Highlights of SPIE 2010
Part |l
A personal view

Olaf Iwert

Challenges:

During the conference
More than 1000 papers in one week
Parallelism
Shifts in schedule
Informal contacts
After the conference:
Get the presentations
Can only trigger interest, details available....



Outline

Package design 6k x 6K, 15 um CCDs e2v
10.5x 10.5 K, 9um STA CCDs

Curved detectors

Hyper Suprime Cam

Mosaic Groups

Atacama 6.5 m telescope, University of Tokyo
Pixel One (ELT imager concept)

Project Management

Satellite servicing

(Interdisciplinary example technology)
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SIC Package Design for 6kx6k, 15 um e2v (1)
From first idea to reality

J. Lizon present (15t time)
P. Jorden present

G. Hess in Garching
Email / personal
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SIC Package Design for 6kx6k, 15 um e2v (1)
Final ESO version

Final drawing e2v pending
l° Main changes:
* Stiffness / Thickness
ll° Clamp system / heat transfer
* Cooling uniformity
2° Provisions for pins

M° Thermal analysis:
© ez2v
QS Gerd Jakob
Sl .  Comparison
B° Do it for new arrangement ?
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STA 10.5 K, 9um CCDs

Competitive ? / General company impression ?

How many devices delivered ?

Realistic readout noise figure / images in operation ?

Thinned devices cosmetic quality ?

Amplifier uniformity ?

Package construction suitable ?

Fixed technical specification accepted ?

Adminstrative points: Bank guarantee, German sales representative (former e2v) ?
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STA 10.5 K, 9um CCDs
Company extended
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STA 10.5 K, 9um CCDs
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STA 10.5 K, 9um CCDs
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STA 10.5 K, 9um CCDs

Conventional packaging Si/ Si/ Invar
(e.g. PEPSI)




STA 10.5 K, 9um CCDs
Buttable packaging Si/Si/AINi/mach. Si

Highlights of SPIE 2010, June /.



STA 10.5 K, 9um CCDs

= STA1600
— Standard dcvice with dual stage high speed outputs
— Full [rame 1mager

= STA1600 MPP
— Frontside illuminated low dark current

* STAL1600 LN
— 16 singlc stage low noisc outputs.

- STA1600FT
— I‘ramc transter operation

» STA1600 DD

— Deep depletion




STA 10.5 K, 9um CCDs
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STA 10.5 K, 9um CCDs




STA 10.5 K, 9um CCDs
Main customer

USNO Robotic Astrometric Telescope
URAT

% inch Refracting Telescope for Astrometry

Upgrade mmtiated to a 2x2 array by Dir Norbert
Zachanas [or an all sky survey - URAT
S 1A is providing complete system including

= Dewar — Window — Bonn Shutter

= Towr BI STALG00 CCDs  Three STA 3000 Guiders

= Five Aura carneras with sollware

= 'lelescope robotic control software




STA 10.5 K, 9um CCDs

URAT 2x2 Focal Plane

Nexi generalion astrometry [ocal planc

1 Frame = 1 (7igabyic of data
Incorporates butlable package version of
STA1600
GL Secieniific Dewar
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STA 10.5 K, 9um CCDs
Low Noise version

» Low noise version ol STA 1600

* 16 dual stage outputs are replaced with single stage low
noise oulputs

 Noise < 3 electrons

» Sensitivity 4-5 pV/e-
* Idenflical pinout
 Available I'all 2010




STA 10.5 K, 9um CCDs
Application Antarctica

Antarctica Schmidt Telescopes

(AST3)
» [ocation Dome: A Antarclica ‘,
= Clear aperture: 30cm
« TOV:42°

» Wave Band: 400nm-900nm-

(g, 1,1 Nlters [or 3 lelescopes )

= Scale:1 arcseo/pixcel VNN
» Imagc qualhty: 80% cncrgy encircled m onc pixcel
* Type: STAIG00FT

= Working modc: [ramc transler
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STA 10.5 K, 9um CCDs
Application Antarctica

AST3 System STA1600FT

= Small 180 mm dewar system
= I'E Cooling for operation at -80C
Average outdoor temperature -50C

