General goal: processes that affect the
reflectivity of Ru-coated Mo/Si EUV mirrors;
possible mitigation.

Techniques: XPS, LEIS, TPD
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Temperature programmed desorption of
water from contaminated Ru

TPD of H,Ofrom sk - exposed RU10D)  TPD of D,Ofrom 8% carbon-covere d Ru(1010)
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~acetone decomposes completely on 0.5 ML of oxygen on Ru(1010)

~acetone reacts to remove oxygen as H;0, CO upon heating

«repeated heating leads to carbon accumulation on surface

Thermal stabihty of a thick MMA f‘ Im (7-10 nm) under
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- Electron irradiation of an adsorbed MMA film (100eV, 2.4x10%%e/cm?)

leads to polymerization of MMA

Multilayer Mirrors

High Reflectivity at
13,5 nm waveiengih

Lifetime of Muiiayer Mirrors

wilhoul capping layer is very short

-> Oxidation

Ru deposiled directy on Sior Mo

is not possible
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TPD of water fnom two different Ru surfaces
(0001) and (1070)
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Highest T peaks correspond to recombination, OH + H — H,0

What do e-beams and EUV do to water on Ru

Primary irradiation sources:
e-beam

Secondary irradiation source:
photo- and secondary electrons

Our goal -+ to quantily boam damage in water layer on Ru

€O, H, — dissociation
products of (CH,),CO
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50% of the surface is covered by C following depaosition of single dose of acctone

Thermal desorption of MMA and its reaction
products, for clean Ru and O-covered Ru
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One monolayer of MMA dissociates on both surfaces.
MMA reacts and removes o
heating.

Secondary electron yield of Ru(0001)
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Outline Interaction of H,0 with
clean, O-covered and C-
covered surfaces

focus on H,0 / Ru(1010),
adsorption, desorption,
reaction

Asomic strueture of Ru sur faces
in some eupping layers

Electron-stimulated
surface processes
desorption, dissociation,
oxidation; H,0 on
Ru(1070)

Interaction of acetone and
MMA with clean and O-
covered surfaces
cough desorption, dissociation,
The (0001) and (1070) faces of an ideal hop accumuiation of C on

- possible surlaces in cappng layers Ru(mio)
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Carbon growth may
inhibit oxidation ~
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To messure onset of C
reactions, a sensitive
spectrometry is needed:
low energy fon scattering
(LEIS)
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Electron-induced dissociation of H,0 on

Ru(1010)
“Bombard ~2ML H;0 with 100 &V electrons

“Thermally desorb all H,0 (TPD). measure residual O using LEIS
Temperature Pr Low Energy lon Scailering of

1000, sdeorpton

raom
~

Residual O

TPDHO signal art un.

W @
T.K tacs) o 15 80 x 10"
e o,

' Carbon contammatlon of Ru by adsorbed acetone
effects of repeated

co

&\

!

AR
2

-
L

T.K
Top two panels: Each shows selected
TPD spectra for a series of (CH,),CO
doses on Ru(1010).

Bottom panel: LEIS spectra for clean
Ru, and for C-covered Ru.

After 12 adsorption/desorption cycles,
the surface is covered with a C layer
and reactivity is greatly reduced.
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Electron irradiation of Ru at 180K, exposed to
MMA vapor

Electron fluence: 9510 7e/ca’, 1006V at 130 K
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Summary
« Water adsorbs molecularly and dissociatively onRu(1070),
Ru(0001)

« Two e - induced dissociation processes on Ru

fast(e” + H;0 > H + OH)
slow (¢"+OH > O+H)

+ Acetone and MMA dosed onto O-covered Ru react to
remove O upon heating

+ Acetone and MMA adsorb dissociatively on Ru resulting in
the accumulation of surface carbon.

« Electron irradiation of adsorbed MMA causes the growth of
strongly bonded C-contained fragments as well as
polymerization
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