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Tools to stud\{ EUV Multilayers
|

< Al is partially transparent <70 nm
% Surfaces- Non Ideal

-« Roughness, Layers: Oxides,
% Qptical Constants->40nm

BYU EUV Optlcs
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+ Processed inf Space; -
— Processing may: mean
+ Al coating™ on' Earth=prepared EUNVEMIEmIToLR
+ It may mean removal off one o moererbarerlayerss:
+ Probably both need to be developed:
—Point of use.
= fa“\‘rom Earth.

- It s ﬁelpful to devise and perfect tools.
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* Life prolongation of far ultraviolet reflecting aluminum coatings by periodi
recoating of the oxidized surface. Juan Ignacio Larruguert, Jo. Antonio Mendez, Jose
Antonio Aznarez, Optics Communications 135 (1997) 60-64 + Burtonproposed removing
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OURFGEAIS:
+ Doubling™ the effectiveraneWidtnrorn
aluminum: MIKFFeKES

+ Provide info about tradeoiiis to thiose
Making decISions fior decadal Feviews

+ Advance the TRL for s*'r):]r"#,)r\)r*ss:)e‘l o)e) e
aluminum mirrors withr EUV bemneatiy

s Educa“é students
y Develop tools

L/z

p')

*From current 0 to ~10 eV to 0 to ~20 eV ¢
to 15 + another 5eV further on in EUV

124nm to 62nm or e.g., 124 to 83 & 62-56 n
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+ Introaduction:

+ Tool
aluminum: in Space

— Development ¢ Jf
characterization

— Atomic Hydroge
. .
- Processmg at point or use=

Removable protective coatings: =
Two varieties
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1. Preliminai/ AtemiCi=yuioUERNIOEESE
EXpernment PelymeEREImNEmoyeal

samb\les in 10

CH,Oy + H = Volatile compotl
Hydrocarbons & H20



hanometers etched in 8 min. H2 plasma- from
wafer center (0) outward to edge (-2 inches)




2. VU measurement o AlNmFermacdeNneSite

+ AN evapoeratenis BeEING Set P tercoat thENMIION
N the champber tself

+ the mirror will' rotate around ter WhEREeN S USEas

+ The evaporator will'be pulled backsUprotit o the
way so the rotation measureEmeEnts can be made:

High
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p ower Ultravialet
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VUV measu
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VUV measurementoeirAlfmimer madenn St

= MargahEet IMITESIRRIS EVEIIRINII EN,
AV CNAngloleenirorrlizitars orlnie) ligrit to

ScattERNG ChabES:

+ An evaporator IS Deing Set U to codt the
MIrror Ini the V\/-mwuraman i ClAIMBEN:

+ The mirror willfrotateraroURERORIIERENISS
used.~

+ The /ev\aporator will-be pulieas DI QUE Of
the way so the rotation measurements caim

be made. —
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VUV measureEmentoirAINmiigermaceNnESIi

[
|

-

S

/

his is the evarg
box to coat the
within the VU\
measureme

rator
irror




- ©
s 7))
L ©
O <0
X -
.-“ o
— v O
— o
v
vy ) 3
g O 1=
y—
© S S
g > =
) e S
-

dnein

V¥ L) O
S



\/OUN-measul: me At OIFA ffJJffJf' G ENRESI

E 2l
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VUV measureEmentoirAINmiigermaceNnESIi
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‘ N:1 e pullec
up out of the path of the
-detector & sample stage after
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VUV measu
+ Results are still
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3. Develeping ex SIituNeeISTterSEEN|
(& hew fast)rar SuHaCENSIoXItIZRNG

+ Ellipson e-rr‘\ anad Xps (x=ray: pPRotes
electron spectroscopy.)

'\



W o evaporated
meaiately af

dlUMIRUmTaRcs
aiter magnesitm

magnesiung
fluoride



/2l 0)C) el T ORI

Hx « Purpose: see if
S we can find a
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Spectroscopic Ellipseometnc meastiements

=| 8 srough 0.000 nirm

7 mgfZ 7455 nm
b (allo3 cll) Coupled to # 0.48Y nm

5 al_palk_g 34.385 nm
4 sinonsiod 694,805 nm
3 5o jaw 2.000 nm
0. 400 nm

1000000000

~10,000 values interpreted with
small # of numbers: thicknesses & #
that describe how index changes wit
wavelength. (Parametric model)




1.8
1.6
1.4
1.2

0.8
0.6
0.4

-1

modelled alumina thickness in nm vs. log[time(hr)]-

y=0.3377x + 0.6257

-05 0 0.5

Si3N4 thickness also fit

R2=0.9485 .

1 15 2 25 3 35 4




EllipSemeticimeasuEMeERiS

Alumina thickness log[time(hr)]-in nm
Si3N4 thickness was also fit by program.

1.2

1.091

y =0.2296x + 0.6664
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2.2

1.8
1.6
1.4
1.2

EllipSemeticimeasuEMeERiS

Alumina thickness log[time(hr)]-in nm
Si3N4 thickness was also fit by program.

y = 0.5375x + 0.0749
R? = 0.9965




Al thickness In[time(hr.)] in nm
SiN thickness allowed to vary

y = -0.1626x + 34.538
R = 0.8725
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EllipSemeEtiCANEASUEMERISE
SUMIMAIR/CRSERW UGS

+ Ellipsometry can e tused for
dependent studies When ti

transparent barrier Jvéru/ar
— The aluminum gets thinner &

— the aluminum oxide grows: thicker

+Fm\|t|al layer is on top’ of Al
- Logartihmic behavior suggested

' Angstrom level resolution! is possible;

- Mlcrochemlcal analysis could be helpfiul
EDX or XPS.



Take ieme TN
+ Spectoscopic Ellipsemetny can Wolkia s a oo NoigoXiactonio)
ultrathin' layers.
= Work needed to checkiiiFtheserare abseltte amountsroimaterals
+ VUV reflectance studies off insSitufmikrorIS comingralony
+ Atomic Hydrogen etches PMMA adeguately,
— Also still to be done Is:

= will the polymer block oxidation longrencughrtorplisadditonal
barrier layers that are removable
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50 GUESHONS AEUINIEXTS
MITOLS 1ok J,)a. 5 based observaunes

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



Optimizing REHECIARNCEN VI
AlUmintim

+ Extends range off UV to ~835 nm (15
eV)




