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The Scientific Detector Workshop

7-11 October 2013
Florence, ltaly

« b5-day workshops held every 3-4 years

“These 5-day workshops gather the world experts in the field of detectors for astronomy and are filled with lively
discussions and debates during oral and poster sessions and interactive roundtables. The discussions continue

during informal interactions promoted by the social and cultural events that take advantage of the features of the
workshop location. The workshop formula is tailored to keep the atmosphere informal and conducive to the
exchange of information and the establishment of long-lasting relationships and collaborations.”

Hawaii 1996

Cozumel 1999
Taormina 2002
Garching 2009
Florence 2013

 Topics:

Status and plans for astronomical facilities and instrumentation (ground & space)
Earth and Planetary Science missions and instrumentation

Laboratory instrumentation (physical chemistry, synchrotrons, etc.)

Detector materials (from Si and HgCdTe to strained layer superlattices)

Sensor architectures — CCD, monolithic CMQOS, hybrid CMOS

Sensor electronics

Sensor packaging and mosaics

Sensor testing and characterization

http://www.inst.bnl.gov/~poc/SDW



Focal plane electronics sessions

 New Generation IV Controllers for CCD and CMOS Arrays - Bob Leach, SDSU
« A Compact, Low Power Digital CDS CCD Readout System?!-Armin Karcher, LBNL
« LSST ASICs for Sensors Control and Readout? - Herve Lebbolo, LPNHE

« Prototype ASIC for Space Large Format NIR/SWIR Detector Array?34 Benoit
Dupont, ESA

« Lessons Learned from a Decade of SIDECAR ASIC Applications?34 Marcus
Loose, Markury Scientific

* In Situ Testing of CCD and NIR Detector Controllers Roger Smith, Caltech

« Control System for EUCLID-NNISP Mission Infrared Focal Plane3# Favio
Bortoletto, INAF Padova

« System Tests of LSST Integrated Readout Chain Paul O’Connor, BNL
 Theoretical Comparison of CCD Video Processors?! Simon Tulloch, Univ. Sheffield
 Roundtable: Digital Correlated Double Sampling, ASICs

« + 11 posters

Themes:

1Digital Correlated Double Sampling
2ASIC

3Hybrid CMOS

4Space



Bob Leach — Gen IV controller
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Armin Karcher — readout for DESI spectrograph

Armin Karcher — readout for DESI

Hardware Requirements Video Architecture FPGA Board

Low Noise CCD —"—::p —PGA —p w5 ADC Commercial board reduces routing effort

Compact / Low Power Includes DRAM, FLASH, Power, Ethernet phy
Offset 6.4 GblsI

Flexible Ultra compact SO-DIMM form factor

= Digital CDS DAC
Upgrade path to new, pin-out compatible
; : PG
= High analog bandwidth e boards with next generation FPGAs

= Flexible averaging time Uses MicroBlaze soft-core@100MHz for PC
communication.

= P type and N type CCDs
» 3 and 4 phase clocking

Commercial interface » Few analog components

= TCP/IP over Ethernet « High speed 16 bit ADC (100MHz) State machine reads timing table from internal
: memory and generates clocks, reads ADC
= Large data bandwidth to FPGA data, and transmits CDS data to Micro Blaze.

as T z 800mb/s

User Interface is web s : aseats eaiiant C C DS

based. ey ADC memmmmm FPGA « Performance is identlcal_to the 15
; ; g best we have seen on this

NoFCsofwaies oo Vot s CCD with the ARC Gen2

Digital CDS 8 channels Performance with LBNL

Software

needed. Simple approach to DCDS was chosen. system.

All configuration files are i 5 A programmable number of Reset and Signal samples are « Newer low capacitance output

gtor:d on the controllerin &8 - = added in two 26bit accumulators. transistors bring down noise.
ash. .

e n T The difference is right shifted by a programmable number LoWatT e S sy
Images can be 0 e of bits and 16 bits are read-out. 2 REA £
acquired/read out by ] L S e TS

sendingieaicet fonioe B o g \ A digital gain can be chosen by setting the shift number. . 176 e @ 100kHz

browser or any user e This allows simple tuning of settling and averaging times.
program.

More complex approaches may now be investigated after - 1.59 - @ S0kHz

Image files are sent in fits fully understanding the current system performance.
format.

Readout without CCD Original LBNL CCD ‘

Small form-factor controller using modern components and packaging.



