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Laboratory soft x-ray sources:

Liquid-jet/droplet laser plasmas

+ Negligible debris

+ Regenerative target

+ High rep.-rate operation

+ High-power operation possible

+ Tailored SpeCtral emission Rymell et al, Opt. Commun. (1993); Malmqvist et al, RSI (1996)
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Rymell et al, APL (1995), Berglund et al APL (1997) Hansson et al, MNE (2001) ; Jansson et al APL (2004)




Today:
Liquid-jet/droplet sources

2. Water window soft x-rays :
Laser-plasma liquid-jet sources
X-ray microscopy

1. EUV 3. Hard x-rays :
Laser-plasma liquid-jet sources Electron-impact liquid-jet-anode sources
Lithography & Metrology Phase-contrast imaging
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Liquid-jet/droplet laser plasma sources:

1993: Water-window & ethanol dro olets

1990 : First exp’l result + Laser
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Liquid-jet/droplet laser plasma sources:

1995: EUV & water droplets
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Liquid-jet/droplet laser plasma sources:

2000: EUV & xenon jet

Spectrum Stability
1+ ' ' ' ]
0l Mo/Si
El mirror
5,
30.6-
[
g 0.4
E
0.2
0 I L I
8 10 12 14 16
Wavelength A [nm]
Jet cooling
170 : : B
Theoretical minimum
160+ drop-formation |
i I
150. X distance \I
' |Freezing |
— 140; |
130t |
120¢ I
110 , , , I , Hansson et al, Microel. Engin. (2000);
0 0.5 1 1.5 2 2.5

X [mm] Dublin, Nov. 2010



Liquid-jet/droplet laser plasma sources:

2004: EUV & tin jet

Stable jet @ >250 C | Spectral match Debris:
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Jansson et al . Appl. Phys. Lett. (2004)
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Liquid jet/droplet sources

2. Water window sm

Laser-plasma liquid-jet sources
X-ray microscopy

1. EUV : 3. Hard x-rays :
Laser-plasma liquid-jet sources Electron-impact liquid-jet-anode sources
Lithography & Metrology Phase-contrast imaging
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Att. length [um]

Water-window Xx-ray microscopy
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Laboratory water-window x-ray microscopy

A=3.37Nm & [
A=2.48 nm

Micro zone plates for >>>>>>>>>>>>/

Normal-incidence
multilayer mirrors

as condensors

high-resolution imaging /

Berglund et al, J. Microsc. (2000), Johansson et al, RSI (2002) Takman et al, J. Microsc. (2007)
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The liquid-nitrogen-jet source

Exp. Arrangement
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Liquid-jet laser-plasma sources:

Brightness

Wavelength (nm)
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Next-generation liquid-jet laser plasmas:

2060 W, 800 ps, 2 KHz DPSS
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Thanks to D. Esser et al, FhG ILT, Aachen
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First methanol-jet spectrum
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Jet is stable
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Selin et al, in progress,
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Soft x-ray optics:

Zone plates & Multilayers

Zone plates Normal-incidence multilayers
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Laboratory water-window x-ray microscopy

Compound ZP= Diatoms: - Function:
<25 nm lab. XRM! Size-selective coll.
g Au identification

1 flof-field comected image
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Takman et al, J. Microsc. (2007), v. Hofsten et al, Ultramicr (2007) Stollberg et al, J Micr. (2006); Stollberg et al, J Micr. (2007); v. Hofsten et al Ultramicr. (2008),
v. Hofsten et al., Opt. Lett. (2009) etc etc



Recent results:

Environmental colloids

Chernozem, wet

b)

— Nontronite

3 um

Thanks to J Thieme et al.! Hertz et al, submitted Chem Geol (2010)
Dublin, Nov. 2010
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Micro-tomography w/ lab. water-window XRM

Arrangement n Camera Muttilayer
Rotf_sltable Laser mirer
Zone plate — capillary holder
| | Diatiom on ‘
glas capillary | | il A=3.37 or
g | ¢ A= 2.48 nm
3 | |
Diatom reconstruction
A=3.37 nm

Filtered. back. pro;j.
53 projections
140 nm resol. (DPR)

Bertilsson et al, Opt Expr (2009)
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qumd Jet/droplet sources

