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1. Introduction

Following the requirements in RD1 related to optical hardware (OGSE) for SPIRE ground calibration,
adesign for the SPIRE AlV facility / Telescope Simulator system concept was presented in RD2.

This document summarises the results of the hardware development phase initiated beginning of
January 2002 with the arrival of the dedicated optical benches to the end of the opto-mechanical
prototyping of the main subsystems (ended in end of April 2002). During that period, an Excel
document (TelSim_HardwareList.xIs) including a list of the identified/specified/used equipment was
maintained and constantly updated. The last version is attached to this note, as externa appendix. The
components related to the Telescope Simulator/Calibration cryostat are excluded from that list, as well
as the items related to TBD experiments on the FIR bench only. This note can be used by anyone as a
basis of the system actual status for any further hardware development

2. Description of the sub-systems

Figure 1 and 2 below give a genera view of the Telescope Simulator and its sub-systems, with the
actual hardware in place (fig.1) compared to the optical model from design (fig.2).

Figure 1: Telescope Simulator hardware in the SPIRE cryolab (03/05/2002)

FIR laser bench
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Figure 2: 3D view of the Telescope Simulator system optical path (ASAP model)

2.1 Optical benches and baseplate

The system is supported by an optical bench with passive vibration damping system (in bench and via
air-filled legs). In order to accommodate the required sources (the hot-black body for example, RD1)
and for alignment equipment purpose, an extra optical breadboard with rigid frame was added. The
height of these benches is approximately-615+5mm above the floor surface.

The central part of the telescope simulator is resting on an ultra-light optical breadboard (providing
extra vibration damping) which can be manually translated in 2 horizontal directions on the top surface
of the Tel.Sim. main bench. This should allow positioning of the system with respect to the future
calibration cryostat.

2.2 Imaging components

The main imaging mirror M2 is described, including the design/specification/manufacturing and
metrology test, in RD3, along with its dedicated mounting system (triangular-shaped, height-adjustable
bracket). The mirror with its mount sits on a small plate supported by 4 pillars clamped on the
baseplate. This alows coarse positioning the mirror centre with respect to the SPIRE instrument
optical axis when inside the calibration cryostat.

The pupil mask M1 isdiscussed in section 3.

! The non-uniformity of the lab floor flatness induced uncertainty. The benches can be height adjusted over a small
range, and for levelling purpose mainly.
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2.3 Beam-steering system and verification path

Motion controller
(below FIR bench)

Figure 3: Top view of the Telescope Simulator central part on the baseplate

The conceptual design of the FoV scan and pupil scan is described in RD2. Experimental tests of the
control laws have been performed on dedicated experimental set-up (see Tim Grundy’s Master thesis).
The motion controller is located below the FIR bench and linked to a computer in the control room for
remote control and processing. The motion controller was equipped with specific daughter boards and
parameterised to receive connection from 4 axis +1 translation axis as described in RD4.

The folded optical path after M2 is obtained via reflection on 3 thin lightweight first-surface mirrors.
Only F1 for the moment has its vinyl coating removed. This was done to allow interferometric
measurements (with the WYKO interferometer in G56) of F1 reflective surface to be performed.
Results are shown in appendix A. Thin aluminium interfaces plates were glued in the back of the 3 fold
mirrors. For F2 and F3, a 2-axis tilt platform (+ dual actuators system for each mirror) with was
mounted on the interface plates and held with recycled L-shaped aluminium brackets. The mirrors were
all adapted in height in order to have their centre at about 840+10mmabove the lab floor, to comply
with the cryostat design (optical port axis and instrument height). All the fold mirrors are oversized
with respect to the beam (including wandering effect during scan and 20% factor for diffraction). The
mirror size (relative to the thickness) and the spring system in the tilt platform make F3 and F4
relatively fragile. For F1, small manual height adjustment is possible. F3 shares the sypporting small
plate with mirror M2. F1 and F2 share the moving table on top of the tranglation stage™ On the other

2 Due to atmospheric absorption (~4-5m optical path between laser output and cryostat window) at FIR/submm
wavelengths over, one can think of enclosing the system and keeping it under vacuum. The trandation stage would
not work properly under vacuum, neutral N2 (or other, TBD) atmosphere at standard pressure should be preferred.
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end of the moving plate (i.e. below F1), a short dove-tail rail with pillars on arail carrier support the
weight of F1 while allowing the common horizontal movement driven by the translation stage.
Additional features for definitive clamping of F1 and F2 on the moving plate could be added when
optimal respective position of the mirror is found. No full-scale test of the scan mechanisms have been
performed and remotely controlled yet.