P. O’'Connor — LSST integrated readout: design

The problem

* Electronics to control CCDs
and process an aggregate
of 1.5Gpixels/s must fit
into 1/6m? behind the focal
plane

* Inclusive of thermal and
mechanical FPA support

= Everything in cryostat

S5T

[ty

LSEST The solution

* A modular system of 21
“raft towers”.

* Eachis an autonomous,
fully-testable 12K x 12K
imager.

* Roughly the same size and
power envelope as a 16-
channel SDSU controller.

* Keys to compactness and
low power:

Shortest possible CCD-electronics
interconnect length

Analog €DS
— ASIC-based clock, bias, and video
processing

Raft tower electronics

3X RAFT ELECTRONICS BOARDS (REBS)

OS-video

Clocks

Heater current

Preamp/DSI

ASIC

Clock/Bias

ASIC

board temp
readback

Voltage/current/

Digital data
144 LVCMOS
50Mbis

3.125 Gbfs mini-GA

+40A+18A,+9A,
+5D

m Raft Tower Module

Complete 144-Mpixel imager

Support sensors mechanically
to meet strict coplanarity and
piston tolerances

Thermal management of
sensors and electronics

Protect sensor surfaces from
condensable contamination
Provide bias, timing, and
control signals for CCD
operation

Low noise analog signal
processing

Di?mzing, multiplexing of pixel
data

N raft baseplate

V-grooves for, /

kinematic mount ¢ housing (cold

mass)
pre-
tensioning
arm

electronics /

cooling bars

Diagnostics and slow controls

<— FEE boards
Optimized for

— Compactness

— Low power

LSS] Raft electronics key requirements

CCD bias Provide programmable voltages for all CCD biases, except back depletion
voltage

CCD clocking Provide switches and programmable rail voltages/slew rate for all CCD clocks

Sequencer Timing generator for CCD clocks, CDS switches, ADCs. Independent state
machines for each CCD.

Video CDS by dual slope integration for 48 video channels

processing Pixel rate 545kpix/s

Noise <9e-

Crosstalk <0.2%
Nonlinearity < 2%, 1 — 90ke-
Max signal 175ke-

Data acquisition

18b sampling, 48 channels @545kpix/s
Serialize with ECC. No frame buffer on REB
3.125Gbps Cu link to optical TX/RX

Slow controls
and monitoring

Configure ASICs

Monitor board and CCD temperatures, P/S current and voltage
Read serial ID chip

CCD protection

Special
diagnostic port

Read back CCD bias voltages
80MSa/s ADC to monitor CCD clocks via mux on CABAC

Environmental

Vacuum operation; -40C coldsink.; low outgassing; power £ 350mW/chan




P. O’Connor — LSST integrated readout: implementation

ISS] raft electronics board (REB) CCD imaging.setup

STRIPE 1 POPULATED

(e} buffers voltage FPGA
current ASPIC CABAC ADCsI regulators and daughterb
sources refe/rences 7rd

Board temperature monitor

[:I Supply current and voltage monitor

[ Test connec tor Small cryostat with engineering-
20 grade 4Kx4K pre-production sensor

* Each REB serves 3 CCDs of 16 5?:”%@ |
channels each. ix

« 12 ASICs for video processing, clock [l ./ A
and bias generation '

* T,V,| monitors

K
\

M oo
o o

*18b SAR ADCs (48)
* Virtex5 FPGA
 3.125Gbps link




raft electronics board (REB)
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P. O’'Connor — LSST integrated readout: results

m— 5Fe xrays, -50V substrate bias

Spectrawith Ko, K3 peaks Single cluster (zoom)
sextractor areas for 16 amps
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ISSST Noise, crosstalk, nonlinearity
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*REB xtalk is £ 0.04%
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*REB noiseis 1.5-2.2 e-
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LSZS7 photon transfer
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Full well capacity of CCD is ~140ke-; dynamicrange of
REB1 limited to ~ 60-80ke-withcurrent gain setup

ISES7 Electronics power dissipation

B CCDCurrent
Source

HADCs

m Diff Amps

m Power regulators

2% 29

Source Peak power dissipation, W
Per REB Per channel

CCD current source 4.21 .088
Video ASIC 1.20 025
Clock/bias ASIC 2.52 .053
ADC differential buffer/driver 0.31 .0065
ADC 0.36 .0075
Power Regulators 6.63 .138
Control FPGA 1.50 031
TOTAL Electronics Power 16.73 0.349

mASPIC

5 CABAC Measured (on single-stripe REB)

Expose 6.98W

Readout 8.96W

Ave(LSST cadence) ~ 7W
30% power common
=.35W/chan for fully-populated REB v

30



P. O’'Connor — LSST integrated readout: plans

m- Next steps m— mechanics and thermal

1 REB only

Pulser/
Emulator

1 REB warm +
1CCD

1REB+1CCDin
cryostat

1REB + 3 CCDs in
cryostat

FullRTM: 9 CCDs, 3
REBs

J Haupt 34

proposed LSST commissioning camera

W r—

(ComCam)

