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This document reports the preliminary optical prescriptions for all the optical components of
the MORFEO Calibration Unit Optomechanical System (PUA), in the form of technical

drawings, in agreement with 1ISO-10110.

1.2 Scope

The scope of this document is providing preliminary technical information for the

manufacture of the PUA optical components.

1.3 Definitions, Acronyms and Abbreviations

PUA MORFEO Calibration Unit Optomechanical System
ELT Extreme Large Telescope
INAF Istituto Nazionale di Astro Fisica

MORFEO Multiconjugate adaptive Optics Relay For ELT Observations

TBD To Be Defined

Document Classification: MORFEO Consortium Internal [Confidential for Non-MORFEO Staff]
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The following applicable documents and files form a part of the present document to the
extent specified herein. In the event of conflict between applicable documents and the
content of the present document, the content of the present document shall be taken as

superseding.

AD1 E-MAO-PUO-INA-DER-002_01 MORFEO Calibration Unit Optomechanical System

— OFDR Design and Analysis Report

AD2 E-MAO-PUO-INA-ICD-002_01 MORFEO Calibration Unit Optomechanical System

— Optical Interfaces

AD3 ISO 10110 “Optics and optical Instruments — Preparation of optical drawings for

optical elements and systems”

AD4 E-MAO-PUA-INA-MOD-001_02 MORFEO Calibration Unit - Optical Model (direct)

2.2 Reference Documents

The following documents, of the exact version shown herein, are listed as background
references only. They are not to be construed as a binding complement to the present

document.
RD1

Document Classification: MORFEO Consortium Internal [Confidential for Non-MORFEO Staff]
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The drawings reported in the next sub-sections are preliminary and not intended for
manufacturing. The values reported in the drawings allow to meet the technical
specifications, however they are not binding and should be considered as reference values
and as a starting point for the Final Design.

The following table reports the acronyms and a brief description of the PUA optical
components, according to AD1, AD2 and ADA4.

Table 1. List of the PUA optical components.

Iltem Description Section
W Window 3.1
SM Spherical Mirror 3.2
PM Pupil Mirror 3.3
BS1 Beam Splitter #1 3.4
BS2 Beam Splitter #2 35
EM Ellipsoidal Mirror 3.6
L1 LGS Lens #1 3.7
LFM LGS Folding Mirror 3.8
D1 LGS Doublet #1
D1-A Lens A of Doublet #1 3.9
D1-B Lens B of Doublet #1

D2 LGS Doublet #2
D2-A Lens A of Doublet #2 3.10
D2-B Lens B of Doublet #2

CBS Cube Beam Splitter 3.11

Document Classification: MORFEO Consortium Internal [Confidential for Non-MORFEO Staff]
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P3 P3
Q\o.oommlo.omoazn 0.002 7 0.0025 — 0.08D/ Rq 0.002
0.080 - 3.00 / Wg 0.003 0.080-3.00/ Wq 0.003
f!fffi —_—
P () BS Rygs(580 to 1800nm) = 50 + 10%
@ AR R(580 to 600nm) < 3.5% Tags(80 to 1800nm) = 50 + 10%
)
R(700 to 1800nm) <3% ~a Rags+ Tags > 99%
AOl < 15° . _Hm-.ﬂu_n_mc.mP _Wuuxu_AMD_o\_m_
P9 (=% AOl < 15%
(==
o3
als Coating Environmental Durability Test
=
Test Step Test
1,2 150 9022-2-10-03, 150 9022-2-12-06
3,4 150 9022-2-13-03, 150 9022-2-14-01
o E— 5,6 150 9211-4-01-02, IS0 9211-4-02-02
20002 _
Dimensions in Millimerers 02 7,8 150 9211-4-04-01, 150 9211-87-04 (Ethanol)
Left Surface W-S1 Material Right Surface W-S2
R FLANO GLASS: SILICA E PLAND
fe 62071 Nd = 1.458464 ge 62071
Chamfer: 0.5 - 1 vd - 67.82 Chamfer: 0.5 - 1
# AR (see specs above) o/ 5 ® BS (see specs above)
3/ 2 RMSi<20nm 1/ 2x1 i/ 2 RMSi<10nm
3 - 2/ NHOOZ;S 4/ 0.3"
5/ 5x0.25;C5%0.25;L3x0.04;E1 5/ 5%0.25;C5%0.25;L3x0.04;E0.5
6/ - 6/ -

