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26 March 2016: 

Japanese space observatory dies
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(press release) Hitomiôstroubles began in the weeks after launch, with its 'star 

tracker' system, which is one of several systems on board that are designed to keep 

the satellite oriented in space. The star tracker experienced glitches whenever it 

passed over the eastern coast of South America, through a region known as the 

South Atlantic Anomaly. Here, the belts of radiation that envelop Earth dip relatively 

low in the atmosphere, exposing satellites to extra doses of energetic particles.



10 May 2016 Image sensors for space applications 3

Van Allen belts:

High-energy electrons and protons

Trapped in the Earthôsmagnetic field

© NASA website
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1. Introduction: space missions

2. Requirements in space missions

3. Total dose radiation effects & counter measures

4. Single event radiation effects & counter measures

a) SEU

b) SEL

5. Take home message
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1. Introduction: IS in space missions

2. Requirements in space missions

3. Total dose effects & counter measures

4. Single event effects & counter measures

5. Take home

1. INTRODUCTION

Image sensors in space

missions
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Why do we go to space
and take image sensors along?

1. Earth observation

Ý Including atmospheric analysis

2. Astronomy

Ý Of celestial objects and deep space

3. Other science

Ý Including interplanetary missions

4. Satellite housekeeping

ÝIncluding star- and sun trackers

ÝIncluding experiment telemetry
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Earth observation

LEO low earth orbit:  

üñpushbroomò scanning, with pan-, multi-, 

hyperspectral multi-linear arrays, 

ü for visible light often TDI

GEO geo-synchronous orbits

ü often for weather, climatology etc. 

ü Staring arrays, Visible + multi spectral
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ACE atmospheric chemistry experiment

2009: ACE is still operating very well on-

orbit, and has celebrated its 6th anniversary 

in space in August 2009. Performance is 

still exceeding original requirements. Over 

10 molecules have been measured for the 

first time from space using the on-board 

FTS instrument. Over 125 scientific papers 

published so far. It is certainly a project all 

stakeholders and contributors can be very 

proud ofò 

Design 2001

Mission 2003-2009

Canadian Space, 

in collaboration 

with ABB-BOMEM



Astronomy

10 May 2016 Image sensors for space applications 9

Wide variation of wavelength ranges

ü X-ray

ü Visible

üñclassicò infrared (SWIR, MIR, TIR)

ü Far infrared up to mm waves

Arrays types

ü Large, often stitched or mosaic, arrays

ü Hybrid: Si ROIC + non-Si detectors

ü Cryogenically cooled



ISO/Isophot
focal plane instrument sensor
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Infrared Space Observatory (ISO) was the most sensitive infrared 

telescope ever launched. ISO made particularly important studies of the 

dusty regions of the Universe, where visible light telescopes can see 

nothing. The wealth of data collected by ISO still produce important science 

results. 

Multiple version (sizes) of the pioneering cryogenic readout electronics  

(ñCREò) for extrinsic Si::X and Ge::X Frad infrared photoreceptor arrays.

Å 3µm CMOS

Å Operating temperature between 1 and 7 Kelvin

Å Very low power between 1µW and 100µW per ROIC

Å Below 10nW standby power

Å SEU hard

Design 1986

Mission 1990-1998



Inter-planetary
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Wide variation of instruments

ü Visible & other imaging

ü Autonomous approach sensors

ü Non-imaging instruments,  spectrometers é

Special requirements

ü Wide range of operation temperatures

ü Wide range of radiation doses

ü Low standby power, low weight



LEDA512
Mass spectrometer focal plane
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Spectrometer front-end for

the ROSINA/DFMS 

experiment on the 

ROSETTA comet

lander

Design 1998

Launch 2004

Comet rendez-vous 2014



Satellite housekeeping
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Wide variation of applications

ü Experiment telemetry

ü Satellite attitude: sun & star trackers

ü Satellite monitoring, docking, witness

Sensor types

üOften the ñlower endò (as compared to ñastronomicalò)

ü Often visible and monolithic

ü No protection whatsoever for radiation and 

temperature



ñseparation of SPELTRA from MAQSAT-Hò

pictures received from VTS, 30oct97. ÒESA

VTS visual telemetry system

By IMEC,  MMS, OIP/DEP 

For ESA-ESTEC

Observation of space craft during 

launch and afterwards.

Miniature camera 5x6x6 cm3

based on 512 x 512 pixel

logarithmic response imager.

This was the first CMOS camera 

in space.  Launched with Ariane 

502, 30 October 1997.



Mars Express
witness & housekeeping camera

2 June 2003 lauch on a 

Soyuz/Fregat launcher at 

Baikonur, Kazakhstan. Mars 

Express took six months to 

reach the Red Planet, arriving 

25 December 2003.

Six days after separation from 

Mars Express, the lander 

entered the Martian 

atmosphere. Its rocky ride 

through the atmosphere to land 

on the surface should have 

taken no longer than ten 

minutes. No signals were 

received by orbiting spacecraft 

or Earth-based radio telescopes

Last view of Beagle, taken from the 

Mars Express witness & housekeeping camera

http://www.esa.int/esaSC/120379_index_1_m.html#subhead5
http://www.esa.int/esaSC/120379_index_1_m.html#subhead5
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2. REQUIREMENTS

For image sensors in space

missions

10 May 2016 Image sensors for space applications 17



Unlike you might think
space technology is very conservative

(1)space qualifications requires a lot of effort and 
time

(2)due to the launch costs and risks, proven 
technologies are systematically preferred

(3)experiments take years of preparation

(4)after launch it may take years before the space 
craft reaches its final target


