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Fresnel zone plate

Zone plate achieving
resolution of 12 nm using EBL

Weilun Chao et al, OE, 2009
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Multilayer Laue Lens (MLL)
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Advantages:

e Depositing on flat substrate .
e Outmost layers which determine the é .
resolution is deposited firstly, better
control

Much larger aspect-ratio: ~1000
Smaller outmost layers: ~10nm



Intensity (cps)

H. Yan et al, OE, 2011

Review on MLL studies

Achieving a 2-D focus of 25X 27nm? at 12keV
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Design of the Multilayer Laue Lens

One dimensional Coupled wave theory (1-D CWT)

Fourier expansion of MLL's permittivity:
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Design of the Multilayer Laue Lens
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Fabrication of the Multilayer Laue Lens

Facilities for fabrication and measurement

Linear Magnetron Supttering Machine XRR(Cu k-alpha)

Circular Magnetron
Supttering Machine



Fabrication of the Multilayer Laue Lens

Deposition rate drift
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Characterization of Multilayer Laue Lens

Without
marking layer

With marking
layer
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Characterization of Multilayer Laue Lens

SEM images of the MLL cross-section
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Total thickness of 27 um with layer number of 1582

* Flat and sharp interface
* No buckling or peeling
e Remain undamaged after the repeated grinding and polishing



Characterization of Multilayer Laue Lens

Schematic of the focusing measurement of MLL on BL 15U, SSRF
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Characterization of Multilayer Laue Lens

WSiz/Si MLL achieving a 1-D focus of 92nm
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curvature(m™)

Stress study on WSi,/Si multilayer

Stress of WSi,/Si multilayer under different pressure
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Stress study on WSi,/Si multilayer

Stress of W,_Si,/Si multilayer with different ratio x

Sample S1 S2 S3 S4
Power for Si (W) 20 40 60 80
Power for W (W) 30 30 30 30
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Stress (Gpa)
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WSi,/Si multilayer with different gamma

—n—2mTorr, D=20nm, N=20, mean ]

—o— D=20nm, ga=0.5+0.2

\E
\E

0.2 0.3

04 05 06

gamma=Si/D

0.7

- dsi

s optd
A\ dwsi2

¥, opt2

"

v opt]

o [=2] =]
(=] (=] (=]

B
o

layer thickness (nm)

(93]
(=]
T

]
(=]
T

0 5 10 15

| E=14keV, f=12.05mm, Ar,, ,=20nm,
40um-MLL, Ndep_=2500

[ ——1=0.5, MLL
[ —o—multiy, d,,g,
—0—multi-y, d;

20 25 30 35 40
distance from substrate (um)

Total thickness 38.1um and total layers number 2500



Efficiency

WSi,/Si multilayer with different gamma

MLL efficiency with different Gamma

20keV, WSi2/Si, out=5nm, depth z=20um, -1 order,gamma=d_Si/D
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Energy of 14keV with thickness of 50 um

Design of WSi,/Al, 45Si, ,, MLL

Drour=15nm Optimal Average Focal length | FWHM (nm)
depth (um) | efficiency (%) (mm)
W/Si 2.91 26.84 17.51 26.80
W/Al 3.00 26.52 17.51 26.80
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Summary

MLL was designed by CWT;

WSi,/Si MLL with thickness 27um and N=1582 was

fabricated by DC magnetron supttering;
The position of each layer is determined by marking layers
MLL was characterized at SSRF, 92nm 1-D focusing at 14kev

WSi,/Al, 4¢Si; o, MLL was designed to improve the stress

problem and enhance the aperture.
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