3.1 Window (W)

ISO Element Drawing Indications According to ISO 10110

Document Classification: MORFEO Consortium Internal [Confidential for Non-MORFEO Staff]
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P3 P3
/\o.oommuo.owﬁ_ﬁ 0.002 0.0025— 0.080/ Rg 0.002
0.080 —3.00 / Wq 0.003 0.080—3.00 / Wq 0.003

AR R(580 to 600nm) < 3.5%
A/ ®

=50+ 10%
@ BS Raps(580 to 1800nm) = 50 + 10% R(700 to 1800nm) <3%
Tags(280 to 1800nm) = 50 + 10% B
AOl < 15
Rags+ Tags > 99% T -
_.F..ﬂu_,nm_um\oH _wuumu_nmom\ﬁ‘u kg unw
AOI < 15% |8 . ] o
gls Coating Environmental Durability Test
Test Step Test
1,2 150 9022-2-10-03, 150 9022-2-12-06
3,4 150 9022-2-13-03, IS0 2022-2-14-01
 — 5,6 150 9211-4-01-02, IS0 9211-4-02-02
S B
pimensions in Millimeters 5002 7.8 150 9211-4-04-01, |50 9211-87-04 (Ethanol)
Left surface SM-S1 Material Right Surface SM-S2

Preliminary optical prescriptions
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R 3700*3 cC
Be 65071
Chamfer: 0.5 - 1

# B5 (see specs abowe}

3/ - RMSi<10nm
4/ 0.3"

5/ 5x0.25;C5xD.25;LIx0.04; 1

6/ -

GLASS: SILICA
Nd = 1.458464
vd — 67.82

o/ 5

1/ 2x1

2/ NHODZ;5

R 3700% ©x

Ge 6507%

Chamfer: 0.5 - 1

® AR (see specs above)

i/ - RMSi<20nm

a -

5/ 5%0.25;C5%0.25;L3x0.04;E0.5
6/ -

3.2 Spherical Mirror (SM)

IS0 Element Drawing Indications According to ISO 10110
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2nd Drder Term 0. 00000E+DO A
4th Order Term 1.25011E-10
5ag Table: Aperture, Sag ﬁ/ Aspherical profile exaggerated by 1000X
0.00000E+00 0. G0000E+DQ P3
5.00000E+00 7.81317E-DE& 0.0025 — 0.080/ Rg 0.p02
1.00000E+401 1.25011E-06 /I\ _
1_50000E+01 6. 12BATE-D& 0.080—3.00/ Wq 0.0
2.00000E+01 2.00017E-0D5 c/V
2.50000e+01 4. 88323E-05
3.00000E401 1.01259E-D04
3.50000E+01 1.87594E-D4 e mM _
4_00000E+01 3. 20028E-D4 ..8 = » 7
4.50000E+01 5.12622E-04 Sln
5.00000E+01 7.81317E-D4 ol @ Coating Environmental Durability Test
=
Test Step Test
1,2 150 9022-2-10-03, 150 9022-2-12-06
3,4 150 9022-2-13-03, 150 9022-2-14-01
—_— 5,6 150 9211-4-01-02, 150 9211-4-02-02
20 —_— -—
Dimensions in Millimecers 7,8 150 9211-4-04-01, 150 9211-87-04 (Ethanol)
Laeft Surface
R FLANG
FEven Asphers
Ses Above
pe 108 %}
Chamfer: 0.5 - 1.0
® R(580 to 1B0O0nm) = 05%
3/ 0.2 RMSi<Snm
3/ -
5/ 3x0.16;C3x0.16;1L2x0.04;E0.5
6/ -

