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Dear Colleagues,

The Workshop on Bolometer Array Technology for FIRST took place at QMW on 29 and

30 October. As expected, it proved to be extremely interesting and significant for the BOL
instrument. This note summarises the main conclusions and decisions. A copy of the
viewgraph package will be distributed to each BOL institute. If anyone else wants one, please
ask Judy Long at RAL (j.a.long@rl.ac.uk).

As you will see, we have decided to adopt a less conservative approach in defining the base-line
instrument: large-format arrays providing full sampling of the image will now be proposed.
This change poses new technical challenges in developing the technology in time and
implementing it in FIRST and in coping with the increased on-board data processing
requirements; but it is motivated by the facts that bolometer array technology is maturing very
rapidly and that there are now good reasons to believe that it can be developed in time for
incorporation in our instrument, thereby giving us a substantial improvement in performance.

Best regards,

Matt




Workshop on Bolometer Array Technology for FIRST

QMW, London
29, 30 October 1997
1. Workshop attendance
Peter Ade QMW
Patrick Agnese CEA/LETI
Ravinder Bhatia QMW
Jamie Bock Caltech
Colin Cunningham . ROE
William Duncan Oxford. Insts.
Roger Emery RAL
Walter Gear ROE/MSSL
Kent Irwin NIST
Andrew Lange Caltech
Bruno Maffei QMW
Harvey Moseley NASA, Goddard
Goran Pilbratt ESA '
Louis Rodriguez CEA, Saclay
Bruce Swinyard RAL
Jean-Louis Augueres  CEA, Saclay
Laurent Vigroux CEA, Saclay

2. Aims of the workshop

a. To review the scientific requirements of the FIRST Bolometer Instrument(BOL), and
the technical constraints on its implementation.

b.  To assess the current status and future plans of relevant bolometer array programmes.

» agreced criteria for technology selection;
» an inter-laboratory test programme for comparing the options;
¢ aschedule for the evaluation and selection programme.

[ To establish

Presentations were made by the various groups working on bolometer array development
programmes (Caltech/JPL, CEA Saclay, Goddard/NIST) followed by in-depth discussion of
the criteria for array technology selection, the essential tests needed for evaluation of options,
the schedule for evaluation, and the question of what shouid be proposed in the AO response.

3. Conclusions of the workshop
3.1 Change in the base-line BOL detector array technology

The base-line detector array technology for the BOL is to be changed to filled array absorbers
with 0.5FA pixels instead of feed-hom arrays with 2B, pixels.




3.1.1 The previous base-line (now the fall-back option)

Hexagonally close-packed arrays of 2B circular feedhorns

Spider-web bolometers

Dual JFET readout (JFETs at 120 K in a module outside the BOL FPU)

Note: It was also decided that, for this option, there are compelling technical reasons
(related to microphonics and EMC) for putting the JFET modulewithin the
cold FPU enclosure rather than outside.

Numbers of detectors: Photometer 250 ym 61
350 pm 37
500 pm 19 Total =117
Spectrometer  Approx. 40 for either FTS or grating options

Total no. of detectors in instrument:Approx. 160

3.1.2 The new base-line

Filled absorber arrays of square 0.5FA pixels

Imaging FTS spectrometer if feasible (still to be confirmed as base-line)
Bolometer array technology: to be determined (see below)

Readout electronics: depends on chosen bolometer technology

Optical design of photometer: Essentially as before, but the requirements for baffling
and stray light rejection will be much more stringent.

Numbers of detectors: ~ Photometer 250 um 32x32 = 1024
350 um 24x24 = 576
500 pm 16x16 = 256 Total = 185

Spectrometer 25-38 cm’! 16x 16 = 256
38-50cm™ 16x16 = 256 Total =512

Total no. of detectors in instrument: 2368

3.1.3 Reasons for changing the base-line

(a) The main science driver for the BOL design is the need to have the best possible

sensitivity for deep imaging surveys for high-z galaxies. This means having as many
detectors as possible. The feed-horn arrays which have been the base-line so far use up
all of the available space in the focal plane without producing a fully sampled image of
the field of view.

