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WP “core business” & tasks

* Design, preparation activities, metrology and calibrations of the
EELT mirrors (related to the subprojects in which INAF 1s involved)

* Support to the industry, by means of prototypes, breadboards and
pilot plants, to get the final implementation

M4 =>» executive design of the adaptive mirror, metrology &
calibrations

M1 =» support to the OpTIC/Zeeko Research+Media Lario effort : ion
figuring + innovative metrology

MAORY =>» pre-production of breadboards and innovative metrology



Main R&D activities

Computer Generated Holograms (CGH) for interferometry
of large surface mirrors

Innovative profilometry of large surface mirrors

High precision figuring via bonnet polishing and ion
figuring

Development of specific sw for the management and co-
phasing of adaptive mirrors
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CGH: binary representation of the interferogram between the spherical and aspherical
wavefront under test. Each line adds mA of OPD and changes the wavefront slope by
sin(8) = masA, Aisthe localline spacing.







been purchasea Interferometer
DIOPTIC GmbH, Weinheim,
Germany

Flat mirror
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First tests: set-up

First results

lWo flat mirrors have bee“ |||tl°duced to |°|d ule ophca‘ patll a“d Iit ule bellc“v he|p"lg n ule

i i ich is a critical point.
alignment of the big sphere, whic . ' . .
?h contrary, the alignment of the CGH vs. the interferometeris straightforwal '
o | Spherical mirror

Flat mirror =

- The alignment can be done
within 1 wave PV for the
CGH and the sperical mirror
(angle only).

- The focal position has to be
calibrated with a reference
flat.

- Images should be corrected
forthe «morphing»

- Mounting and alignment is stable
over hours:

PV=80+10nm
RMS=12+1nm

- Turbolence should be accounted

antho 5 motore nath

Measured at SAGEM (France)
with an high aperture Fizeau interferometer

WFE with CGH

Measured at OABr with CGH
and spherical mirror
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CGH pattern Interferometry

\ ERASING
w
Irradiation: UV light

Easy to make: no complex developing process;
Fully rewritable using only light

Adaptable to different optics under test
G. Pariani et al, Opt. Express, (2011) G. Pariani et al, Proc. SPIE. 8450, 845010 (2012)



| $8 Breakthrough with rewritable
A CGHs

» Easy to adapt to the testing optics

* Online writing process combined with the
interferometer

e Multiplexing

 Ideal for following the machining of a complex
optics through the whole production: EELT M1
segments



M4 1s a flat, 2.4-m diameter, segmented deformable mirror
which will be controlled by ~5000 voice-coil actuators
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L. Crimella
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MIC
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Engineering, logic design

G. Angerer

EL Design

F.M Zerbi

Team leader

D. Pescoller

SW Design

Emilio Molinari

Project Scientist

C. Patauner

Logic & SW design

Marco Xompero

AO

M. Messner

SW Design

Runa Briguglio

AO

D. Veronese

EL Design

A. Lattisi

Procurement

Giorgio Toso

Integration Test

Giorgio Pariani

Optics

A. Merler

EL-ME integration

Marco Riva

System Engineering

F. Picin

EL integration & test

Andrea Bianco

Spedal Optics
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Luciano Miglietta

Mechanics

Daniela Tresoldi
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Team leader
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Numerical analysis

M.Morandini
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Figure 1. Optical layout of post-focal relay (unfolded version, science channel only).