3.3 Pupil Mirror (PM)

IS0 Element Drawing Indications According to ISO 10110
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P3 — P3
Iy /\ 0.0025 — 0.080/ Rq 0.002 0.0025—0.080 Rq 0.002 @ BS
0.080 — 3.00 / Wq 0.003 0.080 - 3.00 / Wq 0.003
4/& R.gs(580 to 600nm) > 85%
. R.ye(580 to 600nm) > 90%
® AR <>{0°59'40"+0°0'30" avol )
39 Tags (700 to 1800nm) > 85%
<
R(700 to 1800nm) <3% T, (700 to 1800nm) > 90%
sy . o o
AOI45 2107 — AOI 45° + 10
320.0£0.10
Coating Environmental Durability Test
Test Step Test
1,2 IS0 9022-2-10-03, 15O 9022-2-12-06
3,4 IS0 9022-2-13-03, 1SO 9022-2-14-01
. _ | | 5,6 IS0 9211-4-01-02, IS0 9211-4-02-02
[* » 220.0£0.10 30493 — -
pimensions in Millimeters : 7.8 IS0 9211-4-04-01, 15O 9211-87-04 (Ethanol)
Left Surface BS1-S1 Material Right Surface BS1-S2
R PLANC GLASS: SILICA R PLAND
Nd = 1.458464 ge 20071
vd — 67.B2 Chamfer: 0.5 - 1
ge 290 o/ 5 ® BS (see specs)
Chamfer: 0.5 - 1 1/ 2x1 3/ 0.2 RMSi < 10 nm
® AR (see specs) 2/ NHO0Z;5 4/ -
3/ 0.2 RMSi<20nm 5/ 5x0.25;C5%0.25;L3x0.04;E0.5
3/ - 6/ -
5/ 5x0.25;C5x0.25;1L3x0.04;E0.5
6/ -

3.4 Beam Splitter 1 (BS1)

IS0 Element Drawing Indications According to IS0 10110
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S P3 - P3
Y /\ 0.0025—0.080 / Rq 0.002 0.0005 0080/ Rq 0.002
0.080 — 3.00 / Wqg 0.003 //v 0.080 - 3.00/ Wq 0.003
A —> |le—1°02" 0°0°20"
P G) AR R(700 to 1800nm) <3%
A .
} 4l AOI 45 +£10°
480.0:0.10 2104, | @ss
f I Rags(700 to 1800nm) =50 + 10%
i ___ T 455(700 to 1800nm) = 50 + 10% Coating Environmental Durability Test
I
/ Ragst Tgs > 99% Test Step Test
_._.m.._._u_AwQ.wm\ __um-_uu_Amem
AOQ| 45° +17° L 1,2 150 9022-2-10-03, 1S0 9022-2-12-06
3,4 150 9022-2-13-03, 150 9022-2-14-01
_¥ L 5.6 150 9211-4-01-02, 150 9211-4-02-02
» 330.0+0.10 3001 — . : :
pimensions in Millimecers 7,8 150 9211-4-04-01, 150 9211-87-04 (Ethanol)
Laft surface BS2-S1 Material Right Surface BS2-S2
R FLANO GLASS: SILICA F PLAMND
Nd = 1.458464 ge 45571
vd — 67.B2 Chamfer: 0.5 - 1
Be 4551 o/ 5 ® AR (see specs)
Chamfer: 0.5 - 1 1/ 2x1 i/ 0.2 RMSi <20 nm
# BS (sees spacs) 2/ NHO0Z;S 4/ -
3/ 0.2 RMSi <10 nm 5/ 5%0.25:C5%0.25;L3%0.04:E0.5
3/ - e/ -
5/ 5x0.25;C5x0.25:13x0.04:E0.5
6/ -

3.5 Beam Splitter 2 (BS2)

IS0 Element Drawing Indications According to ISO 10110
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P3
/"0.0025—0.080/ Rq|0.002

0.080 —3.00 / W 0003

.
ks
=< =
SR ¥
P s Coating Environmental Durability Test
=
Test Step Test
1,2 150 9022-2-10-03, 1S0 9022-2-12-06
3,4 150 9022-2-13-03, 150 9022-2-14-01
X 56 150 9211-4-01-02, 150 9211-4-02-02
WM —al (S
Dimensions in Millimerers 7,8 150 9211-4-04-01, SO 9211-87-04 (Ethanol)

Laeft Surface

Preliminary optical prescriptions
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Optomechanical System —
dal Mirror (EM)

ipsoi

0.5
R 974.947 33

K -0.0717813

Be 4007

Chamfer: 0.5 - 1.5

B  RC700-1800nm) > 95% AOI<10°
3/ - RMSi<10nm

4/ -

5/ 5%0.25;C5%0.25;L3X0.04;E0.5
6/ -

3.6 Ell

IS0 Element Drawing Indications According to ISO 10110
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..i ,...
7|99 3|99
= |9 ™~ |
-+ uw o (Fal
ial B |
| = W | =
= =
3 [
ng: L
Dpimensions in Millimeters
Left Surface L1-S1 Material Right Surface |[1-S2
R 336.993% cc GLASS: S-BSL7 R 279.2483 o
Be 14077 Nd = 1.516330 75351 Ge 14271
Chamfer: 0.3 - 0.7 vd - 64.14%93 Chamfer: 0.3 - 0.8
f AR R(58% nm) < 0.5% o/ 5 ® AR R(589 nm) < 0.5%
3/ - RMSi<10nm 1/ 5x0.25 3/ - RMSi<10nm
1 2/ NHD10;5 a4/ 1"
5/ 5x0.25;C5%D.25;13x0.04;EC.5 5/ 5x0.25;C5%0.25;L3x0.04;E0.5
6/ - 6/ -

