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 Calibration stability of UV space instruments  

 Degradation of UV space instruments 

 Cleanliness efforts and lessons learned 

 Cleanliness design guidelines 

 Relevance to future missions 

Outline of the talk 



Laboratory calibration: 

1. By primary source standard, i.e., synchrotron beamline  

2. By transfer light source, i.e., secondary standard traceable to a primary 
standard.  

 

In-flight calibration: 

1. By tracking by observing a constant source:  

  - the “quiet Sun”  

  - celestial standards (stars)      

  - calibration lamps (not for SOHO) 

2. By calibration updates by rocket “underflight” 

Calibration stability, In-flight 

calibration 



 Molecular contamination 
- From ground facilities and test environment 

- From outgassing organic materials 
- used in construction of instrumentation 

- used in construction of the spacecraft 

- from spacecraft exhaust (fuel) 

 

 Polymerisation of organic contaminants by solar UV  

 especially on mirrors of solar instruments ! 

 even more so on windowless EUV solar instruments !!! 

 

 Laboratory and space experiments have quantitatively  
measured the UV-degradation. 

Stability of calibration: concerns for 

space instruments 



Degradation of solar UV space 

instruments: OSO 8 



Optical path degradation of SUSIM during 2.5 years of the UARS 

mission 
 

Degradation of solar UV space 

instruments: UARS-SUSIM 



 

Remote sensing Instrumentation: 

 

 CDS (Coronal Diagnostics Spectrometer)  

 EIT (Extreme ultraviolet Imaging Telescope)  

 SUMER (Solar Ultraviolet Measurements of Emitted Radiation)  

 SWAN (Solar Wind Anisotropies)  

 UVCS (Ultraviolet Coronagraph Spectrometer)  

 LASCO (Large Angle and Spectrometric Coronagraph)  

 

Helioseismology Instrumentation: 

 MDI/SOI (Michelson Doppler Imager/Solar Oscillations Investigation)  

 GOLF (Global Oscillations at Low Frequencies)  

 VIRGO (Variability of Solar Irradiance and Gravity Oscillations) 

 

In-situ instrumentation: 

 CELIAS (Charge, Element, and Isotope Analysis System)  

 COSTEP (Comprehensive Suprathermal and Energetic Particle Analyzer)  

 ERNE (Energetic and Relativistic Nuclei and Electron experiment)  

The Solar and Heliospheric 

Observatory (SoHO) 

Ultraviolet remote sensing telescopes 

and spectrographs: 

CDS 

EIT 

SUMER 

UVCS 



Tracking by observing quiet Sun radiance 

"Radiometric Calibration of the Vacuum-Ultraviolet Spectrograph SUMER on SOHO with the B Detector", U. Schühle, et al., Applied Optics, 39, 418-425, 2000 

 

The cleanliness program was successful! 



Tracking of calibration by observing quiet Sun 
 example: SOHO SUMER 

"Radiometric calibration tracking of the vacuum-ultraviolet spectrometer SUMER during the first year of the SOHO mission", U. Schühle, et al., Applied Optics, 37, 2646, 1998 



 SUMER total accumulated counts: 1012 (during 108 s) 

 # of photons per publication: 2x109  

 

 

For comparison: 

 # of 10eV-photons in one laser pulse of 1 mJ: 1015 

 This is a typical laser pulse delivered in 10-8 s! 

 

 SUMER is extremely „photo-science-efficient“ 

 
How much science can you make with a 

photon? 

 

(An excursion) 



CDS burn-in of NIS detector at 58.4 nm 

Tracking of calibration by observing quiet Sun 
 example: SOHO CDS 



 

 

 

304Å response vs. time 

Tracking of calibration by observing quiet Sun 
 example: SOHO EIT 

Courtesy Frédéric Auchère 



Intercalibration of SUMER and CDS on SOHO.  I. SUMER detector A and CDS NIS, A. Pauluhn, et al. ,Applied Optics, 38, 7035-7046, 1999 

Co-observations of quiet Sun areas 

Tracking of calibration by observing quiet Sun 
 example: SOHO CDS and SUMER co-observations 



Calibration stability: Effect of SOHO 

accidental loss of attitude 

This can happen to any mission! 

•  30% loss of sensitivity 

•  Result of thermal cycling! 

