Separate pap ers in this volume address these

problems ([9], [4]). T o cop e with these limitations, sp ecific observing pro ce-

dures were designed for the observ ations of very faint sources, which allowed

these observ ations to reach detection limits (1 in 1 hour) as low as 15 Jy

at 6.75 and 40 Jy at 15 (see [10] for details).

The ISOCAM detectors have p erformed nominally for the entire life of

ISO, without any significant degradation. Both the dark currents and the

resp onsivities remained stable. The main limit on the p erformances came

from the transients asso ciated with glitches and changes in source fluxes.

Some strange b ehaviors have b een observed (increase in the noise of the

SW dark current, drops of the L

W detector reset level, distribution of the

internal flat field levels of the SW detector) and are still not fully under-

sto o d. Last, the effect of the radiation b elts on these detectors needs a

more thorough investigation, which will b e very useful for studies on the

shieldi ng of detectors for future space missions.

7

315

315

References

1. C. Cesarsky et al.,1996, Astronomy and Astrophysics , L32

2. M. Kessler et al., 1996, Astronomy and Astrophysics , L27

3. The ISOCAM T eam and A. Heske, 1995,

http://isowww.estec.esa.nl/manual s/i so cam/

4. A. Ab ergel, this volume

5. D. Rouan and D. Tiph̀ ene, this volume

6. A. Biviano et al., this volume

7. J. Blommaert, this volume

8. H. Dzitko, this volume

9. A. Claret, this volume

10. B. Altieri et al., this volume

11. P

. Gallai s and O. Boulade, “Rep ort on the trend analysis of the CAM daily cali-

bration measurements”, internal rep ort, CEA-SAp, 1998

8

Figur e 2.

O. BOULADE AND P

. GALLAIS

Long term b ehavior of the SW detector dark current and noise (deactiv ation

measurements)

9

Figur e 3.

The ISOCAM detectors: an overview

Long term b ehavior of the L

W detector dark current and noise (deactiv ation

measurements)

10

Figur e 4.

Figur e 5.

O. BOULADE AND P

. GALLAIS

Long term b ehavior of the L

W detector dark current (hand-over measure-

ments)

Long term b ehavior of the L

W detector reset level (deactiv ation measurements)

11

Figur e 6.

Figur e 7.

The ISOCAM detectors: an overview

The L

W detector dark current at 2 seconds integration time

L W counts versus SW counts (deactiv ation dark measurements)

1 0 1 0 21 0 31 - 1 - 1 9 9 2 3 1 - 1 2 - 1 9 9 2 3 1 - 1 2 - 1 9 9 3 3 1 - 1 2 - 1 9 9 4 1 - 1 - 1 9 9 6 IST - SW channel signal (ADU)dateCheckout

12

Figur e 8.

Figur e 9.

O. BOULADE AND P

. GALLAIS

T rend of the SW detector levels up to launch

SW internal flat-fields during the ISO mission (deactiv atio n measurements)

1 0 1 0 21 0 31 - 1 - 1 9 9 2 3 1 - 1 2 - 1 9 9 2 3 1 - 1 2 - 1 9 9 3 3 1 - 1 2 - 1 9 9 4 1 - 1 - 1 9 9 6 IST - LW channel signal (ADU)dateCheckout

1 5 % 2 0 % 2 5 % 3 0 % 3 5 % 9:00:0012:00:0015:00:0018:00:0021:00:0024:00:00IST - LW channel ratio checkout / mean ground ISTtime of test

13

Figur e 10.

Figur e 11.

The ISOCAM detectors: an overview

T rend of the L

W detector levels up to launch

The L

W resp onsivi ty as a function of time during checkout

14

Figur e 12.

O. BOULADE AND P

. GALLAIS

L W internal flat-fields during the ISO mission (deactiv ation measurements)

15

Figur e 13.

The ISOCAM detectors: an overview

Some examples of saturation of the L

W detector