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SourceSource

Source:                         TS Source:                         TS 

SizeSize ofof the source:       12 x 12the source:       12 x 12 µµmm

WavelengthWavelength:                 0.5 A :                 0.5 A 

DivergenceDivergence ΩΩ 8 8 mradmrad

DistanceDistance sourcesource –– detector:   15 mdetector:   15 m

Area Area ofof illuminationillumination 0.12 m0.12 m

GoalGoal

IncreaseIncrease divergecedivergece ofof the source and the source and thereforetherefore

the area the area ofof illuminationillumination up up toto 0.24 m0.24 m

GeometryGeometry

ofof the the opticaloptical systemsystem



XX--rayray reflectivereflective opticsoptics

basicbasic rulesrules

CriticalCritical angleangle

The The indexindex ofof refractionrefraction forfor xx--rayray

radiationradiation isis

n=1n=1--δδ--iiγ  γ<δ<<1       γ  γ<δ<<1       Re(n) < 1Re(n) < 1

Total Total reflectionreflection belowbelow a a criticalcritical

angleangle

θθcc =(2δ)=(2δ)1/2 ∼λ∼λ

θθcc ((PtPt, , λλ=0.05 =0.05 nmnm) = 3.4 ) = 3.4 mradmrad << << ΩΩ=8 =8 mradmrad



GeometryGeometry ofof grazing grazing 

incidenceincidence opticsoptics
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HyperbolicHyperbolic reflectingreflecting mirrormirror

AllAll xx--raysrays emittedemitted fromfrom the the 

source and source and reflectedreflected fromfrom

the the hyperbolichyperbolic surfacesurface givegive

a a divergentdivergent beambeam havinghaving

a a secondarysecondary imaginaryimaginary source source 



Length of the mirror L=0.25 m

material Pt

Critical angle 3.4 mrad

Eccentricity

Acceptance angle increase with increase

of the eccentricity e

but

divergence Φ of the reflected beam

decrease therefore

Acceptance angle < θc=3.4mrad

 ββββmax ~1 mrad << Ω = 8 Ω = 8 Ω = 8 Ω = 8 mrad
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HyperbolicHyperbolic reflectingreflecting mirrormirror



ShortShort--periodperiod multilayersmultilayers

CriticalCritical angleangle

θθcc =(=(δ)δ)1/21/2 εε=1=1--δδ+i+iγ  γγ  γ<<<<δ<<1δ<<1

θθcc ((PtPt, , λλ=0.05 =0.05 nmnm)=3.4 )=3.4 mradmrad<<<<Ω=8 Ω=8 mradmrad

MultilayerMultilayer mirrormirror

2dSin(2dSin(θθmm))=m=mλλ dd=2=2−−3 3 nmnm
θθ11=8=8--12 12 mradmrad

Ni / C Ni / C d=3.15d=3.15 nmnm

R.DietshR.Dietsh, , S.BraunS.Braun,,T.HolzT.Holz, , H.MaiH.Mai, , 

R.ScholzR.Scholz, , L.BrugemannL.Brugemann

““MultilayerMultilayer xx--rayray opticsoptics forfor energyenergy

E>8 E>8 keVkeV and and theirtheir applicationapplication in in xx--rayray

analysisanalysis”” SPIE SPIE 



ShortShort--periodperiod multilayersmultilayers

C.Liu, R.Conley, A.T.Macrander, T.Graber, 

Ch.Morawe,C.Borel, E.M.Dufresne,

”Small-d-spacing WSi2/Si narrow bandpass multilayers”

Proc. SPIE, Vol. 5537, 154 (2004)

Multilayer (0.965 nm WSi2)/(1.005 nm Si)

d=2 nm

Advantage of WSi2/Si multilayer

High temperature and radiation load stability

Simulated reflectivity and bandpass for

WSi2/Si (d=2 nm) x 300 multilayer

R (E=25 keV) = 80 %

Reflectivity scan carried out at the

ChemMatCARS-CAT of the APS at 25 keV

R(E=25keV)=66%, bandpass 0.67%

θ1=12.5 mrad



HyperbolicHyperbolic reflectingreflecting mirrormirror

Length of the mirror L=0.25 m

WSi2/Si multilayer

θθθθ1111=12.5 =12.5 =12.5 =12.5 mrad

Eccentricity

Acceptance angle

 βmax ~ 4 mrad = Ω/2
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HyperbolicHyperbolic reflectingreflecting mirrormirror

