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1.0 Intr oduction

GOME waslaunchedon ERS-2in April 1995andhasbeencontinuouslyoperationakince
then.It is a scanninghadirviewing spectrometemith its primary scientificobjectve being
to retrieve total columnozoneglobally. To calculatethesetotal columnozone,it measures
the radiance from the Earthatmosphere and sace as well as the irradiance.

The 4 detectorsarea linear array of silicon with 1024 pixels of size 25um (in dispersion
direction) by 2.5 mm (in the along slit direction). They are of type RETICON
RL_1024 SR. In principle, eachpixel of the array can be addressedndividually; in

GOME, however, only the detectorsof channell and2 aresplit into 2 virtual bandswhich

can have different integration times and readoutcycles. The physical dimensionsof the
detectorare42.7mm* 15mm* 1.9mm,with thelight sensitve areabeing25.6*2.5mm.This
area is ceered by e3um thick SiO, protectic layer

Thesensitvity of the pixelsis determinedegularly (the 28th of eachmonth)usingin-flight
dataobtainedwith LED exposure.The extractedcalibrationparameteire collectedinto a
completecalibrationdatabaseover the entire lifetime of the GOME sensorat ESRIN. A
LED sourceis a monochromatidight, not very stableby natureandchangeof 30% of light
output due to temperature and ageing shall be considered normal!

Thisis why theLEDs arein thefirst placeusedto determinepixel-to-pixel variationsandits
stability within each detector array

As technicalclarification: The 1. LED driver circuit hasin seriesthe LEDs of channell,2
and3. The2nddriver hasin serieghe LEDs of channel4d andthe PMDs. Thereforehe LED
measurements for channel 4 can be correlated to the PMD LED measurements.

1



/——

esa Doc. No.:ER-TN-APU-SDC-(
Issue: 1.0 Date : 18/6/98

esrln Page No. : 6

/‘—

—=

iy,
4

g
I

.

G

2.0 ESRIN QA Tools and Data Set

This investigationwasmainly doneusingatool calledERGOproducedunderESA contract
by Dornier and SRON. This software is designedto provide quality assuranceneasures
about GOME.

Eachmonth,generallythe 28th, a setof calibrationfiles are generatedThey containextra
information about the instrument.Among theseare the measurementsf PPG obtained
using an algorithm described in Sect& on pagd.

The dataset consistsof 5 monthly calibrationfiles regularly spacedin time: we took as
referencadataset,the measurementserformedduringthe 28/07/95(orbit 1410- 1414)and
dataafter every six months(dependingon availability). AppendixA givesthe detailsabout
the orbits chosen.

1
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3.0 Algorithm Description

The algorithms used for the calculation of the PPG are summarised in tiagrfgllo

The pixel-to-pixel gain is determinedrom LED calibrationmeasurementdyy calculating
the diference from a smoothlyavying continuum.

Determining the shape of the continuum is the fundamental problem.

TPDusesa3rdorderpolynomialfit throughthemeasured ED signals(aftersubstractiorof
dark signal) as the continuum. Some structurewith an amplitude of up to 2% due to
reflectionsof the LEDs on the lensmountingarestill noticeable The determinatiorof the
PPG from this polynomial will thereforevg systematic errors of up to 2%.

Instead,SRON calculatedthe continuumas a smoothedspectrum,ignoring outliers (e.g,
deadpixels, saturatedpixels). Good resultscan be achiezed with a triangular profile of
n_smooth = 30 pixels half-baseidth.

The generic algorithm is:
Main input : Set of LED calibration r& measurement signals

Processing

1. Average all the LED calibration spectra.
2. Correct for dark signal.
3. Calculate the continuumvel.
Replace each dead pbdy an approximation.

Convolve thespectrawith atriangularkernel. Thesignalarrayhas
been &tended with its mirror image of smooth/2 on each side
not to loose aninformation.

4. Calculate the PPG bywding the measuredalues by the contin-
uum.
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4.0 Analysis of Pixel-to-Pixel Gain Data

For the samemeasuremenof incident light, different pixel of the detectorarrayshave

different responsesThis pixel-to-pixel variation is assessedby illuminating the detector
arraysby a LED whichis basicallymonochromati@andilluminatesthe detectordirectly; i.e.

notthroughary dispersingelement.The monitoreddetectorsignalis thena superpositiorof

a smoothly varying signal, causedby the LED characteristicsand a rapidly changing
structure,the pixel-to-pixel variation or also called pixel responsenon-uniformity After

substractinghe smoothcontribution by applyinga polynomialfit to the measuredurve, the
pixel-to-pixel variation is left.