(b) Filled absorber arrays can potentially make use of all of the radiation from the field of

view, offering increased sensitivity and a number of other advantages for the BOL:

- Improvement in mapping speed by an order of magnitude or more
- Simplified observing modes (no need for movement of telescope or internal mirror to

produce a fully-sampled image)




- Reduced susceptibility to pointing and tracking errors
- Easier imaging spectroscopy with an FTS
- Easier compatibility with simultaneous mappingwith the PHOC

(c) The fecd-horn array option is well understood experimentally and there is a good deal of
experience with similar systems on ground-based telescopes. It is a reliable conservative
design in which we can have full confidence; but by the time the BOL flies (at least eight
years from now), it will probably have been superseded by large-format arrays with many

more detectors.

(d) The new bolometer array technology is progressing rapidly. A number of development
programmes are underway specifically directed at producing large-format arrays suitable
for the BOL instrument. The workshop examined the progress and plans of the groups
responsible for these various development programmes and concluded that there was good
reason to believe that one or more of these technologies could be developed and
demonstrated in time for use in the BOL.

(e) Since it is the intention to fly large-format filled arrays if at all possible, it would be
more appropriate to incorporate this into the proposal as the base-line when specifying the
space-craft interfaces and resource requirements and the internal requirements of our own
instrument (e.g., stray light rejection, digital electronics requirements, etc.) and to retain the
more conservative feed-horn arrays as a fall-back option.

3.1.4 Technical challenges associated with filled arrays option

- Elimination of stray light within the instrument

- Guaranteeing high per-pixel quantum efficiency

- Coping with the greatly increased data rate and on-board pocessing requirements

- Developing and demonstrating a workablc and proven filled array option in time for
FIRST

3.2 Change of base-line BOL refrigerator to’He cooler

The workshop concludes that for the feed-horn and for any of the filled array options, a
detector operating temperature of 0.3 K will be sufficient (the only doubt is in the case of the
grating spectrometer if the speed of response is as fast as is currently specified, a problem
which may be solved if we either fly an FTS or if we relax the speed requirement). Given the
much greater simplicity (internal and external) and the higher cooling power of dHe
refrigerator compared with the alternative dilution system, it was decided that the base-line
refrigerator for the BOL should be changed to 2°He sorption cooler.

3.3 Plans for the AO proposal
3.3.1 BOL sensitivity estimates to be quoted in the AQ proposal

The sensitivity figures already derived for the BOL, based on the feed-horn array option, could
be greatly improved upon by using filled arrays. However, the AO response constitutes a
promise to ESA and to the scientific community as to the scientific capabilities of the proposed
instrument, and it would be unwise to quote numbers which are not yet justified experimentally.
It was agreed that it is not appropriate to guarantee any level of performance better than that
of the feed-horn option until the new technology is proven in practice. The AO response will
therefore:

- propose to used filled absorber arrays as described atove;

- describe the feed-horn array option as a back-up,;




- quote guaranteed sensitivity figurcs based on our analysis of the feed-horn
array option; .

- quote much improvedsensitivity goals based on the envisaged performance of
the filled array option.

3.3.2 Description of base-line filled array technology

The exact technology to be flown cannot be decided at present. In the proposal, we will
therefore need to describe the array option in generic terms, and the various options (CEA
arrays, pop-up or spider-web detectors with TES sensors) will also be briefly described.

There are major differences in the nature and power dissipation of the readout electronics for
the various options. We will have to establish an envelope of resource requirements and system
parameters (numbers of wires, power dissipation, etc.) compatible with any of the technologies
currently under development.

One array option which may be ruled out on technical grounds is the use of JFET readout with
large arrays with Ge sensors. This would pose severe problems with the JFET power
dissipation in the focal plane unit.

There is very little time between now and the deadline for the first draft of the proposal (mid-
December). As a first step in putting together the case to go in the AQ, the array groups will
provide as much detailed information as possible on the resource requirements of the various
options before the Nov. 12 Technical Team meeting.

3.4 Schedule and criteria for array technology selection

3.4.1 Schedule

In the proposal, we must present a plan and schedule for development and evaluation of the
various array options and for the final selection. The latest possible date for selection is
determined by the deadline for delivery of the Qualification Model of the instrument (QM) to
ESA, which is January 2002 in the current schedule. Allowing one year for QM testing prior
to delivery, and one year for building and assembly of the QM, this dictates a decision before
early 2000. What we put in the AQ has to be compatible with this schedule, and it was agreed
that January 2000 should be the firm deadline, with mid-1999 as a goal.

A first-cut schedule for the array development programmes and testing was formulated, which
covers essentially the next year. More work on this, to formulate a detailed development
schedule for the AO response, is needed soon.

