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ABSTRACT

This ISR pesents an analysis of the Systeweld@hermal ¥cuum (SILV) pesistence

tests performed with NICMOS. ludust 1996, paiistence data was obtained as part of
the STV, and further data werobtained in December 1996 after modifications had been
made to the instrument oding plocedues. The goal was to determine if NICMOS
exhibits an “afterglow” or “per sistence” whenead out in the dark immediately after
having beenxgosed to bright illumination; and then tbaracterize the behavior of soic
persistenceThe esults and analysis of the BL tests show that the NICMOS detesiio
indeed &hibit a significant leel of pesistenceThe leel of pesistence seems to decay
following a power lawFurthermoe, the comparison of data observed witHeddnt
AUTO-FLUSH patterns verifies thefiefency of the mcedue when ATO-FLUSH is

turned “on”. Quantitative analysis of the on-orbit performance of the NICMOS desector
with regard to pesistence will be described in a later ISR.

1. Introduction

The measurement of thevéd of the persistence in NICMOS data is an important part
of the System Leel Thermal MAcuum (SIV) tests. Not only will it help in determining
NICMOS detector characteristicgjtht will have an impact on the observing stmptes
well as post-observing analysis. This test consists of taking a sequence ohtitnserv
after purposelyer-exposing a camera to light. The analysis of the data should lead to the
calculation of the Meel of the persistence. Mertheless, we stress the preliminary nature
of this study and theatt that our understanding of persistence will certainly increase after
the Servicing Mission Orbital@éfification (SMQ/) and the gcle 7 calibration plan are
executed. The goal of the analysis presented in this report &ifg ¥ persistence is
present at all, and to characterize the nature of stett.dflore definite conclusions
about &oiding and compensating for persistence apeeted after analysis of SMO
data.



For the purpose of understanding NICMOS persistence, theadsgtevformed twice;
first in August 1996, and then in December 1996. The majerelifce between the tw
tests resides in thelN O-FLUSH pattern. AUTO-FLUSH” is a state into which NIC-
MOS places itself when it is idle: it consists of repeated resets, the aim beingetat pre
the detectors from saturating on background during such idle periodst,Ithe August
data vas obtained with the ATO-FLUSH turned “df’; whereas for the December data it
was turned “on”. Furthermore, the December daa talen with two different flush pat-
terns: resets only with no reads, and resets interspersed with reads. This change in the
flush pattern had nofett on the persistence. The analysisagihbere is a comparison
between the August data and the December data for which the flush patieesets
with no reads.

2. The Analysis
The Data

The persistence test dataswobtained for each camera using both t6€BWM and
MULTIACCUM readout modes.

For the August data, the plan consisted of three major stages: 1) A set of dars is tak
without ary pre-illumination; 2) 8 sets of MULACCUM (or ACCUM) exposures each
were talen after 7 seconds of illumination corresponding to 4 times of saturateln le
and 3) 2 sets of MULLACCUM (or ACCUM) exposures were ta&k after 90 seconds of
illumination leading to 40 times of saturationdé

For each gposure in the MULIACCUM mode, the NREAD dyword was set to 21.
The readouts were spaced apart by roughly 4 seconds, so th&potalre time for a set
of post-illumination data as 84 seconds.

In the case of the @BCUM mode, NREAD \as set to 1. Eaclxposure vas repeated
20 times, and had angosure time of about 9 seconds. So the tojabsure time for a set
of post-illumination data as about 180 seconds.

Since the main goal of the December tes$ W determine thefett of the AJTO-
FLUSH pattern, the testag executed with only the MULIACCUM mode and CAMERA
1. Furthermore, thexposure pattern as slightly diferent in the December test. First 10
MULTIACCUM patterns lasting about 76 seconds each weea takh NREAD fixed at
21. The illumination processas &ecuted by turning on the internal flat field lamp and
taking ACCUM exposures for about 92 seconds leading to about 3 times of saturation
level in the most sensite regions of the chip. After turning bthe internal flat field lamp,
20 MULTIACCUM patterns werexecuted for 76 seconds each pattern with NREAD
fixed at 21. This ISR presents the results of 6 sets of 20MMAACUMS.



The Method

The goal of this test, as mentionedvyioesly, is to obsere the leel of “excess dark
current”, or persistence, in the post illumination sequences. The persistence is presented in
the form of a count-rate for each readout. First the count-i@decalculated\er different
parts of the chip in order to obserthe \arying levels of light sensitiity across thedce of
the camera. Since the aim is to determine the nature of the persistence, the regults sho
present thegerage count-ratever the whole chip. This is repeated for each camera at
each mode (only Camera 1 for the December data).

In the case of the MULLACCUM mode, the persistence is represented by the count
rate with respect to thexgosure time. As mentioned before, a set of pre-illumination
darks were tadn during both tests. Figures 2 (August) and 5 (Decembe) thleoslopes
of these gposures. It is easy to discern a decay in the count rate with respect to time. This
is a similar eflect to the persistence seen in the post-illumination datarshofigures 1
(August) and 4 (December). But since the deda talen before saturation, it is suspected
to be background light resulting from “some stabilization phenomenon in the output
amplifiers”. This suggests that, for the December data, much of the light seen in the post-
illumination is the abee mentioned background light. Figures 3 and &vstie actual
persistence after subtraction of the backgrowmobsures.

