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LIST OF ACRONYMS AND ABBREVIATIONS

/] Symbol representing diameter

A Fraction of light absorbed by a given optical surface
CCD Charge Coupled Device

ESO European Southern Observatory

FDR Final Design Review

ICD Interface Control Document

IR Infrared

N/A None Applicable

PA Product Assurance

PDR Preliminary Design Review

ppm Parts per million

P-Vv Peak to Valley

QA Quiality Assurance

QAP Quiality Assurance Plan

QC Quiality Control

R Fraction of light reflected by a given optical surface
Rave Average reflectivity

Rmin Minimum reflectivity

RMS Root Mean Square

S1 Surface 1

S2 Surface 2

T Fraction of light transmitted through a given optical surface
Tave Average transmission

Tmin Minimum transmission

TBC To be confirmed

TBD To be decided

Tot Total transmission of the dichroic

WL Wavelength
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1 INTRODUCTION

1.1 Purpose and scope of Document

MOONS (acronym for Multi-Objects Optical and Near-infrared Spectrograph) is a new concept for
an astronomical spectrograph for the European Southern Observatory’s Very Large Telescope
(VLT). It has been selected by the European Southern Observatory (ESO) in response to a call for
proposals for the study of new instruments. The project was officially approved by ESO. The
preliminary design phase and an early final design review for long-lead optical elements were
successfully completed. This document describes and specifies the parameters of the dichroics. It
also describes the acceptance tests that the manufacturer must fulfill prior to delivering the
dichroics.

1.2 Intended Audience

This specification document defines the parameters and the acceptance tests necessary for the
procurement of the dichroics. It is the reference document for the commercial contract that will be
signed with the manufacturing company. The main audience consists of the manufacturing
company and the persons of the MOONS consortium in charge of the specific task.

VLT-SPE-MON-14620-2003 Page 6 of 22 Revision: 3.0
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2

2.1

APPLICABLE AND REFERENCE DOCUMENTS

Applicable Documents

The following documents at their indicated revision form part of this document to the extent
specified herein.

Table 1 Applicable Documents

Ref No Document/Drawing Number Document Title Issue
Number
N/A
2.2 Reference Documents

The following documents provide useful reference information associated with this document.
These documents are to be used for information only. Changes to the date and/or revision number

do not make this document out of date.

Table 2 Reference Documents

Ref No

Document/Drawing Number

Document Title

Issue Number

RD1

Heraeus data-sheet

Quartz Glass for Optics: Data and Properties

July 2015
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3 DESCRIPTION OF THE DICHROICS

This section gives a brief description of the instrument and of the dichroics.

3.1 Overall description of the MOONS spectrograph

The MOONS project foresees the construction of two identical, cryogenic spectrographs fed by
optical fibres. Therefore, we need two items for all the sub-systems and components listed below.
The layout of one spectrograph is shown in Figure 1. The optics can be conveniently divided into
the following sub-systems

— Fibres, collimator, dispersers, cameras; not pertinent to this document.

— Dichroic-l, Dichroic-H; the subject of this document. They are used to split the light in three
bands separated in wavelengths. Their first (entrance) faces must reflect the shorter
wavelength “blue” and transmit the longer wavelength “red” light with the highest possible
efficiency. To avoid the use of extra-filters, their second (exit) face must reflect the thermal
infrared radiation (wavelengths range 2100-2700 nm).

All the optical elements will be mounted on an optical bench inside a vacuum tank, cooled to
cryogenic temperatures (about 120K).

Cq

e
Camera YJ WI
oa“‘,e(a \

IR detector

Input slit with

: 1m ‘ 512 fibers Co limagoy

Figure 1 Layout of the MOONS spectrograph. The dichroics are indicated by the arrows.

3.2 Choice of dichroic parameters

Each spectrograph includes two dichroics (see Figure 1). Their cut-on/off wavelengths are tuned to
match absorption bands produced by water vapour in the Earth’s atmosphere and to take full
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advantage of the higher performances offered by the CCD detectors below 940 nm. The
atmospheric telluric transmission spectrum, in the selected regions, is plotted in Figure 2 together
with the required transmission (red bars) and reflection (blue bars) for the dichroics.