. ST{\IGODFT Sph’t Irame slore ':Jpemtmn

\\\\\\\\



wll““l

STA 10.5 K, 9um CCDs

Controllers

T
-

Custom built controllers per application so far
More universal controller development now
Very nice built in scope functionality to digitise video signal on the fly, while changing the
timing; completely digital sampling

Passive cooling by different means (heatsink layers / outside heat transfer material)

12 V supply and internal converters

~—— ~—
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STA 10.5 K, 9um CCDs
Controllers

* Reflex Camera System
— 117 x 97 x 5.5 (6-slot chassis)
* Flexible Modular Features
— B8-¢ch 120 Mhz 16-bil A-D .
12-ch 500 Mhz 16-bat clock dover
+ +/- 12V (Programmahlc slew)
— 16-ch 16 bit DC bias

+ Valtapc and current monitoring

+ Proprammable current limit

— Full camcralink interface
+ Swappable for custom, gigabit cthernet, firewire,

Single 12 V DC power supply

Olaf Iwert, ESO, Optical Detector Team,
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Curved Detectors

Good resonance with my poster

Interesting paper from D. Dumas et al., CEA, Grenoble
France

“Curved infrared detectors: application to spectrometry and
astronomy quotlng our DfA paper
Lt Bl Results:
* Convex & concave functional
microbolometer array with 10mm
X 10mm area (supp.), 50 um thick,
* Curvature radius 67 mm
* Next trial : Curved cooled IR array

Olaf lwert, ESO, Optical Detector Team, )
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Subaru/ JNTO

Concept of instrument change-overs
Fully automated

Robot / very nice video

Out of the instrumentation one ‘unusual’ example Hyper
Suprime Cam Wide Field Camera:

Design Report received
Prime Focus

Fully depleted Hamamtsu CCDs (now tested in the
upgraded Suprime Cam)

Olaf lwert, ESO, Optical Detector Team,
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Hyper Suprime Cam (Subaru / JNTO)
Overview

* 1.5 degree diameter

* 4 filter holders,
exchange time < 10

minutes
: : . * Back focal length
s T T . o 190 mm

Instrumsnl Rolalor

* Focal plane diameter
495 mm

(OmegaCAM 336)

;wus Frame
| * Focal plane flatness
bt | /F to the 30 um
Tl esaope
Inner Hub

3.0 Svhemalle view ol olacnesl HSO slruciure,
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Hyper Suprime Cam (Subaru / JNTO)
Corrector
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Hyper Suprime Cam (Subaru / JNTO)
Dewar

* Dewar weight 200 kg
* 700 mm diameter

* 500 mm heigth

* SIC CCD baseplate,

(Kyocera) 20 mm
thick, 600 mm
diameter

* CCD packages
made of AIN

* Two large pulse tube
Fuji Electric Coolers,
dimensioned for 53
W cooling power
including electronics
at-100 C CCD
operating
temperature (?7?)

Tgure 5.1 ()i Ovorview of e CUD dewor, The dirmessicn of sl CCD
0 mm in diamstar and 500 mm o heazht. (B Detadled visw of th
(el F:T-'j'-]u.-n'll":i wiews of Bhe OO0 demamsr. T WTRIEE ot



Hyper Suprime Cam (Subaru / JNTO)
Completely integrated electronics

Internal electronics operated at +50 C
* Very low power consumption
calculated

* Contamination ?

h-ul'_l:l:'u
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Hyper Suprime Cam (Subaru / JNTO)
Focal plane

(bi
t. (b The effective arsa of the focal

119 CCDs, 2k x 4K, 15 um, fully depleted Hamamtsu
8 CCDs for Autofocus, mounting the CCDs at different heigth and reading fast

Olaf lwert, ESO, Optical Detector Team,
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Hyper Suprime Cam (Subaru / JNTO)
Shutter

600 mm aperture diameter
One of the very few exceptions to BONN shutters

Olaf lwert, ESO, Optical Detector Team,
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Hyper Suprime Cam (Subaru / JNTQO)

Filter
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Dark Energy Survey (DES) Fermilab / CTIO

Worried about transport to Chile: Double number of CCDs (spares)
* No safety system in dewar (emergency pump etc.)

