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LYRA degradation after 3 years in orbit
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-I- Introduction
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-I- LYRA highlights
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- LYRA = 3 units (redundancy), 4 channels/unit
- 4 detectors per unit total 12 detectors
- 2 calibration LEDs/detector = 24 LEDs (12 VIS, 12 UV)
LYRA detectors

: Diamond (PIN, MSM) and Silicon (PIN)

BenMoussa et al. Physica St. Solidi (a) 201, (2004) 2536

BenMoussa et al. Meas. Sci. Technol. 17, (2006) 913-917
BenMoussa at al. “Pre-Flight Calibration of LYRA, the Solar VUV radiometer on board PROBA2”. A&A 508 (2009) 1085-1094.

BenMoussa et al. Nuclear Inst & Methods A-568, (2006) 398
BenMoussa et al. Semi. Science & Techn. 23, (2008) 035026



-I- LYRA daily operations (since Jan 06 2010)
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21 January 2010
PROBA2 witnesses an annular eclipse PROBAZ Press Event (26
January 2010)

o
e - People across Africa and Asia marvelled at the solar eclipse that took place on 15 January. At the same time it was being 18 December 2009
L] [ ] [ ] recorded from orbit - by ESA’s Sun-watching PROBAZ. SWAP First uya{u
The small satellite s demonstrating new space technologles but aso hosts scientifc instruments to monitor the Sun and ~ PROBAZ Passes First Health

space weather. PROBA2's SWAP (Sun Watcher using APS detectors and imaging processing) instrument acquired the images
used to produce this animation. It is a miniaturised version of a similar instrument on the ESA/NASA SOHO observatory, but
while SOHO produces a new image only around every quarter of an hour, SWAP can do 5o every minute

The 15 January eclipse was the longest eclipse of the millennium so far, known as ‘annular’ because the outer part of the
Sun’s disc fs left uncovered - the Moon being further away from Earth than during ‘total” eclipses

SOHO has never had the opportunity to witness a solar eclipse because it operates 1.5 million km from Earth in order to give
1t an uninterrupted view of the Sun. Proba-2 by comparison is In orbit around Earth a scant 720 km away, giving the satellite

a high probability of passing the band of an eclipse as one occurs.

For the Royal Observatory of Belgium team overseeing SWAP, this initial eclipse sighting has proved a useful means of
characterising the instrument’s optical performance and assessing double-checking orbital calculations while PROBAZ

continues in its commissioning phase.
Press Release: Technology-testing PROBA2 opens new eye on the Sun

Attached documents

Annular Eclipse
29 January 2010 Solar eclipse seen from space by SWAP on January 15,2010

the page.For more information. choose Window > ANIY.

contact: swap_lyra@oma.be LYRA (Pl): Marie Dominique; SWAP (PIl): David Berghmans - ROB



-11- Detector degradation studies (unit 2, diamond)

K\ MSM

unit 1 (C and Si, once per month)

unit 2 (C, nominal)

unit 3 (Si, once per week)
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unit 2 (*nominal) shows degradation since Jan 2010.
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-II- Onboard calibration strategy

dark current measurements (closed doors, weekly),

LYRA benefits from VIS (465 nm) and UV (390 nm) LEDs to assess the detectors stability/
robustness (weekly),

acquision with one or two units in parallel (weekly with unit 3, monthly with unit 1),
off-pointings (ROB operations, 1/month),
cross-calibration with other instruments : TIMED/SEE, GOES, EVE/SDO.

UV LEDs (390 nm) Detectors calibration sequence (4 channels):
- Dark current (20 min),
- UV Leds (20 min),

| - VIS Leds (20 min),

- Dark current (20 min).

VIS LEDs (465 nm) The sequence is then repeated.

~L

LYRA Calibration LEDs



-II- Onboard calibration strategy

1. dark current measurements (closed doors, weekly),
2. LYRA benefits from VIS (465 nm) and UV (390 nm) LEDs to assess the detectors stability/
robustness (weekly),

UV LEDs (390 nm) Detectors calibration sequence (4 channels):
- Dark current (20 min),
- UV Leds (20 min),

| W - VIS Leds (20 min),
S - Dark current (20 min).
VIS LEDs (465 nm) The sequence is then repeated.