The M1 segmented mirror

» Elliptical configuration, f-number 0.93 & 39 m
diameter

e It will be formed 798 hexagonal segments (in
addition 200 other segments, to ensure a proper
maintenance turnover)

* 1.45 m maximum size for segments

» Each aspheric segment =» 25nm RMS accuracy
& e 2nm microroughness

Segment Assembly Delivery Rate (units per month)

Production time : 4 years A I
I R N N N N




MAORY mirrors

Input focus \

7 <«———— Output focus

Mirror Radius Conic 4" order 6™ order Off-axis Size | Thickness
[mm] constant asphere asphere Y [mm] [mm]

A 12000.0 -0.575760 N/A N/A 1602.1 @ 1050 175
B 6016.0 -1.124322 | -3.054E-13 | +7.823E-20 519.6 @ 640 105
C 2005.5 -1.122826 | -1.858E-12 | +8.805E-19 613.6 @ 460 75
D 39222 -1.175736 | -2.395E-13 | +2.652E-20 1213.7 @ 740 125
E Infinity N/A N/A N/A N/A 970x690 160

Mirror Radius Conic 4™ order 6" order | Low-order High-order

[mm] constant asphere asphere | surface RMS | surface RMS per

(Z5-Z10) | footprint diameter

A +23 +0.000476 N/A N/A 10 nm 10nm, @340mm

B 1.3 +0.000362 +2E-16 *2E-22 10 nm 10nm, @340mm

C +0.1 +0.000074 +1E-15 +7E-22 10 nm 10nm, @150mm

D =0.1 +0.000137 +2E-16 +4E-23 10 nm 10nm, @170mm

E N/A N/A N/A N/A 15 nm 10nm, @120mm




DEVIATION from sphere o
Segment centered in position 000,0000] m

Maximum diameter 1.45m
(M1 segments)

Maximum surface slope: 6°
(MAORY “B”)

Rms accuracy: <10 nm
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* Profilometry gives a great flexibility!
« [t can measure concave, convex and flat

profiles without any specific optical
components for each shape

« Easy set up for the measurement

» Heritage from swing arm and mpr
(eRosita) profilometers




(@ Steward Observatory, Arizona

Optica Engineecing S1(4), 043604 (Aprt 2012)

Swing-arm optical coordinate measuring machine:
modal estimation of systematic errors from dual probe

shear measurements

Abstract. The swing-am optical coordinate measuring machine (SOC).
a profilomator with mmmpmkrmw
Tessurement of e

surtaces has been used

of asphesic
for measuring highly aspheric mirors with a performance rvaling full
re tests, Recently, we a dual probe,

Tueson, 85721
E-mai: psu@0ptcs.arzona.edu

sheared °
P, OOk 10.111771.06.51.4,043604]

=iching; shear test.

Paper 11 x
mwmmm 2012 published onkne Ape. 6, 2012.

1ilnx‘lldmﬂ
The B

i a0 impotant moh-y technique for highly xsphenc

It s configurable rof mcuunng soscrve, omes. and plano
surfaces; can make in situ measurements: and has bigh

test
|nouwcvmvm-tonsocwwmmuapmm
test method 1o calibeate SOC sysiematic emors.” Here we
show a method for calibrating the SOC with a dual probe
lateral shear that makes the SOC self-calibrating., The
shear test allows us to reconstruct the test surface without
using an extemal refereace. The method we describe is
to methods using shear in absolute testing 1o
scparate the errors in the fest device from ervors in the
nmnnd.mcsmngme(hodmbeawbedmmhrr
one, as in our case, oF two di
Evaluating Iateral shearing data s long been discussed

2,202

tion with so-called natural cxteasion and discrete Fourier
analysis. By choosing two different sheass. the wavefront
or surface can be reconstructed exactly at all measurement

points.

In this paper. we first review the basic principle and per-
formance of the SOC. Then the design and implementation
of a dual probe self-calibration are described. A modal
estimate using a Fourier serics is chosen (o wetrieve the
swing-arm bearing esrors based 0n our prior knowledge of
typical bearing crrors for our system.