* No fine temperature control system (also PANSTARRS) in focal
plane

PANSTARRS

‘PANSTARRS is working on a ‘software’ temperature regulations
system in the focal plane, where the fine temperatyrue control is
achieved through turning on & off CCD outputs

Keck red upgrade, LBNL CCDs

*Mentioned ‘glowing’ of AINi packages, particular batch ?

Olaf lwert, ESO, Optical Detector Team,
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Tokyo Atacama Observatory

Project Overview

TAO

a 6.5m infrared/optical telescope
the highest site in the world [5,640m)

led by Institute of Astranomy,

the University of Tokyo
cupported by =70 lapanese universities/institutes

Olaf lwert, ESO, Optical Detector Team,
Highlights of SPIE 2010, June / July 2010




Tokyo Atacama Observatory

Atacama Site

Co, Chajnanlor
- 'ne of peaks on the pampa la bola pleteau
- AlLitude af 5,640

Olaf Iwert, ESO, Optical Detector Team,
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Tokyo Atacama Observatory

Atacama Site

continuous windows in the NIR

Tranamitianee

nigh altitude + dry weather condition

—2 atmosphere at the infrared wavelengths is transparent
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Tokyo Atacama Observatory
TAO 6.9-m telescope

TAO 6.5-m telescope

The best infrared telescope on the earth

Telescope type : Cassegrain / Ritchey-Chretien
Primary diameter 6,500 mm

Final focal ratio :12.2

Foci : Cassegrain + 2 Nasmyth

Field of view : @25 arcmin

The final F-ratio and the cassegrain interface is
the same as the Subaru telescope

Instruments can be shared
Between the TAD and the Subary




Tokyo Atacama Observatory

Time Schedule

Site studies and 1-m telescope
site studles at the summit
1-m telescope installation
1-m telascope of

58.5-m telescope
Detaillzad design
Frimary
nclosure, telescope structure
Aoad and ground activities
=nclosure irstzllazion
5.5-m telescope installztion

5.5-m telescope operation

1¥ generation instruments
Detailed design
nile, laboratary teste
rvations at the Subaru

rvations at the TAD

Olaf lwert, ESO, Optical Detector Team,
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...a possible technology to exploit
— T — direct seeing limited imaging usin

T T e
INAF OAR
F. Pedichini, A. Di Paola and V.



Overview of ...
ELT@seeing.limited.it

Main optical parameters:
* Aperture 42 m

+ Mirror surface 1276 m2 |
s Enumber 17.7 # “‘*

- |
* Focallenght 743 m
* Field of view 5x 5 arcmiyZ

- Scale  0.27 arcsec/mm _r_
* Focal plane side 1071 mm (@ 5 arcmin)

* Seeing 0.6-0.8 arcsec FWHM



The Airy disk diameter at A=0.5um is about 4
mas (18 um) just two CCD pixels at ELT focal
plane!

0.36 mm

100 mas




...a different view....
at the seeing scale

At a seeing limited ELT

the use of standard detectors 1000 mm
implies a factor thousand of oversampling
We need not less than 16 Omegacams
to pave the full focal plane!
0.6 arcsec 0
While we would like a Pixel One mm wide  seeing FWHM
5 arcmin




Pixel One for "“Dummies’

-lalmlale. JJUJU el
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Bottom level for “Nerds”: The Pixel

1000

1000

rd

: —

‘optical pixel”

A A
v auto reset
mmmmmm d
reset gate reset
i \ command
ADN
(\
register

"silicon pixel” \

bus interface
and control logic

data and control bus

\|/ /

data and control bus &~




1.

The local A/D can sample at 16 bits, 1e-/adu the light
flux at kHz rates and integrate the result in a digital
register allowing a photometric impressive dinamic > 32
bits not related to the pixel “fullwell”

The pixel ASIC manage all the read-out and integration
processes avoiding to saturate the “photodiode” by an
automated control of the reset gate....



