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Motivation: FUV and EUV astronomy

OV doublet * Solarand atmosphere
103.2 & 103.8 .
physics
NV ) I il
SN A Exoplanet habitability
Ol doublet CIV doublet * 02, 03, CH4,and CO2 depend strongly on
Ly- 154.8 & 155 the UV spectrum of the host star
1)2/10(6\ w135.6 *= Strong atmospherical mass losses due
Ly-B J . to the host-star EUV flux
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LUMOS

Multiobject spectrograph:
FUV-Vis

France et al. 2017
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Motivation: future observatories

FLUID: Far and Lyman Ultraviolet Imaging Demonstrator

(M &LHSP narrow- and medium-band

Laborson for Armosener v Sp Py interference filters for the
’ LUVOIR/LUMOS imaging channel
covering 100 - 180 nm




Motivation: future observatories

LUMOS

Spectral Bandpass:
100-400 nm
Narrowband filters for the
FUV and NUV:

AN ~ 15 nm
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Motivation: future observatories
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Experimental: deposition system
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Reflectometry in the FUV-EUV Stress
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Reflectometry in the FUV-EUV Stress

. Crvepredp ion (1)
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Fit (1)
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Results* tunable bands in the FUV @ A>120 nm

—— Fluorides: shortest cutoff
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Fluorides: shortest cutoff
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Fluorides: shortest cutoff
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Results: tunable bands in the FUV @ A>120 nm

Objectives:

Substrate

 High throughput
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Results: tunable bands in the FUV @ A>120 nm

. . L
Objectives: () (el
» High throughput N
* Opt|Ca”y stable large stress + high thickness e
« Mechanically stable l' LAy

Fluorides are more transparent:
v'Thermal evaporation
v'Hot deposited

Cracks & delamination

Typical fluoride CTE ~8-15 x10 /°C .
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used Silica (FS) 0.55) Common use L4 StreSS-related prObIemS
oK - « Material’s stability

/\‘ Silicon 2.8
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Results: tunable bands in the FUV @ A>120 nm

Technology needs to be optimized

Reflectance and mechanical ~Rincreases up to 13-15
[ ] [ ] [ ] i — O i
stability will depend on:  ___| bilayers at ~260°Cwhile
) ) stress, cracks, and scattering
2. Deposition temperature  —
3. Substrate
4. Coating materials

Lopez-Reyes, P., et al. Optical Materials
Express, 11(6), 2021

Lépez-Reyes, P., et al. Optical Materials
Express, 12(2), 2022

E
O-rhefm = (_] (asub — aﬁ!m ) (T o ];1)
l-v fitm



Results: tunable bands in the FUV @ A>120 nm
3. Substrate

E
O therm = (Ejﬂm (

asub _aﬁim )(T ~J ]:i)

Typical fluoride CTE ~8-15 x10°¢ /°C

Subsirate | GTE @ (0+/°0)

Fused Silica (FS)
BK7
Silicon

CaF,

0.55
7.
2.8
18.85

1.

Reflectance and mechanical
stability will depend on:
Design (number of bilayers)

2. Deposition temperature

3. Substrate
4. Coating materials
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Results: tunable bands in the FUV @ A>120 nm

200
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Wavelength (nm) Reflectance and mechanical
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..but you can’t always choose the substrate 1. Design (number of bilayers)
Other parameters: manageability, price, 2. Deposition temperature
tolerance to thermal changes, polish, shape... 3. Substrate
4. Coating materials
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4. Coating materials
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Results: tunable bands in the FUV @ A>120 nm
4. Coating materials

Lk, MgF2, AlFs.. LaFs, GAdFs<UFs...

i

Typical combination

Promising new combination

AlF;+ LaF,

Reflectance and mechanical
stability will depend on:

1. Design (number of bilayers)
2. Deposition temperature
3. Substrate
4. Coating materials




Reflectance, 5°
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Results: tunable bands in the FUV @ A>120 nm

4. Coating materials
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Results: tunable bands in the FUV @ A>120 nm
4. Coating materials (AIF,/LaF )M :
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Results: tunable bands in the FUV @ A>120 nm

4. Coating materials (AIF,/LaF )M :
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Results: tunable bands in the FUV @ A>120 nm
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Results: tunable bands in the FUV @ A>120 nm

SUMMING UP:
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Best result:
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- Tuneable in
any wavelength A = 120 nm
-FWHM ~10-20 nm
- Reflectance > 85%



Results: tunable bands in the FUV @ A>120 nm

Reflectance in the visible and NIR:
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Results: tunable bands in the FUV @ A>120 nm
Ageing in different environments:
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Ageing in different environments:

Reflectance, 5°

Results: tunable bands in the FUV @ A>120 nm
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Results: tunable bands in the FUV @ A>120 nm
Angle effect:

1.0 . S
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At 45° Band shifts ~15 nm
Coating can be designed to work at any
angle
by changing the thicknesses
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Results: tunable bands in the FUV @ A>120 nm
Angle effect:

1.0

At 45° Band shifts ~15 nm
Coating can be designed to work at any
angle
by changing the thicknesses
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Results: tunable bands in the FUV @ A>120 nm
Angle effect:

1.0

At 45° Band shifts ~15 nm

.............. 50
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Results: tunable bands in the FUV @ A>120 nm
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shift with the angle of incidence
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Results: spectral line selection

Two close lines can mask one another:

- H Ly-a observations in the atmosphere can be
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Results: spectral line selection

Two close lines can mask one another:

- H Ly-a observations in the atmosphere can be
masked with the Ol geocoronal emission