2.4 Alignment and sour ce inter face hardware

The alignment for the central component of the system (the shaped mirror M2) is described in RD4.

Radius-dlide

HeNe laser

“White” light [Ss= F
source + fibre |

Figure 4. General view of the alignment equipment for the Telescope Simulator.

A bar/rail (2metres in length) fixed at one end on the baseplate (below M2, passing below the moving
table) supports at the other end the permanent reference point for alignment (iris diaphragm on rail
carrier). The rail supports also the temporary equipment such as extra iris for intermediate reference
point and the pentaprism. Parallel to the bar, the radius-side allows a MAT (not shown in figure 4
above) to trandate along the optical axis of the mirror M2. F1 has to be removed for the HeNe laser to
illuminate the fiducial mark on M2.

The extra mirror EM1 can act as the flat mirror for retro-reflection. EM1 is mounted on 45deg-angle
bracket supported in height with a rod. This system allows coarse height adjustment (the mirror is
expected to be well oversized compared to the test beam size) and rotation about the rod axis makes it
act as a simple manual switch. One can then choose to feed the Telescope Simulator central part with
different sources (one at atime) at this point.

After angular and position alignment of the permanent reference point and the mirror M2, the location
of the source input point on the FIR bench is found with the help of EM1 and an “optical bridge”
composed of 2 smaller flat mirrors, OBU and OBD, mounted on 45deg-angle bracket on a vertical rod.
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This system allows basic redirection of the beam towards an image on the reference point, located via
another iris diaphragm, on the FIR bench. A CCD video camera or a screen can be set on arail carrier
and the short rail used for the moving table (see section 2.3) to find longitudinally the best focus
(becoming the input point for a source such as the FIR laser source).

3. ldentified remaining issues

The estimated total weight of the actual Telescope Simulator system (including the baseplate and
alignment bar + ref. point at focus) is around ~50kg. The sub-systems were kept simple, easy to mount
and dismantle and are composed of low-cost standard items that can be easily re-used outside the
Telescope Simulator application. A few identified issues that may need further investigation are listed
below.

1) The pup|I mask M1 has not yet been specified for the following reasons:
it does not represent a priority asit is needed only with the test FIR beam,
- the Herschel telescope obscuration design has been recently modified: the change from a
tripod configuration to hexapod for the support of the secondary has impact on the pupil
obscuration pattern (the most recent one is shown in RD5).

2) The final beam-splitter to be used after the beam-steering system (splitting the test beam + visible
track beam) need to be large enough for the narrow visible beam wandering during scan but not for the
large full FoV test FIR beam.

3) The mirror system (“optical bridge”) interfacing the 2 optical benches at different heights has been
inserted in the ASAP model of the Telescope Simulator. It was found that the mirrors would be
sufficiently large only in a certain configuration: when they are as close as allowed by the bench
spacing, from the system input point FIR laser beam (physical location with an iris digphragm). If this
condition is not satisfied because of extra requirements/constraints on the input location from the
beam-expander system (and/or other experiments on the FIR bench, TBD). An alternative scheme with
another extra mirror EM2 can be used on the Tel. Sim. bench if necessary to adapt to the constrained
location of the laser input point and the mirror M2 distance to focus.
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Appendix A. Interferometric test of F1 surface

Investigations on the flatness quality of the mirror F1 were carried out with the WYKO laser
interferometer located in clean-room G56. To be representative of the fold mirror system, a tilt
platform was fixed in the back of the mirror (via interface plates glued on F1 and 4 M6 screws).
Together they were mounted on an aluminium L-shaped bracket dedicated to F1.
A total of 9 zones of the large F1 surface were probed with the interferometer largest aperture beam
(150mm diameter). The result for the centre zone is displayed in figure 5 bel ow.
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Figure 5: Contour plot of the reduced interferogram at the centre of F1. The analysisis performed on
90% of the max 150mm pupil aperture of the interferometer. The darkest red zones have been linked to
the location of the M6 screws holding thetilt platform in the back of the mirror.

