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Determine the appropriate conditions for the
deposition of nitrogen ions released by dense
plasma focus within titanium

Abstract

In this research, a simulation was conducted to determine the
conditions for the deposition of nitrogen ions emitted by the UNU
ICTP PFF (2.2 kJ) dense plasma focus device on titanium substrate to
obtain the thin film TIN. First, using Lee's code, the characteristics of
the ion beam emitted after the collapse of the plasma pinch were
determined when the gas pressure changed. The highest energy of the
beam was 9.1 J at a pressure of 0.7 Torr, and the maximum number of
ions was 1.96x10*? ions. At 1.9 Torr, then calculate the highest energy
of nitrogen ion as 635.3237 keV. Secondly, the distance required for
the ions carrying this energy to reach the titanium substrate was
determined under conditions of atmospheric pressure. The results
showed that the titanium substrate should be less than 0.1 pm from the
pinch in order to ensure the arrival of the nitrogen ions, and any greater
distance would lead to damped the ions beam in the air.

Keywords: dense plasma focus, ion beams, TIN thin fil
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UNU ICTP PFF lga b Cuagidll S b it xie L8paal) Lapdld) cufjially 12 Jgaal

Peak Pinch Axial - Shook Radial
Pressure  current current speed IDV piston speed
P (Torr) lpeak (KA)  lpinch (KA)  Va(cm/ps) (cm /SHS) Vp (cm/ps)
0.10 122 83 155 60.6 39.4
0.20 135 92 12.4 52.1 334
0.30 141 96 10.8 44.1 30.1
0.40 144 97 9.7 38.0 26.9
0.50 146 98 8.9 34.1 24.5
0.60 148 98 8.3 31.3 22.4
0.70 149 97 1.7 28.9 20.7
0.80 150 95 7.3 27.1 19.3
0.90 151 94 6.9 25.4 18.1
1.00 152 92 6.6 23.9 17.0
1.10 153 89 6.3 22.6 16.0
1.20 153 87 6.0 21.4 15.1
1.30 154 84 5.7 20.2 14.3
1.40 154 82 55 19.2 13.6
1.50 155 79 5.3 18.2 12.9
1.60 155 76 5.1 17.3 12.2
1.70 156 73 4.9 16.3 11.6
1.80 156 69 4.7 155 11.0
1.90 156 66 4.6 14.6 104
2.00 157 62 4.4 13.7 9.9
2.10 157 59 4.3 13.0 9.4
2.20 157 55 4.1 12.1 8.8
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PFF
Pinch Pinch Pinch Induced (I;L?]ssrp[a
Pressure  radius Length zp duration voltage Ni y
P (Torr) rp(cm) (cm) 1 (NS) Vimax (KV) (x 1023I/m3)
0.10 0.13 14 4.4 30 0.1
0.20 0.12 14 4.9 29 0.2
0.30 0.13 1.3 5.6 30 0.3
0.40 0.11 14 6.6 27 0.5
0.50 0.11 14 7.3 25 0.7
0.60 0.10 14 1.7 23 0.9
0.70 0.10 14 8.2 21 11
0.80 0.10 14 8.6 20 13
0.90 0.10 14 9.0 18 15
1.00 0.10 14 9.4 17 1.7
1.10 0.10 14 9.8 15 18
1.20 0.10 1.3 10.3 14 2.0
1.30 0.10 1.3 10.8 13 2.2
1.40 0.10 1.3 114 12 2.4
1.50 0.10 1.3 11.9 11 2.5
1.60 0.10 1.3 12.6 10 2.7
1.70 0.10 1.3 13.3 9 2.8
1.80 0.10 1.3 13.9 9 3.0
1.90 0.10 1.3 14.7 8 3.3
2.00 0.09 1.3 15.6 7 3.6
2.10 157 59 4.3 13.0 9.4
2.20 157 55 4.1 12.1 8.8
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lons flux lons Beam lons lon's Ener
Pressure Job Energy Number (keV) 9y
P (Torr) (x107 m2s?) Eb (J) (x101)

0.10 1.8 4.1 0.4 635.3237
0.20 2.5 5.5 0.56 617.1074
0.30 2.4 6.9 0.69 621.3874
0.40 3.4 8.3 0.89 577.9772
0.50 4.1 8.9 11 529.2273
0.60 4.6 9.1 1.2 485.1433
0.70 5.0 9.1 1.3 445.831
0.80 5.2 9.0 14 411.5273
0.90 5.3 8.8 14 380.2484
1.00 5.3 8.5 15 351.553
1.10 5.3 8.1 1.6 324.5526
1.20 5.4 7.5 1.6 284.8052
1.30 5.3 7.0 1.7 255.9207
1.40 5.3 6.6 1.8 230.7106
1.50 5.2 6.1 1.8 207.3459
1.60 5.0 5.6 19 186.0169
1.70 4.8 5.2 1.9 166.4736
1.80 4.5 4.6 1.9 148.5928
1.90 4.1 4.2 2.0 132.2594
2.00 3.5 3.7 2.0 117.0823
2.10 2.9 3.2 1.9 103.1678
2.20 2.3 2.7 19 89.96496
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