Final remarks on Pixel One

scale.

o |t has an impressive photometrlc dynamic range with
no “bright source smearing”

« Side-products ?: ELT First Light Camera and WFS

ONE Showstopper: the
microlens
Cost: to be investiagated



" is’ Managing Complex Space Missions like
) the James Webb Space Telescope
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4NGST M8

OTE _-'
Pathfinder *=%  Optics

ST

NGAS M8 GSFC SSDIF

Observatory
EM Test Bed
(EMTB)

NGAS R8

NGAS M3

NGAS M8

Sunshield
Pathfinders ==-p
(EPF/IVA)

NGAS M8

NGAS M8, LATF, M4 Vibe CSG S5, BAF, ZL3

NGAS M8 NGAS M8, M4 TV



What hasn’t worked out so good

" Achieving TRL-6 is necessary but not always sufficient for building the
flight hardware. The technology development activity on JWST was
absolutely necessary but we also realized, in some cases, the
engineering proved to be harder than we thought as well

" Detectors: | believe that the definition of TRLs fails to address a
key issue for this technology which is accounting for production
yield of the device. In addition to demonstrating the detector
technology, the TRL 6 definition should mandate that the predicted
yield of producing the device be demonstrated so that the flight
project can properly plan

" ASICs: A similar argument as for the detectors can be made for
the ASICs

" TRL scope: | think the TRL activity works for discrete components
— ensures the component as a stand alone item is ready for
integration to a flight program — but misses the integrated effect of
that technology in the overall system. The interaction between
svstems is never fullv anoreciated and the cross svetem



What hasn’t worked out so good (Cntd)

" Timely cost phased reserves are absolutely required but rarely
available. This has huge leverage on the run out cost of the program.
Without them there is a realistic chance, when problems arise, the
project will be forced to defer some work to later years which has a
compounding effect of at least doubling the cost of the deferred work
and reducing the available reserves in the out years

" Maturing the JWST technologies into flight hardware took longer and
costed more that planned. We probably needed 35-40% reserves in
those years



What does work no matter the project

Communicate communicate communicate. Can’t over
commuhnicate

A test is worth a thousand analyses.
Get operating time on the hardware and software.

Test as you fly. Don’t forget to test with the ground system. Can’t
completely test JWST as you fly. It’s too big



Project Management (2)

Management and systems

engineering of the Kepler mission
SPIE 7738-24

James Fanson, Leslie Livesay, Margaret Frerking,
Brian Cooke

Jet Fropulsion Laboratory

Califoernia Institute of Technology

SPIE Astronamical Instrumentation
San Diego, California
28 lune 2010

Olaf lwert, ESO, Optical Detector Team,
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Project Management (2)

Kepler: NASA's first mission capable of
detecting Earth-size planets

Seeks to determine whether
Earth-like planets are common
or rare in the galaxy

Measures the dimming of stars

when planets transit across

TR 4 ft
their disks i

Simultaneously measures

brightnesses of 100,000 stars

at part-per-million precision

Winning proposal submitted in

2001 by ARC with Ball as system contractor

Three months after selection NASA established new policy requinng all
robotic missions to be managed by JPL or GSFC
— Paradigm shifting from “faster-better-cheaper” to “mission success first”

— Kepler directed to add either JPL or GSFC to lead dev phase management
— JPL selected and added to team in 2002

Olaf Iwert, ESO, Optical Detector Team,
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Project Management (2)

@’ Theme 3: Don’t underestimate complexity or the
difficulty of scaling existing technology

Kepler flight vehicle contained

no new technology, but...

Focal Plane Array Assembly (FPAA)
featured focal plane of unprecident-
ed scale (95 megapixels)

Comprises more than 20,000 parts
Degree of engineering required
significantly and chronically
underestimated

Challenging requirements drove

decisions with unintended
consequences

— Amplifiers power cycled to save heat dissipation, resulting in
unintended noise sources

— Cost-cutting measures like testing readout electronics with two
instead of all ten boards cause late discovery of crosstalk hoise




Satellite Servicing Assessment
Humans / Robots

Early results from NASA's
assessment of satellite servicing

Authors): Haxley A, Thronson, Jr., Mansoor Alooed, Tacqueline
A, Townsend, Arthur O, Whipple, William B, Ocgerle, Benjanmn
B. Foed, NASA Goddard Space Flight Cir. (Clnnted Stales)
MASAGSFC

SPIE Telescopes and Instrumentation
San Diego, CA
Juna 27, 2010

Olaf lwert, ESO, Optical Detector Team,
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Satellite Servicing Assessment
&

Background

Space Servicing Capabilities Project, Astraphysics Projects Division at
Goddard Space Flight Canter is responding to a Congrassional directive to
study the assass the feasibility, practicality and cost of servicing satellites
using elements of currently planned and future NASA human spaceflight
systams andfor robotic tachnolagies.

