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Capping layer SiO2 TiO2 V2O5 Cr2O3 Mn2O3 Y2O3 Nb2O5

Reflectance/% -0.3 -0.2 -0.3 -0.7 -0.5 0.1 0.1

Density/(g/cm3) 2.95 4.25 3.36 5.22 5.03 5.03 4.5
Capping layer RuO2 Rh2O3 PdO SnO2 La2O3 CeO2 WO3

Reflectance/% 0.2 0.1 -0.3 -2.3 -0.5 -0.7 -0.4

Density/(g/cm3) 7.04 8.02 9.7 7 6.51 7.65 7.3

Oxide capping layer 1.7nm
with low absorption

Si/Mo multi-layer mirror

Reflectance:
Si/Mo =0.39 d=7.014nm
+
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Zr filter

Folding mirror

Lord lock chamber

Irradiation 
chamber

Q-MS

SR-beam

Sample

Photo
diode

InsideApparatus

SR-beam:SuperALISSuperALIS SBL2
Light intensity:24mW/mm2

Light dose:180J/mm2

Background Pressure:5e-7Pa
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Irradiation 
chamber

Q-MS

SR-beam

Sample

Inside

Apparatus

Carbon coated mirrors

Photodiode

Lord lock 
chamber

SR-beam:NewSUBARUNewSUBARU BL9
(long undulator)

Light intensity:250mW/mm2

Light dose:1500J/mm2

Background Pressure:2e-7Pa

Water pressure 9.0e-4Pa
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Cap
1 Nb2O5 0.19 ×10-2

2 TiO2 0.07 ×10-2

3 Cr2O3 -0.43 ×10-2

4 CeO2 -0.53 ×10-2

5 V2O5 -0.59 ×10-2

6 Rh2O3 -1.12 ×10-2

7 Mn2O3 -2.48 ×10-2

8 RuO2 -2.67 ×10-2

9 WO3 -2.73 ×10-2

10 Ru -3.25 ×10-2

( R/Ro)/(1kJ/mm2)

Reference
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SAGA Light Source

Zr filter

Folding mirror

Lord lock chamber

Irradiation 
chamber

Q-MS

SR-beam

Sample

Photo
diode

InsideApparatus

SR-beam:SAGASAGA--LSLS BL18
Light intensity:70mW/mm2

Light dose:1500J/mm2

Background Pressure:5e-7Pa

BL18 2008 BL

SuperALIS
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(Ru(Ru--cap)cap)
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SAGASAGA--LSLS

SuperALISSuperALIS

SR

R/Ro=(a*ln(pressure)+b)*dose

a=1.44e-5
b=1.96e-4

a=1.53e-5
b=2.25e-4
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NewSUBARU
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EUV
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Capping Layer and Si Layer
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Metal ion

Oxygen ion

Metal ion

Cap

Durability - ion radius ratio

Durability - Si oxidation

Tight packing 
octahedron
contributes to anti-
oxidation property.

Si oxidation
> Reflectance drop
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RuO2 Layer

RuO2

MeasurementMeasurement
SpringSpring--88

BL46XU, BL18B2

RuO2

factor

Radial Distribution Function from EXAFS

Short range 
order
6 coordination
octahedron.

Ru/O ion radius ratio 0.6
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Al (222)

Mo (110)

Mo (112)

Grazing Incidence X-ray Diffraction

Amorphous

No RuOx peaks
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EUV
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(SAGA Light Source)
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SAGA-LS BL15 DEI

1 2 1
1 1

1SAGA-LS 2

Diffraction Enhanced Imaging (DEI)

Sample

2-D detector

Less contrast!

Sample

Clear contrast!

(a) Transmission image

(b) DEI image
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DEI
Phase gradient image DEI CT
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SAGA-LS
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SAGA-LS
(LCS)

CO2 CO2 LCS

1.4 GeV 10.6 m CO2 LCS
3.5 MeV 14 

MeV LCS RF LCS
CO2

CO2

1 LS8
LS8

5 m 10.6 m
ZnSe Si LCS

100 mA 10 W
3×106 photons/sec ( 10%)
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