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Abstract

in this research, the tin (Sn) plasmas created by ND: YAG laser 1=1064 nm was simulated with 1D-
hydrodynamic code (MED103) for different pulse duration in nanosecond and picosecond regime.the
laser pulse duration of (1-40) ns and (1-750) ps FWHM was focused on cylindrical target with spot
radius of 100 um and fixed intensity of 1.59*10" w/cm? for all pulses. The Evolution of electron
temperature T, ion rate Z* and velocity of electrons V. in space and time of Sn plasmas were
compared between nanosecond and picosecond laser pulse duration regime.

Keywords -Sn plasmas, lithography, 1-D LPP code, extreme ultraviolet (EUV), laser-produced
plasma LPPs

1.Introduction

the studies have focused on the process of nanosecond and picosecond laser ablation according to its

expanding applications like lithography, three-dimensional imaging, x-ray microscopy of a living cell,

and x-ray-free electron laser. The interaction of a powerful laser beam with a solid sample[1] results

in a crater formation on the sample surface and the creation of laser plasma composed of excited

atoms and ions of the sample[2, 3]. This plasma is of analytical interest for solid surface

characterization plasma in extreme ultraviolet (EUV)[4] and X-ray spectrum. The spatial-temporal

distribution of plasma parameters (SXR) region.[5]Several studies examined the morphology of

surfaces after nanosecond laser ablation. For predicting the ablation depth and diameter, most of these

studies only took evaporation into account. Lasers with picosecond pulse duration are of particular

interest for ablation as the pulse duration is less than the typical thermalization characteristic Time of

a few nanoseconds. Due to a much smaller thermal diffusion depth, high-precision ablation and

minimal damage can be obtained with picosecond lasers duration.

Theory

The interaction of the nanosecond laser with the material is essentially a photo-thermal process

because a nanosecond is significantly longer than the phonon-electron relaxation time. The substance

will absorb extremely high power density when it is exposed to a pulsed laser. The laser energy is

transformed during the procedure into heat deposition on the material's surface.[6, 7]and causes the

irradiated area's temperature to rise quickly. [8, 9].This study compared nanosecond and picosecond

laser ablation of Sn in the air. [10-12]The laser-induced plasma properties were determined from

spectroscopic measurements[13].

1. Electron temperature variation

2. Spacetime evolution and pressure variation over time

3. ions temperature

4. ionrate Z*

5. distribution of the velocity of electrons V. of Sn

6. The laser-matter interaction program Med103 is used to calculate the spatial and temporal
hydrodynamics (improved from the MEDUSA code). Plasma hydrodynamics were modeled using
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the Fortran LPP code Med103, which is an updated version of the MEDUSA code. Christiansen
developed the MEDUSA code in 1974 for the UKAEA group at Culham Laboratory with the
intention of simulating inertial confinement fusion.[14, 15]

2. Results and Discussion

The program MED103 used code 1-D hydrodynamic to simulate Laser produced (Sn=50) plasmas (a
developed version of Medusa). The Medusa program MEDZ103 used code 1-D hydrodynamic to
simulate plasmas parameters of Laser created from the (Sn=50) metal target (Medusa was developed
version cod ), the laser pulse with wavelength (A =1064 nm) (p) its the density of power = (1¥10"
w.cm?) and (FWHM) width of pulse =(10 to 40)ns Time and Time Again (1 to 750)ps, fall on the
constant Target with Cylindrical geometric radius shape (100 um). The thickness of the cylindrical
target (100 pum) was, By default, 400 cells as a mesh, and the simulation time of the total process= (1
ns) with a time-step of (40 ns) and (750) ps.

2.1 The Difference Of Electron Temperature For A Nanosecond And Picosecond Laser Pulse
Duration

Figure 1. (A,B, and C) shows the temporal and spatial variation of the electron temperature. Three
columns of the diagrams of Figure 1. (A,B, and C) The first column (A) represents five subsets of the
electron temperature with distance for five values of different laser pulses, while the second column
(B) shows five subsets of the electron temperature with Time, and the last column in Figure (C) shows
five three-dimensional subgraphs of the electroin temperature in space and Time.

