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OutlineOutline

 IntroductionIntroduction
•• Definition of ScopeDefinition of Scope

 Large Focal Plane Arrays (focusing telescopes)Large Focal Plane Arrays (focusing telescopes)
•• SemiconductorsSemiconductors
•• SuperconductorsSuperconductors

 Large Field of View (non focusing telescope) Large Field of View (non focusing telescope) 
•• HEP contribution to high energy astrophysicsHEP contribution to high energy astrophysics

 SummarySummary
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Signals from the UniverseSignals from the Universe

gravitational gravitational 
waveswaves

ParticlesParticles
cosmic rays, neutrinos, neutralinos, axions…cosmic rays, neutrinos, neutralinos, axions…

Electromagnetic RadiationElectromagnetic Radiation

DAFNI, Theopisti; DE ROSA, Gianfranco; 
MARRODAN UNDAGOITIA, Teresa; 

PINSKY, Lawrence; SASAKI, Shinichi; 
YAHLALI, Nadia; ZEHR, Fabien

GIUBILATO, Piero; UENO, 
Kazuki; TAKAHASHI,Michiaki



VIC, Feb 15, 2010

E. do Couto e Silva SLAC/KIPAC 

“Perhaps with the exception of detectors
from the very highest energy gamma rays,
far infrared detectors lag significantly
behind all types, and as a consequence this
wavelength is comparatively little explored”

M. Ressler et al Astro 2010 white paper
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Atmosphere is opaque to certain wavelengthsAtmosphere is opaque to certain wavelengths
http://www.tutorgig.com/ed/electromagnetic_spectrum

This talk

Near infrared 1 – 5 µm
Mid   infrared 5 – 30 µm
Far   Infrared 30 – 300 µm
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Astro-G

ENERGY

YEAR2008 2010 2012 2014

Herschel

GAIA

AGILE, FGST

Planck
Radio & 

microwave

Optical & UV

Hard X-ray

Gamma-ray ?????

Soft 
Gamma-ray

Soft X-ray

Suzaku

INTEGRAL ?????

NuSTAR, ASTRO-H

ASTRO-H

AKARI, WISE

WMAP

infrared JWST

HST, GALEX,Kepler JWST

RXTE, Chandra, XMM

Not a comprehensive list of Telescopes!
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Near and mid Infrared Science ( < 30 Near and mid Infrared Science ( < 30 µµµµµµµµm)m)

HIgh star forming activity

Large ring of dust around Saturn
(ring volume can hold 106 Earths!)

Artist’s rendition

Early Universe/high redshiftEarly Universe/high redshift
Star and Galaxy FormationStar and Galaxy Formation

Planetary SystemsPlanetary Systems

Large Magellanic Cloud
Credit:Spitzer
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What do you mean by Large Space Telescopes? What do you mean by Large Space Telescopes? 

 Large Mirrors  (not discussed in this talk)Large Mirrors  (not discussed in this talk)
•• Large Collecting AreaLarge Collecting Area

 Large Focal Plane Detectors/ Large Field of ViewLarge Focal Plane Detectors/ Large Field of View
•• Large number of pixelsLarge number of pixels
•• Large number of multiplexed readout channelsLarge number of multiplexed readout channels
•• Large substrate sizeLarge substrate size
•• Large Arrays/MosaicsLarge Arrays/Mosaics
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State of the art State of the art –– Optical Focal Plane ArrayOptical Focal Plane Array

… but on the ground… but on the ground

LSST
3.2 Gigapixels

Image credit: LSST Corporation

LSST operations planned for ~2015
(dark matter, dark energy etc via 

gravitational lensing)

64 cm 
diameter

LSST focal plane array scale model. 
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Large Mosaic of CCDs in SPACE Large Mosaic of CCDs in SPACE –– GAIAGAIA

Focal Plane Demonstrator

Focal Plane 
1 m x 0.4 m

GAIA is 
scheduled to 

launch in 2012
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Optical CCDs Optical CCDs –– The Largest Number of PixelsThe Largest Number of Pixels

From: Burke, Jorden, Vu, SDW Taormina 2005

CCD Technology is approaching 109 pixels 
(ground and space)

MOSAICS
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Number of Pixels for Infrared ArraysNumber of Pixels for Infrared Arrays

J. Wolf SOFIA workshop2005

For quite a while, far Infrared ( > 30 µm) sensors were 
neither of military nor of commercial interest
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Evolution of near IR Arrays (1 to 5 Evolution of near IR Arrays (1 to 5 µµµµµµµµm)m)

32x32

(1983)

58 x 62

(1988)

256x256

(1998)

2048 x 2048

(2008)

Pipher et al.