The results show rms values for the flatness between ~A and ~3A max (at 632.8nm) over the 135mm
diameter analysis zones. The max being reached for the central zone and is due to the pressure from the
holding points in the back of the thin mirror, increasing mainly the amount of astigmatism. The mirrors
F2 and F3 come from the same manufacturer (same material) but are dightly smaller in size. Only F1
was tested but the results can be extrapolated as representative worst-case figures for the other fold
mirrors.

Considering the FIR test beam size on the mirrors F1, F2 and F3, an estimation of the max WFE from
reflection on the fold mirrors would be 5-6pum rms. Together with 4-5um rms value from the imaging
mirror M2 (at best focus, from form factor and surface roughness, see RD3), it would lead to total
WFE~10pm rms which should still maintain the system diffraction-limited with a Strehl ratio >90% at
the shortest SPIRE wavel ength (200um).
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SPIRE Telescope Simulator: Hardware Equipment & Development List

Item name and ID or ref.

Optical table StableTop 250, 9903070PT267
Leg/passive isolator Pump&Go, 9903070TI0144
Optical breadboard PerformancePlus, 9903070BI0169
Rigid frame, 990370TL0106

Optical ultralight breadboard 070BG524

Pupil mask M1 + mount

Mirror M2
Height-adjustable bracket for M2

Motion controller MM4006

Driver boards OPT7D

Driver board OPT7J
Translation stage M-ILS100CC
Actuators 850G

Multi-axis tilt plateform M37
Fold mirrors F1, F2, F3

Mirror mounts

HeNe laser + support

Beamsplitter + support

Screen (?) + CCD Video camera

Pinnacle DC30 Video capture card + BNC adaptator
HeNe laser + support

Pinhole (type iris diaphragm) + support

Pentaprism + support table

Long bar for reference location+ thin PE support
Micro-Alignment Telescope Taylor-Hobson 112/537-2243
Large flat mirrors

Radius slide + electronics

PC with LabView & IDL+ cards/drivers
Interface plates

Quantity

e

WWNDRRPA R

[any

[any

N

NP R R

TBD

Source or Manufacturer

Melles Griot
Melles Griot
Melles Griot
Melles Griot
Melles Griot

TBD

QMCI - Thomas Keating Ltd
RAL/SSTD Workshop

Newport Ltd

Newport Ltd

Newport Ltd

Newport Ltd

Newport Ltd

Newport Ltd

see next page

2 from ISO-LWS project + 1TBD

Optics Group (TBC)

From ISO-LWS project (TBC)
Optics Group (from G56 microscope)
Optics Group (?)

Optics Group

Optics group + ISO-LWS project
Optics group + GERB project
Melles Griot, see next pages

Optics group

TBD, recycling a few from ISO-LWS
Optics Group

Optics Group ?
RAL/SSTD Workshop or Optics Group

Updated:
Compiled by:
CAD drawing available? Status
Y (from Melles Griot) In cryolab
Y (from Melles Griot) In cryolab
Y (from Melles Griot) In cryolab
Y (from Melles Griot) In cryolab
Y (from Melles Griot) In cryolab
TBD TBD (no priority)
Y (RAL/SSTD Design Office) In cryolab
Y (RAL/SSTD Design Office) In cryolab

NA but documentation In control room

NA In control room

NA In control room
Y (from Newport) In cryolab
Y (from Newport) In cryolab
Y (from Newport) In cryolab
NA, spec. next page In cryolab
Y basic In cryolab
N In cryolab

N TBC

NA but documentation In cryolab
NA In cryolab
N In cryolab
N In cryolab
N In cryolab
Y (from Melles Griot) In cryolab
N but documentation In cryolab
NA In cryolab
N In cryolab

NA In control room
Y, Basic In cryolab

25/04/2002
Marc Ferlet

Remarks

Main Tel.Sim. optical bench
Additional lateral optical bench
Support Tel.Sim. central

Entrance pupil (transmissive mask) -> gives the
F-number, not needed for STM

Mirror def. see SPIRE-RAL-NOT-000621v4
Mirror mount for M2

Instrumentation (electronic + opto-mech.) for
beam scans + focus control

2 in cryolab + 1designed

Instrumentation for verification path (scanning
only, no focusing)

Temporary+permanent, for Tel. Sim. internal
alignment

Temporary+permanent, for Tel. Sim. internal
alignment

Temporary, for Tel. Sim. internal alignment
Definitive, for Tel. Sim. internal alignment

To be re-calibrated (~10 days away)
Temporary, for Tel. Sim. internal alignment &
Tel.Sim./SPIRE alignment

