Analysis of the spectral degradation
of the PROBA2/LYRA instrument



PROBA-2: an ESA solar micro-satellite

PROBA2: '

 Launched on November 9,
20009.

e 2 solar instruments: SWAP
and LYRA.

Orbit:
Heliosynchronous dawn-dusk,
725 km altitude,
Duration of 100 min,

Occultation season:

From October to February,
M )Iiimum duration 20 min per
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LYRA hlghllghts

3 redundant units protected by
independent covers,

* 4 broad-band channels in each unit,

* High acquisition cadence: nominally
20Hz,

* 3 types of detectors:
— Standard silicon,
— 2 types of diamond detectors,

9432 1 MSM and PIN:
Q/ _________________________________________ — @ * radiation resistant,

— * blind to radiation > 300 nm,
Zrremm rom N e Calibration LEDs with A of 370 and

465 nm.
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Details of LYRA channels

Channel Filter label Detector Bandwidth Purity
Unit 1
1-1 Lyman-a [122XN] MSM Diamond 120-123 nm 26%
1-2 Herzberg [220B] PIN Diamond 190-222 nm 95%
1-3 Aluminium (158 nm) MSM Diamond  17-80 nm + < 5 nm 96.8%
1-4 Zirconium (300 nm) AXUV Si 6-20 nm + < 2 nm 97%
Unit 2
2-1 Lyman-a [122XN] MSM Diamond 120-123 nm 25.7%
2-2 Herzberg [220B] PIN Diamond 190-222 nm 95%
2-3 Aluminium (158 nm) MSM Diamond  17-80 nm + < 5 nm 97.2%
2-4 Zirconium (141 nm) MSM Diamond  6-20 nm + < 2 nm 92.2%
Unit 3
3-1 Lyman-a [122N+XN] AXUV Si 120-123 nm 32.5 %
3-2 Herzberg [220B] PIN Diamond 190-222 nm 95%
3-3 Aluminium (158 nm) AXUV Si 17-80 nm + < 5 nm 96.6%
3-4 Zirconium (300 nm) AXUV Si 6-20 nm + < 2 nm 95%
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Details of LYRA channels multiplied by a quiet Sun spectrum

Channel 1 —Lyman alpha

10
1071

102}

Spectral responsivity (A/nm)

10°% i

channel 1

R
o
o

Ll
o
'S

Cumulative spectral response

-
o
(V]

‘
°
o

100

Wavelength (nm)

1000

Channel 2 — Herzberg
190-222 nm

-
Q
3

10751

107}

Spectral responsivity (A/nm)

102

channel 2

1000

' "y
o

o
. ©
Cumulative spectral response

T
o
o

L
o
~

100

Wavelength (nm)

Spectral responsivity (A/nm)

Spectral responsivity (A/nm)

1075}

10-30 [ -

Channel 3 — Aluminum
17-80 nm + 0.1-5nm
10

100 1000

’
1070

1020)

105

-
o

channel 3

o
) ©
Cumulative spectral response

R
o
o

Ll
o
'S

=

1
10701

102

10" F

107}

10%F

1‘0 100 1000
Wavelength (nm)
Channel 4 — Zirconium
6-20nm + 0.1-2nm
10 100 1000
R 1.0

! channel4 Jgg

o
o

o
s
Cumulative spectral response

. . 10.0

10 100 1000
Wavelength (nm)



Calibration

Includes:

* Dark-current subtraction,

* Rescalingto1AU,

e Additive correction for degradation,

* Conversion from the measured photocurrents (A) into irradiance units (W/m?), assuming
a linear relationship between the two.
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Dark current evolution

DC=1f(T)=a + exp(b*T + ¢)
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P | .
i=is+ig == /t A E(\,t)F(\)D(A)dAdt + iq, (2.2)

where

i is the measured photocurrent, defined as the sum of the solar [is] and
dark current [i4] contributions,