•  Redistribution of contaminants 



Tracking of calibration by observing quiet Sun 
 example: HINODE EIS 

Long-term Variation of the Corona in Quiet Regions , S. Kamio, J. T. Mariska,  Sol.Phys. accepted, 2012 



 SOHO UV instruments have been very stable due to 

the successful cleanliness program. 

but 

 SOHO UV detectors have been remarkably 

unstable. 

Lessons learned 



Calibration tracking throughout a mission 
is very difficult. Thus, recalibration, 
Intercalibration among instruments and 
calibration underflights are necessary 

The cleanliness efforts have been 
necessary and were not excessive 

Cleanliness design (at spacecraft and 
instrument level) greatly reduces 
contamination 

Lessons learned 



SOHO has  extremely stable orbit: 

 Always Sun pointing 

 No eclipses 

 No (almost) changes to the orbit 

  Thermal stability 

 

Solar Orbiter mission will not have such stable 

conditions 

 Redistribution of contaminants, temperature sensitivity 

Relevance for future solar 

missions 



 

 

Establishment of SOHO Cleanliness Review 

Board and SOHO Intercalibration Working Group 

SOHO Cleanliness Control Plan 

 Instrument Cleanliness Control Plans 

 

Calibration degradation: preventive 

measures (1) 



 

Most important preventive measures for 

instruments: 
 Determine the contamination sensitivity 

 Design the instrument for cleanliness: Design features, material 

selection 

 Avoid contamination during ground handling 

 Precision cleaning of all hardware 

 Use oil-free vacuum systems during tests 

 

Calibration degradation: preventive 

measures (2) 



Materials of TML<1% and CVCM<0.1% : 

 

 Carbon fiber structures 

 Electronic boards and harness, cable insulation, 
shrink tubing, solder flux 

 Motors and gear drives 

 Adhesives, glues, potting compounds 

 Heaters 

 Thermal insulation foils 

 Surface coatings, paints, lacquers, varnish 

 Elastomers, rubbers 

Typical components used for 
space instrumentation 



 
① Material selection: metal optical housing or organic composite material? 
② Avoid or minimize organic material inside optical housing (to minimise potential 

outgassing)  
③ Precision clean and bakeout of all hardware at highest temperature possible (avoid 

low-T material) 
④ Aperture door to close/open the optical compartment (to reduce ingress from 

outside) 
⑤ Solar wind deflector plates (with HV applied to deflect solar wind away from the 

telescope mirror) 
⑥ Use of ultra-high vacuum components/materials inside optical housing (high-T 

materials) 
⑦ Keep electronic components outside optical housing (to keep organic materials 

outside) 
⑧ Purging of optical compartments at all times (to over-pressurise and clean away 

offgassing species) and vent design 
⑨ Keep primary optical element at highest temperature by solar illumination (to reduce 

deposition on UV-irradiated surfaces) 
⑩ Dry lubrication (on MoS2 basis) for all mechanisms (inorganic lubrication, no 

outgassing) 
 
 

Cleanliness design rules 
(Ten Commandments ;-) 



SCSL Meeting – ISSI, 20-23 Jun 2006

SWAP Project Status

STM

1. Material selection: metal optical 
housing or organic composite 
material? ZWE 6Detektorfertigung

SUMER ein Teleskop/ Spektrometer auf SOHO

SUMER ist ein Sonnenteleskop mit einem Gitterspektrographen, 

bestehend aus nur einem Spiegel welcher die Strahlung sammelt und in 

den Spektrographen schickt

SUMER steht für „Solar Ultraviolet Measurements of Emitted

Radiation“. SUMER ist ein Teleskop und Spektrometer, das zwischen 

1987 und 1995 mit internationaler Beteiligung am MPS für 

Sonnensystemforschung entwickelt und gebaut wurde

Strahlung wird in seine Wellenlängen zerlegt

Detektoren bilden das Spektrum ab

Temperatur, Dichte und Strömungen der Sonnenatmosphäre werden 

aus den Spektrallinien gemessen

Das Gerät funktioniert nur im Vakuum-ultravioletten Spektralbereich 

(VUV)

VUV sind kurze Wellenlängen (kommen nicht durch die 

Erdatmosphäre, werden daher vom Weltraum aus betrieben)