MOONS Dichreoic—I MOONS Dichroic—H
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Figure 2 Telluric transmission and requirements for reflection/transmission (blue/red bars)

The dichroics are designed to minimize the amount of thermal radiation reaching the infrared
detectors in the YJ and H arms. This requires adding a cut-off (short-pass) dichroic coating on the
second face of each dichroic. They must guarantee high reflection (or absorption) over 2100-2700
nm wavelength range. Radiation at longer wavelengths is absorbed by the cold part of the optical
fibres.

The dichroics work in a collimated/parallel beam. The spectra in the Rl and YJ arms are generated
by the light reflected by the first faces of dichroic-I and dichroic-H. The radiation reflected by the
second faces generates ghost-images that are at focus on the detector. To ensure that these ghost
images do not contaminate the spectra we require that the two surfaces of the substrate are
parallel to within <3 arc-sec. We also require that the relative intensity of the ghost images is much
lower (<0.01%) than the main images; and this constraint is added as a goal for the coating.
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4 GLASS BLANKS

4.1 Glass blanks for the substrates

The dichroic substrates are made of Infrasil 302. The parameters of the blanks are summarized in
the drawings displayed in Figure 3 and Figure 4. The parameters of the glass (bubbles, striae,
homogeneity, residual stress etc.) are according to the catalog of Heraeus (see reference
document RD1 and Appendix 1).

The customer will supply free of charge two blanks of each type to the successful bidder.

VLT-SPE-MON-14620-2003 Page 10 of 22 Revision: 3.0
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Figure 3 Drawing of the blanks for the dichroic-I.
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Figure 4 Drawing of the blanks for the dichroic-H
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5 MANUFACTURING SPECIFICATIONS

This section summarizes all the parameters of the dichroics. We need two dichroics per type (order
guantity is 2-off dichroic-1 and 2-off dichroic-H).

5.1 Requirements for the polishing of substrates

The requirements for the polishing of the substrates are summarized in the drawings shown in
Figure 5 and Figure 6 for the dichroic-1 and dichroic-H respectively.

The parallelism (specification <3 arc-sec) is the most critical parameter, while the surface figure
(M4 P-V at 633nm) and surface finish (SD 40/20) are quite standard.

The manufacturing tolerances on outer dimensions (+1mm and -4mm) and thickness (+1mm and -
5mm) of the substrate are sized to allow material to be removed in view of multiple re-polishing of
the same substrates imposed by coating failures.
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Figure 5 Drawing of the polished substrates for the dichroic-I
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Figure 6 Drawing of the polished substrates for the dichroic-H
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5.2

Requirements for the dichroic-I coating

The mandatory specifications for the dichroic-I coating are summarized Table 3.

All values of reflection (R), transmission (T) and absorption (A) are for non-polarized light. The
relationship between the above quantities is T=(1-R)*(1-A).

Table 3 Specifications for the coating of dichroic-I

Ref

Parameter Specification Comment
1. Operating Temperature =120 + 10 K Cryogenic
conditions Pressure <10 mbar environment.
2. Storage/handling Temperature < 80 Celsius
conditions Relativity humidity <95%, non-condensing.
3. Durability Coating to withstand thermal cycling from
room temperature to 77K in no less than 12
hours, and normal procedures for cleaning
(e.g. CO, snow and wet cleaning methods). If
any special procedures are required it shall
be indicated by supplier.
4, Minimum area to Clear aperture as defined in Figure 5
be coated
5. Incidence angles 25 £+ 0.5 degrees Angles measured
relative to the surface
normal.
6. Coating on S1 Rave>97% over 640-930 nm
(entrance surface) | Rmin>93% over 640-930 nm
Tave>97% over 960-1350 nm
Tmin>93% over 960-1350 nm
Tave>97% over 1470-1800 nm Rave: average
Tmin>93% over 1470-1800 nm reflection
These values are at the operational Rmin: minimum
temperature of 120 K reflection
7. Coating on S2 Rave>90% over 2000-2700 nm Tave: average
(exit surface) Rmin>80% over 2000-2700 nm transmission
Tave>97% over 940-1350 nm Tmin: minimum
Tmin>93% over 940-1350 nm transmission
Tave>97% over 1470-1800 nm
Tmin>93% over 1470-1800 nm
These values are at the operational
temperature of 120 K
8. Uniformity of T and R values over above wavelength Relative variation
coating ranges shall vary by less than 1% measured on sub-
Cross-over wavelength of S1 <5 nm areas over the clear
aperture.
9. Surface figure of The manufacturer shall attempt to minimize Measured in
both surfaces after | the high order aberrations (astigmatism, reflection on any
coating coma, spherical etc.) caused by the coating @=270 mm sub-

