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'SCOPE

Astromomy & Astrophysics
" = NotiSolar System or Partlcle
R AstrOphyS|Cs |
5% ray to submm
-Space & Ground based
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Technology Plannlng
Roadmap

Sci_eng:e _Goals
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.I\/Iaj_dr Scienee Drivers

-Cosmelogy
: Dark Energy Dark Matter
_ Extreme Astrophysu:s
- Star an,d Planet Formation

'Astreblology & Exoplanets :
¥ ""ﬁ» e "




"-Orlglns of GaIaX|es and Structure

- of the Unlverse

/ lfﬁ‘“ Tr fr N
‘ .:bl"xh_“* 3

UK

Astronomy Technology Centre




Key Epochs in the Early Universe

Star birth
%h‘ begins }

Old'model
of star birth

Milky Way

gaiawy-forms

-3 I

Universe Neutral
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“Flrst nght” In a. Dark Unlverse -
Usmg Eurrent and/or next- T AT
.gen telescopes, we will, B
for-the first#ime, detact
the first luminous objects
_in the unfy‘@rse the “Flrst
nght” -

¢

. The Ilght fromm; these

distant objects is red,

,shlfted to'1-2 |um; hence R NN e BTN

the neg“d for Iarge format, ~ Simulation of an Ultra Deep

'. low nOISe N|R detectors ~  NIR Image of the First Stars
in the future e o cad | '
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Planet Flndlng &
Astroblolegy

ChaHenge

= AlkeXo- planets: found so far are
ga:s"’glants -

> Find earth-like planets :
| _S,e_arph for_ bio- markers_

» A - .-
L '-._ - J ‘.- 2 = - .
";-‘;._ ¥ it * . et
,.; o R - -~
- I'. - 3
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THE PROBLEI\/I

Speckle |Ilustrat|on from ESO VLT PF study

Figure 14: AO cotrected bright star image before (left) and te (riht} 2/4Q mask coronagraph.
PSF image is represented with a non linear (0.1 power law) gray scale. Coronagraphic image gray
scale is linear, with white corresponding to 5.E-05 of PSF maximum.

. *_.

>1010photons R Ay,
- "~ =010 photons




A selutlon leferentlal
Imagmg

Use property of planet that is -
" different from that of star to
|denfﬁfy planet photons
Wavelength spllttlng
| __P.o_lansatlon spllttlng
- Fo tvvo (or more) |mages
obtaln d1fference |mage




Fllters for leferentlal
Imaglng .
- Jowan Planets




leferentlal |mag|ng
ChaHengeS

“High Strehl ratio-image (superb WF) required.
=> (very) High Order Adaptive Optics -

.Opto mechanlcal stability, incl. temperature
' Extremely low lateral. chromaticity
" - in eOffimon path optics; atmospherlc:

dlspersmn :
< 1lmas.at coronagraph for-VLT
ngh rejectlon of coherent (stellar) radiation
' | coronagraph deS|gn (&/or interferometry)
strlr;gent demands on fore-optics -
Extf@\ely Igw dlfferentlal path WF error

Detector- stablllty performance
In novat |__ ‘n

. e ' — - RIS - 2 _‘ " Astronomy Technology Centre
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 Possible Solution: dual /multi
~band / spectroscoplc detectors

‘Goal: Ellmlnate dichroic- spllt optics

.Ql.netlQ.._Multl Band capability - up to 4
spe'cti‘?l bands in each pixel, using

optimised different Iayers for each
- _Waveband New:process HgCdTe

Supercor?ductlng Tunnel Junctions,

_ Transmon Edge Superconductors,
-Ktmac\ Inductance Devices: spectral
]nformétlc)n |
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’Facilities Missions and
Instruments SPACE

-JWST -
< DARWIN TPF -

" e GAIE

= XEUS'+ .
FAR-IR:"




Universe Exploration Timeline

Phase 1

‘C} Downselec! Decimion
L% - Launch Date
['__] = Day elopmiant '
s i el T2
Er {:‘-'E!‘-" {0 i | Suppdor

Objectives 1, 2, & 3

[ Compaisd Probs Missaons

;

o - IE .
Objeclive 4 i 5 ™ s
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Deteotor Technology for

Space f
= Larger visible mosalos for fllght
.“applications |

>1" Gpixel, CCD or CI\/IOS (CI\/IOS offer .
operatlonal advantages)