A is the wavelength,

t is the time and is integrated over an exposure,

A is the aperture area, i.e. the exposed detector area,

T is the total exposure time (nominally 50 ms),

E(A,t) is the solar spectral irradiance,

F () is the filter transmittance,

D() is the detector spectral responsivity,
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Zuncal T Zd

E.. = EFL (2)

cal

where:

E.,, and Ef;% are the spectral irradiances covering one LYRA channel
(in W/m?) for respectively the current measurement and the first light
reference

Tuncal and iffrfcal are the unprocessed solar irradiance (in counts/ms) for
respectively the current measurement and the first light reference

iq and i5 % are the dark current measurements (in counts/ms) for respec-
tively the current measurement and the first light reference

corr is the corrective term for degradation

EFL ?:géjcal B ?’cl;L / Ead)\
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800E ™ Channel 2—1 Lyman—alpha Filter 120—123nm (nominal)

Degradat|on e ‘
200 &
Channel 1 — Lyman-a 65% <0.5% 57% 600% """""""""""""" S :
Channel 2 — Herzberg 64% <0.5% 2% ZZS:
Channel 3- Aluminum 60% 1% 10% Oo_ ‘2\00 400 60D 800 1000 1200 1400

Channel 4 — Zirconium 72% 13% 52%

30E ™ Channel 2—3 Aluminium Filter 17-80nm + Xray<5nm

15;T """""""""""""""""""""""""""""""""""""""""""""""""""""""""""" :g
The degradation is spectrally dependent gL E
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and mostly affects the filters.

80: Channel 2—4 Zirconium Filter 6—20nm + Xray<2nm
80

Likely caused by the carbon or/and the silicon
contamination.

o} 200 400 800 800 1000 1200 1400
Time after first light / days

*
1 1 *********

ORB - KSB



12

Model of contamination
i =iy +iq = % /t A E(\t)F(\) exp <—Zoi(/\)Li) DA)AAE + ig  (4.1)

where :

i is the photocurrent

* A is the exposed detector aera

* Tis the total exposure time

* Eis the solar spectral irradiance

» F'is the filter transmittance

* D is the detector responsivity

* o, 1s the absorption cross-section of the contaminant
* L, 1is the thickness of the contaminant

For a given unit, L, can be deduced from the loss of signal in the four channels at
any time.

*
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layer thickness (nm)

Evolution of the contamination: unit 2

Evolution of the contaminant layers channel 1 channel 2
1.0E+03 T T \ T —x 3 1.0 j: 1.0 ;
g X ] c 08y 1 c o.a—;ﬁ ]
i *H % Wi * Fx X Xe] \ o
1.0E+02 % w x K * w@*%* = B 06 | 1 B 08f§ .
F ¥ S ] 5 % 2 1
r 1 = 0.4+ 1 = 0.4+ %f 1
» SR =
1.0E+01 * E 02) ¥ 1 02r | 1
Eox b ] 0.0 L "R ae vebGsneg 0.0C % o)
* carbon - 13/08/2009 12/02/2012 13/08/2014 11/02/2017  13/08/2009 12/02/2012 13/08/2014 11/02/2017
1.0E+00 = silicon - Date Date
- ]
1.0E-01 ‘ , ‘ . ‘
17/06/2009 30/10/2010 13/03/2012 26/07/2013 08/12/2014 21/04/2016 03/09/2017 channel 3 channel 4
Time 1.2 | 1.0 %
i ] Fo X
1.0 aﬁ ” " 08F %ﬁy% _ .- ]
. i ion d i db § 08l | § %N
Contamination dominated by g 08 il 1 8ol WYLEN AN ,
£ 6l % I ;] 2° 5
the carbon. & 00 gl |- E oal PN
. S 04 Y M g * T\
* An additional source of "ozl % | I Foa :
degradation seems to be 000X s x 00 ‘ .
: : 13/08/2009 12/02/2012 13/08/2014 11/02/2017  13/08/2009 12/02/2012 13/08/2014 11/02/2017
present in channel 3. Possibly Dato Date

oxidation.