The electrons temperature increases in Time, gradually with increasing the duration of the pulse
laserduration from 33.5 eV at the laser pulse duration of (1 ns), the temperature rises to reach more
than 98 eV at the pulse laser duration of (10 ) ns, then decreases slightly to stabilize and reaches 84.5
eV at 40 ns, and the plasma volume expands from pum (1000-6000) by varying the duration of the
laser pulseThen the plasma is cooled as shown in Figure (A,B), the hottest region is near the centre of
the target at the peak of the laser pulse. The region is narrow-band at a laser pulse duration of (1 ns),
then it expands as the laser pulse duration increases to its highest value at 40 ns. Figure (C ) indicates
the temporal and spatial distribution of electrons (3D) for a different laser pulse duration.
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Figure 1(A,B) show Evolution of electrons temperature T, spatially and temporally
by MED103 program simulation results of tin plasma produced by Nd:YAG laser
for 5different pulse duration in nanosecond (C) shows the 3D spatial and temporal

distribution of the temperature of T, electrons
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The Figure(2) shows a picosecond for four values of laser pulse duration at (1,250,500,750) ps. (A,B,
and C), respectively, the temperature of the electrons increases temporally, gradually increasing from
0.8 eV with laser pulse duration at 1 ps to 25 eV at 750 ps of laser pulse duration, and the plasma
volume is constant,Figure (C) shows (3D) for different laser pulse duration.
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Figure 2(A, B).show picosecond laser pulse duration. Evolution of temperature
of T electrons spatially and temporally from MED103 program simulation
results of tin plasma produced by Nd:YAG laser. (C) shows the 3D spatial and
temporal distribution temperature of T, electrons
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Table 1 : shows a summary of the maximum value of theelectrons temperature T, which we
obtained from the simulation of the MED103 program for a nanosecond and picosecond laser
pulse duration.

Pulse Maximam  Time Distance
Duration value:electrons ns pum
temperature (eV)

1ps 0.84947 0.00163203 49.875

250 ps 15.872 0.401773 15.633

500 ps 23.445 0.602556 52.862

750 ps 23.798 0.903504 45.662
1ns 33.528 1.00262 61.04
10ns 98.293 13.0049 159.58
20ns 90.531 27.0067 272.19
30ns 90.947 40.0014 346.04
40 ns 84.557 55.0039 495.24

2.2 spatial and temporal ion rate Z* variation in different pulse duration

Figure 3. (A, B, and C ) respectively show the beginning of the reaction, we notice that the maximum
value of the ion rate Z * is (9) at the edge of the plasma, then it drops to (7) at different times and
distances until the end of the laser pulse (at the edge of the plasma). Then it rises gradually with
increasing the laser pulse duration to 40 ns; after that, Z* stabilizes at 21. This happens because the
plasma expands very quickly. Figure 7. (C) indicates the ion rate's three-dimensional spatial and
temporal distribution.

Figure 4 (A,B) shows that at the beginning of the interaction, we notice the maximum value of the ion
rate Z * is (3.6) at the edge of the plasma, then it rises to reach (4.55) temporally and remains constant
at (1100 um) spatially until the end of the duration of the laser pulse (at the edge of the plasma).
Figure 8c indicates the three-dimensional spatial and temporal distribution of the ion rate.

558
A Journal for NewZealand Herpetology



BioGecko

A 1ns

600 800 1000
Distance (;:m)

0 200 400

. 10 ns

o] 2000 4000 8000 8000 10000

Distance {zm)

" 20 ns

a0 60 a0 100
Time (ns}

40 60 80 100
Time (ns)

120

120

0 1000 2000 3000 4000 5000 €000 700D 8000 9000
Distance (;im)

40 &0 80 100
Time (ns)

120

30 ns

[ 1000 2000 3000 4000 5000 6000 7000 8OO0

Distance {(;m)

40 ns

o 1000 2000 3000 4000 5000 6000
Distance (um)

120

40 60 80 100
Time (ns)

20
518
16
“
12
10
8
\. R 6
\x,n»’\"J"\;-(—YGD{)D sooo 'COQM

20
18
=16
1
12
\\ 10
8
JEAVIRS o 6
\ " a0
N B
0

20
4 18
/ 16
14
k| 12
A\ 10
B 8
\ \ ”

P =
0 A== 4000 4

0

Vol 12 Issue 04 2023
ISSNNO:2230-5807

z

C 0

e

wo &0 0
Distance (um)

4000
o Distance (;m)

0 Distance (um)

Distance (um)

20

: 18
B 16

14

12

10

8

[

oo o M

0 07'7 2000
Distance (pm)

Figure (3) (A,B) Shows the evolution of value of the ion rate Z* spatially and
temporally from MED103 program simulation results of tin plasma produced by
Nd:YAG laser for five different pulse duration (1-40) in nanoseconds. (C) shows the

3D spatial and temporal distribution of the ion rate Z *
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Figure (4) (A,B) Shows the evolution of the ion rate Z* spatially and temporally from
MED103 program simulation results of tin plasma produced by Nd:YAG laser for
four different pulse duration (1-750) in picoseconds. (C) Shows the 3D spatial and

temporal distribution value of the ion rate Z *
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Table 2 below: shows a summary of the ion rate Z *, which we obtained from the simulation of

the MED103 program for a nanosecond and picosecond laser pulse duration from tin plasma.