3.4.2 Selection criteria
The following criteria for array selection were agreed:

1. To justify the more exacting requirements on the instrument {e.g., stray light and data rate),
the array option must be superior to the feed-horn option in mapping speed by a significant
factor (say, a factor of 2).

2. If a European option is equivalent or nearly equivalent in mapping speed (within a factor of
50%) to a US option, the European option shall be chosen.

3. A US option, if chosen, shall be fully funded by NASA - no additional effort shall be
required from Europe (but the readout electronics and/or warm analogue electronics could




be built in Europe by CEA).

. The chosen option shall be compatible with available spacecraft resources (especially
thermal and telemetry rate restrictions). Some negotiation with ESA on the budgets may be
possible, but the figures specified in the IID-A are not likely to change by large factors.

. The array technology shall be space qualifiable, with a credible process and schedule for
qualification being identified.

. Array prototypes (or at least single-pixel systems) shall have (at the very least) undergone
full testing in the laboratory to determine performance parameters. The detailed testing
programme and schedule is to be agreed.

. If necessary, a formal array selection review shall take place prior to the selection deadline,
which will select the best option for the BOL based on experimental evaluation:

- Conformance to the operating and performance requirements

- Sensitivity; speed - Power dissipation

- Yield - Reqd. operating temp.
- Uniformity - Telemetry rate

- Crosstalk - Redundancy

- lonising radiation susceptibility - Etc.

- Etc.

- Instrument optical/thermal/mechanical modelling

- Accurate estimates of BOL electronics and spacecraft requirements

- Credible schedule and cost estimates for QM and FM manufacture and delivery,
including readout electronics

. Selection team:

The array selection shall be based on consensus, with a selection team comprising at least
the following: Griffin (PI), Swinyard (Instrument Scientist), Vigroux (Co-PI; CEA group),
Lange or Bock (Caltech group), Moseley (Goddard group). The selection process shall be
open: external experts and ESA personnel (e.g., Pilbratt, the FIRST Project Scientist; the
FIRST Payload Manager) will be invited to observe and advise.

. Regardless of which technology is flown, all of the participating array groups will wish to
maintain a strong interest and involvement in the BOL instrument design, optimisation and

scientific exploitation.
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FIRST Bolometer Array Workshop
QMW 29, 30 Oct. 1997

Agenda 29 October

1. FIRST status and schedule

2. The FIRST Bolometer Instrument:
scientific requirements; base-line
design; technical constraints

Coffee

3.Filled arrays as alternative to
feed-horn arrays for the BOL

4. Overview of the US array
development programme

5. Spider-web bolometer programme
Lunch

6. CEA planar array programme:
Coffee

6. Pop-up detector programme

7. Discussion + Agenda for Day 2

End Day 1

Agenda 30 October: to be arranged

Griffin

Griffin

Griffin

'Lange

Bock

Rodriguez

Moseley

All

09.30

09:45

10.30

10.45

11.15

11.30
12.45
14.00
16.15
15.30
16.45

17.30

1. Criteria for array technology selection

2. Essential tests needed for

(i) AO response

(i) Final evaluation of options
Schedule for evaluation

oL

Visit to QMW iab.

Agreement on content of AO response




Aims of the meeting

1. To review the scientific requirements of the FIRST
Bolometer Instrument (BOL), and the technical
constraints on its implementation.

Note:

« The dilution cooler is still the base-line for the BOL, but
there are strong reasons for changing to a *He cooler if
we can meet the performance requirements and it is a
workable solution in practice.

2. To assess the current status and future plans of relevant
bolometer array programmes.

3. To establish
» agreed criteria for technology selection;
* an inter-laboratory test programme for comparing the
options;

+ a schedule for the evaluation and selection programme.

Where possible, those making presentations describing the
various array options should try to address the following:

« Scientific performance and compatibility with BOL
sensitivity/speed requirements

o Operating temperature (and temperature stability)
requirements

e Heat-loads on low temperature stage due to dissipation
and wiring

» Power dissipation at 2 K and/or 4 K

lonising radiation effects and how to identify them and

correct for them

Pixel angular response and susceptibility to stray light

Cross-talk

Achievable array size

Read-out electronics and multiplexing

Warm analogue electronics requirements

On-board processing and telemetry rate requirements

Space qualifiability

@ © ¢ o6 ¢ o o




FIRST schedule: From AO to Launch

ESA briefing preparation
ESA AO briefing meeting
First draft of proposal ready

Full BOL consortium meeting
in Florence (proposal review)

Proposal submission deadline
Proposal evaluation by ESA
Clarification meetings

Recommendation by Evaluation
Committee

AWGI/SSAC review

Pl pre-selection by SPC
Payload confirmation by SPC
Instrument EM delivery
Instrument QM delivery
Instrument FM delivery

ICC readiness

Instrument FS delivery

Launch

Nov. 7
Dec. 3
Mid Dec.

