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Aluminum as a Reflector

ÅNASA (Goddard Space Flight Center)

ÅCurrently developing LUVIOR (Large, UV-

optical-IR)

ÅLUVOIR 

ÅNASA observatory of the 2020õs or 30õs

ÅLargest mirrors ever put in space

ÅBeing designed to operate in 

ÅUltraviolet regions

ÅVisible Regions

ÅInfrared Regions

ÅReflective coating will be Aluminum

By Ruffnax(Crew of STS-125) -

http://catalog.archives.gov/OpaAPI/media/23486741/content/stillpix/255-

sts/STS125/STS125_ESC_JPG/255-STS-s125e011848.jpg, Public Domain, 

https://commons.wikimedia.org/w/index.php?curid=6826183

By NASA/JPL - http://photojournal.jpl.nasa.gov/catalog/PIA20911, Public 

Domain, https://commons.wikimedia.org/w/index.php?curid=51001293

https://commons.wikimedia.org/w/index.php?curid=6826183
https://commons.wikimedia.org/w/index.php?curid=51001293


Aluminum as a Reflector

ÅPros of Aluminum

ÅInexpensive

ÅEasy to work with

ÅDepositions are trivial

ÅDeposition is reproducible

ÅSuperior reflective material

ÅWidest bandwidth of reflectivity of all materials 

ÅCons

ÅAluminum begins oxidizing instantly

ÅOxidation causes optical losses and attenuation-UV

By FK1954 - Own work, Public 

Domain, 

https://commons.wikimedia.org/w/in

dex.php?curid=7727093

By Zaereth- Own work, CC0, 

https://commons.wikimedia.org/w/index.

php?curid=19963506

By Lewis Ronald - Own work, CC BY-SA 

3.0, 

https://commons.wikimedia.org/w/inde

x.php?curid=20026696



Protection of Aluminum

ÅBarrier layers
ÅFluoride thin films

ÅTransparent

ÅMgF2 is generally used
ÅWide bandgap

ÅMinimal optical interference

Å25 nm is used

ÅOther fluorides 
ÅLiF

ÅAlF3

ÅMultiple thin film barriers with different fluorides
ÅSuperior protection barrier

ÅThe right combination of fluorides
ÅCan create òdielectric mirrorsó

ÅAble to reflect between 91 and 105 nm independent from 

aluminum 

http://www.samaterials.com/lithium/120

9-lithium-fluoride-lif.html

http://www.samaterials.com/fluorine/1227-magnesium-

fluoride-mgf2-powder.html

http://www.samaterials.com/fluorine/1375-

sodium-aluminum-fluoride-na3alf6-cryolite.html



Dr. Matthew Linford/Dr. David Allred Labs

ÅEnd Goal
ÅDielectric mirror

ÅDeposit and analyze

ÅMultiple thin film barriers with different 

fluorides
ÅSuperior Al protection barrier

ÅThe right combination of fluorides
ÅCan create òdielectric mirrorsó

ÅAble to reflect between 91 and 105 nm 

independent from aluminum 

ÅDevelop/Refine analytical techniques

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

Layer 6 - MgF2

Layer 7 - LiF

Layer 8 - AlF3

Si Substrate

Layer 1 - SiO2



ÅKurt J LeskerPVD 75

ÅJA WoolamSE 

Å5 feet apart

ÅDynamic mode

First Step-Oxidation of Bare Al

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 23 nm

ca. 300 nm

Si Substrate

Layer 1 - SiO2



First Step-Oxidation of Bare Al



ÅKurt J LeskerPVD 75

ÅJA WoolamSE 

Å5 feet apart

ÅDynamic mode

ÅStatic Fit

ÅFix Al2O3 to 0.1 nm

ÅFix MgF2 and Al to QCM 

values

ÅRelax Al coefficients 

ÅLow MSE

ÅDynamic fit

ÅIterate Al2O3/MgF2/Al 

ÅLow MSE
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First Step-Oxidation of Bare Al

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 23 nm

ca. 300 nm

MSE-3.901

Si Substrate

Layer 1 - SiO2

y = 0.1268ln(x) + 0.2916
R² = 0.9945
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Al Oxidation on Bare Al

Bare Aluminum

y = 0.1268ln(x) + 0.2916
R² = 0.9945
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y = 0.1268ln(x) + 0.2916
R² = 0.9945
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Oxidation of Protected Al

ÅDenton Evaporator

ÅDual Evap

ÅAl

ÅMgF2

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 15 nm

ca. 300 nm

Layer 6 - MgF2

Si Substrate

Layer 1 - SiO2

y = 0.1268ln(x) + 0.2916
R² = 0.9945

y = 0.0257ln(x) + 0.0634
R² = 0.9032
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Al Oxidation on Bare Al/Protected Al 

Bare Aluminum 8.07 nm MgF2



Oxidation of Protected Al

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 15 nm

ca. 300 nm

Layer 6 - MgF2

Si Substrate

Layer 1 - SiO2
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Al Oxidation on Bare Al/Protected Al 

Bare Aluminum 8.07 nm MgF2

Thinner MgF2

Thicker MgF2



Oxidation of Protected Al

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 15 nm

ca. 300 nm

Layer 6 - MgF2

Si Substrate

Layer 1 - SiO2
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Al Oxidation on Bare Al/Protected Al 

Bare Aluminum 6.93 nm of MgF2 8.07 nm MgF2

Thinner MgF2

Thicker MgF2



Oxidation of Protected Al

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 15 nm

ca. 300 nm

Layer 6 - MgF2

Si Substrate

Layer 1 - SiO2
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Al Oxidation on Bare Al/Protected Al 

Bare Aluminum 4.74 nm of MgF2

6.93 nm of MgF2 8.07 nm MgF2

Thinner MgF2

Thicker MgF2



Oxidation of Protected Al

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 15 nm

ca. 300 nm

Layer 6 - MgF2

Si Substrate

Layer 1 - SiO2
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Al Oxidation on Bare Al/Protected Al 

Bare Aluminum 1.33 nm of MgF2 4.74 nm of MgF2

6.93 nm of MgF2 8.07 nm MgF2

Thinner MgF2

Thicker MgF2



Oxidation of Protected Al

Layer 2 ðSi3N4

Layer 3 - SiO2

Layer 4 - Al

Layer 5 - Al2O3

ca. 15 nm

ca. 300 nm

Layer 6 - MgF2

Si Substrate

Layer 1 - SiO2
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Al Oxidation on Bare Al/Protected Al 

Bare Aluminum 1.29 nm MgF2 1.33 nm of MgF2

4.74 nm of MgF2 6.93 nm of MgF2 8.07 nm MgF2

Thinner MgF2

Thicker MgF2