process such that the aberrations are
compatible with substrate before coating (see
Sections. 6.5, 6.6). The maximum
permissible surface form error is 400 nm
RMS for astigmatism.

aperture of the clear
aperture defined in
Figure 5.
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Measured over any
100mm sub-aperture
of the clear aperture
defined in Figure 5.

10. | Surface quality
after coating

Scratch-Dig 60-40

The coating must not include radioactive
compounds (e.g. ThF,).

11. | Radioactivity

The goal specifications for the dichroic-I coating are listed in Table 4. Although these goals are not
mandatory they are a desirable requirement for the customer. The goal specifications have been
ranked in order of importance, with Table 4 ref 1, surface figure, being the most important goal,

and Table 4 ref 4, constraints for ghosts, being the least important.

Table 4 Specifications of goals for the coating of dichroic-I

Ref Parameter Specification Comment
1. Surface figure of Power < 300 nm RMS Measured in
both surfaces after | Astigmatism < 100 nm RMS reflection on any
coating @=270 mm sub-
aperture of the clear
aperture defined in
Figure 5.
2. Coating on S1 Rave>99% over 640-930 nm
(entrance surface) | Rmin>98% over 640-930 nm
Tave>99% over 960-1350 nm
Tmin>98% over 960-1350 nm
Tave>99% over 1470-1800 nm Rave: average
Tmin>98% over 1470-1800 nm reflection
These values are at the operational Rmin: minimum
temperature of 120 K reflection
3. Coating on S2 Rave>99% over 2000-2700 nm Tave: average
(exit surface) Rmin>98% over 2000-2700 nm transmission
Tave>99% over 940-1350 nm Tmin: minimum
Tmin>98% over 940-1350 nm transmission
Tave>99% over 1470-1800 nm
Tmin>98% over 1470-1800 nm
These values are at the operational
temperature of 120 K
4. Extra constraints Goal is: Al: absorption of S1
for ghosts (1-A1)*(1-R1)*R2*(1-R1)*(1-Al) < 0.01% R1: reflection of S1
over 640-950 nm R2: reflection of S2
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5.3

Requirements for the dichroic-H coating

The mandatory specifications for the dichroic-H coating are summarized Table 5.

All values of reflection (R), transmission (T) and absorption (A) are for non-polarized light. The
relationship between the above quantities is T=(1-R)*(1-A).

Table 5 Specifications for the coating of dichroic-H

Ref

Parameter Specification Comment
1. Operating Temperature =120 + 10 K Cryogenic
conditions Pressure <10 mbar environment.

2. Storage/handling

Temperature < 80 Celsius

conditions Relativity humidity <95%, non-condensing.
3. Durability Coating to withstand thermal cycling from
room temperature to 77K in no less than 12
hours, and normal procedures for cleaning
(e.g. CO, snow and wet cleaning methods). If
any special procedures are required it shall
be indicated by supplier.
4, Minimum area to Clear aperture as defined in Figure 6
be coated
5. Incidence angles 35 £+ 0.5 degrees Angles measured

relative to the surface
normal.