Jan. 8/9

Feb. 16
Feb. - May 98
Mar. - Apr. 98

End Apr. 98

May 98

End May 98
Feb 99

July 2001
Jan. 2002
Jan. 2004
Dec. 2004
Jan. 2005

Dec. 2005
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BOL science drivers

» Deep photometric surveys
- high-z galaxies
- protostars
» Follow-up spectroscopy + higher S/N
photometry
- using BOL itself

- using other FIRST instruments

e Telescope backgrour‘id limited

- Increasing mapping speed means
increasing number of detectors

e BOL multi-band imager must be optimised
for deep survey project




Galaxy formation and evolution
in the early universe

Systematic study of high-z universe

Starburst thermal peak redshifted from
~ 50 um to a few 100 um

BOL is the primary instrument for this
major survey project

Many thousands of galaxies will be
detected, mostatz>1

Test models of gaiaxy spectra and
evolution, luminosity function, star-
formation history

Follow up with spectroscopic
observations —» physics and
chemical evolution

) -
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BOL extragalactic survey

® Red Book (1993) proposed shallow,
intermediate, deep surveys

® PLANCK HFIl survey 5-c sensitivities:
- 850 pm: 100 mJy
- 550 pm: 120 mJy
- 350 um: 950 mJy

® BOL capabilities enhanced compared to
Red Book (more detectors; simultaneous
multi-band imaging)

® Revised survey plan: Deep survey of
~ 60 sq. deg. area (approx. 5 months)

-®  Predicted counts (hased on models of

Pearson & Rowan-Robinson, 1996 and
Franceschini et al., 1994):

A (um) 250 | 350 | 500
1-c per pixel (~3) 40 | 36 | 3.0
5-c per pixel (w 3,) 20 18 15
Sources/sq. deg. 370 | 400 | 140
Source density for 5-c confusion | 1300 | 660 | 320
No. of sources in 60 sq. deg. 22500 | 24000 | 8500
Fraction with z >1 30% | 60% | 90%

@ Cirrus confusion limit:

- S-olimit <1 mJy for ligo um < 2 MJy St
(based on Gautier et al., A. J. 103, 1313,
1992)




- The BOL Instrument

e Three-band imaging photometer
- A =250, 350, 500 pm
- MAL~3

- Sensitivity limited by telescope thermal
emission

- Three hexagonally close-packed bolometer
arrays

- Simultaneous observation of same
~ 5 arcmin. field of view

- Total of 117 detectors

Ao No. of Beam
(nm) pixels width
(arcsec.)
250 61 18
350 37 25
500 19 36

ESTEC Sept. 2 1997
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BOL FTS spectrometer option

Wavelength range : 200 - 400 um (25 - 50 cm™)

e Minimum resolution: 400
e FTS type : Polarising Martin-Puplett (TBC)
¢ Rapid scanning (OPD,.,x = TBD cm)
e Output ports:
Port| Spectral Pie| NEP,n Audio freq.
range (PW) | WHz"x 10" |  range
(Hz)
1 [25-38 cm™ | 21 6.7 10 - 15
(263-400 um)
2 |38-50 cm? | 2.7 6.4 15 - 20
(200-263 pwm)

» Base-line imaging capability:

Compact (e.g. 19-element HCP) feedhorn arrays
for each band

= Jiggle pattern needed for full spatial sampling
= Complex observing mode and data analysis

Advantages of FTS option:
- Flexible spectral resolution
- Immunity to out-of-band leaks
- Immunity to non-modulated stray light
- Higher background on detectors
— NEP/speed requirements can be met at 0.3 K ?
o Filled absorber arrays could be well adapted to
use with FTS

(Assumption: Filled arrays not suitable for the
grating option)




« BOL FTS option e
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DETECTOR OPERATING TEMPERATURE

REQUIREMENTS =~ =~
® Photometer NEPpy x_“120'”
(photon noise (W Hz™)
limited): 250 pm_| 350 pm | 500 pm
12 9 7