Temporary, for Tel. Sim. internal alignment

For overall acquisition/control
See details next sheet
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See next Spreadsheet

Fold mirrors

Interface plates

SPIRE Telescope Simulator: specification of required components

Length =1500 (tolerance10)
Materiat TBD
Seurece FBB;-RAL(recyeling-old-parts)

NB: Need extra pad of PE to allow displacement without metal/metal friction
OK delivered & in cryolab

Length  Height (min.) Thickness
F1 348 (350) 246 (250) <10
F2 310 (310) 220 (220) <10
F3 280 (280) 198 (200) <10
(tol. : ~2) (tol. : ~2) (tol. : <2)
Material Cheap crown glass + basic Al protected R>85% at visible and R>95% at FIR
Planarity <3-blambda over 25mm  (at 633 nm)
Quality 80-50 or better (i.e. 60-40)
Source TBD (Newport and Linos Photonics refused / Replies from Edmund Optics and Melles Griot / Waiting for Optical Surfaces Ltd)
NB: Thinner mirror reduces weigth but more difficult to achieve planarity
Ordered 5 trial mirrors from Edmund Optics EO items ref. and dim. Qty Remarks
(cheap, lightweigth but ~5lambda TBC) 40067 (mirror 254x204x6) x1  for F3 (TBC) and
alignment/system
prototyping trials, arrived
02/04/2002
Ordered 28/03/2002 85036 (mirror 254x356x6) x1  for F1, arrived 02/04/2002
32248 (mirror 254x313x6) x3  for F2 and F3 (TBC) and alignment/system prototyping trials,

arrived, 25/04/02

Translation stage/F1+F2 table : .
Attempt to design it directly main constraints: compactness, weight, thickness, stiffness, unconstrained translation...
Schematic drawing (from file: TelSim_Baseplate_F1F2Stage vl1.doc) given to lan Vokins for manufacture -> 08/03/2002

OK delivered & in cryolab (estimated weight of the manufactured baseplate: ~2.6kg)

Basplate/M2+F3 Support to compensate for translation stage thickness

See next Spreadsheet Dimensions (LxIxh) ~300 ~300 ~50-60

OK (delivered, built, in cryolab) Extra features Holes (to fit M6 in baseplate) + adapt to F3 and M2 brackets
MAT/Radius-slide TBD, under investigation to maintain MAT LOS at constant height

Attempt without an interface plate (ultimately defined by cryostat: ~850 above floor)

Mirror mount for one of the fold mirror L-bracket on the model of the others existing (reduced width to reduce weight), standard Al alloy

Schematic drawing (from file: TelSim_Lbracket F1_vl.doc) given to lan Vokins for manufacture -> 25/03/2002
OK delivered & in cryolab (measured weight of the manufactured L-bracket: 1.32kg)



SPIRE Telescope Simulator: opto-mechanical components needed for M2 Alignment Procedure

List of items in complement of previously listed/already existing components (i.e. M2, benches, MAT, pentaprism, laser, ...)
See ref.: SPIRE-RAL-NOT-000734 v1

Items (with Melles Griot & Newport Ltd ref.) Qantity Status Function and remarks

M-BC-3 universal table clamps 4 ok Accessories to clamp/fix compo

Metric Accessory Kit 07AKT501 1 ok Accessories to clamp/fix compo

Optical Rail 50mm (2m long) 07ORNO011 1 ok Stands as the bar for alignment+support multiple pinholes/laser

Optical Rail carriers 070CN503 3 ok Support interface rail/pinholes and laser

Solid Al Optical Mounting Plate 07BLP502 1 ok Support plate for M2+F3

Pillars 07PSP514 4 ok Increase height of M2+F3 to compensate for translation stage height under F1+F2
Clamping forks 07PSF501 4 ok Maintain pillars on main Tel. Sim. baseplate

SB-TPS-M base clamp for pillart post 1 ok Maintain pentaprism pillar on main Tel. Sim. baseplate

TPS2-M pillar post system 2 ok Support pentaprism table

TA-M4M6 thread adaptator 2 ok For assembly of the (pentaprism & multi-purpose) pillar post system

Pillar mounting plateform 07PSM501 1 ok Interface pentaprism table/supporting pillar + can be used between the rail carrier and
M-ID-1.0 iris diaphragm 1 ok Second pinhole for flatness+ intermediate ref. check and image of the main one
M-SP4 standard post 1 ok Post to support directly iris diaphragm