On the other hand, for theCACUM mode data, the signal is thefeience between the
values of the initial and final reads of eagpa@sure. Thewrage count rateas therefore
simply obtained by diding by the &posure time. And since the background of the
ACCUM mode (Figure 8) shs the same persistencedikehaior as the post-illumina-
tion darks (Figure 7), the calculated persistence (Figure 9) is obtained after subtraction of
the backgroundx@osures. Because of the uncertaintgrahe time elapsed between
exposures, the BCUM mode results were presented with respect to numbgpos$eres.

The Results

In MULTIACCUM, the results of the WGUST persistence test sh@a high leel of
count rate. Egn after subtracting the “preq@osure” background, the count rate is about
30 ADU/second and tas more than 30 seconds to diminish to 2 ADU/second (Figure 3).
Turning the AJTO-FLUSH feature “ON”, as as the case for the data obtained in Decem-
ber, is beneficial. As shvan in figure 6, the persistenceédd is laver from the first read (~1
ADU/second) and after 30 seconds, it is ~0.45 ADU/second.

The data tatn with the ZCUM mode shas the same behimr: a relatvely higher
level of persistence initiallyfollowed by a decay leading to agtigible level of average



count-rate wer the chip (Figure 9).d¥ this mode, ATO-FLUSH turned “ON” is sus-
pected to hee the same beneficiafett, ut we hae no data toerify this.

Figures 10 to 15 shwthe MULTIACCUM results from the August test for both Cam-
era 2 and Camera 3. As seen for Camera 1, the pre-illumination darks (Figures 11 and 14
respectrely for Camera 2 and Camera 3), whbe so called persistencedikehaior as
well as the post-illumination darks (Figures 10 and 13 resadgti The actual persis-
tence after the subtraction of the background isvaha figures 12 and 15 respefety.

Figures 22 to 25 represent the results of figures 3, 6, 12 and 15 redpecta log-
rithmic scale. This scalegs a better idea about the babaof the decay of persistence
with respect to time. These figures indicate thatytlaing, the persistence folls a
power-law decay and hence thefetcts may be presenter a substantial period of time.
We will investigate on-orbit SM® persistence data to see if the detectors continue to
behae in this vay.

The August results for the@CUM mode are shvan for both Camera 2 and Camera 3
in the figures 16 to 21.0F this mode as well the actual persistence (Figures 18 and 21
respectrely) is determined after the subtraction of the background (Figures 17 and 20
respectrely).

3. Discussion

Comparing the results of the August persistence test and the December one leads to
the conclusion that thelTO-FLUSH procedure seems to be successful and beneficial. In
fact, studying the results skio abwe, this procedure dramatically reduces ttiectfof
persistence in post-illumination darks. Therefowenethough the calculated persistence
for Camera 2 and Camera 3 a@rly high, we suspect it to ti@ been within acceptance
levels had the ATO-FLUSH been turned “on”.

Although Camera 3 presents similar babato Camera 1, the study of persistence in
Camera 2 shes a peculiarityAs demonstrated in figures 10 and 11, both pre and post-
illumination frames shw a disturbing déct; the “background” count-rate appears to
oscillate during the first fe seconds of the readout sequences. Thisvi@hia persis-
tence independent, and intrinsic to the electronics of the camera. This seems to be true for
both MULTIACCUM and ACCUM modes. It is oldous that further study is needed and it
is expected that more data from SM@nd Cycle 7, will lead to a better understanding of
this characteristic.

One major hindrance to the interpretation of these data lies in the lack of timing infor-
mation. W\ do not knes when the post-illumination readoutsgbae with respect to the
time when the illumination as switched d&f We therefore do not kmothe absolute ieel
of the persistent signal as a function of time.



Furthermore, the persistence count-rate does not drop to zero during the post-illumina-
tion exposures. Therefore we do not knrom these tests olong it tales for a
persistence signal to totally disappear

On the other hand, darks obtained in other tests such aaithéaga did indeed
suggested that illumination signature can last for at least 30 minutes. Avétig is
obvious that more data needs to be obtained and analyzed.

4. Conclusion

In this ISR we hee demonstrated that persistenceaidy high in the first 30 to 60
seconds of thexposure. This éct may present a problem tonsge of for obsemtions
of bright sources. Using thd X O-FLUSH procedure isery beneficial as it dramatically
reduces the persistencéeet. This procedure is therefore highly desirable and recom-
mended for use.

During the persistence stydyamera 2 has demonstrated &edént behaior than
Camera 1 and Camera 3. This feature is suspected to be a result of the electronics of the
camera. It is hoped to be better studied in further NICMOS calibration data.



Figure 1: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 2: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 3: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure4: DECEMBER DATA with AUTO-FLUSH turned ON:
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Figure5: DECEMBER DATA with AUTO-FLUSH turned ON:
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Figure 6: DECEMBER DATA with AUTO-FLUSH turned ON:
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Figure 7. AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 8: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 9: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 10: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure11: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 12: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 13: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 14: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 15: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 16: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure17: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 18: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 19: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 20: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 21: AUGUST DATA with AUTO-FLUSH turned OFF:

CAMERA 3 -- ACCUM -- BACKGROUND SUBTRACTED

“zcaono

m— D

O QIO N DU NCOD -~

&

00§9%¢¢9994 ¢

Ml L ]

S o oo o

L ‘ 1 1
<l 10

NUMEER OF EXPOSURE

15

12

[
=1



Figure 22: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 23: DECEMBER DATA with AUTO-FLUSH turned ON:
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Figure 24: AUGUST DATA with AUTO-FLUSH turned OFF:
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Figure 25: AUGUST DATA with AUTO-FLUSH turned OFF:
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