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The optimum focusing conditions of the Hanyang University Plasma Focus (HUPF) device have been obtained by
determining maximum power input to the focusing plasma while changing pressure at one fixed electrode, which leads to the
maximum neutron generation. Six electrodes of different lengths have been used according to the snow-plow model to
determine the conditions for the maximum neutron production of the HUPF device, namely 1:6� 108 (n/shot) with 17 cm
electrode length and a 3.4 Torr pressure. [DOI: 10.1143/JJAP.43.7271]
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The plasma focus device (PFD), producing high-temper-
ature and dense plasma, is based on the z-pinch phenomenon
and generates radiations such as X-rays, ion beams, electron
beams and neutrons with deuterium gas due to very fast
compression and heating of plasma. The goal of the PFD
research has been focused the radiation source for the last
three decades starting from the fusion research of the 60’s.1–3)

Although the PFD one of the most powerful laboratory
neutron sources, its mechanism of neutron production is not
yet explained, while despite the availability of models such
as thermonuclear fusion,4) beam-target,5) and converging ion
models.6) Despite the absence of the prevailing mechanism
of neutron generation, the effects of electrode and insulator
sleeve material,7,8) the Gaussian angular distribution with
pure deuterium gas9,10) and the dependence of neutron yield
on filling pressure at a fixed electrode length11) have been
verified experimentally as reasonable mechanisms. For the
optimization of PFD with macroscopic parameters, the snow-
plow model can be used.12)

�0 ¼ ðI0tp=az0Þ2½� ln c=4�2ðc2 � 1Þ� / ð1=z0Þ2 ð1Þ

Here, �0, a, b, �, z0, tp and I0 are the ambient gas density,
radius of the inner electrode, radius of the outer electrode,
permeability, length of the electrode, axial transit time and
characteristic current, respectively, and c ¼ b=a. The opti-
mum focusing conditions are achieved when the current
flowing to the inner electrode becomes maximum simulta-
neous with the onset of the focusing of plasma traveling
along the channel between the electrodes, i.e., the maximum
power input into focusing plasma;4) this leads to the
maximum yield of neutron generation. In this study, the
Hanyang University Plasma Focus (HUPF) device is intro-
duced as a prototype device for testing the irradiation of
neutrons on electric probes and cables used in fusion device
such as Korea Superconducting Tokamak Advanced Re-
search (KSTAR) and the optimization procedure is presented
with six different lengths of electrodes according to the
snow-plow model [eq. (1)]. At each length of the electrode
(z0), we measure the neutron yield under different operating
pressure (p0), and determine the conditions in which the
neutron production is maximum. The maximum neutron
production was achieved when the plasma is focused
(voltage peak and current drop) at a maximum current input

to the inner electrode, i.e., with a maximum power input.
The HUPF device energized by a 32 mF (Max. 25 kJ)

single capacitor bank charged up to 16 kV (4 kJ) is used.
This is schematically shown in Fig. 1. The inner electrode of
20mm diameter is hollow at the end to reduce the
interaction between the electron beam and the electrode
surface. It is surrounded by sixteen 10mm copper rods
forming a cathode of 70mm inner diameter with the shape of
a squirrel cage. Six different lengths of electrodes, namely,
14.5 cm, 16 cm, 17 cm, 18 cm, 20.5 cm, and 22 cm, are used.
The discharge voltage and current are measured with a high-
voltage probe and a commercialized Rogowskii coil,
respectively. To measure neutron production, the bubble
neutron dosimeters (BD-PND: BTI) are located at angles of
0�, 25�, 60� and 90� with 30 cm from the inner electrode
head, whose bottom surfaces are toward BD-PND as shown
in Fig. 1. Before measuring neutron measurement from the
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Fig. 1. Schematic diagram of the HUPF device and diagnostic system;

(a) 32mF capacitor bank, (b) Field distortion spark gap switch,

(c) 1000 : 1 high-voltage probe, (d) commercialized Rogowskii coil (e)

BD-PND, (f) inner electrode, (g) outer electrode and (h) stray inductance.

�E-mail address: kschung@hanyang.ac.kr

Japanese Journal of Applied Physics

Vol. 43, No. 10, 2004, pp. 7271–7272

#2004 The Japan Society of Applied Physics

7271

Short Note



HUPF device, BD-PND is calibrated on its side surface with
an Am-Be neutron source (4.3MeV) in the Korea Atomic
Energy Research Institute (KAERI). The conversion factor
is estimated to be 9:53� 104 (n/cm2mrem) in this experi-
ment by assuming the neutron energy to be 2.45MeV from
the D-D reaction.13)

Figure 2(a) shows the implosion times of HUPF with an
electrode length of 17 cm for different filling pressures. A
voltage peak (and current drop) appears at 3.5 ms for p0 ¼
2:9Torr, 3.9 ms for p0 ¼ 3:4Torr and ms for p0 ¼ 3:7Torr. A
delayed voltage peak with pressure is observed due to
increase in the impedance of plasma during focusing. The
equivalent neutron yield from every 15 shots for each
pressure is shown in Fig. 2(b), which shows not only good
agreement with the results of the other device but also good
reproducibility of data within 10% error.9,10) Figures 3 and 4
show the relationships of optimum pressure with length of
electrode and total neutron yield measured under the
optimum focusing condition, respectively. The maximum
neutron yield among the six cases is found to be 1:6� 108

(n/shot) under the following conditions: an electrode length
of 17 cm and a pressure of 3.4 Torr.

In this work, an HUPF device has been optimized in terms
of electrode length and operating pressure. By changing the
pressure at a fixed electrode length, the optimum conditions
have been determined, as plasma is focused at the maximum

current input to the electrode. The relationship between
pressure and electrode length is well fitted in the snow-plow
model. The total neutron production curve is approximately
parabolic, which is consistent with the thermonuclear
model.4)
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Fig. 2. (a) Relationship between implosion time and filling pressure at

electrode length of 17 cm at 2.9 Torr, 3.4 Torr (optimum condition) and

3.7 Torr, V = voltage, I = current. (b) Relationship between neutron

generation and filling pressure, F = neutron fluence.
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Fig. 3. Optimum focusing conditions with deuterium gas, P = pressure.
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Fig. 4. Neutron yield at optimum focusing condition, Y = neutron

production, P = pressure.
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