M-VPH-4 standard post holder 1 ok Allows basic height adjustement for pinhole

NB: The 4 pillars below M2+F3 should be able to stand the ~2 bar (each) vertical pressure from the load

Basic CAD drawing from Newport Ltd and Melles GRIOT catalogues available for all components
Components ordered: 18/02/2002 -> Delivery date: 08/03/2002 max expected (in green above, the compo. delivered)

Total cost ~1kE

OK, all items delivered and checked on 11/03/2002



SPIRE Telescope Simulator: opto-mechanical components needed for F1+F2 positioning

List of items in complement of previously listed/already existing components (i.e. Translation stage, F2 mount, ...)

Items (with Melles Griot & Newport Ltd ref.) Qantity Status Function and remarks
Interface plate 600x200x8 (source: RAL) 1 ok Support F1+F2 (drawing in file:TelSim_Baseplate_F1F2stage_v1.doc)
Optical Rail carrier 070CN503 1 ok Support interface rail/pinholes and laser
Sliding base (Optical rail 50mm L=0.25m 070RNO001) 1 ok Dovetail rail as (lateral) supporting sliding base
Pillars (25mm, M6-M4) TPS1-M 4 ok Support interface plate (~below F1)
Thread adaptator TA-M4M6 4 ok For pillars (adaping them to rail carrier)
Mirror mount for F1 (source: RAL) 1 ok L-bracket for F1 (drawing in file:TelSim_Lbracket F1_vi.doc)
Extra equipement (small items):
TA-M4M6 thread adaptator 2 ok For assembly of the (pentaprism & multi-purpose) pillar post system
TPS2-M pillar post system 1 ok Extra support for for mounting with heigth flexibility
M-ID-1.0 iris diaphragm 2 ok Extra pinhole (images of the main ref. one)
M-SP4 standard post 2 ok Post to support directly iris diaphragm
M-VPH-4 standard post holder 2 ok Allows basic height adjustement for pinhole
Extra equipment (F1 adjustment, TBC):
Tilt/Rotation plateform M36 or M37 for F1 1 lor 2-axis plateform for adjustement of F1 (TBC, not included in first prototype)

NB: Basic CAD drawing from Newport Ltd and Melles GRIOT catalogues available for all components
Components ordered: 06/03/2002 -> Delivery date: 08/04/2002 max expected (in green above, the compo. delivered)
Total cost ~350£ excluding compo. designed at RAL and extra equipement related to F1
OK, all items delivered and checked



SPIRE Telescope Simulator: opto-mechanical components needed for FIR beam injection

List of items in complement of previously or elsewhere listed/already existing components (i.e. Patrick Collins's experiments, ...)

Iltems (with Melles Griot & Newport Ltd ref.) Qantity £

02MFGO009 Protected Al Mirrors /011 L=100 mm 2 ok
07DUP513 Stable Rod L=624 mm with base. 1 ok
07DST001 Stable Rod Platform. 2 1, ok
07DPCO001 Stable Rod Caollar. 3 ok
Angle bracket 45deg 360-45 3 ok
Rod M-40 1 ok
07DSQO003 StableRod carriers 2 ok
Extra equipement (small items):

Accessory kit (metric model) M-SK-6A 1 ok
Accessory kit (english model) SK25A 1 ok

Function and remarks

Flat square mirrors (lambda/4) for beam-guiding between FIR and Tel.Sim. benches
Long stable post to maintain both flat mirrors

Interface between post and mirror mounts

Reference for vertical movement of plateforms along post

Angle brackets at 45deg as support to mirrors (english models only)

Standard large pillar to mount extra mirror before Tel.Sim.

Interface between post (recycled from RAL) and bracket for extra mirror before Tel.Sim.

Assortment in metric size, general purpose
Assortment in english size,
for bracket mounting/fixing (to adapt to Angle bracket 45deg 360-45 above)

NB: Basic CAD drawing from Newport Ltd and Melles GRIOT catalogues available for all components
Components ordered: 06/03/2002 -> Delivery date: 08/04/2002 max expected (except for the flat mirrors=>~mid April)
Total cost ~1.5kE Problem with order or delivery: only 1 Stable Rod Plateform arrived => only one is going to be used in the prototype system

OK, all items delivered and checked on 11/04/2002
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