Pixel Readouts Band I A on the 28/07/1995
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FIGURE 1. LED Calibration Spectra for Band 1A for an integration time of 3 seconds.
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FIGURE 2. Fitted continuum to the LED Calibration Spectraof the band 1A and 1B (Integration time 3s)(1B
has not been shwn here because it only includes a few pixels of no intest for us).
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FIGURE 3. Pixel-to-pixel Gain of band 1A calculated fom the fitted curve and the actual eadings.
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Pixel Readouts Band I1II B on the 28/07,/1995
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FIGURE 4. LED Calibration Spectra for band 2B for an integration time of 3seconds.
_ fitted polynomial _
% 1.660; é
o 200 400 Pii(:[) 4 800 1000 1200

FIGURE 5. Fitted continuum to the LED Calibration Spectraof the band 2B (Integration time 3s)(2A hasnot
been consideed as it only includes few pixels).
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FIGURE 6. Pixel-to-pixel Gain for band 2B for an integration time of 3s.
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Pixel Readouts Band III on the 28/07/1995
T T T T T T T T T T T T T

3.30x10%

3.20x10%

3.10x10%

(8}

3.00x10%

z.90x10%

2.80~10%

L I 1 L L L 1 L L L 1
200 400 800 800 1000

° HHH\\‘\\H\\\\\‘\HHHH‘HH\HH‘H\HHH‘HH\H

I
O L
o
o

Pixel #
FIGURE 7. LED Calibration Spectra for band 3 for an integration time of 3s.
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FIGURE 8. Fitted continuum to the LED Calibration Spectra of band 3.
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FIGURE 9. Pixel-to-pixel Gain for band 3.
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Pixel Readouts Band IV on the 28/07/1995
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FIGURE 10. LED Calibration Spectra for band 4 for an integration time of 3s.
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FIGURE 11. Fitted continuum to the LED Calibration Spectra of band 4.
PPG
C T |
1.010 ; é
E 1.000 — é
0.990 ; é
F | | | | | ]
o 200 400 Pii(;lo 4 800 1000 1200

FIGURE 12. Pixel-to-pixel Gain for band 4.

For eachof thesesgraphs,when comparingthe LED Calibration spectrawith the fitted
continuuma shift of moreor less150BU canbe obsered. This is dueto the dark current,
i.e. the plots of the actual measurement&heot been corrected for dark current.
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Secondlyan assessment of the change of the PPG of the deteatrsade.

Data analysed:The PPGvaluescalculatedrom theaverageof the LED CalibrationSpectra
gathered wer 5 orbits.

Method: PPG_refPPGvaluesof the LED CalibrationSpectreof thereferencedate(28/07/
95) which corresponds to day 67 after launch

PPG:PPGvaluesof the LED CalibrationSpectraof datespacedf 6 monthsup to
Now.

For each of the date: (04/02/96 - 28/07/96 - 28/01/97 - 28/07/97 - 28/12/97)

Trend =PPG_ef -PPG

1
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FIGURE 13. Difference of the PGG between the 28/07/95 and the 04/02/86dach channel. The diffeence is
not any larger than +/- 0.0005 BJ.
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FIGURE 14. Difference of the PPG between the 28/07/95 and the 28/07/@6gach channel. The diffeence is
not any larger than +/- 0.0005 B.
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FIGURE 15. Difference of the PPG between the 28/07/95 and the 28/01/87elach channel. The diffeence is
not any larger than +/- 0.0005 B.
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FIGURE 16. Difference of the PPG between the 28/07/95 and the 28/07/&7gach channel. The diffeence is
not any larger than +/- 0.0005 B apart for some pixels at the edge of the detector array
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FIGURE 17. Difference of the PPG between the 28/07/95 and the 28/12/&7elach channel. The diffeence is

not any larger than +/- 0.0005 B

Conclusion:

The analysis shves no significant change of PP@eo a period of 2.5 years.

The5 monthly calibrationorbit have beenused.The meanof theses orbitswascomputed,
which gave following standard deation of the PPG:

* 0.015 BJ for channel 1,
* 0.0008 BJ for channel 2,
* 0.002 BJ for channel 3,

* 0.001 BJ for channel 4.
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5.0 Analysis of the Saturation Data

LED measurement®r 24 secondsntegrationtime wereusedto investicatearny changesn
the saturation lesl of the detectors.