‘:Largqr near-IR mosaics for fllght

apphcanons

“State 'of.the art is JWST: mosalo S|zes
- will merease

' Inoreased emphaS|s on mld IR far- IR
n: .SvUb-mm
' ext major frontler for.-flight deteotors

> Tec.:hno‘logy development |s requwed for
the Fa_.x'iR m|SS|ons

- - 2 L
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FaC|I|t|es I\/I|SS|ons and
Instruments .Ground-
based PrOJects

, . Next generatlon mstruments for ESO Very
. - Largelelescope (VLT)

Gemln next generatlon mstruments

~e ESE Vit Interferometer

' I\/Iagdelan.a Ridge Observatory
, Interferometer '

> "-tremely Large Telescopes
> Large Submm Telesoope |
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Technology reqmrements:
Solenoe Detectors R

- Imaglng '_
.Frlng’e oountlng

Fast deteoto rs

=, Photon counting
ngh tlme resolutlon astronomy

4 Smctrosoopy
; Energy senS|t|ve detectors
Heterodyne recelver.s '




'Engineering.detectors

Guidin'g 3
Adaptlve Optlcs
Wavefront sensors -

-
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| WaVéléngth.Range- -

X-ray # space

UV 4$pace _ |

_ V|S|ble space/ground

- Near IR space/ground .

< Mid IR = space/ground/alr -
I'i*aﬁll'-‘{ .space/alr
"Submmf' space/ground/alr
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| Detector Technologles

"_CCDS ,' B - 'Hybrid Devices..
_I\/Ilcrochannel plates Hybrid HgCdTe .
. .Avalanche Photodlodes Hybrid SiAs
'« DEREEE ¢ T Hybrid InSb
- '« CMOS % - .« Hybrid Silicon
Quantum Well Dewces _ HgCdTe on Silicon

+ .Superconducting <. Active'Pixels

. -

TES
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NIR ESO HAWK

-Mosaic. Packa e

¢ GL SCIENTIFIC

omy Technology Centre



Visible - CFHT: MEGACAM
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Cntlcal Issues

Performance . ' Supply Chain

Quantum Efficiency Cost

Read-out noise ¢ . PR
. Dark current. ‘ ITAR - International

.- Pix&hsize -
- Flatfreld

Trade in Arms
Regulations

Close -packing
Flatness of mosaics
‘ Dynamla range
~Wire count
Temperature
%errhal Ioad
|ab|I|ty
Radlatlon. Hardness
Read out electronlcs
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Ground based Total Pixel
“Inventory Now and Tomorrow

‘The future-looks similar to the
present in the infrared with

. most instruments having -
modest size foeal planes

“At visible Wavelengths we
_expect many. more. large focal -
planes e , _ 1 ' 1 :
The future market includes ' .0 1020 30 40 50 60 70-8090.1001\/10.31
‘..7 7GplerS of- SCIEHCE grade . . MegaPix.els in Focal Plane
detectors, >90% of'which is in ¥ : '
the form of CCPpstin the future &
“More” category (>1OO I\/Iplxel
 focal planes) . . :

Lack Gfaﬁnnﬁed 1R large |
format fecal planes duge to
lack of money... or arrays to :

455 ‘ Optlcal

40-
Infrared
35 E

30
6
20
151

Number of Focal Planes

"\ Number of Focal Plane

.

0 10 20 30 40 50 60 0. 100More
MegaPixels in Focal Plane .
{ Astronomy Technology Centre




Current Market Share by

~Man ufacturer

Top hl_stogra_m ehows
‘dominant manufacturers
used in varloué' mstruments

'Effectlve assumes 1
., detector p mstrument

“Others” |n many cases are |
_ one-off deV|ces in specialized

instruments which together
~‘account for ~2.0% of all

instruments © , °

Bottom plot tallles .,
: 'detect.gj sampled IN:survey
so is a tr. “‘head count” of

detectors |n use
*

PPARé?"

Percent of'InstrumeIits

Percent of Detectors

MIT/LL SITe RaytheoRockwell E2V  Other

Manufacturer

L

lV[IT/LL *SITe RaytheoRockwell E2V  Other
tall Man
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Example: ELT IR
detectors -

Astronomy Technology Centre




Spatial resolution

~ Limiting
SR ¥ magin 10"
- a.' e : -. _..' -r. V:38 .