 Raft test cryostat with 9
engineering-grade CCDs, full
electronics and DAQ, LN2 cooling,
shutter, corrector + filters

¢ Installed on camera
hexapod/rotator at LSST 3-mirror
focus prior to full Camera readiness
¢ 30 arcmin field on-axis

e Early commissioning studies

10



Digital Correlated Double Sampling

 Required to remove KTC noise from reset of imager sense node

 Advantages:

Reduce analog circuitry to minimum (DC restore and antialiasing filter)
Synthesize arbitrary weighting function

Increase effective bits by sample averaging

Convenient diagnostic output

Intriguing possibilities for offline analysis

 Drawbacks:
— ADC sample rate > 10X pixel rate

Data volume, data bandwidth, power dissipation impact

« Design choices:
— ADC sample rate
— Analog bandwidth (upper and lower cutoff frequencies)

Sample weighting function

11



DCDS pros and cons

Paul O’'Connor 10/10/13

1. “Digital CDS” is a special case of digital e "

filtering, which has been used for along time ~ preamp

in a wide range of research instrumentation ok SN i S -

to approach optimal filtering, or to apply o Pl

multiple filters to the same digitized N 1 I

waveform, or to implement time-adaptive o ,'”FS‘ ﬁ:}ﬁw

filters: SN ) | SR e g S *Mm

- W C(eland, E Ste(n, “Signal pfocessing considerations for liquid ionization 10 ; , 3 4:"“‘»5
Zzl;)(r;rggzt)ars in a high rate environment’, Nucl. Instrum. Methods A338, PEAKSALP —> M «"fﬂ‘x :" E‘i

- W Warbun‘on”et al., “Digital pulse processing: new possibilities in nuclear|:>_ f:’ﬂb&‘g__"f; x\\ "“1‘ L
spectroscopy”, Appl. Rad.Isotopes 53(4), 913 (2000) )i R | } .

2. Itis well established that the simple I A e W _
differential averager (SDA) is the optimal 04 . - - e
filter for detecting a step signal in the Time (us)
presence of white noise; i o

- D. Hegyi, A. Burrows, AJ85(10), 1980
—  G. Hopkinson, D. Lumb, J. Phys. E15,1214(1982) i

When 1/f noise is significant, the shape of the .

optimal filter changes but SDA remains near:> g
optimal.

The SDA is easily implemented in the analog

domain (dual-slope integrator). % 0 % W 40 s @ 70 8 % w0
DCDS advantage only when noise is non- otz

. . . F1G. 2. The quotient @ of the signal-to-noise ratio obtained with a
white and pixel rate is low.

maltched filter to that obtained with the differential averager vs c,
where @ = For/2W,. 12



Simon Tulloch = DCDS numerical model

1.0 T 7 TS T T T T T T T

= Reset and clock-feedtrough
noise

_{ Reset (or Referente) pedestal

The video

H processor
measures

| this step size

0S Volts

Reset event
Charge dump

Signal pedestal

& RD OD

Resetevent

Correlated double sampler, Method 1:
Dual Slope Integrator (differential averager)

Reset switch

\ Integrator
Pre-Amplifier ~ Inverting Amplifier ] 9
| a
\ : / aet| 8
o
9s ADC £
(1sample (8]

i Per pixel)

(in

seconds

Theoretical Comparison
of CCD Video Processors

SDW 2013

&

www.qucam.com

Correlated double sampler, Method 2:

analog

Clamp and Sample
&R RD OD &R RD OD
Bandwidth-
Limiting Hi-impedance 2
(Fus~2xfy)  buffer <
Pre-Amplifier \ S
| : = :
1 Lios ADC g K
s (1 sample ) i
ip Per pixel)
- R | -
Clamp switch Sample/Hold switch
2 switches minimum Qg = 25T
3 op-amps minimum 5 N
(in practice another switch is needed to vary 3dB \ AN (7141)

pointofinputpre-amp if more than one pixel speed
is required)