*
1 3 *********

ORB - KSB



layer thickness (m)

Evolution of the contamination: unit 1

Evolution of the contaminant layers
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layer thickness (nm)

Evolution of the contamination: units
1and 3

Evolution of the contaminant layer
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Spectral response (A/W)

Spectral response (A/W)

Effect of the contamination on the spectral response
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Transmission

Impact of spectral degradation on occultation measurements
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Spectrum (erg/cm2/nm)

Annexe: main contributors channels 1
and 2
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Details of LYRA channels

Channel Filter label Detector Bandwidth Purity
Unat 1
1-1 Lyman-« [122XN] MSM Diamond 120-123 nm 26%
1-2 Herzberg [220B] PIN Diamond 190-222 nm 95%
1-3 Aluminium (158 nm) MSM Diamond 17-80 nm + < 5 nm 96.8%
1-4 Zirconium (300 nm) AXUV Si 6-20 nm + < 2 nm 97%
Unat 2
2-1 Lyman-« [122XN] MSM Diamond 120-123 nm 25.7%
2-2 Herzberg [220B] PIN Diamond 190-222 nm 95%
2-3 Aluminium (158 nm) MSM Diamond 17-80 nm + < 5 nm 97.2%
2-4 Zirconium (141 nm) MSM Diamond 6-20 nm + < 2 nm 92.2%
Unait 3
3-1 Lyman-o [122N+XN] AXUV Si 120-123 nm 32.5 %
3-2 Herzberg [220B] PIN Diamond 190-222 nm 95%
3-3 Aluminium (158 nm) AXUV Si 17-80 nm + < 5 nm 96.6%
3-4 Zirconium (300 nm) AXUV Si 6-20 nm + < 2 nm 95%




Filter + detector responsivity
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Operation: systematic campaigns

Integra-tion Units Cover status LED status Pointing Occur-ence
time
Range 10ms =» 10s max.two ata open /close off /375nm/  0°(Sun)=>» 3°
time 465nm
Nominal 50 ms u2 open off Sun N/A
Back-up 50ms u2+3 open off Sun 1/ 2weeks
A
Back-up 50ms U2+1 open off Sun 1/ 3months
B
Calibra-tion 50ms 1) U2+1 2) close off (DC) N/A 1/ 2weeks
u2+3 on (LED)

Paving 50ms - open off From0°to 3°  occasio-nal
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LYRA Calibration LEDs

IV. LYRA onboard calibration

LYRA benefits from VIS (465nm) and UV (375nm) in-flight calibration LEDs to assess the

MSM detectors stability/robustness bi-weekly)
)
Dark current measurements (closed doors, bi-weekly)
4

Off-pointings (occasionally),

Acquision with one or two units in parallel (unitl: 1x/3months, unit3:1x/2 weeks),
Cross-calibration with other instruments : Solstice/Sorce, Goes15 and Eve/SDO.

VIS LED
> 10° Angle near UV LED

E ) — \ - Peak WL = 375 nm
el \2 - Ir = 10MA@3.5V
. AL @vecoren
2T 1
%3 )} , UV LED
e » » 20° Angle UV LED
| 7 i - Peak WL = 235 nm
e "
I TOKYO GAS

Unit 1 (x1/3 months)

Unit 2 (nominal)

Unit 3 (x1/2 weeks)

—> Not available (VIS LEDs @ 465nm)




IV. LYRA standard calibration: LEDs

LYRA time secie:

[ E
mmm

UV Leds ON

VIS Leds ON

Irradiance (2)

Darnk current Dark current

Time (from 2011 =04~ 13 to 2011 -04

This plot shows the standard calibration observing sequence (4 channels).
The dark current is measured for 20 minutes, then the VIS LED is switched on for 20 minutes, then the

UV LED, and finally another 20 minutes of dark current. The sequence is then repeated.
23

Status after >1year : the detector signal when illuminated by LEDs is almost constant.



Dark current evolution

Variations correlated with temperature evolution

Dark current in Lyman alpha
Unit 2 Lyman alfha channel darR rate

Temperature evolution

. Dammasch + M. Show

A. De Groof