' Fu IIAOlO mas at V
.. "ilie. 40 x.Hubble
" S _.i_-_-"-‘Sp_é'ce'TelesCOpe'
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Cost?

‘1masmnyquist.sampling at 2um-_
e 2 art:;nln diffraction limited fleld
_ 120 OOO X 120 OOO plxels |

- 2048x2048 HngTe arrays
VISTA cost $300k each

® T@tﬁl‘36.00 arrays =
' $1080M more than telescope'




+
+ES+

0 " . . Large-Field NIR Camera'

+ . Concept Study carried out by INAF- Arcetrl and I\/IPIfA
' Heldelberg (P.I. R: Ragazzonl)

+J,H,K; Central field (30-60 arcsec diameter
sampled at ~diffraction limit); outer field 3-6
arcmin. Choice dictated by AQO performance,
' science case, cost and complexity.

~ *MCAQO using 2-3 DM for the central part,
., GLAO for the outer part

Detector Requirements

|, ® Central field of 30" sampled at 1mas
(Nyquist at K) > 15 x15 (2K x 2K)Hg Cd Te
arrays (or 8 x 8 (4K x 4K), 12um pixels)

. % QOuter field (e.g. 3" x 3’) with a 10mas
| sampling > 9x 9 (_2K x 2K)Hg Cd Te arrays

UK

y 005‘_._ ZQGZOOS_SD_’OCIO”C@/ L Astronomy Technology Centre




Cost?

Now down to 306 arrays

.$92P\4’— WI|| come down in these
quantltles | g

= But stlll 2-3 FTES per array
-Move aw_ay_ from hybrld arrays?
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. IR DétéCtOr Technology -

Armireflection coating
Al

IR layer (CdTe ! HgCdTe)
In-Eurrips

=i

Balanced composite struchure

LCC
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HngTe on Sl IR
Detectors |

. i Rumip

The QUEST group at - R Ty

C omizcs Haial
QinetiQ, Malvern, have * -

. ~recently demonstrated the |

. successfyl growth of .~  HgCdTe_n- sbuorking
HgCdTe irectly onto the sann I ““:EE —
‘silicon réad out circuit

- itself using Metal Organic

~Yapour Phase Epitaxy | ' Biicon Subsirate
(MOVPD). . *:
Could dramatlcally drlve )
dOWﬂ thel r man uf aCtU rl ng I|:. I:.Illu :| :.-.'-i1 :.!I |Ii| i :lllJ |I .Lln- |i-i .I'JI .I.I: '.J|I|.|I'.I:|:: e Lepsm
Cost,wmparEd Wlth hybrld 1 .il- K || - P LR BT a Y
‘bump—bonded arrays

*

. : g o - - > --'“_ _. . .
PPARG " - ok ~_/ i
e’ | BN - A . 2 . Astronomy Technology Centre




'Smart Focal Planes?

-We havea only :
.. looked at imaging -
' spect#foscopy L
" multipfies problem
by at least 1000' '

2. 1f we are
mvestlga'tlng .
-objects where we
Know positions,
f the‘h we. - don’t need’
M |mage the whole
> ,fleld v LR :

.' -. B . . gL - - .
3 :.,:' P E ". - % b .
K 4 ‘ . , . Astronomy Technology Centre




‘starbugs

-Under: development

- at AAO

| Self pr.ppelllng
‘bugs’* patrol the

- foecal plane

Status: Cryo testlng
-underway .

Ny r Centre




COMMON-USER

SUBMILLIMETRE

Example 2 : submm
arrays

. SCUBA arrays
~built. from discrete.
bolompeters -and
‘ horns..;,

SCUBA 2 - CCD
like. -
o superconductmg
. bolomete'? arrays

CARDIFF

UNIVERSITY
*  PRIFYSGOL

G

ux

" Astronomy Technology Centre :




TranS|t|on Edge Superconductlng
| detectors

VoItage biased on nonmak = _ - Resistance
superconducting transition -
~ thermal feedback_ keeps constant
bias point =~ * '
» Resistance is a very steep
.dependenée o] temperature In.
“.. transition region
Thin fllms of Mo/Cu - tuned _
tran9|t|0n temperature by . » Temperature
. proximity effect :
" Film held at. Constant voltage
bias - change in resistance
- resultsin a change in Current
through the fllm A '
Low noise, Iowpower (~ 1nW)
¥ SQUID ammeter readout '