Theoretical Comparison
of CCD Video Processors

SDW 2013

T, =time between release of
Clamp and activation of Hold

www.qucam.com

o

! 3 switches minimum
3 op-amps minimum

of pre-amp if more than one pixel speed
is required)

Theoretical Comparison
of CCD Video Processors

Correlated double sampler: Digital version (DCDS)

Theoretical Comparison
of CCD Video Processors

/
Input Switch  Polarity Switch

2Sin(rfT,).Sin{rf(T, + T,
Pl ol o MR ot T gt ,',';[:'f( ser))

practice another switch is needed to vary gain T, =time between reference

and signal measurement windows
T, = width of measurement windows
(in general ~40% of pixel time)

SDW 2013

www.qucam.com

Bandwidth-
limiting o

Pre-Amplifi
re-Amplifier i BB s %
fie :::'—;
0s . ™ ADC 5

I Mautipl I
L= i
R, {

Hardware simpler (at least on the analogue side).
This then allows digital synthesis of Dual Slope,
Clamp/Sample or other types of CDS.

No high-speed analogue switches required.

SDW 2013

www.qucam.com

analog

digital



Simon Tulloch — DCDS bandwidth/sample rate

& pixel

,

required analog bandwidth

Note that if prefilter is too narrow the Point Spread Function can suffer

Trailing pixel Note: read noise “switched off” to make effect clearer

I

o000z " T
ool !
000z~ ‘ ‘ . l e
—onosf- | ref sig ref sig = Infinite bandwidth
-0008F- ! 1 | =
-o008f~ i ! E
oot . E
Unfinered CCD output
ooz i ref | sig ef | sig 3
omoF— | [l A E
E ‘ | \ / | E
e | d -vesignal 5 Upper3dBtoo low
ooosE ! ‘ leakage
o008 .
Effct of Low-pass prefiter , Upper 308 painé= 0700000 x Pil ote.
0wz ;
o000f= T ;| s =
oo ‘ ref sig e sig I E
:::;E: " e signal | = Lower 3dB too high
o008 | “leakage”
-0.010E. 1 3
EWECH o AG Cowpng . Lowes 308 pot= 0100000 ¥ Finé ra,
Differential Averager DCDS Method
10) T T T T T
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" | even faster? i ‘ | | 1
|
F [ 200000 X H h
00— | [f,55= analogue bandwidth] | [TTTT: -
' e L |
4 \ J
10.0000 X
L L 7]
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Pixel Leakage ADU

| Video bandwidth required, purely from PSF considerations: I

Pixel Leakage from a 65535 ADU delta function

0

T ' :

Clamp&Sample should have
analogue bandwidth>2.6 F;,

/

Dual Slope should have
analogue bandwidth>6F;,

|

: ‘ Video Bondwidth / Pixel frequency !
noise vs. pixel rate vs. oversampling

o 1 | 1 .

10f 10° 10°

Pixel frequency Hertz
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Simon Tulloch

DCDS weighting function

Sample Weights
Ld o o -
o o o wu o
AR AT AR

bbb

Dual Slope (Differential Averager) CDS Method
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CDS time domain model results compared to E2V data
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Pixel Frequenc

«Differential Averager (Dual Slope Integrator) is the
best all-round performer.

*Clamp&Sample is the poorest performer at all pixel
rates

*Mirrored Gaussian and mirrored exponential
methods give tiny advantage at low-signal end

Confirmed experimentally (Clapp 2012 SPIE%5



Paul Jorden — Digital Correlated Double Sampling

| Paul Jorden - DCDS |

DCDS Processing ezv

-
-— =1 —
- 3 ]
, & = Reference &, Signal )
' %" ! El ! samples ! g‘ ! samples |
oo 1 3 i
S8 EFE 2 L :
[= e | I !
S~ 1]
z 204 | 1 : ! !
& 202 l 1 ' ' ! H
e P o
~ 20 i ' ' ' '
0 1 2 3 4

Time (jis)

+ Limited to sampling the settled output voltage

+ Sample frequency/pixel frequency > 14
- 16-bit accuracy
- System bandwidth at ADC nyquist frequency
- 10% clamp period

© 2012 RAL ©eav Sides

Video Chain ezv

+ Digital Correlated Double Sampling (DCDS)

Analogue

Digital

Video
Data

Digital low pass filter
+Correlated double sampling

+DC restore
+Anti-alias filter
+Single ended to differential

*Remove reset feed-through ]
" < Reference samples (r;}
g % 65536
20v 2 o
Signal samples (s;)
© 2012 RAL ©eav o7