6. Coating on S1
(entrance surface)

Rave>97% over 940-1350 nm
Rmin>93% over 940-1350 nm
Tave>97% over 1470-1800 nm
Tmin>93% over 1470-1800 nm
These values are at the operational
temperature of 120 K

7. Coating on S2
(exit surface)

Rave>90% over 2000-2700 nm
Rmin>80% over 2000-2700 nm
Tave>97% over 1470-1800 nm
Tmin>93% over 1470-1800 nm
These values are at the operational
temperature of 120 K

Rave: average
reflection
Rmin: minimum
reflection

Tave: average
transmission
Tmin: minimum
transmission

8. Uniformity of

T and R values over above wavelength

Relative variation of

coating ranges shall vary by less than 1% measurements on
Cross-over wavelength of S1 <10 nm sub-areas over the
whole clear aperture.
9. Surface figure of The manufacturer shall attempt to minimize Measured in
both surfaces after | the high order aberrations (astigmatism, reflection on any
coating coma, spherical etc.) caused by the coating @=270 mm sub-

process such that the aberrations compatible
with substrate before coating (see Sections.
6.5, 6.6). The maximum permissible surface
form error is 400 nm RMS for astigmatism.

aperture of the clear
aperture defined in
Figure 6.

10. | Surface quality
after coating

Scratch-Dig 60-40

Measured over any
100mm sub-aperture
of the clear aperture
defined in Figure 6.
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The coating must not include radioactive
compounds (e.g. ThF,).

11. | Special
requirements

The goal specifications for the dichroic-H coating are listed in Table 6. Although these goals are
not mandatory they are a desirable requirement for the customer. The goal specifications have
been ranked in order of importance, with Table 6 ref 1, surface figure, being the most important
goal, and Table 6 ref 4, constraints for ghosts, being the least important.

Table 6 Specifications of goals for the coating of dichroic-H

Ref

Parameter Specification Comment
1. Surface figure of Power < 300 nm RMS Measured in
both surfaces after | Astigmatism < 100 nm RMS reflection on any
coating @=270 mm sub-
aperture of the clear
aperture defined in
Figure 6.
2. Coating on S1 Rave>99% over 940-1350 nm
(entrance surface) | Rmin>98% over 940-1350 nm
Tave>99% over 1470-1800 nm Rave: average
Tmin>98% over 1470-1800 nm reflection
These values are at the operational Rmin: minimum
temperature of 120 K reflection
3. Coating on S2 Rave>99% over 2000-2700 nm Tave: average
(exit surface) Rmin>98% over 2000-2700 nm transmission
Tave>99% over 1470-1800 nm Tmin: minimum
Tmin>98% over 1470-1800 nm transmission
These values are at the operational
temperature of 120 K
4, Extra constraints Goal is: Al: absorption of S1
for ghosts (1-A1)*(1-R1)*R2*(1-R1)*(1-Al) < 0.01% R1: reflection of S1
over 940-1350 nm R2: reflection of S2
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6 PROCUREMENT, FABRICATION AND ACCEPTANCE

This section describes the main steps of procurement, fabrication and the procedures for
acceptance.

6.1 Glass blanks

The glass blanks will be procured by the MOONS consortium and shipped to the company in
charge of polishing and coating. Only two blanks per type will be procured, i.e. no spares are
foreseen. The acceptance of the blanks by the MOONS consortium will be based on the results
given in the report of the glass blank manufacturing company, and this report will be made
available to the coating and polishing company. The report will include measurements of
homogeneity and residual stress (birefringence) of the blank or of the ingot from which the blank
was cut. These parameters will be within the specification defined in glass manufacturers
datasheet, reference document RD1.

6.2 Polishing of the substrates

The polishing of the substrates will be in charge of the same company that manufactures the
coating. This process may be sub-contracted to another company with proven experience. Since
there are no spare blanks, the company must foresee in the contract the possibility of repeated
polishing to recover failures during the coating. The acceptance of the polished substrates will be
based on the results given in the report of the company in charge of the polishing process. This
report shall include interferometric measurements of the two surfaces as specified in Section 5.1,
Figure 5 and Figure 6. The same procedures for acceptance of the polished substrates shall be
repeated for each re-polishing after any coating-failure.

6.3 Prediction and preliminary coating of samples

The company in charge of the coating must first produce theoretical curves with the expected
parameters (R, T, A) over the 350-2700 nm wavelength range. The models shall also include
predictions of the effect of temperature (from room temperature to cryogenic conditions) and
incidence angle. The acceptance of the theoretical curves will be based on the specifications given
in Table 3 and Table 5.