LYRA Calibration LEDs



MSM diamond

LYRA - Dark Signal vs. Temperature - head2 - channell (MSM21)

LYRA -

-1- dark current vs temperature (unit 2, diamond)

PIN diamond

Dark Signal vs. Temperature - head2 - channel2 (PIN11)

3274 LYRA - Dark Signal vs. Temperature - head2 - channel2 (PIN11)

ADC ~ -1 DN @ 47°C

o W‘ . _\v’v'v‘.“‘ }
TR IS AN TP
XA o
A i *
i"“-‘f."m‘. R

DeMelLab - STCE

a2 44
Temperature / * C

DeMelLab - STCE

ADC=-216 DN @ 47°C
K
»
1000! ¢
v 250
v M 2
g 800 i 200
© . - v 0" < . A
5’ o o R :«.":L ot
v o ERR AR SIAN T S 150
] P ) s
© $e o
a "
400 w wwvww 100
+ 201051 . igigs;
v S.
2010 s2 | s
291 ot a2 < 201182
< 2011s2 S
= 201251
4 2012 s2 DeMelLab - STCE g 4+ 2012s2
9 36 38 40 42 44 46 48 50 4 36
Temperature /° C
Legend:

-grey : 1stsem. 2010
- blue: 2" sem. 2010

- green: 1stsem. 2011

-orange: 2"%sem. 2011 - purple: 2" sem. 2012

-red: 15t sem. 2012

38

40 42 44 46 48 50
Temperature /° C

IT = 50ms (20 Hz)

e Diamond MSM dark current increases vs temperature as expected, but decreases with time
e ADC ~ -27% of the mean @ 47°C - recovery of the diamond MSM ?
— cleaner diamond surface (TBC with ch2-3 and ch2-4),
e Diamond PIN dark current remains stable in orbit
e ADC =-0.3% of the mean @ 47°C (=noise) = no PIN diamond detector degradation




-2- detector signal vs UV LEDs (unit 2, MSM diamond)

LYRA - UV LED Signal vs. Temperature - head2 - channell (MSM21)
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ch 2-1 signal increases vs Temperature (to be corrected from the UV LEDs T-dependency, see unit 3)
- signal (sub-gap) decreases with time (= LED-blind)—> possible recovery ?,
- TBC with VIS LED and others LYRA MSM channels (ch2-3 and ch2-4).

9



-I1lI- LYRA degradation: unit 3 & 1 (Si detectors)

unit 3 shows also a strong degradation after only 375h
Su exposure = Slowing down with time (?).

unit 1 (C and Si, once per month)

unit 2 (C, nominal)

unit 3 (Si, once per week)

Ly-alpha | Herzberg |Aluminium | Zirconium
Unit 1 50% 15% 20% /
Unit 2* >99% >99% 90% 30%
Unit 3 34% 66% c79% 10% 12 3

First 375 hours of unit 3 (January 2010 - March 2012)



South Atlantic Anomaly (SAA)

PROBAZ2 passes 3 times per day (on consecutive orbits) through the South Atlantic Anomaly
during few minutes.

LYRA - Dark Signal vs. Temperature - head3 - channel2 (PIN12)
zzzzzzzzzzzzzzzzzzzzzzzzzzzzzz 350 ; .

PIN Silicon (unit 3-1) |
. PIN diamond (unit 3-2)
mean =777 DN R 0 '
+ std=5.6DN=0.7% mean. = 3 .,
DeMelLab - STCE
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std = 163 DN = 15 % mean R std = 0.94 DN = 0.3 % mean

The SAA perturbs only the Silicon detectors, and not its PIN diamond ones. We may expect surface degradation and/or
bulk displacement damage for LYRA PIN Si detectors (e.g. increase of the dark current).