/ Water window soft x-rays :
L Laser-plasma liquid-jet sources
h X-ray microscopy

Hard X-rays :

Euv: |7
Laser-plasma liquid-jet sources Electron-impact liquid-jet-anode sources
Lithography Phase-contrast imaging
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Hard X-Rays:
Laboratory hard x-ray imaging

a) b) d,

\ Penumbra
(edge gradient)

Image quality is
source limited
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Hard X-Rays:
Electron-Impact X-Ray Sources

X-Ray Brightness History: Electron-impact sources
E-beam power density < brightness
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The liquid-(metal)-jet-anode x-ray source:
Present status

Spectral Brightness
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Jet speed:

Source size: >5 um

Present data:

Jet diameter: 15-75 um  Power:

50-300 W

10-100 m/s Power density: >2 MW/mm?
(cf. ~10-100 kW/mm? existing sources)

Future:

Power scalability: >100x
Power dens. scal.: >10x

Otendal et al, Exp. Fluids (2005); Otendal et al JAP (2007); Otendal et al RSI (2008); Touhimaa et al. APL (2008)
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Laboratory hard x-ray sources
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Hard x-rays:

Laboratory high-resolution phase-contrast imaging

Imaging arrangement.
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Small-animal studies
Tumour detection

Cancer tissue
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Recent results:

Electron-impact water-jet soft x-ray generation
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Summary & Future

« EUV:
— Liquid jets and droplets are still a preferred target modality
o Soft x-rays:
— Laboratory x-ray microscopy approaches synchrotron quality
» Resolution: <25 nm features
« Contrast: Phase optics
* Cryo 3D imaging
— Next:
Improved laser-plasma source w/new laser for shorter exposure time
Reliable e-beam liquid-jet source
New diffractive optics for higher resolution and improved contrast
Applications: Soils, Colloids, Cells, Carbon content
 Hard x-rays:
— Liquid-metal-jet lab source promises 100x higher brightness
— Small spot and high power =
« High-resolution imaging
* Improved contrast with phase
« Adequate exposure times
— Next:
» High-resolution imaging in thick tissue
« Small-animal imaging w/ and w/o tumors
« Source development for diffraction, harder x-rays....



Biomedical & X-Ray Physics group

Thanks!

Ultrasonics & u-fluidics

Bio-analytics and cell biol.

Soft x-rays: Sources and
Sources, optics, and microscopy (medical) imaging

| Peripheral vision




	�Liquid-jet/droplet  x-ray sources� for �laboratory nano-scale bio imaging��Hans Hertz�Biomedical & X-Ray Physics�Dept. of Applied Physics�Royal Inst. of Technol. (KTH), Stockholm��AND
	Laboratory soft x-ray sources:�Liquid-jet/droplet laser plasmas 
	Slide Number 3
	Liquid-jet/droplet laser plasma sources:�1993: Water-window & ethanol droplets
	Liquid-jet/droplet laser plasma sources:�1995: EUV & water droplets
	Liquid-jet/droplet laser plasma sources:�2000: EUV & xenon jet
	Liquid-jet/droplet laser plasma sources:�2004: EUV & tin jet
	Slide Number 8
	Water-window x-ray microscopy
	Laboratory water-window x-ray microscopy 
	The liquid-nitrogen-jet source
	Liquid-jet laser-plasma sources:�Brightness
	Next-generation liquid-jet laser plasmas:�260 W, 800 ps, 2 KHz DPSS
	 First methanol-jet spectrum
	Soft x-ray optics:�Zone plates & Multilayers
	Laboratory water-window x-ray microscopy
	Recent results:�Environmental colloids
	Micro-tomography w/ lab. water-window XRM 
	Slide Number 19
	Hard X-Rays:�Laboratory hard x-ray imaging
	Hard X-Rays:�Electron-Impact X-Ray Sources
	The liquid-(metal)-jet-anode x-ray source:�Present status
	Laboratory hard x-ray sources
	Hard x-rays:�Laboratory high-resolution phase-contrast imaging
	Recent results:�Electron-impact water-jet soft x-ray generation
	Summary & Future
	Biomedical & X-Ray Physics group�Thanks!