Slide from Harvey Moseley’s talk in LTD13, Stanford 2009
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Large Format Focal Planes  with Hybrid ArraysLarge Format Focal Planes  with Hybrid Arrays
G. Rieke, Annu. Rev. Astron. Astrophys. 2007. 45:77–115

(mostly Si)
 Technology challengesTechnology challenges

•• Large substratesLarge substrates
 Availability of materials Availability of materials 
 Thermal mismatch Thermal mismatch 
 Mating forcesMating forces

•• Closely packed arrays Closely packed arrays 
 mosaicsmosaics

•• Smaller pixels sizesSmaller pixels sizes
 Interpixel capacitance Interpixel capacitance 
 diffraction limited diffraction limited 
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Can hybrids replace CCDs?Can hybrids replace CCDs?

 Excellent PerformanceExcellent Performance
•• Low read noiseLow read noise
•• Low Dark CurrentLow Dark Current
•• Good LinearityGood Linearity

 Challenges to overcome in spaceChallenges to overcome in space
•• Slow readout Slow readout 
•• Large power consumptionLarge power consumption
•• No random access (to pixels)No random access (to pixels)
•• Insensitive to time variability in Insensitive to time variability in 

astronomical sourcesastronomical sources
 exposure and readout are serialexposure and readout are serial

•• Radiation in spaceRadiation in space
 especially at Low Earth Orbitespecially at Low Earth Orbit

“The CCD has provided new possibilities to visualize the 
previously unseen”

Press Release by the Swedish Royal Academy of Sciences, 2009

George SmithWillard Boyle

Photo by U. Montan Photo by U. Montan

Improvements 
expected with 

Hybrid technology
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Infrared Hybrid ArraysInfrared Hybrid Arrays

 Single readout amplifier per pixelSingle readout amplifier per pixel
 High EfficiencyHigh Efficiency

•• at short wavelengthsat short wavelengths

 Cryogenic coolingCryogenic cooling

Can not use Silicon!

To go beyond 1.1 µm we need 
materials with band gap energy 

smaller than the energy of 
infrared photons

[ ]m
Egap

offcut µ239.1
= 

“Bandgap Engineering” 

The bandgap energy sets the 
cut-off wavelength

Love et al 2005

50% 
cut-off at 2.5 µm
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Infrared Arrays in the 90s (Spitzer Telescope) Infrared Arrays in the 90s (Spitzer Telescope) 

For longer wavelengths ( far infrared and beyond) exciting technology developments

Technology up to 30-40 µm is quite mature and the field is pushing for large arrays

P. Richards and C. R. McCreigh, Physics Today, Feb 2005
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Long Wavelengths Require Low TemperaturesLong Wavelengths Require Low Temperatures
Hoffman et al, Proc. of SPIE Vol. 5167

near infrared mid infrared far infrared
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Infrared Telescopes must be cooled in SpaceInfrared Telescopes must be cooled in Space

Telescopes as cold as 
around 5 K are required 

to achieve natural
background-limited 

observations in the mid-
and far-infrared. 

Telescope radiation
(10% emissivity)

Mid infrared Far infrared
T. Nagakawa 19th International Symposium on Space Terahertz Technology, Groningen, 28-30 April 2008

sub-mm
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Cryogenics is Space is HardCryogenics is Space is Hard

 T > 40 K T > 40 K 
•• Radiative cooling Radiative cooling 
•• Space is a 3K heat sinkSpace is a 3K heat sink

 1 k < T < 40 K1 k < T < 40 K
•• Liquid HeLiquid He
•• Solid HydrogenSolid Hydrogen