Plxel Readou(s Band I A on the 28/0?/199r
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FIGURE 18. LED Calibration Spectra for band 1a in saturation mode (24 seconds).
Plxel Readouts Band II B on the 28/07/1995
5.80x10% |— S ‘ —
I o iy, ,
L H,VW W\P/ ‘ﬁ"‘w 4
[ MM) Ww -
I Wy ]
5.75x10% — M\\ﬂ' |
I MW |
E 5.70x10% | — WL& —
L M i
L Wwww |
L NW‘LA |
L I |
5.65x10% | — \AV\A —
B »\% i
: My :
. K ]
5.60x10% | — | | | | N
0 200 400 600 800 1000 1200
Pixel #

FIGURE 19. LED Calibration Spectra for band 2b in saturation mode.
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Pixel Readouts Band III on the 28/07/1995
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FIGURE 20. LED Calibration Spectra for band 3 in saturation mode.
Pixel Readouts Band IV on the 28/07/1995
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FIGURE 21. LED Calibration Spectra for band 4 in saturation mode.
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Trend analysis in saturation mode:
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Data analysed: The LED CalibrationSpectrain saturationmode.We only usethe middle
file of each of the 5 monthly calibration orbit.

Method: LED_calib_ref.LED CalibrationSpectran saturationrmodeof thereferencedate
(28/07/95) which corresponds to day 67 after launch

LED_calib: LED Calibration Spectrain saturationmode of dates spacedof
approximately 6 months.

leak_cur:the amountof leakagecurrentcorrespondindo the dateit is subtracted
from (seeannee A for values).The fixed patternnoisebeing constantover time
was not takn into account.

For each of the date: (04/02/96 - 28/07/96 - 28/01/97 - 28/07/97 - 28/12/97)

Trend = (LED_calib - leak_cur) - (LED_calib_kef - leak_cur)
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FIGURE 22. Differences in LED Calibration Spectra in band 1a.
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FIGURE 23. Differences in LED Calibration Spectra in band 2b
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FIGURE 24. Differences in LED Calibration Spectra in band 3.
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FIGURE 25. Differences in LED Calibration Spectra in band 4.
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Conclusion

In general saturatiormeasurementaredifficult to analysedueto the not known effectson
the pre-amplifier and associated electronics.

Differences are:
* Band la: about 140WBover 2.5 years leading to 568Jyear
» Band 2b: about 140Bover 2.5 years leading to 58Jyear
» Band 3: about 1308 over 2.5 years leading to 52 Bu/year
» Band 4: about 80 B over 2.5 years leading to 32year

Comparedto the referencedate during the commissioningphase,thereis no significant
change in the saturatiornvid of the detectors.

1
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6.0 Analysis of the Blarisation Measurement Devices

Set 8 of polarisationmeasurementevices 1, 2 and 3 was usedto monitor a possible

degradation of these dizes.

Data analysed PMD measurementsf the middle file of eachof the 5 monthly calibration

orbits.

Method: mean_ref_readoutMeanvalueof readoutf thereferencedate(28/07/95)which

corresponds to day 67 after launch.

mean_ref_dk_cur: Mean dark current of the reference date

mean_readouts: Meamlue of all readouts

mean_dk_cur: Mean dark current

Trend = (mean_readouts - mean_dk_cur) - (mean_ref_readouts - mean_ref_dk_cjr)

Polarisation Detector 7 Set 8
= 77000; x 5 =
m 7500 E
—2000 = w« 3
289 464 648 829 972
Days since Launch
Polarisation Detector 2 Set 8
—7100 & . =
D> 7150 F . =
—200 = =
—250 = X =
289 464 648 829 972
Days since Launch
Polarisation Detector 8 Set 8
L —40E x =
™ —60 ~ E
~80 . =
289 464 648 829 972

FIGURE 26. Polarisation Measurement Devices trend from 28/07/95 to 28/12/97.
The \alues are gen in annege A within the tables 1 and 2.

Thedifferenceof the LED-PMD measurementdatedon the 28/12/97to thereferencedata

Days since Launch
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setchosenat the end of commissioningohase(28/07/95)gives a changein the measured
signal of 10% for PMD 1, 9.65% for PMD 2 and 9.04% for PMDv&r@.5 years.

To seeif thischangds causedy LEDs or PMDsdegradationaroughcheckwasdonewith
the LED calibrationspectraof channel which hasthe samedriver circuit asthe PMD LED.