OVI doublet
103.2 & 103.8

123.8 & 124.4

v~ Ol Observations for exoplanet searching can be
Ol doublet

Ly-o UM Mss o 1545 &155 masked with the strong Ly-a solar emission
Ly-B 121.6 = ‘/
102.5

Design coatings to reflect one A
and to reject a close A
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Wavelength (nm) quarterwaye/designs

aperiodic thickness
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near normal R

Results: spectral line selection
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Results: spectral line selection
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Results: spectral line selection
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Results: spectral line selection
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Results: spectral line selection
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Results: Inarrowbands in the LUV
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Results: Inarrowbands in the LUV
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Results: Inarrowbands in the LUV
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Results: narrowbands in the EUV

First narrowband coatings peaked
close to:
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Results: narrowbands in the EUV/FUV
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Results: other coatings, super narrowband
filters
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Results: other coatings, improved broadband

Al mirrors with Ti-seed
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Results: other coatings
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Results: other coatings

High reflectance Polarizers
broadband mirrors
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Results: other coatings
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Results: other coatings

High reflectance Polarizers
broadband mirrors
1 1 " L ? L x L 1 " 1 1 1 L 020 1 L L " 1
J e 0
1 AV 2500C-depos. MgF2 0804 4 - wisl 1 Tp, 75 i
] I 8 0.60 & |
Q K — - 1 i
: /\M 2 [ o012 ] 3 ]
S -— = H N
2" i 8 040 5 o0sd i .
Q &= B : H .
14 o © !
07 - 0.20- -+ 0.04- | -
» :
Y I ——————— 0.00+—F———T——1— 0.00—F———7— 71— First Multilayers
120 140 160 180 120 140 160 180 120 140 160 180 in the EUV
Wavelength (nm) wavelength (nm) wavelength (nm)
| heric Photomet PR RPN SR NP RPN B A
. . onospheric Photometer . . -
Transmitance filters . Eu/SiO/AI/SIO/EU/SIO
Satellite: FY-3D 0.304 L
101_g / : = - FL‘.;."-HVIM'L@V‘I'
1074 . 3
g (AI/MgF2)n € 0.20- -
= 107+ 3 5
= @ J L
£ 10"+ - o
£ 0.10 - =
g 10°+ 3 :
10°4 3 1 i
107 — - 0.00 +——7—"+—T71"—T"—T"—"—7
100 S LSS 40 60 80 100 120 140 160 180
wavelength (nm)

wavelength (nm)



High reflectance
broadband mirrors
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Conclusions

* Improved technology on high reflectance
filters, broadband mirrors, transmittance
filters and polarizers for the FUV and EUV

* Designs in the FUV-EUV to fit the needs of
the astrophysics community
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Results: tunable bands in the FUV @ A>120 nm
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Results: tunable bands in the FUV @ }\>12() nm

2. Deposition temperature

R ¢ __ More thermal stress -> more cracks

MgF; density (g/fcm?3)

More roughness -> more scattering

Cpon =(i] (et~ ) (=T
film

1-v/,

Limit T to
control cracks
and scattering

A

Find a balance

Increase T to
increase R

7777777777777777777777777

g
[=]
1

n
@
1

[
o
|
I

T T T T
0 50 100 150 200 250
substrate temperature (°C)

L.V. Rod rfguez-de Marcos, Optics
Express 26: 9363-9372 (2018)

1.

Reflectance and mechanical
stability will depend on:
Design (number of bilayers)

2. Deposition temperature

3. Substrate
4. Coating materials
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2. Deposition temperature

350

Results: tunable bands in the FUV @ }\>12() nm

||||||||||||||

300

Total stress (MPa)
- N [n]
w o oW
o o o

100 +

50

'

0

50 100 150 200 250 300 350 400 450
Temperature (°C)

Reflestance, 5°

0.8 1

0.2

2-13 months aged

0.0

. (MgF,/LaF;)!3
on FS.

140 150 160 170 180
Wavelength (nm)

1. Design (number of bilayers)

Reflectance and mechanical
stability will depend on:

2. Deposition temperature
3. Substrate
4. Coating materials




2. Deposition temperature

350

w

o

o
I

[e]

w

o
1

Total stress (MPa)
o o
o o

-

o

o
1

(9]
o

Results: tunable bands in the FUV @ }\>12() nm

;

0

50 100 150 200 250 300 350 400 450
Temperature (°C)

Reflestance, 5°

> 1 (MnglLaF3)13

—RT

— 250°C

—— 306°C
400°C

on FS,

| fresh

2-13 months ag

ed

120 130

140 150 160 170 180
Wavelength (nm)

Reflectance and mechanical
stability will depend on:

1. Design (number of bilayers)
2. Deposition temperature
3. Substrate
4. Coating materials




2. Deposition temperature

350

w

o

o
I

[e]

w

o
1

Total stress (MPa)
o o
o o

-

o

o
1

(9]
o

Results: tunable bands in the FUV @ }\>12() nm

;

0

50 100 150 200 250 300 350 400 450
Temperature (°C)

P

Reflestance, 5°

eposition temperature of
~250°C
good trade off for
(MgF2/LaF3)"® MLs

> 1 (MnglLaF3)13

—RT

— 250°C

—— 306°C
400°C

on FS,

| fresh

2-13 months ag

ed

120

130

140 150 160 170 180

Wavelength (nm)

Reflectance and mechanical
stability will depend on:

1. Design (number of bilayers)
2. Deposition temperature
3. Substrate
4. Coating materials