 T < 1 KT < 1 K
•• 33He, He, 44He Sorption coolersHe Sorption coolers

 T < 100 mK T < 100 mK 
•• Dilution Refrigerator (in 0 g !)Dilution Refrigerator (in 0 g !)
•• Adiabatic Demagnetization Adiabatic Demagnetization 

RefrigeratorRefrigerator

Mechanical Mechanical 
Coolers Coolers 

Longer lifetimeLonger lifetime
Less weight Less weight 
Less powerLess power

…but needed for background limited performance

improvement

B. Collaudin and N. Rando, “Cyogenics 40 (200) 797”
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Mechanical  Coolers in Operation (AKARI)Mechanical  Coolers in Operation (AKARI)

 Liquid He II (170 l or 25 kg)Liquid He II (170 l or 25 kg)
•• superfluid loaded at launch timesuperfluid loaded at launch time

 Mechanical coolers extended Helium life by 360 days! Mechanical coolers extended Helium life by 360 days! 
•• After He is depleted mechanical coolers can still cool down to 30 KAfter He is depleted mechanical coolers can still cool down to 30 K

Mechanical coolers 
shield cryogen from 
higher heat fluxes

M. Hirabayashi et al, Cryogenics 48 (2008) 189–197

From Aug 2006 until May 2007 AKARI 
completed the far-infrared All-Sky Survey 

covering about 94 per cent of the entire sky. 
Cryogen ran out after that. 
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Mechanical Coolers: Longer Missions, Larger TelescopesMechanical Coolers: Longer Missions, Larger Telescopes

AKARI 
0.7 m mirror diameter

Cryo operations 1.5 yrs

SPICA
3.5 m mirror diameter
Cryo operations 5 yrs

2006 ~2018

H. Matsuhara SPICAT. Nakagawa et al. / Advances in Space Research 34 (2004) 645–650
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Photovoltaic Detectors Photovoltaic Detectors –– pn Junctionspn Junctions

MaterialMaterial EEgap gap (eV)(eV) cutcut--off off ((µµµµµµµµmm--11))

SiSi 1.12 1.12 1.11.1

InSbInSb 0.23 (@77K)0.23 (@77K) 5.45.4

HgCdTeHgCdTe tunabletunable < ~10< ~10

 Lattice MismatchLattice Mismatch
•• Controlled growth on CdZnTeControlled growth on CdZnTe

 aaCdTe = 6.48 = 6.48 ÅÅ
 aaHgTe = 6.453 = 6.453 Å Å 

 Thermal MismatchThermal Mismatch
•• Si = 2.6 10Si = 2.6 10-6 /K/K
•• CdTe = 5.3 10CdTe = 5.3 10-6 /K/K

 Molecular Beam EpitaxyMolecular Beam Epitaxy
•• Major breakthroughMajor breakthrough
•• Reduced dark currentsReduced dark currents

Challenges

Thermal and Lattice 
mismatches

Produce large CdZnTe 
substrates 

For near and mid infrared detection

[ ]m
Egap

offcut µ239.1
= 

HgCdTE
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HgCdTe for Large ArraysHgCdTe for Large Arrays

 JWSTJWST-- NIRSpec NIRSpec 
•• Measure 100 objects simultaneouslyMeasure 100 objects simultaneously
•• 1 1 µµµµµµµµm to 5 m to 5 µµµµµµµµmm

 Large Format small pixel arrayLarge Format small pixel array
•• Pixel size of 18 Pixel size of 18 µµµµµµµµm x 18 m x 18 µµµµµµµµm m 
•• Each array 2048 x 2048 pixelsEach array 2048 x 2048 pixels
•• Operating at 36 KOperating at 36 K

 Dark current Dark current 
•• < 0.01 e< 0.01 e--/s/pixel/s/pixel

 Read noise Read noise 
•• 6 e6 e-- rms for 1 ks exposurerms for 1 ks exposure

JWST

Hawaii 2RG
(Teledyne)

Mott et al IEEE (2006)

2048 x 2048
18 µm pitch

Hawaii 4RG
(Teledyne)

4096 x 4096
10 or 15 µm pitch

mosaic
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Block Impurity Band Detectors (BIB) for MIRBlock Impurity Band Detectors (BIB) for MIR
Si or Ge with dopantsSi or Ge with dopants cutcut--off off (cm(cm--11))

