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ViotIVation

FAlUmMInUm oxidizes WHER EXPOSEE O
the atmosphere

wWWhy AlF5?

% 0One of three wide .r)fmJJJr) HUGKIEES
useful in protecting Al. The index of
refFactlon of AlF; in EUV spectrum was

,, ‘unknown.

- %Some ML mirrors contain AlFs and iR

Kramers-Kronig analysis.
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Initial Results:

Comparison of all'samplesiindextelireliracioniVsmnavelength

Beta vs. Wavelength
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- Beta vs Wavelength
Delta vs Wavelength '
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3. Check ALS Data withrBYUDatas
Why is BYUFRIGhEr?

Reflectance Reflectance

or, Reflectance vs Incident Angle 1 Reflectance vs Incident Angle (log)
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3. Check ALS DatarwithrBYUDatas
Why s BYURIgher?

Reflectance
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Our
Experim
ental
Data
Compar
ed to
Bridou’s
Data-
There is
a 10nm
gap-
can it
really
change
that
much?

nvs. Wavelength

Wavelength

Beta vs. Wavelength

-

!
LN L

o

—"

no MgF, (Palic's table)
ne MgF, (Pali's table)

= nMgF, (s work)
£ nAF, (s work)

ko MgF, (Pali's table)
ko MgF, (Palik's table)

= Kk MgF, (this work)
O KAF, (this work)

10 20 30

Wavelength

%0 100 110
Wavelength / nm




SUMMaRy oK thISISECH O

oy Collected Data from ALS and BYU
- Invesflgated difference in results
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Tools to srtud\ EUV Multilayers
|

< Al is partially transparent <90 nm; pa
< Surfaces- Non-Ideal
-« Roughness, Layers: OXIides;
% Bifunctional mirrors. Genetic algorithm.
% Compounds are often better.
BYUEUVOWCS‘D ptical Constants->40nm are needed.

Images from www.schott.com/magazine/english/info99/ and www.Ibl.gov/Science-Articles/Archive/xray-inside-cells
2 Nov. 2016
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Do We need thel EOV2
WIHJrscchutheﬂzatknﬂ’
— 10

+ Yes, Jupiter
—

flare will ge
reflectance ec




Do we have far UV (FUV) and EUV deep space, solar-
observing, and planetary space-based telescopes?

1.Hubble - COS in 6-11 eV (115 to 205nm) range
(far UV) it uses an MCP. 2009-217

2.GALEX-, 2003 until 2012, was an Explorer class
mission with a 50cm diameter aperture primary,

the near UV- to FUV making observations from
4.4 -9.2 eV (135-280nm).

3. Far Ultraviolet Spectroscopic Explorer (FUSE)
1999 to 2007-10.4-13.7¢eV (90.5-119.5nm)

4.EUVE (1992-2001) one of the most successful
spacecraft to fly. 7 to 76 nm (16-1/77eV).
Glancing-angle optics (Wolters) optics.

BETWEEN 76nm & 90 nm NOTHING ever!
After Hubble NOTHING in VUV-EUV

1. 20



OUFGEAIS:

+ Pathway: ter doublingthereifiective
bandwidthroff traditionalFAINmIFreES= USEd
way: traditionaill mikrersFusedN(EarneEmal)
— Tradeofifs.

— Educate students.

— Develop computationall tools.
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*From f:urrent Oto~10eVtoOt

to 15 + another 5eV further c
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Tools to srtud\ EUV Multilayers
|

< Al is partially transparent <90 nm; pa
< Surfaces- Non-Ideal
-« Roughness, Layers: OXIides;
% Bifunctional mirrors. Genetic algorithm.
% Compounds are often better.
BYUEUVOWCS‘D ptical Constants->40nm are needed.

Images from www.schott.com/magazine/english/info99/ and www.Ibl.gov/Science-Articles/Archive/xray-inside-cells
2 Nov. 2016

.html.
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Optimizing REHECIARNCEN VI
AlUmintim

+ Extends range off UV to ~835 nm (15
eV)
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Why We need RaliieayEnsitorg @Rl
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Aluminum with 15 nm LIiF
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Reflectivity -

I Frrrrt

50 nm of Al on SiO2]
all at 5° from Norma
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Reflectivity<Yb,167><W,111>

Substrate is silicon carbide-
under 50nm Al
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Reflectivity<Ir,129><B4C,49>

Substrate is silicon carbide- under
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10 Reflectivity<Hf,190><B4C,150><a-C,436><Ir,381><Te, 52>

Substrate is silicon carbide
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Reflectivity<Lu,261><TiC,150><Al,100><5r,108><Ir,81>

Substrate is silicon carbide
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Reflectivity<Co0,285><5e,12><5i,172><Ca,137><0s,94>

Substrate is silicon
carbide
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Reﬂectlv:ty-c:Lu 261><TiC,150> <:Al »10‘D>_<S_r”_1_08:><lr 81?___
5° (from Normal) '

Substrate is silicon carbide. Overlayer is 500A Al.
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material  thickness (nm)

SiC substrate
taC 10.61
MgL 8.61
taC 8.68
MelL 8.24
taC 9.27
Al 3191

(1 I i |
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At 45° reflectance 78 e 9496 1ol
ML mier designest oy GA




Reflectivity<Au,467><Be,325>

45°
under an
Al layer
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' Reflecfivity

Note the cost

material  thickness (nm)

SiC substrate
Co 46.50
taC 33.63
Al 63.48
Ca 14.21
taC 9.75
Al 18.72

1000 1100 1200
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+ The mirrerwithrtheslargestbaneawictaawWilissEese
Multilayer (M5 VOVEEUVEMIGroRCoated WitiRaSalNliiNa:
Possible Aluminum: Eilm=

— without oxide/ flueride oVerlayers: Space PrOCESSING
+ We need the EUN ASAP: Definitely o EUV @Ik
+ Let's do it
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+ 1 BreadpancNileiscoeidiiGSReaciUilipiE
+ 2 Understand exidizationre Jf gl UMt mIREeKS
— characterization L‘JJJ:)
+ 3 Barrier layers against oxidation
— 3.1 Those that stay on-
— 3.2 Those that come off
+ Role of Vacuum deposited/s\Vacuun
— 3.3 point-of-use processing
+ 4 Applications
~4.1 Beyond 15 eV: Aluminum becomes (partially)
transparent below its plasma edge at about=85 nm

4

I FEMIOVa B ENIEIIESE

4.2 Space observatory applications
+ 5 Practicalities: How raise TRL.