3.7 LGS Lens 1 (L1)

IS0 Element Drawing Indications According to ISO 10110
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3.8 LGS Folding Mirror (LFM)
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L

< | e w e =

< | | e

- - - - -

o | @ v @ =

= =

[
¥ ¥
27 —l e
Dimensions in Millimeters = = 11
Left surface D1-S1 Material Middle surface D1-S2 Matarial Right Surface D]1-S3
R 174.628 X GLASS: 5-B5L7Y R PLAND CLAS5: 5-N5L36 R 203.322 CC
Ewven Asphers Nd = 1.516320 @ 144 Nd = 1.517417 de 136
See Attachment vd = 64.14 & vd = 52.43 )

ge 144 of - 3/ - o/ - 3/ -
® i/ - 4/ - 1/ - 4/ -
3/ - 2/ - 5/ - 2/ - 5/ -
4 - 6/ - 6/ -
3/ -
6/ -

3.9 LGS Doublet 1 (D1)

IS0 Element Drawing Indications According to ISO 10110
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- 2nd Order Term 0.00000E+00
© 4th Order Term -7.85334E-09
6th Order Term 9.13267E-15
8th Order Term =2.33789E-17
R
o m Sag Table: Aperture, Sag
[ 0.00000E+00 0.00000E+00 .
o O 1.00000E+01 2.86479E-01 a -
> % .. 2.00000E+01 1.14781E+00
G @ [} 3.00000E+01 2.58983E+00
8o B 4.00000E+01 4.62266E+00 »
Ax o 5.00000E+01 7.26126E+00 e
6.00000E+01 1.05259E+01 772y <o
7.00000E+01 1.44428E+01 b 1] sl
L0 g °
2
o g
g :
= | = M
[ m [&]
D o 0
S %S 2743 -
o o Dimensions in Millimeters
22N
= —
m Ru m Left Surface D1-S1 Material Right Surface D1-S2
23 B R 174.628703 GLASS: S-BSL7 R PLANO
in m o Even Asphere Nd = 1.5163307%-03% ge 144
o) m m See Above vd = 64.147-8 Chanfer: 0.3 - 0.7
w o c ge 1447 o/ 5§ 4  (uncoated)
_mRr m £ Chamfer: 0.3 - 0.7 1/ 5%0.25 3/ 0.2
®) .mnm ® AR R(589 nm) < 0.5% 2/ NHO10;5 4/ -(0)
= O 3/ - RMSi<20nm 5/ 5x0.25;C5x0.25;L3x0.04;E0.5
4/ 1'(0.05) 6/ -
5/ 5x0.25;C5x0,.25;L3x0.04;E0.5
6/ -

IS0 Element Drawing Indications According to ISO 10110
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D1-B

Dimensions in Millimecers

ge 144%}
& 156791
pe 136°%
@ 146733
@ 1567°91

ugi — =

Left Surface

Material

Right Surface D1-S3

Preliminary optical prescriptions
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=
-]
c
S
<
S
3
O
0
L
LL
@
O
s

R PLANO
pe 14471
Chamfer: 0.2 - 0.7

GLASS: 5-N5L30
Nd = 1.517417 3050
+0.26
vd = 52,4250

R 203.522'%4 cC
Ge 13671
Chamfer: 0.2 - 0.7

® {uncoated) of 5 ® AR R(589 nm) < 0.5%
3/ 0.2 1/ 5x0.25 3/ 0.2 RMSi <20 nm
4/ 1 2/ NHO10:5 a/ 1"
5/ 5x0.25;C5xD.25;L3x0.04;E0.5 5/ 5x0.25;C5%0.25;L3x0.04;E0.5
Bf - 6/ -
I50 Element Drawing Indications According To IS0 10110