The coating recipe shall be verified by producing at least two coated prototype samples, for each
type of dichroic, on standard fused-silica substrates. The supplier is responsible for providing the
polished substrates for the prototype samples, which can be of a standard size such as a 1 or 2
inches diameter. The primary acceptance tests will be based on measurements of - at least - R1
(reflection from the first surface) and Tot (total transmission of the dichroic) at the nominal
incidence angles given in Table 3 and Table 5. The measurements of total transmission shall be
corrected for the intrinsic absorption (OH-bands) of the fused-silica substrate using the curves/data
available for this material.

The second part of the acceptance tests will be based on the results of measurements at
cryogenic temperatures (next section).
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6.4 Cryogenic cycling and measurements of samples

The company shall measure the behavior of the coating sample(s) at cryogenic conditions. The
sample(s) shall be submitted to thermal cycles as specified under “durability” in Table 3 and Table
5. The coating shall withstand these cycles without any measurable deterioration, such as change
in appearance of the coating, change in optical performance, peeling, or failure of an adhesion
test.

6.5 Mechanical stress of the coating

The mechanical stress induced by the coating on the dichroic substrates, shown in Figure 5 and
Figure 6, shall be modelled at room temperature and cryogenic temperature. The company shall
also carry out measurements of deformation on a smaller prototype sample, such as the prototype
described in section 6.3, with a Diameter/Thickness ratio that mimics the mechanical stresses on
the final dichroic. The prediction and tests shall demonstrate that the deformation induced by the
coating has a minimal effect on higher-order aberrations (astigmatism, coma, spherical etc.)
although the deformation may affect the power.

6.6 Measurement and acceptance of the dichroics

The transmission and reflection of the final dichroics at the nominal incidence angle shall be
measured at ambient temperature on witness samples coated in the same batch as the dichroics.
The measured values — scaled to cryogenic temperatures - shall comply with the requirements in
Table 3 and Table 5.

The uniformity of the coating shall be measured on at least 16 sub-apertures uniformly distributed
over the clear aperture of each dichroic. These measurements may be performed at incidence
angle different from the nominal values. The relative variation of the measured values shall be
within the limits defined in Table 3 and Table 5.

The surface figure of both surfaces of each dichroic shall be measured in reflection using an
interferometer with aperture of at least 270 mm diameter. Smaller apertures may be used;
provided that the interferometric results are properly stitched.

6.7 Summary of contract deliverables
The deliverables will be as follows:

Polished substrates and interferometric test reports.

Theoretical predictions of coating performance.

Results of measured transmission and reflectance of coating prototype samples.
Results of cryogenic thermal cycling on the coating prototype samples.

Results of the theoretical prediction of the mechanical deformation of the substrate and
how this affects surface form error.

Results of the measured mechanical deformation of the prototype samples.

Measured transmission and reflectance data of the final coated substrates.

Results of interferometric measurements of the coated surfaces of the dichroics.

. Dichroic-I, 2-off and dichroic-H, 2-off.

0. Witness samples for dichroic-I and dichroic-H.

1. Packaging and shipping of dichroic-1, 2-off, dichroic-H, 2-off, and witness samples to the
UK Astronomy Technology Centre in Edinburgh, UK.

arwbdE
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7 APPENDIX 1: PROPERTIES OF INFRASIL 302

The properties of Infrasil 302 are summarized in second line from the bottom of Table 7.

Table 7 Main properties of Heraeus fused silica glass, extracted from RD1.

% = 3D material, optically isotropic.

In quartz glass, the homogeneity is typically specified in

ane direction only. Heraeus manufactures quartz glass

grades, which are controlled and specified in all 3 direc-

tions regarding striae, homogeneity and stress induced

birefringence, for the most demanding applications.

These materials are identified by the .+ 3D symbol.

® For raw formed ingots the bubble specification is
valid for the area defined by the minimum diameter
tolerance. For machined parts it is defined as 100 %
of the material.

Grade Bubbles and Inclusio;
The bubble grade is given for every 100 cm?.
Quartzglass from Heraeus is free of inclusions.
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