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Abstract

An investigation was undertaken of the dependence of extreme

ultraviolet emission (EUV), at 13.5 nm -from Laser Assisted Vacuum Arc
(LAVA) source based on Z-pinch plasma formed from laser ablation of
liquid tin, on the incident laser pulse energy at different discharge energies.

In this source the laser ablates a thin liquid metal film that covers catlode
to tigger high-cunent discharge between t\'vo rotating electodes. For these

experiments the focused spot size and pulse width remained constant at 300

pm and 15 ns respectively, while the energy ofthe incident laser pulse was

varied.

The EUV emission energy into 2% bardwidth around 13.5 nm (in-

band region) into (2nsr) was recorded. It was for.rnd that for fixed discharge

energy (Ea), the laser pulse energy (Ebs"J had a strong effect on the

discharge dynamics and pinching stability. At fixed Ed, an optimum value

of Ehser was found for which maximum EUV emission energy is obtained.

The EUV energy increases with increasing E6 for a given value of Ee,"..

The highest in-band energr recorded was 8.3 mJ at Ee,". of 50 mJ arld

capacitor voltage V6 of 6 kV, while the maximum conversion efficiency
(CE) recorded was 0.114 % that was obtained at Er,,".:25 mJ for Ea:3.2 J

(vc:4kv).

The time evolution of the discharge curent has been studied and

recorded. The cuaent pulse duration was observed to be on the order of -
350 ns. It is wodh mentioning that the EUV signal commencement was

after the maximum cuffent. The lifetime of the pinch is on the order of -
20ns and the EUV photodiode signal has a full width of roughly 200 ns.

The time delay between the onset of the discharge arld pinch phase

increases ftom about -140 ns at E6.", .2.5 mI to -180 ns at Erase,:85 mJ.

The efficient EUV produetion was occurred when the pinch phase time

matches to tlre maximum discharge current and was sensitive to the trigger
E1,,".. So, the optimal laser pulse energy was Ek,".:25 mJ.

The Out-Of-Band (OOB) radiation in the region (150-i100) nm that

causes side effect on optics components and wafer was measued using two
spectrographs. The OOB emission larger than 300 nm increases at a higher

rate as a function ofdischarge energy, as compared to in-band emission. By

excluding the lowest Ed, the minimum relative intensif of OOB emission
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was obtained at Ea: 3.2 J (Vc:4kV). For OOB lower thar 300 nm, the
relative intensity decrease exponentially with increasing E6*,.

The theoretical calculations of electronic transitions probabilities rn

Sn are achieved with Cowan suile of codes . A spectrum of Sn in the region

around 1 3 . 5 nm arises ftom transitions in Sn ions with the 4d electrons. The

stages that contribute most at 13.5 nm are Sn8 
* through Sn12 

*. The most

intense lines in array shift to shoder wavelengths with increasing ionization
stage,

The spatial and temporal plasma hydrodynamics within laser

produced plasma are modeled using MED103 code to determine the

optimum parameters of ignition plasma. At the laser power d erslny 2.2> 10e

Wcm2, the velocity and the electron density are about 0.35x106 cm,/sec and

2.4x 1018 cm3 respectively at - 0.5 mm near cathode Ginch region).
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