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Laser produced plasmas using liquid targets

BackgroundBackground

EUV Emission

Laser Pulse

 Target size can be controlled.
 Mainly ionized debris is produced.
 Electromagnetic fields could be used to

     reduce or divert debris

EUV conversion efficiencies ranging from 0.06% to 0.3% inEUV conversion efficiencies ranging from 0.06% to 0.3% in
22ππ  srsr using water as a target have been reported. using water as a target have been reported.

Different laser parametersDifferent laser parameters
Different target sizesDifferent target sizes

From “Soft x-rays and extreme ultraviolet radiation” by D. Attwood



ObjectiveObjective
To find optimized laser and target parameters to improve theTo find optimized laser and target parameters to improve the
EUV CE.EUV CE.

Why water ?Why water ? •• Oxygen has a sharp emission line at 13 nm.Oxygen has a sharp emission line at 13 nm.
•• There is negligible off-band emission.There is negligible off-band emission.
•• Other materials, like Other materials, like SnSn, Li, can easily be, Li, can easily be dissolved todissolved to
fine tune the emission wavelength.fine tune the emission wavelength.

Why Jet ?Why Jet ?
Water jetWater jet laserlaser

No temporal synchronization is required.No temporal synchronization is required.



f = 300 mm

(ω)Focal Spot CCD

Energy Meter

X-ray Detector
AXUV20BNC
with Mo/Si Filter
(12.2-15.8 nm)
Ω = 6.1 x 10-5 sr

Lens

Water Jet

Pumping Outlet

Spectrometer

Faraday Cup

LPP

••  λλ  = 1064 nm = 1064 nm

••  εεmaxmax= 1.5 J= 1.5 J
••  ττ  =  = 10 ns10 ns

••  p = 7 p = 7 mTorrmTorr  
  (in presence of target)  (in presence of target)

Experimental setupExperimental setup
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Dependence of conversion efficiency on
laser energy and spot size

Dependence of conversion efficiency on
laser energy and spot size

0.3×1013 W/cm2 1.4×1013 W/cm2 2.1×1013 W/cm2

•• Material outside the focal spot blows offMaterial outside the focal spot blows off
partially or unionized.partially or unionized.

•• Energy is transported from a local spot withinEnergy is transported from a local spot within
the target material.the target material.

•• Ineffective use of target material and increaseIneffective use of target material and increase
in required laser energy.in required laser energy.

30 µm jet
50 µm jet
100 µm jet

30 µm spot size



•• Matched spot size improves CEMatched spot size improves CE
drastically.drastically.

•• Laser energy and target material areLaser energy and target material are
utilized effectively.utilized effectively.

•• There seems to be optimum spot size forThere seems to be optimum spot size for
a given jet diameter.a given jet diameter.

Dependence of conversion efficiency on
laser energy and spot size

Dependence of conversion efficiency on
laser energy and spot size
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30 µm jet
50 µm jet

100 µm jet

1.9×1011 W/cm2 9.6×1011 W/cm2 1.5×1012 W/cm2

115 µm spot size



Effect of plasma expansion on EUV CEEffect of plasma expansion on EUV CE

•• Even if the incident spot size is closelyEven if the incident spot size is closely
matched, matched, larger diameterlarger diameter jet offers jet offers
high EUV CE.high EUV CE.

•• At any given time, fractional At any given time, fractional change inchange in
plasma densityplasma density during the expansion is during the expansion is
small for larger diametersmall for larger diameter jet as jet as
compared to smaller ones.compared to smaller ones.
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Spatial distribution of EUV emission and
energetic ions

Spatial distribution of EUV emission and
energetic ions
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Ion •• Similar spatial distribution is observedSimilar spatial distribution is observed

irrespective of the incident spot size and jetirrespective of the incident spot size and jet
diameter.diameter.

•• Typical ion velocities observed are of theTypical ion velocities observed are of the
order of 10order of 1066 to 10 to 1077 cm/s. cm/s.

100 100 µµm jet and 140 m jet and 140 µµm spot size.m spot size.

EUV emission and debris areEUV emission and debris are
clearly isolated in the directionclearly isolated in the direction
opposite to laser incidenceopposite to laser incidence

LaserLaser



SummarySummary

Maximum EUV CE of 0.41% in 2Maximum EUV CE of 0.41% in 2ππ  srsr at 13 nm was at 13 nm was
observed.observed.
Incident laser spot size should be slightly larger than jetIncident laser spot size should be slightly larger than jet
diameter to achieve improved EUV CE.diameter to achieve improved EUV CE.
Larger diameter jets allow interaction of incident laser atLarger diameter jets allow interaction of incident laser at
higher density in expanding plasma as compared to smallerhigher density in expanding plasma as compared to smaller
jets and offers higher EUV CE.jets and offers higher EUV CE.
Uniform angular distribution of EUV emission andUniform angular distribution of EUV emission and
forward directed ions distribution remain unchanged forforward directed ions distribution remain unchanged for
any value of incident laser spot size.any value of incident laser spot size.



Future planFuture plan

To carry out the To carry out the interferometricinterferometric
measurementsmeasurements of plasma density and of plasma density and
its evolution as a function of theits evolution as a function of the
incident laser parameters.incident laser parameters.
To To control the plasma densitycontrol the plasma density at the at the
time of interaction using combinationtime of interaction using combination
of of sub-sub-picopico second laser and  second laser and nanonano--
second laser pulses.second laser pulses.  See SoP22See SoP22
To perform To perform pinhole imagingpinhole imaging to to
measure EUV source size.measure EUV source size.

Bi-prism
Interference patters

ns laser

fs laser
Jet or droplets

pin hole

Jet or droplets
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