Data analysed LED measurements of channel 4 for angnéion time of 3s.

Method: mean_ref_readoutMeanvalueof readoutf thereferencedate(28/07/95)which
corresponds to day 67 after launch.

ref_lk_cur: Leakage current of the reference date for 3gratien time.
mean_readouts: Meamlue of all readouts

Ik_cur: Leakage current for 3s igt@tion time.

Trend = (mean_readouts - Ik_cur) - (mean_ref _readouts - ref_lk_cu1

Band 4

BU

—R2237

0 200 400 600 800 1000
Days since Launch

FIGURE 27. Trend in signal of LED Measuements on the detector 4

This differencegivesa LED degradationof 7.4% over 2.5 years(consideringthe meanon
thereferencalateas100%)whichleadsto a possibledegradationof 2.6%for PMD1,2.25%
for PMD 2 and 1.64% for PMD 3 over 2.5 years. That corresponddo a mean PMD
degradation of about 0.9% per year

1
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7.0 Conclusions
PPG

* No significant changes in the PPG were founer ¢he last 3 years.

SATURATION OF THE DETECT ORS:

» The level of saturationchangedwith time. A shift occurswhich is differentfor
eachof the4 channelsThe percentagéasbeencalculatedconsideringhe differ-
encebetweenthe referencedataof July 95 and December97 (100% -> about
50000 BJ).

*Channel 10.27%
*Channel 20.24%
*Channel 30.24%

Channel 40.12%

* A little but not significantincreaseof the saturationlevel canbe monitoredover a
time period of 3 years.

LED PMD SIGNALS

* The PMD LED measuremendainalysiswas performedon requestof the ESTEC
project.

* We canseeanevolution of abit lessthan10% over theinstrumentifetime but this

doesnot tell if the degradationcomesfrom the PMDs themseles, the LEDs or
optical devices in the optical path.

» Channeld LED measurementsereusedto try to distinguishLED andPMD deg-
radation, which leads to a possible mean PMgraigation of 0.9% per year
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8.0 Annex A

The dates chosen are (monthly calibration sequences):
LED m ments br nds integration time
28/07/95 Reference date

04/02/96

28/07/96

28/01/97

28/07/97

28/12/97

LED measurements br 24 seconds integration time
28/07/95 Reference date

04/02/96

28/07/96

28/07/97

28/12/97

Set 8 PMD trend:

28/07/95 Reference date

04/02/96

28/07/96

28/01/97

28/07/97

28/12/97

Check on LED band4

28/07/95 Reference date

28/07/96

28/07/97

1
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28/12/97

Table 1: PMD 1, 2 and 3 Set 8 (first 3 months)

date 28/07/95 04/02/96 28/07/96
average 1314.4 (1) | 1314.6 (1) | 1315.3(2)
Dark cur- 505.0 (2) 506.5 (2) 507.1 (2)
rent 507.9 (3) 508.3 (3) 508.3 (3)
Average 22763 (1) | 22255 (1) | 21760 (1)
LED read- | 3283 (2) 3224 (2) 3162 (2)
outs 1548 (3) 1527 (3) 1505 (3)
Difference | Reference | -507.7 (1) | -1003.9 (1)
with refer- | date -60.3 (2) -123.0 (2)
ence date -21.4 (3) -43.3 (3)

Table 2: PMD 1, 2 and 3 Set 8 (last 3 months)

date 28/01/97 28/07/97 28/12/97
average 1317.4 (1) | 1316.4 (1) | 1299.5 (1)
Dark cur- 512.2 (2) 508.4 (2) 503.5 (2)
rent 513.5 (3) 508.6 (3) 504.7 (3)
Average 21406 (1) | 20839 (1) | 20559 (1)
LED read- | 3123.0(2) | 3047.4 (2) | 3012.6 (2)
outs 1494.6 (3) | 1462.6 (3) | 1451.0 (3)
Difference | -1359.7 (1) | -1926 (1) -2188.7 (1)
with refer- | -167.2 (2) | -239 (2) -268.9 (2)
ence date | -59.3 (3) -85.3 (3) -94.1 (3)

1
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TABLE 3. Leakage current in BU/second br each month used.
Band 28/07/95 04/02/96 28/07/96 28/07/97 28/12/97
band 1 2.3 2.6 2.6 3.0 3.1
band 2 2.2 2.3 25 29 3.0
band 3 2.0 21 2.2 2.6 2.7
band 4 21 2.3 25 2.8 3.0

1