2 Basic Principle and Performance of the SOC
The basic geometry of the swing-am peofilometer is shown
in Fig. 1. A probe is mounted at the cnd of an arm that swings
across the optic under test such that the axis of otation of the
.mpumm.gh the cnterof i of heopic. The are

l'wsonaspha::al urface a:ﬁmuymaumofmr-
or mcasuring aspheric surfaces, the probe. which is
ety

in the lierature, sad several methods have
o proposod. One,of e ok freeaty appied iz
the modal method." It models the undertying wavefront

ar surface signal by & polypomial whose unknown cocffi-

The
modal method works particularly well when the signals
are smooth. The zonal method, such as Southwell integra-
tion.” retrieves the wavefront or surface data al discrele mea-

tex, reads only the surface depasture from

used is an allfiber phasvshmmz interlerometsic pmbc
that provides precise. non-contact SUFface measurements
with sub-nanometer sensitivity over 3 6-mm range. A sphe-
rical of the tip of a single mode fiber, reflects

surement points and solves a set
I can also retieve the data in  least-squares sense and has
the advaniage of using regular rpezidal integration. How-
ever, this requies that the lateral shear oquals the spacing
of the measurcment points. For the case whese the shear
s not small, and docs not assume a prior knowledge of
Flster'” d it -

from the test surface, and goes back into the fiber. The light
seflected from the surface interferes with the light reflected
from the fiber tip, Figure 2 shows the basic principle of the

asphe-

n=| ‘wave from the fiber is incident on the test mn’aee‘ Tight
when there is an

the surface,

OOBL32862D12S5.00 © 2012 SHE

Optical Engineesing

angle of the test surface relative 1o the probe, This makes the
probe insensitive to the angular varistion of the test surface
up 10 toughly +5 deg. piving the probe a large angular

Apel 20120l 51(4)
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Fig.4 Comparisan of tha (a)
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Map difference
RMS =9nm

d {b) SOC cara, with lit, power, coma, astgmatiam, and treloll removed. Feau tast

data e - 0.0357 g SOC cata s = 00356 pm, (QWMMMMWSnmmsM much of which Sppears 10 come

fram the interferomaetnc est.




1700 mm

(combination of confocal probe plus laser interfer.)




Working principle
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Parameter
Wobble
RunOut

Piston

Straightness

Positioning
Error

Sensors
noise

Laser noise
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The Zeeko Machine Range for
Optics Manufacture

IRP 800 IRP 1000 -1200

The 3 to 6 Metre
IRP 1600 IRP 2400 Astronomical Range

N— *ZEEKO







IBF technology

- DETERMINISTIC
PROCESS

- PRESSURLESS
TECHNIQUE

(FOR LIGHTWEIGHT
OPTICS)

OPTIC TO BE N\,
CORRECTED

]NTERFEROMETRICAL//
MEASURE

Removal function 15 mm grids

TIME MATRIX

/ COMPUTATION

- FIGURING POSSIBLE ON OPTICS
ALREADY ASSEMBLED

- STABLE REMOVAL RATE (50/ 100
NM MIN.)

REMOVAL
FUNCTION



FACILITY 2
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Mirrors up to 350 mm in diameter Mirrors up to 1500 mm in diameter



Ion figuring facility

System able to figure optics up to 350 mm in diameter




# 4Sight - [Dataset]
e Edit Yiew Measure Modify Analysis Display Tools Window Help
Back Open Save Print Measure  Recycle Mask = i
Untitled : Surface

S

Play

J Title Urtitled
Date Thu Nov 29 14:43:35 2007
Averages 10
Head ID 6000
Resolution 320 x 243

J Wavelen; 632.800 nm
Sampling 1
Zoom 1.00

J Wedge 1.000
Strehl 0987

Saved: RM2_SN2_power_...