- Speed of response: Ideaily 5 Hz (1~ 30 ms)
Could live with 3 Hz (1 ~ 50 ms)

- This performance should be easily achievable at 300 mK

® Grating spectrometer (detector noise limited):
- Detector NEP target = 1 x 10™7 W Hz "2
- Speed of response: as for photometer
- Should be achievable at 200 mK
- Not clear whether it is fea_sible at 300 mK (but close)

® FTS spectrometer (photon noise limited):
- NEPyp~ 5x 10" W Hz 2

- Speed of response: Ideally > 20 Hz (x> 8 ms)
Could probably live with 15 Hz

(t = 11 ms)
- Should be achievable at 300 mK (but needs to be
demonstrated).

® Cooling power: Dilution system (200 mK) : Est. 0.4 pW
*He system (300 mK) : Est. 20 yW

@ Conclusions: 1. Detector Top > 200 mK

2. Top = 300 mK probably adequate
3. Additional cooling power of *He may aliow
bigger arrays to be used




Filled absorber arrays vs. feedhorn arrays

Feed-horn arrays

¢ Base-line design uses as many detectors as
possible given limited field of view available

e Hexagonaly close-packed arrays (as in

SCUBA)

e Final optics focal ratio: F=5

e Single mode (AQ =29

¢ Pixel diameter p~2FL = p=10A

A Ndets Max array dimension
(um) (Pixels) (arcmin)  (mm)
250 61 9 4.7 22.5
350 37 7 5.1 24.5
500 19 5 5.2 25.0

(20




Filled arrays
"« Pixel size and final optics focal ratio:

e p <0.5FA for adequate spatial sampling

op=>5A for efficient absorption P

= F>10

~* Assume - square pixels
- p=0.5FL
-F=10

e Using ~ the same field of view, we could fit :

250 pm: (9 x 4)® = 362dets — 32x 32 =1024
350 um: (7 x 4)% = 282 — 24 X 24 =576
500 um: (5 x 4)? = 202 — 16 X 16 =256

o Total of 1856 dets vs. 117 (factor of 16)

A Naets Array size
(um) (Pixels) (arcmin) (mm)
250 61 32x32 |4.2x4.2| 40x40
350 37 24 x24 [44x44| 42x 42
500 19 16 x16 [ 4.2 x4.2| 40 x 40

e Array physical size larger by factor of ~ 2

¢ But no feedhorns needed — lower mass

e Could fitin ~ 16 times as many detectors
with filled arrays.




What improvement in performance will this

produce?

e Assume no problems with data rate, power
dissipation, no. of wires, etc.

e Answer depends on:
1. Relative absorption efficiency of bare
absorber pixel compared to feed-horn
pixel ~

2. Relative susceptibility to stray light of the
~ two pixel types

3. Other factors (cosmic ray susceptibility,
crosstalk, observing efficiency, etc.)

o Assumptionslguessés:

o Effective 'q”uantum efficiency per pixel ?

will be ~ factor of two lower for filled 5
absorber

e Stray light can be successfully >
suppressed 5

= Need to have at least twice as many
detectors to break even

= Potential gain in mapping speed by
factor of ~ 8.

N




" Relative physical sizes of feedhorn and
filled absorber arrays

- 500 um 16 x 16 array of 0.5F) pixels(F = 10)

- 19-element HCP array of 2F) pixels (F = 5)

40 mm

40 mm




Background power from the
array environment

e Assumptions:

o T =80K ®cel = 0.04 e )A/AL =3
e Overall optical transmission = 0.3

e Feedhornarray: AQ =32

e Filled array: SA pixels
/10 final optics
= AQ =ﬂ§&)3 = 0.232 per pixel

AQ for array environment = © Sr

Photometer

A (um) 250 | 350 | 500
Feedhorn Ptel (pw) 174 |53 |48
Array NEPph (W Hz""x10"") | 12 | 8.7 | 7.0
Filled Ptel (pw) 1.5 | 1.0 | 0.9
absorber
Array NEPph (W Hz"*x10") | 54 | 4.0 | 3.2

Filled array: Cold stop at < 3 K needed to

prevent background power from
environment domintating over

that from the telescope.




Power from environment W)

Power from environment W)

Power from environment PwW)

Power loading vs. environment temp.

i | i 1
Power | 1]
Ptelrl' i Elnd

! | I

0 2 3 4 K] 6
. Tj
Environment temperature x)
Power loading vs. environment temp.
10 I T I T !