Document Classification: MORFEO Consortium Internal [Confidential for Non-MORFEO Staff]



E-MAO-PUO-INA-TNO-002

01
2024-10-18

18 of 22

Doc. Number:
Doc. Version:
Released on:

Page:

Preliminary optical prescriptions

MORFEO Calibration Unit
Optomechanical System —

| X
AR
ol
b
m N
o o
Ll -
Q &=
=
i
25— =
Dimensions in Millimecers 5 = 8
Left Surface D2-S1 Material Middle Surface D2-S2 Material Right Surface [D2-S3
R 302.819 CX GLASS: S-LAL18 R 172.801 GLASS: 5-TIH14 R PLANO
pe 123 Nd = 1.729157 @e 123 Nd = 1.761821 de 123
® vd - 54.68 & vd — 26.52 iy
3/ - of - 3/ - af - 3/ -
i - 1 - 4/ - 1/ - 4/ -
5/ - 2/ - 5/ - 2/ - 5/ -
B/ - 6/ - 6/ -

3.10 LGS Doublet 2 (D2)

IS0 Element Drawing Indications According to ISO 10110
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w % m ® AR R(58% nm) =< 0.5% of 5 ®  (uncoated}
_mR_- m = 3/ - RMSi<20nm 1/ 5%0.25 3/ - RMSi<30nm
O5® 4/ - 2/ NHO10;5 4/ 1
S0 m 5/ 5x0.25;C5x0.25;L3x0.04;E0.5 5/ 5x0.25;C5x0.25;L3x0.04;E0.5
B - e/ -

IS0 Element Drawing Indications According to IS0 10110

Document Classification: MORFEO Consortium Internal [Confidential for Non-MORFEO Staff]



E-MAO-PUO-INA-TNO-002

01
2024-10-18
20 of 22

Doc. Number:

c <
S o Kl
7]
& 0 | J =
> 2 3
s 2@ o5
O O © -t -
0 x o 37 W Pl
o o~
g 83 3|3
=] v = [T ]
= =
2
o 1]
= .
o N
= | = D
[ mm [&]
) (]
cg 9 P R
o W o pimensions in Millimeters ’
= —
m 2 w Left Surface D2-S2 Material Right Surface D2-S3
..m w ..w. R 172.801°83 ccC GLASS: S-TIH14 R PLANO
mua m o pe 1237 Nd = 1.761821 3335 Fe 123 7%
o c 2 Chamfer: 0.2 - 0.7 vd - 26.529-1 Chamfer: 0.2 - 0.7
w % m ® {uncoated) of 5 ® AR R(589 nm) < 0.5%
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MORFEO Calibration Unit

Optomechanical System —

Preliminary optical prescriptions
3.11 Cube Beam Splitter (CBS)

150.0+0.20 150.0+0.20

45°0'0":0°0'36" —> — 150.0+0.20

5377 S5

o/

Prescriptions

Beam-splitter coating

1. Substrate: N-BK7 or equivalent. Alternative: Fused Silica a Wavelengths:

2. Homogeneity: <2 ppm (IS0 10110-18 NH002) R Band 1: 580-900 nm
3. Striae: no visible striae (ISO 10110-4 Class 5) R Band 2: 1500-1800 nm
4. Bubhbles/inclusions: <0.25 mm?2/100 cm? b.  Tup =50+ 10%

5. Stress hirefringence: <10 nm/cm c Rupe = 50 + 10%

6. Clear aperture: 51, S4>@140 mm, $2>@110 mm, $5>125x180 mm d. TyetRue > 98%

7. Surface quality: 60-40 S/D . TapstRags > 95%

8. Transmitted WFE (53-52): <35 nm RMS (power removed) £ Aol = 45° + 6°

9.

Reflected WFE (51-55-52): <35 nm RMS (power removed)

10. Transmitted beam deviation: 0° + 30 arcsec Note: For convenience, the interval 600-700 nm
. Reflected heam deviation: 90° + 30 arcsec can be excluded from Band 1.

. Coating (51,53,54): AR, Rpgs<3.5%, Ry c<2%, 580-1800 nm, Aol<10°

. Coating (52): R, Rags<2%, Raye<1%, 580-1800 nm, Aol<10°

. Coating (S5): BS (see “Beam-splitter coating” table)

. All other surfaces: black absorptive treatment

. Protective bevels as needed

= e
(s IV S VU AU
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