This work is in support of recommendations by the Mational Research
Council, NASA™s Authorization Act of 2008 (Public Law 110-422) and the
FY2009 Omnibus Appropriations Act.

ARprewed for publie recass, dErbution unilmited




Satellite Servicing Assessment

SLL2

Assemble :

Olaf lwert, ESO, Optical Detector Team,
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Geosynchronous Satellite Disposal

Mission Overview

Relma=ze Customer

SuperSynch Orhit : i
TGEQ+ 350 km Yy T P —
a0 s

Parking Crhit
GED + 300 km

i\

g
=2
a
o
=

b -
=
3 -

Parking Orbit
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GEQ Orbit

Dl ey T
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Ao o pubie ek, cien bl unknneyd
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Satellite Servicer Elements

Specialized Servicer Elements o~
(Payload)

Autonomous Rendezvous and Capture Packags
Cameras
LIDAR
Laser Rangsfinders
141 kg

Hobot Arms (2 - 4 total)
7 DOF
Cameras and LIDAR
in BEnd Effector

615 kg for 4 arms

Appeuved ke pushi releges, dsliubcn wirmaksd

Olaf lwert, ESO, Optical Detector Team,
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Geosynchronous Satellite Refueling

Concept of Operations @

Launch
"y

a Commissioning
ﬁ Launch Saruicer:
P i, o HGA Depley G- Approach

Insert into GEC+100  gyetame Checkout

Rate Wull RAz CGAlGN S & I:E‘p fure

Sun A& 1=itko =1 :

E-:tr:.rl;qu.u. I:rer::nlny Depot: e i _ For Each Duat':l!-nur:
Ceploy selar sail *  Emter Safety Ellipes

Separale from Servicer Survey Customer

Stay at GEC+100k e e prepare Servicer Tor
2 > L a e Approach & Capturs

Burn to IrmtercaptCusiomer
Caplure

Refuegl
Prepare Cusiomer
'[-‘ Malntaln bathery charge
"4 Tramefar Fusl
. 5 Campseigns to 30 Customers Cleszsaart
DIEPESEf . Every & Customers, return - ! Depart
GEQ + 200 krm To Dapot, rafusl, and
adjust cetalt
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Large Telescope Assembly in Space

Concept of Operations &

i » D-m-}

‘ ATCS Construction

Conmstrirchion Bargs direct docks Bargs direst docks —
‘ With cocperative RTCE. with B cooparative =
| ATCSH seff-assembiy & check-our. RTCS, then ATCS Hﬂb“?ﬂc Assembly Ops
' Construction Barge dataches, controls the stack. H“hm'zlﬂfg:ﬂﬂdﬂ unboad and l
RTCES reorients o B [z (0 ) Axis). ASEEMBIE e SCops COMBDNENTE
Launch & Checkout I : : RTCS condrole the growing stack.
Launch < & months apart
LY Separation
EMLT Infection =
SA & HGA Deplay 3 ime=s 2.
Lyetams Checkouis & E stoges
Payload Checkow : ﬁ
I'JI_-.
ey 5
Telsacopa
i assembly
RTCS Servicing Telescope Separafion C°mplsted

Logistics Barge direct oock. ATCS detachaa
RTES servicing & check-ourt Telescope manewwers to GELZ
Logistica Barge delachas. ATCS loitars at EML1

Sppavrd [ka pusbe 1oleare, chahibubvn vedinsbad L7



Many other topics TBD:

*M. Dimmler (ESO) ALMA Transporter damping system

U Hopp et al. (USM):

Wendelstein Observatory equipping new 2m telescope with
advanced instrumentation (e.g., Hawaii 2RG and mosaic of four
4k x 4k e2v CCDs (Spectral Instruments)

L. Strueder et al |, Talk -

e.g., Imaging a virus with pn CCDs & free electron lasers

new interdisciplinary center for free electron lasers (350 people,
UHH, DESY, MPG)

Olaf lwert, ESO, Optical Detector Team,
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