2 2.5 3 35 4 4.5 5

Environment temperature (K)
Power loading vs. environment temp.

10 T T T T

Environment temperaturce (K)

250 um

350 um

500 um



. Conclusions

1. Filled array absorbers are potentially
attractive for the BOL photometer
and FTS spectrometer option

- Increase of up to an order of magnitude in
mapping speed

- Sim"i)'lified operating modes

- Elimination of sensitivity to pointing errors
(especially for point source observations)

2. Critical technology issues
a) Pixel quantum efficiency <P
b) Stray light susceptibility P

¢ In-band stray light:
- /5 vs. = Sr = factor of 100 in solid angle

o Qut-of-band straylight:
- Same problem as above, compounded by:
- Degraded off-axis performance of filters
- No long-wavelength waveguide cutoff

= Potentially much more difficult to suppress
stray light for pixels with wide field of view

= Instrument optical and thermal design
must be optimised for minimum stray light

c) Can the required detector performance o
P

be achieved at 0.3 K b




d) Maturity of technology

« Deadline for choice is fight'(z 2 years before
QM delivery)

» Laboratory demonstration of sensitivity and
technical feasibility (esp. stray light rejection) is
essential

» Demonstration in working system on a
telescope desirable (but may not be time
for this)

Space qualification/lifetime/reliability
Space-craft resource issues

» Resource budgets cannot be changed
significantly

e Data rate/data compression/on-board
processing
o Power dissipation
- Focal plane unit
- Warm electronics
s No. of wires from FPU - warm electronics

g) Hybrid option: “@

* Planar array coupled to multi-mode feed-horns
over-illuminating cold stop
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Performances required for BOL

Laurent Vigroux, Alberto Franceschini
27 octobre 1997

Main scientitic driver:
detection of dust shrouded starburst galaxies at high z
measurement of their bolometric luminosity

study of the star formation rate in galaxies vs redshift

whichz?: QSOdistribution peaksat z=25
. cutoff z=5

starburts emission peaksat A ~ 100- 200 pm

conclusion: peak emisssion of starburts

galaxy in the wavelength
domain of BOL

BOL is THE instrument to achieve these goals




requirement ;

BOL must be able to detect a starburst galaxy atz=5

must be optimized for imaging surveys

sensitivity limits

z : starburst galaxy flux
density at 300 pm

0 10 Jy

0.1 0.15]y

1 6 mJy

2 2m]y

45 . 0.5 mJy

predicted fluxes for M82 like starburst (M =510""M, SFR 10 M,/Year)
(Franceschini models)

confusion limit: = 1m]y

imaging surveys:

get the largest number of detectors

the best coverage of focal plane

(30)




Baseline design performances

sensitivity limits (from MG, BS mail of Oct 13)

for full sky sampling image in one array field of view

A 250 pm 350 pm 500 pm
FOV 3.7 3.9 37
flux density 1.3 mJy 1.3 m]y 1.5 m]y
1h-1c
For comparison: 10 m South Pole at 300 pm :
- limit = 2mJy
field of view: = 1 arcmin.
conclusions : baseline design marginally adequate

no margin on sensitivity

weak gain compared to ground

need to improve performancesby = 10!

>>>> increase field of view 5

>>>> increase image sampling 100 %




BOLOMETER array definition

Constraints: minimize cost developments

limit the number of different arrays

>>>> 2 array types only

1 for 250 and 350 pm

1 for 480 pm and (?) spectro

Geometrical characteristics

assuming a FIRST telescope
®=35m at /9

BOL photometer at  f/5

Wavelength (um) 250 350 480
FWHM (arcsec. ) 18 25 36
number of 17 12 8.5
resolution élement

in 5arcmin.

number of px to 4.5 30 21.2
achieve PSF

sampling

(FWHM/2.5)

PX size (mm) 1.5 21 3
(=FWHM)