OpticalOptical system (system (hyperbolichyperbolic))

CryticalCrytical angle (angle (multilayermultilayer):     8):     8--12.5 12.5 mradmrad

DistanceDistance sourcesource –– mirrormirror:          0.2 m:          0.2 m

LengthLength ofof mirrorsmirrors:                     0.25 m:                     0.25 m

DivergenceDivergence ΦΦ 16.4 16.4 mradmrad = 2W= 2W

Area Area ofof illuminationillumination 0.24 m0.24 m

AcceptanceAcceptance angle:                      4 angle:                      4 mradmrad

SurfaceSurface ofof the the mirrormirror isis coveredcovered byby

laterallylaterally gradedgraded multilayersmultilayers
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LaterallyLaterally gradedgraded multilayersmultilayers

PeriodPeriod ofof the the multilayermultilayer increaseincrease

SimulationSimulation ofof the the reflectivitiesreflectivities ofof

Ni/C, Ni/B4C, Mo/B4C, and W/B4C Ni/C, Ni/B4C, Mo/B4C, and W/B4C 

multilayermultilayer systemssystems withwith 75 75 periodsperiods

forfor E=30 E=30 keVkeV radiationradiation

R(d>3.5 R(d>3.5 nmnm))-->80>80--90 %90 %



EllipticalElliptical focusingfocusing mirrorsmirrors



EllipticalElliptical focusingfocusing mirrorsmirrors
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Material   Material   PtPt
DistanceDistance sourcesource ––mirrormirror:           1 m:           1 m

CriticalCritical angle:                           3.4 angle:                           3.4 mradmrad

AcceptanceAcceptance angle (angle (ΦΦoptopt)             )             1.4 1.4 mradmrad

LengthLength ofof the the mirrorsmirrors:               :               ~~1 m1 m

DivergenceDivergence ~ 3mrad~ 3mrad

DistanceDistance 0.2 m0.2 m

Acceptance angle                      1.4 Acceptance angle                      1.4 mradmrad

Length of the mirror                  ~0.2m Length of the mirror                  ~0.2m 

Divergence ~ 3mrad

MultilayerMultilayer

ResonanceResonance angle (angle (θθ11)                8)                8--12.4 12.4 mradmrad

AcceptanceAcceptance angle angle ((ΦΦoptopt)          )          4.6 4.6 mradmrad

DistanceDistance 1m1m

LengthLength ofof the the mirrormirror 0.97 m0.97 m

Divergence ~ 8-10  mrad

DistanceDistance 0.2 m0.2 m

AcceptanceAcceptance angle (angle (ΦΦoptopt)          )          4.6 4.6 mradmrad

LengthLength ofof the the mirrormirror ~0.2 m~0.2 m

Divergence ~ 8-10  mrad

2 mirror or ellipsoid

Divergence ~16 mrad



Multiple Multiple mirrorsmirrors

θc(Pt)=3.4  mrad Φ0=Φ+4θ ~16 mrad

D~15m*16mrad ~ 0.24 m
I.Bukreeva, A. Surpi, A. Gerardino, 

S.Lagomarsino, F. Perennes, M. Altissimo, 

S. Cabrini,A. Carpentiero, A. Vicenzo and 

P. Cavallotti, Multiple micro mirrors for X-ray 

focusing and collimation, Optics Communications, 

259, 366- 372, (2006).

I.Bukreeva, A.Gerardino, A.Surpi, A.Cedola, 

S.Dabagov, S.Lagomarsino, 

Design and simulation of nested x-ray mirrors, 

Proc. SPIE,  vol. 5974 (2005).



Experimental results with Experimental results with 

deep Xdeep X--ray lithographyray lithography

• 4 mirror system for 
synchrotron radiation

• Mirrors in Ni grown by 
electrochemical deposition

2.5 cm long
120 µµµµm thick



Experimental results with SU8Experimental results with SU8
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• Few-centimeter 
long self-standing 
mirrors
• No enlargement 
in the process