Si:Ga, Si:As, Si:P, Si:SbSi:Ga, Si:As, Si:P, Si:Sb 18 18 -- 4040

Ge:Ga, Ge:B, Ge:Sb, GaAs:TeGe:Ga, Ge:B, Ge:Sb, GaAs:Te 40 40 -- 300300

Absorption coefficient ~  photoionization cross section x doping concentration
If doping is too high one can have large dark currents (tunneling or hoping)

 Thin layer of high purity Si/GeThin layer of high purity Si/Ge
•• Low dark current (block IR)Low dark current (block IR)

 Thick heavily doped layerThick heavily doped layer
•• High QE (absorb IR)High QE (absorb IR)

[ ]m
Eimpurity

offcut µ239.1
= 

Si:As 
is mature

1024 x 1024 

Haller and Beeman 2002
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JWST: Mature Technology Scaled to Large Arrays JWST: Mature Technology Scaled to Large Arrays 

(2014)

Near and Mid Infrared arrays are well developed

P. Richards and C. R. McCreigh, Physics Today, Feb 2005
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JWST: Mature Technology Scaled to Large Arrays JWST: Mature Technology Scaled to Large Arrays 

(2014)

Far infrared arrays 

P. Richards and C. R. McCreigh, Physics Today, Feb 2005
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Far Infrared Science and beyond (> 30 Far Infrared Science and beyond (> 30 µµµµµµµµm)m)

Obscured AGN

CMB 
Polarization

Credits: ESA / V. Beckmann (NASA-GSFC)

Mass growth of supermassive Black Holes for 
z >1 

(peak of mass growth and  star formation)

F. Pozzi SPICA Workshop 2009

http://cosmology.berkeley.edu/~yuki/CMBpol/CMBpol.htm
Yuki D. Takahashi

http://cmbpol.uchicago.edu/workshops.html
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Ge:Ga Detectors for Far Infrared DetectionGe:Ga Detectors for Far Infrared Detection

 ChallengesChallenges
•• Poor absorption Poor absorption 

 requires thick devices (mm)requires thick devices (mm)

•• Radiation effects in large volumesRadiation effects in large volumes
 ionizing particlesionizing particles

•• Complicated time responseComplicated time response
 Hard to calibrateHard to calibrate

•• Labor intensiveLabor intensive
 Assembled by handAssembled by hand

 Unstressed GeUnstressed Ge
•• E gap ~ 11 meVE gap ~ 11 meV

 Stressed Ge Stressed Ge 
•• large uniaxial stress along 100 large uniaxial stress along 100 

directiondirection
•• E gap ~ 6 meVE gap ~ 6 meV

25 x 16 stressed array 
for Herschel/PACS

Arrays have not grown since 90s

AKARI & Herschel are similar to Spitzer

http://pacs.mpe.mpg.de/p15n.html

MPE  Garching

100 -200 µm
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Going beyond Infrared (sub mmGoing beyond Infrared (sub mm-- mm):  Bolometersmm):  Bolometers

Detector
@ few 100 mK

heat sink

photons

Absorber
(heat capacity C)

Incoming Radiation
(incident power P)

Weak Thermal Link
(thermal conductance G)

Resistive thermometer
(temp difference T)

Challenge

Match impedances and thermal 
interfaces between detector 

and electronics (microphonics)

Can’t count photons anymore, instead photons are absorbed and 
thermalized leading to a temperature change

JFET > 50 K
(high impedance)
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Background Limited Performance in Space Background Limited Performance in Space 

 Noise Equivalent PowerNoise Equivalent Power
•• Incident power on pixel that Incident power on pixel that 

gives output signal gives output signal 
corresponding to SNR of 1 into corresponding to SNR of 1 into 
a frequency band of 1 Hza frequency band of 1 Hz

M Harwit et al “Far-Infrared/Submillimeter Astronomy from Space Tracking an Evolving Universe and the 
Emergence of Life Recommendations for The Astronomy & Astrophysics Decadal Survey of 2010”