PX size (mm) 0.6 0.84 1.2
(=FWHM/2.5)

overall size of the 26 26 26
bol array

G32)




possible array definitions

1) PX =

FWHM
Wavelength (i1m) 250 350 480
number of PX 16x 16 16x 16 8x8
PFOV (arcsec) 18.7 18.7 375
FWHM / PFOV 0.96 1.34 0.96
PX size (mm) 1.57 1.57 3.15
detector size (mm) 255 255 255
2) PX =« FWHM/25
Wavelength (pm) 250 350 480
number of PX 32x32 32x32 16x16
| PFOV (arcsec) 9.4 9.4 18.7
FWHM / PFOV 1.92 2.66 1.92
PX size (mm) 0.78 0.78 1.57
detector size (mm) 255 255 255
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- U.S. Bolometer Development for FIRST

Jamie Bock, Jason Glenn, Andrew Lange, Rick Leduc
Caltech and JPL

Harvey Moseley
Goddard Space Flight Center

Eric Grbssman, Kent Irwin
NIST

> Consortium formed
> Parallel developmént of 3 technologies
> Down-select in mid-2000 (?)

> Funding in hand (FY98 = $1.0 million)




U.S. Bolometer Development for FIRST:
Technical Approach

Three options :

1) "Spider-web" + Ge thermistor
2) "Spider-web" + TES
3) "Si1 Pop-up" + TES

Plan: ‘
Develop full arrays‘ of (1) (CIT/JPL)
Develop full arrays of (3) (GSFEC/NIST)
Develop single pixels of (2) (CIT/JPL)
Develop SQUID MUX (NIST)

@y



optical efficiency (including feed optics and filters)
time constant

array format (number and size of pixels)

J uniformity and stability of responsivity

yield

cross-talk

1/f noise

cosmic-ray cross-section and response

required heat sink temperature_

heat load at sub-K (lead conduction and dissipation)

susceptibility to stray-light and RFI
susceptibility to microphonics

requirements on ambient E and B fields

required readout electronics and space-qualification thereof
on-board processing and TM requirements

maturity / experience in other instruments
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Heat Capacity at 350 mK (pJ/K)

- ‘y /’/ .7“
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Electric Field Effect in NTD Germanium at 300mK
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Measured noise spectrum of a micromesh bolometer operating from a 300 mK cold
stage using a DC-stable total-power readout circuit. Low frequency noise stability is
required to produce accurate maps using the slow-scanning strategy employed in many
space-borne observations (e.g. COBRAS/SAMBAY). The slow rise in the noise spectrum
at low frequencies is caused by drifts in the voltage reference in the 20-bit A/D
converter: the feature at 0.5 Hz is due to the response time of the thermally regulated
cold stage.




BOLOMETER RESPONSE ( nV rms /vHz)

SPIDER BOLOMETER MICROPHONIC RESPONSE
YOG! DILUTION REFRIGERATOR AT 0.1K » INPUT AT 37Hz

1000.0 17 T AL AL T §1000.C
100.0; —;IO0.0
10.0; -'I0.0
1.0;— 1.0
O.‘l: | - T | - 0.1
0.01 0.10 1.00 10.00

FREQUENCY (Hz)

» QUIESCENT RESPONSE
CN 20.6 mg rms AT 8CL

BLANKED SOLOMETER AND CRYOSTAT WINDOW QuESCH .
+ ACEN 3721 mg rms AT 80 | 2

ALE 1 : APR1BY
CH + 7.04mV ok AC BIAS | TEMP CONTROL ON FILE 2 : APR182
JFET AT 115K | PLOT YBBL.V-PS + 27 JUNE 1997 ALE 3 : APRI

Chsy. Ravinder Bhetia
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Limiting Sensitivity of ‘SiJ'N , Supports
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The excellent thermal isolation of silicon nitride enables the
production of extremely sensitive infrared bolometers. The
fundamental noise limit, set by phonon shot noise in the
supports. varies as NEP = V4kT°G = 3.2 x 10" T> WAHz
{see panel a). Including Johnson noise in NTD Ge thermistors,
bolometers may be fabricated with NEP's of 2.5 x 107, 3 x
0™ 1x 10™ and 1 x 10" WAHz from 2 0.1. 0.3, 1.5, and
4.2 K cold stage. respectively. The thermal isolation of
current silicon nitride bolometers at 300 mK (Bock et al.
1996) and 100 mK (Murray er al. 1996) is quite low and may
be still further reduced by minimizing the conductance of the
elecirical leads.  The conductance of the silicon nitride
supports was meastred by removing 8 legs from a Si,N,
bolometer (see panel b).