Pulse =~ Maximam value: Time Distance
Duration zZ* ns pum
1ps 3.6326 99.1242 1060.5
250 ps 3.6326 99.5054 1062.9
500 ps 3.6326 99.8057 1051.9
750 ps 4.5467 1.30177 57.058
1ns 33.528 9.1353 68.387
10ns 98.293 21.787 228.49
20ns 90.531 21.363 500.80
30ns 90.947 21.646 988.33
40 ns 84.557 21.319 744.96

2.3 The effect of the laser pulse duration for nanosecond and picosecond on the spatial and
temporal distribution of the velocity of electrons V. in the plasma

When the pulse duration isa nanosecond, The speed of the electrons increases spatially-temporally,
starting from zero and then increasing when the plasma is formed to become 12x10° cm.sec™ with the
increase in the laser pulse duration; although the plasma expands from 1000 um of laser pulse
duration 1 ns to 7000 pm of laser pulse duration 40 ns the. Considering that the kinetic energy of
electrons and ions will increase, as a result of the increase in the target temperature, which leads to an
increase in the expansion velocity at the plasma edge,Figure 9. (A, B, and C) shows the Evolution of
the electron velocity, Ve, spatially-temporally and in (3D) respectively produced from the laser pulse
duration of a nanosecond.

At picosecond, the speed of electrons increases spatially and temporally, starting from zero and then
increasing when plasma is formed to become 10x10° cm.sec™,And the expansion of the plasma within
100 ns remains constant at 1000 um at all the duration of the laser pulses, taking into account that the
kinetic energy of the electrons and ions will increase, as a result of the high temperature of the target,
which led to an increase in the expansion speed at the edge of the plasma.Figure 10. (A, B, and C)
shows the Evolution of the electron velocity, Ve, spatially-temporally and in (3D), respectively
produced from the laser pulse duration ofa picosecond.
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Figure (5) (A,B)Shows the evolution ofVelocity spatially and temporally from
MED103 program simulation results of tin plasma produced by Nd:YAG laser for
five different pulse duration (1-40) in nanoseconds. (C) shows the 3D spatial and
temporal distribution of the value Velocity
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Figure (6) (A,B) Shows the evolutionof Velocity spatially and temporally from MED103
program simulation results of tin plasma produced by Nd:YAG laser for four different
pulse duration (1-750) in picoseconds. (C) shows the 3D spatial and temporal distribution
of the Velocity
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Table 3: shows a summary of the Evolution of velocity ofV, in the tin plasma spatially and
temporally from MED103 program simulation results of tin plasma produced by Nd:YAG laser.
For nanosecond and picosecond laser pulse duration from tin plasma

Pulse Maximam value: = Time Distance
Duration = Velocity (cm.sec ns pum
1
)
1ps 1034100 99.5392 1062.9
250 ps 1040300 = 99.8008 1062.9
500 ps 1030900 99.5032 1039.6
750 ps 1025100 100.003 1031.7
1ns 11 10° 23.0066 236.26
10 ns 11 10° 38.002 3885.3
20 ns 1310° 99.000 9545.7
30 ns 12 10° 100.005 8268.2
40 ns 11 10° 99.0034 6605.2

2.4 Conclusion

laser pulse duration in a nanosecond at (1 to 40 ns) and nanosecond at (1 to 750 ps) with laser wave
intensity of 2.1x1015 w cm-? and A of 1064 nm was fired at an Sn target; we used the 1-D
hydrodynamic MED103 code to study the laser plasma properties and track the Evolution of a few
hydrodynamic plasma parameters, the electron density was determined at the first times of the plasma
created at the target of pulse duration (1 to 40 ns), the electron temperature seen reaches at the top
value of 98 ey and 25 ey at 750 ps during,immediately after a laser pulse, the electron density has the
maximum at 1024 cm™ and exhibits The pressure begins near the target surface at (1 Mbar), then
gradually decreases with changed the distance. The maximum temperature of the ion's 80 eV at a 40
ns laser pulse duration and 20 eV at a laser pulse duration of 750 ps. The maximum value of the ion
rate is Z * 21 at 40 ns and Z * 21 at 750 ps. The plasma expansion velocity V, increases to (12x10°
cm.sec™) at 40 ns with plasma distance (7000 )um and velocity V., =10*10° cm.sec™at 750ps with
distance remains constant at 1000 um in a picosecond.
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