=
Hz

WGkT
NEP
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[ ]s
G
C

=

 To improve sensitivity To improve sensitivity 
•• Increase quantum efficiency Increase quantum efficiency 
•• reduce thermal conductance Greduce thermal conductance G
•• reduce heat capacity Creduce heat capacity C
•• operate at low temperaturesoperate at low temperatures

Test
devices

Must cool optics to reduce thermal emission 
and cool detectors to reduce noise

Background-Limited Infrared 
Photodetection limit (BLIP)
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Transition Edge Sensors (TES) BolometersTransition Edge Sensors (TES) Bolometers
SuperconductorsSuperconductors

Detector

heat sink

photons

Thin film absorber
(lithography)

Superconducting films
(T of mK)

Operate at superconducting transition 
temperatures of a few tens of milikelvin 

Biased at constant voltage 

SQUID
(low-impedance 

to match low R of TES)

R

T

Ths ~ Tc/2

Tc

Small T



VIC, Feb 15, 2010

E. do Couto e Silva SLAC/KIPAC 

Transition Edge Sensors Transition Edge Sensors -- BolometersBolometers

Credit: South Pole TelescopeBICEP2 focal plane with 512 polarization-
sensitive antenna-coupled bolometers 
(credit: JPL)
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Bolometers for Long Wavelengths: the FutureBolometers for Long Wavelengths: the Future

 Optical CCDsOptical CCDs
•• 10109 9 pixelspixels

 NIRNIR-- MIR photoconductorsMIR photoconductors
•• 101066--7 7 pixelspixels

 FIR sensors & bolometersFIR sensors & bolometers
•• 101044--5 5 pixelspixels

Promising Developments

Multiplexed readout below 1 K

J Bock et Astro2010 white paper

Ground arrays

space arrays

Diffraction 
limited
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Multiplexed SQUID ReadoutMultiplexed SQUID Readout
 Two possible MUX schemesTwo possible MUX schemes

•• TimeTime
•• FrequencyFrequency

SCUBA-2  (ground)

1280-pixel SQUID multiplexer wafer 
bump bonded to a 

1280-pixel TES bolometer array

http://qdev.boulder.nist.gov/817.03/whatwedo/quantumsensors/quantumsensors.htm

Credit: NIST

Zmuidzinas and Richards Proc of IEEE, 92, 10 (2004)

“one pixel”

SQUIDs are used to read out 
TES bolometers
(voltage biased)

 Low noise Low noise 
 Low power dissipationLow power dissipation
 Fast readout speed Fast readout speed 
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Low Power Dissipation Low Power Dissipation 

TES Bolometers and superconducting detectors  
dissipate very little power, require very low 

temperatures and can be used at other wavelengths

Table is from 10 years ago!
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http://sci.esa.int/science-e/www/object/index.cfm?fobjectid=36959

http://www.astro.cardiff.ac.uk/research/instr/projects/?page=hfi

 rayX ray

optical

infraredRadio/Microwave

There are specific 
requirements at different 

wavelengths

The higher the energy the 
harder it is to focus light

Focal Plane 
Telescopes



AllAll--sky Survey in Infrared: a Tour de Forcesky Survey in Infrared: a Tour de Force

6 months of pointings,
first He Dewar in space !

The WISE telescope
with better sensitivity began 
all-sky survey last month !

Map of 96% of the sky at  12, 25, 60 and 100 m
(Credit : IRAS team) 
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Example of Example of Large ArrayLarge Array in all Skyin all Sky--survey modesurvey mode

 Large Mirrors? Large Mirrors? 
•• No, we cannot focus these high energy photons No, we cannot focus these high energy photons 
•• use active shield to reduce backgroundsuse active shield to reduce backgrounds

 Large Focal Plane Detectors   Field of ViewLarge Focal Plane Detectors   Field of View
•• Large number of pixelsLarge number of pixels

 ~ 10~ 1066 “pixels”“pixels”
•• Large substrate sizeLarge substrate size

 6 inch Silicon substrates6 inch Silicon substrates
•• Large number of readout channelsLarge number of readout channels

 Multiplexing, low noise and fast readoutMultiplexing, low noise and fast readout
•• Large ArraysLarge Arrays

 Large “Mosaic” of 1.7 x 1.7 mLarge “Mosaic” of 1.7 x 1.7 m

not in Infrared but in high energy gamma rays
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4 by 4 array for gamma ray detection4 by 4 array for gamma ray detection