DCDS Prototype ezv

DCDS
Video Card

CCD203 SDO CEB

© 2011 RAL R sioet

P.0O’C. 20131113

Concept for J-PAS ezv

- Use differential signals for Dagt
common-mode noise rejection

Outputs G —Jp

IE DOSG
33|62(61(63|G2(G1
I>oss
/

- Use DCDS for optimal noise of t——
system
- 100 MHZ sampling frequency; fsample = 200 fpiX
500 kHz pixel rate

Get V2 noise increase

- DCDS better than analogue CDS References
and recovers some of the loss of ? f)
differential mode. - Clapp SPIE 2012, 8453-49 DCDS

« Jorden et al. SPIE 2012, 8453-20. J-PAS

© e2v sidn
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Greg Bredthauer — DCDS roundtable

ADC Evolution

Sample Rate Noise Power

Controller Year ADC (MHz) Bits (LSBRMS) (mwW/Ch) Notes
2006 AD9824 30 14 2.0 153 Analog CDS

Firefly 2007 LTC2208 130 16 2.9 1500

Tapestry 2008 LTC2208 130 16 2.9 1500

CCTapestry 2009 ADS5562 80 16 1.4 865

Aura 2009 LTC2262 150 14 1.2 149

Reflex 2010 AD9268 125 16 2.3 375 Dual
2011 AD9650 105 16 1.5 328 Dual
2012 ADS5263 100 16 1.0 355 Quad
2013 AD7960 18 1.1 46

ilities

Diagnostics

1
\W‘J\«Jl\w Lwiwmmwwu ek

200 100 100 500 600 700 500 900 1,000
Frequency (khz)

Digital CDS Experience

High sampling rates let you see subtle features

(How fast is the CCD output settling? Is it ringing?)

For higher frequencies (1 MHz), every extra sample
averaged lowers noise, close to theory

For lower frequencies (100 kHz), balance with 1/f noise —
samples prefer to be close to SW transition

Higher analog bandwidth gives faster settling, easier to
avoid subtle non-linearities

ADC power falls with sample rate — use lower frequencies
in production after tuning
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The problem

Electronics to control CCDs
and process an aggregate
of 1.5Gpixels/s must fit

into 1/6m?3 behind the focal '

plane

Inclusive of thermal and
mechanical FPA support

Everything in cryostat

SDW2013 e Florence, [Te Oct. 10, 2013

19



I[SZS7 The solution

L

A modular system of 21
“raft towers”.

e Eachis an autonomous,
fully-testable 12K x 12K
imager.

* Roughly the same size and
power envelope as a 16-
channel SDSU controller.

* Keys to compactness and
low power:

— Shortest possible CCD-electronics
interconnect length

— Analog CDS

— ASIC-based clock, bias, and video
processing

SDW2013 e Florence, ITe Oct. 10, 2013 20



Complete 144-Mpixel imager

Support sensors mechanically
to meet strict coplanarity and
piston tolerances

Thermal management of
sensors and electronics

1 2
“ / b Protect sensor surfaces from
V-grooves for | ! condensable contamination
kinematic mount ‘ : i Provide bias, timing, and
<— fousinzicold control signals for CCD
NERY) operation

pre- . Low noise analog signal
tensioning processing

arm | ¥ Digitizing, multiplexing of pixel

data
electronics / || < FEE boards

Diagnostics and slow controls
cooling bars V X » Optimized for

S

— Compactness

— Low power

SDW2013 e Florence, ITe Oct. 10, 2013



REB

ASIC

378

24

SDW2013 e

Florence, ITe Oct. 10, 2013
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Raft tower electronics

video

_ Digital data

Preamp/DSI

0OS-vid
viceo ASIC

~ 144 LVCMOS
50Mb/s

144

Clocks

2 Clock/Bias

Bias ASIC

135

200MHz

timing engine,
configuration
1/0

m Ko
L":mmmﬂﬁhollmlllmlll’ )

Heater clirent

Temp serfse

3.125 Gb/s mini-SAS
>t

Clock/command>}
|

48
Power
Voltage/current/ +40A,+18A,+9A,
board temp +5D

readback

—_—_——— - . —————— e —

SDW2013 e Florence, ITe Oct. 10, 2013
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ISS] Raft electronics key requirements

CCD bias Provide programmable voltages for all CCD biases, except back depletion
voltage

CCD clocking Provide switches and programmable rail voltages/slew rate for all CCD clocks

Sequencer Timing generator for CCD clocks, CDS switches, ADCs. Independent state
machines for each CCD.