Limiting NEP of Si.N, Bolomerers

with Ge Thermistors

T[K] | NEP [W/VHz)
0.1 Ix10™
0.3 3x 10"
1.5 Ix 1o
4.2 Lx 10
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Niobium Leads

Nusk for prototype TES/micromesh bolometer under development at JPL. The Ti
sensor, located at the center of the device, is read out with lithographad Nb feuds. The
davice is voltage-biased via a lithographed shunt resistor.
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THE DETECTOR ARRAY CONFIGURATION

Thermometers
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K/Sqrt(Hz)

x10

< Noise Spectrum - T=303 mK

-

— Vbias=300 mV
— Vbias=400 mV
— Vbias=600 mV
— Vbias=700 mV
— Vbias=900 mV

MOS Readout

0 1 2
f(Hz)

5 N.E.T. - T=303 mK

— Vbias=300 mV
——— Vbias=400 mV
— Vbias=600 mV
— Vbias=700 mV

-— Vbias=900 mV
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AO response

Base-line:

Photometer: ¢ 2FA singleemode feeds
» Spider-web bolometers
¢ Array sizes as currently defined (or
similar)
JFET readout (T ~ 120 K)
Bias circuit and readout amplifier TBD

Spectrometer:

FTS or grating

Grating : Linear array of 2F pixels

o FRS : TBC

Possibly 2 x 19 element HCP
arrays with 2F pixels

Option to be described in proposal:

Large-format arrays for photometer (and FTS
spectrometer option) )
e Sub-options under study and development

Benefits to be gained
e Scientific
o QOperational

Parallel array development and test programmes
Technical maturity and space-qualification status
Selection criteria, schedule and deadline

Implications for ESA:
o Spacecraft interfaces
» Spacecraft resources
s Power (FPU; warm)
¢ Operating modes
o Telemetry rate

138




Proposed array technology selection criteria

pet
Array option must be superior to base-line in mapping L,,o, Sk
speed by a factor of TBD. ;‘Ju b

If European option is equivalent to a US option to within a F,(e <
factor of TBD in mapping speed, the European option shall

be chosen. ™ ~{7 [No meed o o beboo o &““70 ;g\..\a-eli(

US option, if chosen, shall be fully funded by NASA - no
additional effort shall be required from Europe (but
readout electronics and/or warm analogue electronics
could be built in Europe).

Chosen option shall be compatible with spacecraft
resources (esp. thermal and telemetry rate restrictions).

Array technology shall be space qualifiable, with credible
process and schedule for qualification.

Array prototypes (or at least single-pixel systems) shall
have (at the very least) undergone full testing in the
laboratory to determine performance parameters.

Detailed testing programme and schedule to be agreed.

Formal array selection review shall take place on date TBD
based on experimental evaluation and conformance to a
defined set of operating and performance requirements:

- Sensitivity; speed - Power dissipation
- Yield - Reqd. operating temp..
- Uniformity - Telemetry rate
- Cross-taik - Redundancy
- lonising radiation - Ete.
susceptibility
- Etc.

- Instrument optical/thermal/mechanical modelling

- Accurate estimates of BOL electronics and spacecraft
requirements

- Credible schedule and cost estimates for QM and FM
manufacture and delivery, including readout electronics

Possible seleciion team:

Griffin, Vigroux, Swinyard, Lange/Bock, Moseley, y HJ
Pilbratt, agreed external experts (e.g., FIRST Mission"‘\ —~ Tl
Scientists ?) . /\,,e,ce.,,c.é‘

Rsfped Monsit,? f;/”




Array evaluation tests ”‘)_Jl :

QMW can provide test facility: /\ﬁf;(

s
» Blanked measurements \*va*
* Load curves; noise; speed of response (y-rays) %». JJ
I\
* Photometric measurements ‘,,'\'

» Optical responsivity, NEP, speed of response

Beam profiles and stray light susceptibility

1\
¢ Microphonic susceptibility L \N}M )
oW
e Crosstalk, uniformity c,ﬂd'
What’s needed for testing: W‘Z
* Single pixel equivalent or small array wﬁgp ¢

« Appropriate readout electronics (warm and cold)
¢ QMW can provide filtering vy}
* Mechanical, electrical details will vary with array type'” ﬁ,}'f}‘ N

Participation in set-up and testing by staff from array- C,e ,Q

producing groups is highly desirable R

\‘ ng)’haﬂ ’
Test programme can be phased/continuing, with results ﬂqa&“j
being fed back to the development programme

Final evaluation should be based on an agreed set of tests,
standardised as much as possible
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