Im Labor kann es nur in einer Vakuumkammer getestet werden 

(Spiegel und Detektoren sind speziell für VUV-Strahlung ausgelegt

SWAP 
SUMER 

HINODE EIS 



2. Avoid or minimize organic 

material inside optical housing 

•  minimise potential outgassing 



3. Bakeout of all hardware at highest 
temperature possible (avoid low-T 
material) 

• Bakeout of subsystems 

• Bakeout of composite structures 

• Use oven with gas purge and pump system 

• Bakeout of components before assembly 

 e. g., bake motor coils at >200 °C 



3. Bakeout of all hardware at highest 
temperature possible (avoid low-T 
material) 

• High-T oven 

• Oil-free pump 

• Gas purge system 



4. Aperture door to close/open the 
optical compartment 

Udo Schühle 

Cleanliness WG Meeting 

Stevenage 6. Dec. 2011 

Critical area surface 

location 
 

– Entrance baffle internal surface 

– Venting labyrinths aperture 

Critical surfaces 

Re-closable doors of STEREO SECCHI 

Re-closable doors of Solar Orbiter EUI 



• Solar wind flux is very high (109 p/cm2/s) 

• It affects the optical surfaces exposed 

• It modifies the first 30 nm by proton implantation 

• Optical coating may be eroded 

• A sensitive surface needs a solar wind deflector 

5. Solar wind deflector plates (with 
HV applied to deflect solar wind away 
from the telescope mirror) 



7. Keep electronic components 
outside optical housing with electrical 
feedthroughs 

motor controllers harness HV supply for solar wind deflector 



8. Purging of optical compartments 
at all times (to over-pressurise and 
clean away offgassing species) 

Purge inlets 

Purge outlets 



 

Mott Vents for Ascent  

• Filter 1-Inch Diameter,  

10 micron Pore Size, 

1004590-01-100 

Purge Gas Flow 

Purge Lines 
FPA Vents for Ascent and 

Molecular 

Minimal 

Harnessing, One 

Simple Electronics 

Box 

8. Purging of optical compartments 
at all times and vent design 

STEREO SECCHI 

Courtesy Therese Errigo (Swales) 



9. Keep primary optical element at 
highest temperature by solar 
illumination (to reduce deposition on 
UV-irradiated surfaces) 

e. g., UV filter door window 



10. Dry lubrication for all 
mechanisms 

• inorganic lubrication 

• no outgassing 

• MoS2 or WS2 coatings 

 

more than a bearing



Zeolite absorbers 
 

reference: SPICE EIDB-01  
date: 19 March 2010 
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Figure 3-5 : Isometric view of the SPICE Optic Unit 

Entrance Aperture and Heat Shield Feed-through. The SPICE instrument is 

not responsible for providing the entrance aperture and heat shield feed-through.  

However, for a complete understanding of the instrument it is an important optical 

component and a description is included here for completeness.  Per the EID-A, the 

SPICE team is responsible for defining the location and size of the optical baffles within 

the heat shield. 

A 50 x 50 mm rectangular opening in the spacecraft heat-shield serves as the 

entrance aperture.  Behind the heat shield aperture are three additional, equally spaced 

optical baffles.  The specifications for the spacing and opening size are presented in 

Section 4.6.4,  Figure 4-11, Figure 4-12, and Figure 4-13.  

Filter/Door Assembly (FDA). The SPICE entrance aperture is 425 mm (TBC) 

behind the heat shield opening.  The entrance aperture is 44 x 60 mm rectangular 

opening with a movable UV blocking filter, which transmits visible and infrared light 

straight through the Optics Unit to the Heat Rejection Mirror and out to deep space, 

minimizing the incoming thermal load to both SPICE and the spacecraft. For Disk 

Mode observations, this filter is removed from the optical path, allowing the full disk 

beam to pass through the SPICE instrument. Beyond 0.35 AU, Off-Limb Mode 

observations of the corona can be made by inserting the UV blocking filter to attenuate 

D. Faye et al., Proc. of SPIE Vol. 7794 77940B , 2010 

Solar Orbiter SPICE proposed design 



Contamination control 

equipment 

 

 particle counters 

 inspection lamps: UV lamp, bright spot lamp 

 bakeout oven with vacuum pump and purge gas supply 

 QCM – quartz crystal microbalance 

 witness samples, PFO samples 



 For further information read the book: 

 

 “The Radiometric Calibration of SOHO“,  

 ISSI Scientific Report SR-002, in press, 2002,  

 (eds. A. Pauluhn, M.C.E. Huber, and R. v. Steiger) 
 

The book is online at: 

http://www.issibern.ch/PDF-Files/soho_cal.pdf 
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