Table-top EUV/XUV source

Generating 2-20 nm wavelength

radiation
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Principle of }
laser-produced plasma < oo,

Gas-Jet

o High-energy laser focused on
gaseous target

o Emission spectra depending on
target gas

EUV, —m———————— . XUV | »

25000 | ' '
2
Xenon ?:‘2 1<iaa .  60- N VI 1s°-1s2p o N2
W 20000 - Oxygen ST owm = N VII 1s-2p
= 2 2 S - Ar
= 1s°2s - 1s"3p o
8 T e
0O 15000 [m)
8 O
2 $)
>
5 10000 =
c w
[7] c
E 9
- ovl 2 =
5000 — ) )
1s"2s -1s"4p
o T T T T T T T T )
3 9 10 1 12 13 14 15 2,0 2,5 3,0 35 4.0 4,5 5,0
Wavelength [nm] Wavelength [nm]



>

Laser-produced plasma <L
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Focusing of laser plasma:

Nd:YAG Laser
800mJ, 7ns
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X-ray microscopy

Table-top microscope
operating at A = 2.88 nm
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Monochromatic radiation @A = 2.88 nm >
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Table-top x-ray microscope < Casor.
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Micrographs @A = 2.88 nm Cocorctoriun
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o Compact, stable soft x-ray microscope
o Spatial resolution = 50 nm (up to now)
o Next step: biological samples

M. Mdller, K. Mann, Optics Express 2014




Micrographs @A = 2.88 nm Laser
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NEXAFS spectroscopy

Near-edge x-ray absorption
fine-structure spectroscopy
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NEXAFS - Principle <}$%mm
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<« Absorption-edges in the XUV wavelength
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NEXAFS - Setup

o Table-top system
o ,Single-shot"
o Pump-probe exp.

XUV plasma (Kr)
with pinhole camera
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NEXAFS - Measurement Laser

|_aboratorium
Gottingen e. V.

B
14000 r T r T - 1 . I . 1,0 - - -
T Trmsrission Saroon (GXRO) | <« Emission spectra of Krypton with and

12000 - . without sample
_ L -~ —— with Polyimid (d=200nm) Jos W | t h 0 ut S am p | e
é 06 <
(] .g
$ e
) 0,2

T T T T 0,0

200 250 300 350 400 450
Photon Energy [eV]

Optical Density

» NEXAFS spectrum of Polyimide I ————

Photon Energy [eV]




>
Setup of NEXAFS Spectrometer <L
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<« XUV — NEXAFS (2-5 nm)

» EUV — NEXAFS (7-16 nm) [




NEXAFS — Results Il

PCMO (Perovskite-type manganate)

Pr,_.Ca,MnO;
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NEXAFS spectra

!
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Ca L-edge:
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P. GroBmann, K. Mann et al., Rev. Sci. Instr. 83 (2012)

F.-C. Kuhl, Bachelorarbeit (2013)
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EXAFS: Cl L-edge of NaCl <L
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EXAFS structures A
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MnCl2 and Fe203
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Brilliance improvement by density

enhancement

ambient
pressure:

1 bar

103 mbar

<

Nitrogen
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o local density
enhancement by
,wbarrel shock*

efficency

o variable distance
nozzle minimizes

o Improved conversion

degradation effects
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The barrel shock
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EUV damage

Material interaction studies with
13.5 nm radiation
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EUV Schwarzschild Objective <L
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Primary
mirror

EUV source

Secondary

mirror Focus

Schwarzschild Objective
o Magnification 10:1

o High numerical apterture (0.4)
o Generation of high energy
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EUV Damage: Optics <L
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EUV Damage: Substrates

» Damage of Silicon
wafers at different
EUV energy
densities
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EUV reflectometry

Reflectometry @ 13.0 nm
wavelength
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EUV reflectometry: Setup <L
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150um slit aperture

detector:
EUV photodiode
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EUV reflectometry: examples

V¥ Carbon layer,
thickness 75nm
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EUV Beam characterization

Wavefront sensor and coherence

measurements
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Test of EUV wavefront sensor at }
Free-electron laser (FLASH) < Gy




EUV wavefront sensor: }
Beam adjustment at FLASH < Soorowrm,
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B. Fléter, K. Mann, K. Tiedtke et al. NIM A 635, S108-S112 (2011)
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Caustic measurement at FLASH . <L

|_aboratorium
Gottingen e. V.

E—
h ~ . e . 4 » *“~ "_'3"" » ,3‘
,(\6 | Phosphor coated screen ’ L -
\<bG Focal plane =N . al f Long working distance
. SR microscope
U Microscope 10x CCD camera Y, '

(—)/

&l | - - . LI
/lpsolda/m /— a R > ~ Do, = \
o) - :

Phosphor screen Translatlon stage

" i N Iy

1 Intensity distribution Beam diameter '
300} dy , dy [Um]
200} o |\ / :
400} ! \ / /
100y 3s0f | N e
E o 300r O\ /4
= 250F | SO\ ya
| NN /
—100} 200 \ S
. N 4
150 AN A
—200} : Ny 4
100f | /
: o
~300} 50r \\x
7300 —200 100 0 100 200 300 T 100 150 200 z [mm]

X[um]



ylum]

|_aser-
|_aboratorium
Gottingen e. V.

Coherence calculation by
the Wigner distribution function . <
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