Dark current vs temperature (unit 3-1, Si)
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- each dot is the average of 4000 data pts

- The temperature during the mission is increasing (= solar activity ?)
- There is a shift (increase) of the dark current curve vs Time for a given Temperature

ADC =+ 151 DN @ 47°C (~ +12% of the mean) = degradation of the PIN Si (ch3-1
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UV LED Signal / DN

VIS LED Signal / DN
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Detector signal vs LEDs (unit 3-1, Si)
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The LEDs signal decreases with temperature, as expected.
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40 42 46 48 50

a3
Temperature /° C

13




Dark current vs temperature (unit 3-2, Diamond)
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e idem as ch2-2 : Diamond PIN dark current remains stable after 3 years in orbit
e ADC = +0.3% of the mean @ 47°C (=noise) = no diamond PIN detector degradation
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Dark current and LEDs (unit 3-3, Si)

ISSUE !!!

LYRA - Dark Signal vs. Temperature - head3 - channel3 (AXUV20B)
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- DC of ch3-3 decreases vs temperature (not physics)
and decreases with time.

- LEDs (corrected from DC) = large drift signal vs time (linear vs photon?).
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LYRA - UV LED Signal vs. Temperature - head3 - channel3 (AXUV20B)

2050
T UV LED
2000 R
-.“"o,‘
oy,
1950 N"m\m
- N'Q”
g . [ b
- et g ««.:: 10.,"‘.
3 1900 —
©
c
5 — [
a9 AS=-164 DN @ 47°C . ‘-
2 - ~
-
swo 2 -9.1% mean —~
g,
m —, —
1750« = 201051 N
* 201052 - . e
¢ 201151 iy
1700/} « < 201182 g
= 20121
4 4 201252 DeMelab - STCE
1650 38 40 22 a5 26 18 50
Temperature /° C
13000, LYRA - VIS LED Signal vs. Temperature - head3 - channel3 (AXUV20B)
12500
v'w,,ﬁ“w
"'W
=-594 DN @ 47°C
12000
0,
3 ol "\9 -5.5% mean
E
(=]
& 11500 ""v;m.
Iy
o %
| e
Howe "'\ Mg
4, 4
D L,
W
10500) N“‘“\
A.“«\ P
DeMelab - STCE
10000 38 40 42 44 46 48 50

Temperature /° C



Dark current and LEDs (unit 3-4, Si)

350

ISSUE !!!

LYRA - Dark Signal vs. Temperature - head3 - channel4 (AXUV20C)
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The DC decreases with temperature (problem)
- large ADC vs time @ 47°C.
- LEDs > drift signal vs time only with UV LED.
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LYRA - UV LED Signal vs. Temperature - head3 - channel4 (AXUV20C)
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Dark current and VIS LED (unit 1-4, Si)

ADC =+1.2 DN (+ 0.3% mean) @ 47°C

LYRA - Dark Signal vs. Temperature - headl - channel4 (AXUV20D)
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- The DCincreases with temperature (ok) and there is no signal drift (noise) vs time for a given Temperature,
- VIS LED: the signal increases slightly (idem. ch3-1) with time but still negligible (below 1% at 47°C),

9

No degradation of PIN Si detector (ch1-4)

17



UV LED (unit 1-4, Si)

LYRA - UV LED Signal vs. Temperature - headl - channel4 (AXUV20D)
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As observed, when illuminated by UV LED (only), ch1-4 signal shows spikes/jumps during LARs
- UV LED is not well fixed/attached (TBC) = difficult to process the data. 18



LYRA electronics: VFC stability

LYRA - VFC - 0.0 V - nominal - channell

Signal / kHz

L VFC : Voltage to Frequency Converters (ADC)

- 3 calibration voltages at ~0V ; 2.5V and 5V

—> High stability vs Temperature and vs Time (for the 8 VFC)
- All bits are working well, TBC?
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“Summary” table

unit/ch detector DCvs T
1-4 PIN Si (AXUV) +
2-1 MSM diamond +
2-2 PIN diamond stable

3-1 (Ly-a) PIN Si (AXUV) +

3-2 (Hz) PIN diamond stable

3-3 (Al) PIN Si (AXUV) -(?)

3-4 (Zr) PIN Si (AXUV) -(?)