Processing Options L

Terms Type Zernike Seidels
Detector Mask Applied
Analysis Mask MNone
Terms Mask None
Pupil Mask None
Fitters None
Pupil 100.0%

-25.00 033

Aberration Removal

750075 34 :
Fit Type: | Zemike Seidels v
112

-87.77 ’ g = " .' 1 Aberration Magnitude (wvir)
nm

44.52
25.00

0.00
-25.00

Frame 3: 320 x 243

0831

0146

-0.087

-0.024
0.023,-25.4 deg
0.011,2281 deg
-0.014




‘. 10N-BEAM FIGURING SIMULATOR V 2.0 (By Ghigo)

“OFD Fle
[ C\0pd_galleo!Laveeascre SC BETO (Sok Betirs Gennso 2004/BET0-150 OPD

11:21:36 62/69/64 632.8 nm 1Y
RMS: 0.6688 pm
PUPIL: 100 7

Ll
Cpmd
@.0e48

0.038
e.e28
@.018
@.008

13:35:38 01/19/84 632.8 nm
RMS: 0.822 pm
PUPIL: 100 %

)




A close view of the new ion figuring
plant @OAB

The system 1s able to figure optics up to 1.5 m in

diameter

¥ *

4———-. . -
(s A :

BRI

R

S 7.4
,,,,,,,

Two gridset:
- 50 mm for broad beam

- 15 mm focused beam




IBF of the EL'T/M1 Demonstrative

Mirror for M1
(in collaboration with OPTIK and Media Lario)

1 ) Figuring of a spherical 1 meter size mirror having RoC of 3
meters with its metrology done in INAF-OAB.

2) Figuring of a spherical 1.4 meter size mirror having RoC of
69 meters and measured with the profilometer developed

3) Figuring of a spherical full size hexagonal 1.4 size mirror
with RoC of 69 meters and measured with the profilometer.
The mirror will be mounted in the Vacuum chamber on its

segment suppor
Edge Sensors




Initial error :
Pv: 300 nm
Rms: 37.4 nm

Surface simulated
with a 30° order
Zernike

Removal rate: 2 nm/
sec on Zerodur

Figuring Simulation of a EELT real

segment

= Time Matrix

= |[ON-BEAM FIGURING SIMULATOR V 3.7.5 (By Insomnia)

File Load Save matrix Removal function Modify Starting Surface  View Time Matrix  Optimization

[~ View outer surface data
' | -Offsetin pixels

IW
[ -

OffsetY =

@ | B
Apply the offset

Find pixels among two values

OPD File loaded

|
RF diam X (mm) RF diam Y (mm] RF dist (mm) [synt RF

Material to remove from the surface

C:ADocuments and Settings\Mauro\Desktoph\ESO4sup 1300mm 300nm pv sampy

" Logarithmic palette " B/W palette * Color

Find pixels
Found: =
Clear

Exit

@ View Time Matrix " View Erosion correction

0.0 150.0 3000 0.0

Show RAW

r matrix data UsedWedge [ na
150.0 File aspect. ratio [ 1.000
A= | na nm . ]
[~ Enable profile XP!xel [ 155 |
Y Pixel [ 155 |
o
- 00 nm 48.6 00
b P Available keyboard opti
r I~ Load using this wedge [ 05 |~ Load and set data to Zero g ¢ sane S°T"l"l i I vailable keyboard options
Edge correction activated I~ Load and invert the data SO

Data in elaboration

END
SIMULATION

Ma. starting suiface (nm) [ 300.0 Max analiical suiface (nm) [ 0.0 Actual maximum (hm) [T 57.9 Working time (hours) [ 12,662
Min. starting surface (nm) [To0 Min. analiical suiface (nm) [ 0.0 Actual minimum (hm) [T 0.0 (days) | 0.528

Mean starting suiface (hm) [ 150.0 Mean analitical suface (nm) [ 0.0 Actual Mean (nm) [T4a5 T.mnandT. max(sec] | 0.0:5.0
RMS starting suface (hm) [~ 37.4 RMS analitical suface (hm) [~ 0.0 Actual RMS (nm) 67 Piston added (hm) [~ 74.3

PV starting surface (nm) 300.0 PV analitical surface (nm) [T00 Actual PV [nm) ["579

[~ Automatic save file

Final error from simulation: Pv: 57.9 nm - rms: 6.7 nm - Working

time: 12.66 h