Video CDS by dual slope integration for 48 video channels
processing Pixel rate 545kpix/s

Noise <9e-

Crosstalk <0.2%

Nonlinearity < 2%, 1 — 90ke-

Max signal 175ke-

Data acquisition | 18b sampling, 48 channels @545kpix/s
Serialize with ECC. No frame buffer on REB

3.125Gbps Cu link to optical TX/RX

Slow controls Configure ASICs
and monitoring Monitor board and CCD temperatures, P/S current and voltage

Read serial ID chip
CCD protection

Special Read back CCD bias voltages
diagnostic port 80MSa/s ADC to monitor CCD clocks via mux on CABAC

Environmental Vacuum operation; -40C coldsink.; low outgassing; power < 350mW/chan

24



L[S 7 raft electronics board (REB)

STRIPE 1 POPULATED

CCD buffers voltage FPGA
current ASPIC CABAC ADCs ’ regulators and daughterb
sources references oard

Power

CCD HS serial I/O

connector )
Board temperature monitor

D Supply current and voltage monitor

D Test connector
25



populated

“ o
Small cryostat with engineering- _ —- a® |
grade 4Kx4K pr(\e-production sensor T | Full DAQ system
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500ns/div

Trigger Menu

Trigger Type
Edge

4D Source

Yellow: OS 100mV/div

Green: S3 2V/div
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IS/ Bias and flatfield
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>>Fe xrays, -50V substrate bias

Spectra with Ka, Kp peaks Single cluster (zoom)

sextractor areas for 16 amps

Ka 7204.9 +- 157.2 ave 7264.3 Ka 7173.6 +-170.0 ave 72440 Ka 7061.4 +-171.7 ave 7126.9 Ka 7134.4 +-170.5 ave 7207.9
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e

Variance, ADU"™2 Variance, ADU™2 Variance, ADU™2

Variance, ADU™2

LSS7 photon transfer

variance vs mean

[device=8-07, runset=PTC_545kHz_reflex]
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Full well capacity of CCD is “140ke-; dynamic range of
REB1 limited to ~ 60-80ke” withcurrent gain setup
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ISTS7 Noise, crosstalk, nonlinearity

480kpix/s
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LSS 7 Electronics power dissipation

Source Peak power dissipation, W
Per REB Per channel

CCD current source 4.21 .088

Video ASIC 1.20 .025

Clock/bias ASIC 2.52 .053

ADC differential buffer/driver 0.31 .0065

ADC 0.36 .0075

Power Regulators 6.63 .138

Control FPGA 1.50 .031

TOTAL Electronics Power 16.73 0.349
B ASPIC
= CABAC Measured (on single-stripe REB)
w CCD Current Expose 6.98W
. i‘l’)ucgce Readout 8.96W
m Diff Amps

Ave(LSST cadence) ~ 7W
m Power regulators 30% power common
=.35W/chan for fully-populated REB v’

2% 2%
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1 REB only
Pulser/
Emulator
1 REB warm +
1 CCD

1 REB+1CCDin
cryostat

1 REB + 3 CCDs in
cryostat

Full RTM: 9 CCDs, 3
REBSs




m Robust FEA Model: Complete RTM Assembly

* Nominal thermal loads e
from: electronics, e

radiation from L3, oy

conduction through R

materials, etc.

* Expected thermal contact
at all interfaces

 Raftrim heatersat 1.0
Watts each (slightly less
than %2 max)

* Cryoplate at 143K
* ColdPlate at 233K

251.56 Max
£39.51
227,47
215,42
203,35
191.33
179.29
167,24
155.19
143.15 Min

S. Bellavia 35



m mechanics and thermal

RS, A
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proposed LSST commissioning camera
(ComCam)

R 5 s B

e Raft test cryostat with 9
engineering-grade CCDs, full
electronics and DAQ, LN2 cooling,
shutter, corrector + filters

e Installed on camera
hexapod/rotator at LSST 3-mirror
focus prior to full Camera readiness
e 30 arcmin field on-axis

e Early commissioning studies

SDW2013 e Florence, ITe Oct. 10, 2013
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ISS7 REB+ CCD test bench components

[P T

Multimode cryostat with REB with adapter PCB and
CCD, xray source, thermal through-vacuum rigidflex
control and monitoring cable
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