1.7 m

1.7 m

Large Area Telescope of FGST  (formerly known as GLAST)
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Fermi  Large Area Telescope: Breakthrough from HEPFermi  Large Area Telescope: Breakthrough from HEP
1996: Kamae and Ohsugi presented to HPK the challenges of Fermi LAT 

Dimensions: from 3 cm x 6 cm (4 inch)  to 9 cm x 9 cm (6-inch)
Dead channels: from few % to 0.08%  
Leakage current: from 50 nA/cm2 to  2.5 nA/cm2

Silicon tracker area: from  ~ 1 m2  to 80 m2
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Space
Ground – LHC 
Ground - Other
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Silicon microstrip: robust technologySilicon microstrip: robust technology
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Fermi Gamma ray Space Telescope Fermi Gamma ray Space Telescope 
Fermi measures direction, energy, flux and arrival time of  Fermi measures direction, energy, flux and arrival time of  

GBM 
Transient phenomena

~8 keV to 40 MeV

LAT
3000 kg,  650 W (allocation)

1.8 m  1.8 m  1.0 m
20 MeV – 300 GeV
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Huge Field of View and Large Area Huge Field of View and Large Area 

96 min

35 deg rocking is 
needed to achieve 
uniform coverage

Variability provides an extra handle for source identification

Observes 20% of the sky at any instant (sky survey)

exposes all parts of sky for ~30 minutes every 3 hours.  

No need for pointing,  
no tour de force

it is a large array!!
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Relativistic OutflowsRelativistic Outflows

PulsarsGamma Ray 
Bursts magnetosphere

Most luminous 
explosions in the 

Universe and 
associated with the 
birth of Black Holes

Rotation powered pulsars
Accreting X-ray pulsars 

(cyclotron lines)

Supermassive Black holes in 
active galactic nuclei (jets)

Gamma ray emissions 
exhibit large time 

variability
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EGRET data 
(1991-2000)

All Sky Survey in gamma rays

The diffuse emission is a tracer of interstellar gas,  provides information about 
cosmic ray spectra and intensities and may contain signatures of new physics

Galactic coordinates 
Aitoff projection

Fermi Data
(2008 - 2009)
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Fermi LAT:  The Beginning of a New Era for Fermi LAT:  The Beginning of a New Era for  Ray PulsarsRay Pulsars
In one year Fermi identified almost 10 times more pulsars than EGRET 

these are ~40% of the bright sources at low latitude

12
7
13
6

There about 1800 known pulsars 
detected by other telescopes that 

do NOT measure gamma rays 

16  ray only
From blind searches (Aug 09)
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Rates During Science OperationsRates During Science Operations

 Average input rateAverage input rate
•• ~ 2500 Hz~ 2500 Hz

 Downlink rate (sent to ground)Downlink rate (sent to ground)
•• ~ 450 Hz~ 450 Hz

  rates (after event selection)rates (after event selection)
•• ~  few Hz~  few Hz

 Can we use the background to Can we use the background to 
do relevant science?do relevant science?

Trigger

Sent to ground

standard  selection
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Fermi LAT High Energy e+/eFermi LAT High Energy e+/e-- SpectrumSpectrum
no prominent spectral features between 20 GeV and 1 TeVno prominent spectral features between 20 GeV and 1 TeV

significantly harder spectrum than inferred from previous measurementssignificantly harder spectrum than inferred from previous measurements

Abdo et al. Phys. Rev. Let. 102, 181101 (2009)

Fermi (6 month data)
>4 million electrons above 20 GeV
>400 electrons in the last energy bin

Pulsars?
Dark Matter?