PPARC

SQUID
Amplifier




.~ Pixel geometry

Deep-etched  «—— 1.135mm ——
, = trench ' -
‘Quarter- . g "t
-+ wave '

Si Brick etector Wafer

_ . Indium

" Detectdr ' bump

" .coolediial . oongs
10OMKF= S, < QUID MUX Wafer ‘

UK
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LY U;'Ifipl'exi-n_g_

'-TMﬂedwsmm ,
'.mnunuﬂexnm;based
-onS@#DamMﬁmr
‘Mux is formed by " . 'S
_-celumns of SQUIDS - fig s
connected in "
. series. P :
o~ Adllress libe turns
* pw1eachrom10f
* SQUIDS

. .: . o .’ . .. ‘ . - . .
‘P P RC sl o | ok ~_/ i
' . 1 5 = . _‘ . Astronomy Technology Centre




SCUBA 2 focal planes

- "e 4 x 3280 pixel sub-
| -array‘g in each focal
5 plane P .
: 100mK operatlon
-usmg |IC|UId Cryogen-
 free dilution
re igerator

Astronomy Technology Centre




In fﬂcal plane multlplexer

Input - |
transformer . - Active SQUlD

o fuII S|zed (32 X.4Q plxel) multlplexer wafer with detall of the
N Iayout shown mthemsets -

UK

Astronomy Technology Centre




Deteetor fabrication process
.B_ump-szri-di'ng g .

. mux to detector’

<, -

- | A . - . Deep etching to isolate
Vision Systems | L= - e detector pierS. |

. L O = . 8 4 o 2 ¥ ‘ Astronomy Technology Centre




™ Pixel Structure

Detector array-

.

UK
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Process sequence for |
| detector

Implantation
- Photoresist ma_sk

UK
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SCreen Oxidatio

Photoresist strip

UK
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Oxidation for Si
brick etching

Astronomy Technology Centre




Etbh_ra’cétracks
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Bond wafers

UK
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Grind back

odd number
of a .
wavelengths

UK
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Nitride deposition

UK
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Etch oxide mask

UK
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: B Eond pads, TES and interconnect

UK
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-~ Process sequence for
o hybridised detector/mux pair

’ _Nitride
membrane

N

_'I_ndi-um '
Bumps T

P P \ [ - — T T : y Astronomy Technology Centre

Bump Bond




Process sequence for
detector/mux pair

- _Nitfide &
menmbrane = 4

Indium | | -
'ﬁumps Remove handle




Process sequence for
detector/mux pair

- _Nitfide &
menmbrane s

: T | Etch oxide
Indrum ;
‘mmps _ etch stop




| Process sequence for
| detector/mux pair

. Nt
menmbrane

‘I-ndrum e 1 “Silicon brick
ﬁ“mps _ etch




completed sub-array .

‘\ .

UK
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Next Generatlon Submm

detecto rs

_ SCOWL . :
- Large Sujomm Telescope
“Far IF§.§pace I\/I|SS|ons

At least 4x SCUBA 2 plxels |

| ;Issues

' Dllutlon-refrlgerator
Wire Count ;

Solutlens’>

-ﬁﬂequency dIVlSIOn mux
CMOS mux ‘

Kmetlc Inductance DeV|c:es :

UK
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+
+ES+ B P .
0 | SCOWL (SCUBA at OWL)

+ .

‘Concept Study carried out by ATC (P.I. I. Egan) .

Imager in the 350 and 450 um bands (850 um desiderable)

FOV 2 x 2arcmin, Surveyer for ALMA targets Resolution <2 arcsec

bond pads i
SQUID multiplexer |

SN 5 : -
4 SCUBA 2 TES Detectors (20480 pix)

Transition Edge Sensors hybridized to a Superconducting Quantum
Interference Design (SQUID) time-division multiplexer

2 ..

. NSNS - V2005 . 20.6.2005_S.D’'Odorice/ 10 Astronpmy Technology Centre

*




Contrast with Partlcle
PhySICS Detector.

