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Laser Plasmas & ‘\@
Soft X-rays p

Shock front

T.(eV) = (A> PowerDensity)3/> o onats Target
(Columbant & Tonan, JAP 44 1973) blowoff plas\ma

pulse
Average charge = 0.67 (AT,)!/3 \

High density
plasma

n, ~10% - 10%t cm3(n_.~10%/A%cm3)

Expansion velocity ~ 10— 100 um/ns
(~ 10° - 107 cm/s)
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For an optically thin plasma:
'Dlines:’D .'Dbrem = 100:10:1

recomb*
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Biologists Requirements \\’

Cell Diameter ~ 10 um
Organelle size < 200 nm
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Fluorescence
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Different Microscopies \\‘i

peclab

Samples near native state - frozen
Unstained samples

Thick samples
High Resolution
3D

Fast

Annu. Rev. Phys. Chem. 2012. 63:225-39 ‘. SXT
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Only at ‘\\"‘\5
SynchrotrensToday p

Huge Cost

Our Mission: To bring synchrotron technigues
to the lab
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U Microscope Requirements {=

Nyquist Res < 40 nm
Sample pixel Mag ~ 1000 cp pixel

size ¥ 15 nm size ~ 15 um
FOV ~ 15 um CCD ~ 1000X1000 Pixels
e —— Sl

A~ 3nm

Raleigh Res < 40 nm
Objective NA > 0.03 ~ (0.61A/Resolution)

DOF ~ a few microns
From Etendue Considerations

10 um Source 0.3% Photons to FOV
400 pm Source 0.0002% Photons to FOV

100 W into 10 pum Source gives more usable
photons at sample than 150 kW 400 pum Source
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Photon Budget =

Need > 5E4 photons/pixel at Sample
Total 5E10 photons in 30% Uniformity

> AT

Condenser Transmission within Etendue

~ 0.1% of Total Photons from Source Need > 1000 photons/pixel at CCD
Total 5E14 Photons/0.2% Bandwidth

100W 10um laser plasma with 0.05% CE will provide these photons in a few seconds

"Compact x-ray microscope for the water window based on a high brightness laser
plasma source", Opt Expr. 30, 18362-18369 (2012)
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Liquid Metal Coated ‘\{3
Soft X-ray Collector Optic
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Gl Reflectivity at 13.5 nm

Solves debris problem for output EUV photons
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Ovtput After Collector \\5

* |F spot size 300 x 600
m
ANl ©  Zemax Modeled System

* Output brightness
> 30 W/mm?sr
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This
window
was in
front of a
liquid
metal laser
plasma for
> 50 hours

Solves debris problem for input laser photons
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This
microscope
slide was in
front of the
same
plasma for
1 hour

Solves debris problem for input laser photons
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EUV Source \\/

* High Brightness LPP
* Clean Output Photons
e Stand Alone Small Lab-

scale Unit
e Affordable
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Gas Phase PES
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Water Window Sources =

Mo Emission and Multlayer Reflectivity
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Multilayer Mirrors for
bandwidth selection

Ti2p CX0506228
CriTE 17% :
CATeAT% T em ol [Civien
: (=)

Reflectance (%)

Photon energy (eV)
E. Gullikson PXRMS 2006

AJAN > 500

18

EUVLitho Dublin

20141105



= Qi
& [ ] ] [ ] \_\_
¥ Power Density & Efficiency \\’

Energy Normalised Spectra of Mo at Diff Pulse Energies
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Reflectivity of Liquid in WW \\\5

10 + Experimental Reflectivities
' — Simulated CXRO data at 380eV
Simulated CXRO data at 420eV
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Focused WW Photons \\;
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Demonstration \

Our Next Step: To bring our lab source
to a synchrotron
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