VIC, Feb 15, 2010

E. do Couto e Silva SLAC/KIPAC 

“ Infrared arrays have caused an even “ Infrared arrays have caused an even 
greater revolution in infrared astronomy greater revolution in infrared astronomy 
than CCDs have for optical astronomy”than CCDs have for optical astronomy”

 Mechanical coolers are promising technology for space telescopes Mechanical coolers are promising technology for space telescopes 
•• Extend mission lifetime, reduce weigh and power Extend mission lifetime, reduce weigh and power 

 Near and mid infrared arrays are mature for use in large focal planesNear and mid infrared arrays are mature for use in large focal planes
•• Semiconductor bandgap engineeringSemiconductor bandgap engineering
•• Moderate cooling above 1 KModerate cooling above 1 K

 Exciting technology advances for far infrared and subExciting technology advances for far infrared and sub--mm arraysmm arrays
•• Superconducting detectors Superconducting detectors 
•• Multiplexed readout schemesMultiplexed readout schemes
•• Cooling well below 1 KCooling well below 1 K

 Telescopes with a large field of view are providing high scientific returnTelescopes with a large field of view are providing high scientific return
•• Silicon microstrip detectors from HEP enabled all sky survey in gamma raysSilicon microstrip detectors from HEP enabled all sky survey in gamma rays

I. McLean, Exp. Astro. 14 25-32 (2002)
SUMMARY
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AKARI : First year CatalogueAKARI : First year Catalogue

Map of 94% of the sky at 9 m
(credit : AKARI team)
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WideWide--field Infrared Survey Explorer (WISE) field Infrared Survey Explorer (WISE) 

 10241024××1024 detector arrays 1024 detector arrays 
 Si:AsSi:As

•• 12  12  µµm and 23 m and 23 µµmm
 HgCdTeHgCdTe

•• 3.3  3.3  µµm and 4.7 m and 4.7 µµmm

Constellation of Carina (thousands of stars)
Area is three times the size of the moon. 

8s exposure
blue (3.4 um), green (4.6 mm), red (12 mm)

Image credit: NASA/JPL-Caltech/UCLA

FIRST
LIGHT!
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Time Multiplexing (NIST)Time Multiplexing (NIST)
 Stage 1 SQUIDs (S1) Stage 1 SQUIDs (S1) 

•• are coupled to TESare coupled to TES
•• are configured in a columnare configured in a column

 Multiplexed readoutMultiplexed readout
•• S1 address linesS1 address lines

 are wired in series (for each row )are wired in series (for each row )
•• reduce number of linesreduce number of lines

•• S1 turn on S1 turn on 
 sequentiallysequentially
 keep other S1s in a superconducting keep other S1s in a superconducting 

state state 
•• … no noise no power!… no noise no power!

•• S1 output signalS1 output signal
 sum signals in a column sum signals in a column 
 route single output signal per route single output signal per 

column to S2 SQUIDS column to S2 SQUIDS 

SQUIDs switch 
TESs and read out 

the signal

The output of 
each column is 
amplified by an 

array of SQUIDs 

Must minimize the 
number of wires!

Courtesy of Judy Lau (Stanford)
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South Pole Telescope South Pole Telescope –– Frequency Domain MUXFrequency Domain MUX

http://spt.uchicago.edu/spt/instrumentation/index.html

1 SQUID per module not per detector (TES)Example from  a ground base telescope

TES are biased with sinusoidal voltage (Each TES has a different frequency)
Amplitude modulated signals are read out by a single SQUID and recovered.
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Future Developments: Superconducting JunctionsFuture Developments: Superconducting Junctions

 Energy GapEnergy Gap
•• Semiconductor ~ eVSemiconductor ~ eV

 e/h pairse/h pairs

•• Superconuctor ~ meVSuperconuctor ~ meV
 quasiparticlesquasiparticles

 CharacteristicsCharacteristics
•• Energy resolutionEnergy resolution

 10 x better than semiconductors10 x better than semiconductors

•• Not so low temperatures as TESNot so low temperatures as TES
 ~300 mK~300 mK

•• …but large arrays and …but large arrays and 
mulltiplexing are still in mulltiplexing are still in 
developmentdevelopment

Au
Al

Ta junction

P. Verhoeve, J Low Temp Phys (2008) 151: 675–683

V. Savu et al, IEEE Trans. App. Superconductivity Vol 17, No 2, Jun 2007
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High Energy High Energy  Ray Telescopes  Ray Telescopes  

 Short wavelength Short wavelength 
•• Radiation cannot be focusedRadiation cannot be focused

 Cross section increases ~ 20 MeVCross section increases ~ 20 MeV
•• Pair production dominatesPair production dominates
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