Development

Range.of develgpment mechanlsms
Industry based > Academic based |

IR dégtectors coming from Defence-
- basedindustry — but now 50% of -

- Rockwell IR business in Astronomy

»’ Submm.detectors developed by
' ,research labs and Universities —
mare, llke PP detectors

| _' Sheuld. we take this approaoh for
ELT detectors’7 : ‘

UK
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I\/Iechamsms for Jomt _
detector development

Consortla‘ .
Example 2kx4k CCDS developed by E2V
- Opticon FP6 programme > Adaptlve
-‘ Optiﬁé detectors.
Blg prejects '
.t JWST °
LXE L) S W
ELTg " |
Glo aI *Teeh Dev programme’>
: _'y companles maX|m|se order

UK
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‘Next step: Develop

European Roadmap for
Detectors for Astronomy ?
-Using ®pticon Key Technology
Netvyork

Coortﬂnated by U K.

- I,nc_l_ude ESA &ESO

. ‘ ‘.

More on Space |\/|ISSIOnS in Andrew
]dglland s Talk 3




UK ELT Technology Roadmap V1.0 July 22nd 2004 Colin Cunningham

-2yr > Now > +5yr > +15yr >
g E ‘ § European Competitiveness ‘E
v
= E I Competing Major Projects | : :
a H UK EU Presidency H H
(7] . . . :
g H \ Public Interest | :
.
: - - H ] First objects and the re-ionization | :
1 \ Terrestrial planets in extra-solar sys* Vi n ‘ :
' : ‘ irgo stars :
H .
: Dark matter al v | £ _
H Star formation history of the Universe \ \ Direct measurement of deceleration
: JWST 2011] :
: TMT R&D Programme —> US/Canada ELT: TMT :
.
H GMT R&D Programme = US ELT: GMT E
H | : .
E EU FP6 Design Study } AN ] Euro 50 Specific Telescope & Systems |
. 3
E ' r 7 7 ;} OWL Specific Telescope & Systems
& . "
£ E E N T e ~ t/—c-r»{ Generic Telescope & Systems N
& v
& E E [N ; Generic Instruments H
w - - H
E E Pl P “T™~T-T™"M Generic Adaptive Optics '
[ [l [ [
H Systems Modelling | L - J ) | J: H
' - - | Sub-mm site testing ] ' :
H Large Optics Manufacturing Study H — ] H H
H . [ 8mVIT M1 aluminium Inlrror : :
' o
: .Metrology. N’II’I’OI’S. > Primary Mirror Segments F’ -/ H :
' SiC and ceramic optics H \ ' '
H H optical finishing H H
' ' process development ' '
: H Position/edge sensors t TN AV AN AN ' E
H H ‘ Internal metrology system HV_/VV H '
; ; ; ;
E ' ! Test camera for SALT 1 4 OWL mechanical modules }—/\J ' '
.
H H ‘ Prototype 1.2m adaptive mirror } - L1 I H H
H U ! ; 7 segment mirror cell prototype H H
3 ' ‘ Magneto-strictive actuators ! I T ' '
A : - ; [ WEB (Wind Evaluation Breadboard) }|—/ : :
. " . .
% E Control & Operations Software engineering Coating studies + samples )—) ' :
(0] ] ] .
= ‘ Wavefront Sensors —,m’_/ - ' :
' '
E ‘ Real time AO controllers —1 EnclosGre concepts P N—1 \_/ ' '
1 v | L] .
E Fast low noise AO detectors  f——————] Prototype Friction drive )—/\—)\- ' '
[] A I . .
H Laser beacons for AC H Magnetic levitation )_/ ! !
'
' OPTICON Key Technologies E ‘ Active ADC conceptual design 1 Z J ) E '
v = = = | Software (Alma common etc) } > T T
' [ Slicers, Fibres, Beam manipulators ] N ! '
H Smart Focal Planes ‘ MOEMS shutters etc \ L‘ E E
E E ‘ Instrument Studies & Tech dev i “™M ! '
. .
E E \ Large CCD Focal Planes | “ :
H H I Near IR detector arrays 1 E
H H \ Sub-mm detectors | E :
. .
H H H H
.
@ E ‘ Basic Tech UP Surfaces ‘ E '
< [ - n [
s { EU FP6 Design Study Funding \ :
S E [ UK R&D Programme Funding | B FiznEis T :
c |t \ EU FP6 Opticon JRAS \ ' '
h v
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