MSM diamond detector (ch2-1) seems to recover vs time (TBC ch2-3 and 2-4),

PIN diamond (ch2-2 and 3-2) are stable,

ADC vs time

(47°C)

+0.3%
-27%
-0.3%

+12%

+0.3%
-8.5%
-14.5%

AS UV LED
(47°C)

N/A
-9.2%
LED-blind

+0.2%
LED-blind

-9.1%

-5.8%

DC of PIN Si detectors degrade with time (with a drift of the LEDs signal for ch3-3 and 3-4),

ch1-4 (Si PIN) is not degraded

AS VIS LED
(47°C)

+0.9%

/
LED-blind

+1.5%
LED-blind

-5.5%

-0.4%

20



LYRA degradation: unit 2 (nominal)

-1- diamond detectors (e.g. PIN) are not degraded (or =
negligible). The main cause of LYRA unit 2 degradation should

come from the optical filters:
- Hypothesis 1 (accepted)

surface condensation and UV-induced polymerization of =

outgassing molecules (cleanliness issue),
- Hypothesis 2 (proposed)

Contamination AND filter degradation due to UV and protons -

- difficult to assess with solar blind diamond detectors (i.e. cut - 2= =

off at around 225 nm).

- What’s about the LYRA detectors and VUV filter radiation

tolerance (ch*-1 and ch*-2) ?

21
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Light lon Facility @ Cyclotron Research Center in Louvain-La-Neuve, Belgium. §

- Proton energy 14.4 MeV, Flux 1e8 p/cm2/s,
- Fluence 5e9 #/cm?2
- Fluence 1e10 #/cm2 (~ accumulated trapped proton fluence 10 MeV equiv. after 3 years in orbit (Spenvis)
- Fluence 5e10 #/cm2 (~ )
- Fluence 1e11 #/cm2 (for detectors only)

- Annealing (1 to several weeks)
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DC increases (x7) due mainly to ionization but back to its pre-irradiation value after RT annealing (1 week).
The diamond PIN’s spectral response is not affected.
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PIN Si dark current increases (x100) and the NUV-VIS spectral response decreases strongly (>60%, indep. A)
- Permanent PIN Si detector degradation (measured several weeks after radiation tests)
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LYRA’s filters (Hz) after UV & proton tests (@14.4 MeV)
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Herzberg filters at 214 nm:
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- Transmission decreases by ~10% after UV radiation (observation of interference fringes after 30h UV irradiation),s

- Transmission decreases by ~37% after proton radiation.



Hz filters: SEM images after proton tests

E-Beam| Det Mag |FWD| Spot| Tilt HFW
30.0kV| STEM | 80.0 kX|6.673| 1 3.0° | 3.80 um

E-Beam| Det | Mag |FWD|Spot| Tit | HFW

5.00kV| TLD-C | 250kX |5.263| 3 52.0° | 1.22 pm 200 nm

LEMN

courtesy of IEMN / Dr A Soltani




LYRA-EUI’s filters (Ly-a) after y & proton tests (@14.4 MeV)
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SEM: cracks observed on Al top coating
courtesy of MPS/ Dr U. Schuhle and IEMN / Dr A Soltani
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V - Conclusions ‘

LYRA :
Benefits from innovative UV diamond detectors (solar-blind and radiation hardened),
Benefits from two in-flight calibration LEDs (stability/robustness),
Unit 2 (hominal):

& no degradation of the LYRA diamond detectors (PIN),
& Degradation is due to optical filters contamination associated with ‘possible’ structural degradation (TBC).

Unit 3 (weekly):

& PIN Si detectors show degradation: dark current increases vs time (~10-15%),
& The signal drift vs time with LEDs of ch3-3 and 3-4.

Unit 1 (monthly):
& PIN Si detector (ch1-4) is not degraded (but problem with UV LED).

There is a need of innovative technologies to meet the needs for future UV solar radiometers:
At STCE-DeMelab, development of new challenging WBGM detectors > MSM,, (with high stability @ Ly-a) ‘ ‘i:

Norm. spectral response

QB50 (Picasso) - 2013/14 ESIO - prototype (2015) S edengh "



Thank you for your attention
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uncalibrated LYRA channel 2—4: Zirconium (6—20nm) m__
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