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Al protected with MgF2: the paradigm

Hass & Tousey, J. Opt. Soc. Am. 49, 593 (1959)
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Al protected with LiF: the paradigm at
λ∈[100-120] nm

Angel et al. J. Opt. Soc. Am. 51, 913 (1961)
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Al/ MgF2: improved Refl. due to cleaner
techniques

Keski-Kuha et al., ASP Conf. Ser. 164, 406 (1999)
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Al/ MgF2: improved Refl. due to cleaner
techniques

Keski-Kuha et al., ASP Conf. Ser. 164, 406 (1999)
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Refl increase of Al+MgF2:
MgF2 deposited on hot (220°C) Al (+a little MgF2)

Quijada et al., Proc. SPIE 9144, 91444G (2014)
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And the same for Al+LiF:
LiF deposited on hot (250°C) Al (+a little LiF)

Quijada et al., Proc. SPIE 9144, 91444G (2014)



9

And the same for Al+LiF:
LiF deposited on hot (250°C) Al (+a little LiF)

Quijada et al., Proc. SPIE 9144, 91444G (2014)

Promising technique!!!
Can a  large mirror be heated in a 

uniform way?



10

Can we use the magics of Atomic Layer Deposition?

• ALD: exposing substrate to alternate gases (precursors)
• One monolayer deposited in each cycle
• High uniformity
• Without pinholes?
• Can we protect Al with an ultrathin ALD-MgF2?

Source: wikipedia
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Extended high Refl down to 90 nm: 
ultrathin protection (MgF2 or AlF3) for Al

Sembach, Astro2010 
Technology 
Development report:
Al protected with 1-
nm thick ALD MgF2:
“if 1 nm layer of single-
crystal MgF2…can be 
deposi-ted uniformly on 
large optics and are 
stable, they may 
provide an avenue for 
high reflectivity in the 
UV”

Moore et al., Proc. SPIE 9144, 91444H (2014)
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Extended high Refl down to 90 nm: 
ultrathin protection of MgF2 for Al
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Extended high Refl down to 90 nm: 
ultrathin protection of MgF2 for Al

Can we ilm?fully protect Al with such an ultrathin f
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ALD MgF2/AlF3 to protect Al: difficulties

MgF2: Pilvi et al., J. Mater. Chem. 17, 5077 (2007):
.- Purity strongly depends on temperature: 80% at 

250 C; 99.7% at 400 C
.- Roughness increases with temperature
.- ...” the impurity levels are not low enough for 

really high transmission in vacuum UV”

Can we keep a bare Al film free from oxidation 
over the first ALD cycles? 

Promising technique…, 
but needs to demonstrate feasibility
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Roughness of Al films: importance
of grain width

1. Λ < λ: absorption; surface plasmons
Coatings produce mostly this roughness

2. Λ > λ: scattering
Most contribution comes from substrate (polishing)

Contribution No. 2 is more destructive, such as for
internal coronagraphy

Roughness effects
depend on lateral size

Λ of roughness
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Roughness of Al/MgF2 films

Top 
MgF2 at 
150 °C

Top 
MgF2 at 

RT

σrms=1.7 nm σrms=1.3 nm

Source: GOLD-Instituto de Optica
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Top MgF2 
at RT

Top MgF2 
at 150 °C

Grain 
width:
~or< λ

Roughness
of Al/MgF2

films

Source: GOLD-Instituto de Optica
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Can we minimize
roughness of Al films?

Soufli et al., Appl. Phys. Lett. 101, 043111 (2012)

Sputter-deposited Al on Mg: spontaneously intermix to 
form a partially amorphous layer

“The intermixed layer consists of sparse Al and Mg 
crystallites embedded in a matrix of amorphous Al-Mg
material”.

“The average crystallite size is reduced by 70% for Al
and by 45% for Mg”. 

“amorphous films have better passivating properties
than crystalline ones due to reduced grain boundaries, 
vacancies, and defects”

9 Maybe by amorphization of Al! ☺
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Polished
CVD-SiC

IBS-SiC

IBS-B4C

Keski-Kuha et al., ASP Conf. Ser. 164, 406 (1999)

CVD: high Temp
IBS: Room Temp

SiC: sensitive to 
atomic oxygen of 
low earth orbit

Broadband mirrors: down to λ<100 nm
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Narrowband mirrors centered at λ>120nm
MLs with two fluorides, such as (MgF2/LaF3)n

Gatto et al., Appl. Opt. 41, 3236 (2002)

NB mirrors peaked at 120 nm (GOLD-Instituto de Optica)
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Transmittance filters: peaked at Transmittance filters: peaked at λλ>120 nm>120 nm

(Al/MgF2)n on a transparent substrate

Source: GOLD-Instituto de Optica
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Narrowband mirrors centered at λ~100nm
Al/LiF/SiC/LiF ML

Rodríguez de Marcos et al., Proc. SPIE 8777, 87771E (2013)

Imaging solar corona: Lyβ much weaker than Lyα
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Narrowband coatings at Narrowband coatings at λλ<<100 nm100 nm

Eu/SiO/Al/SiOEu/SiO/Al/SiO MLML

Materials strongly absorb in 60 nm<λ<100 nm!!

Larruquert et al., Proc. SPIE 8076, 80760D (2011)
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Al/MgF2 keeps the paradigm:
–Refl enhancement by heating: could be 

mature in few years
–Refl extension to λ=90 nm with ultrathin 

MgF2: needs to demonstrate feasibility

SummarySummary

AcknowledgmentsAcknowledgments
Spanish Programa Nacional de 

Astronomía y Astrofísica
AYA2013-42590-P


	Coatings for the far UV
	Al protected with MgF2: the paradigm
	Al protected with LiF: the paradigm at [100-120] nm
	Al/ MgF2: improved Refl. due to cleaner techniques
	Al/ MgF2: improved Refl. due to cleaner techniques
	Refl increase of Al+MgF2: �MgF2 deposited on hot (220C) Al (+a little MgF2)
	And the same for Al+LiF: �LiF deposited on hot (250C) Al (+a little LiF)
	And the same for Al+LiF: �LiF deposited on hot (250C) Al (+a little LiF)
	Can we use the magics of Atomic Layer Deposition?
	Extended high Refl down to 90 nm: �ultrathin protection (MgF2 or AlF3) for Al
	Extended high Refl down to 90 nm: �ultrathin protection of MgF2 for Al
	Extended high Refl down to 90 nm: �ultrathin protection of MgF2 for Al
	ALD MgF2/AlF3 to protect Al: difficulties
	Roughness of Al films: importance of grain width
	Roughness of Al/MgF2 films
	Grain width:�~or<  
	Can we minimize roughness of Al films?
	Broadband mirrors: down to <100 nm
	Narrowband mirrors centered at >120nm�MLs with two fluorides, such as (MgF2/LaF3)n
	Transmittance filters: peaked at >120 nm
	Narrowband mirrors centered at ~100nm�Al/LiF/SiC/LiF ML
	Summary


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /ESP <>
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


