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Multiple-wire array load for high-power pulsed generators * 
C. Stallings, K. Nielsen, and R. Schneider 

Physics International Company. San Leandro. California 94577 
(Received 24 May 1976) 

Exploding wire loads have been used for several years to generate a hot dense plasma. For a generator 
with a rise time of tens of nsec and an impedance of I n or less. the inductance of the wire load and the 
tendency of current to flow outside the wire limits the energy that can be transferred to the wire. An array 
of several wires has now been used to lower the inductance and improve the energy transfer. 

PACS numbers: 52.50.Gj. 52.80.Pi. 52.25.Ps. 52.80.Qj 

In the past several years, experiments have been 
carried out at several laboratories using a single fine 
wire as the load for high-power pulse generators. 1-4 

Recent experiments having on the order of 1 MA of 
current with rise times of tens of nsec have been used 
to generate a dense high-temperature plasma. Typically 
these experiments have used a wire as the center con
ductor of a coaxial geometry and a voltage pulse of 
1-2 MV applied across the wire. 

For a 50-nsec pulse the wire inductance is the domi
nant term in the load impedance and for generators with 
an impedance of 1 n or less, the 40-60 nH normally 
associated with the wire corresponds to a 10-90% cur
rent rise time equal to or greater than the pulse 
duration. 

Using the configuration shown in Fig. 1, we have 
measured the current flow with a wire load on the 
OWL II' generatorS uSing self-integrating Rogowski coil 
monitors. Figure 2 shows the currents measured by 
these monitors for a typical single wire 0.0127 cm in 
diameter. During the time of interest (50-150 nsec) 
only about 40% of the machine current (coil 1) is mea
sured by the cathode monitor (coil 3). This implies 
that 60% of the current is being emitted from the cath
ode plate and is not available to be injected into the 
wire. The small monitor (coil 4) at the anode end of the 
wire measures approximately 70% of the machine 
current implying that 30% of the current flows outside 
the cathode plate and is focused to the vicinity of the 
wire. 

Although these measurements are somewhat ambigu
ous as to the magnitude of the exact current flow near 
the wire, they clearly show that much of the current is 
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FIG. 1. Diode configuration and the location of current 
monitors. 
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not being used to drive the wire load. A single wire is 
a poor impedance match at least with respect to the 
OWL II' generator and a reasonable supposition is that 
the high load (wire) inductance generates a high voltage 
and low current early in the pulse. Since the electric 
field at the cathode plate was several hundred kV /cm, 
electron emission was expected from surfaces at cath
ode potential. Depending on the details of any given 
system, lowering the inductance mayor may not lower 
the inductive voltage (LdI/dt); however, the higher 
magnetic field associated with the higher current can 
turn field-emitted electrons back into the surface and 
more effectively "magnetically insulate" these other 
surfaces by cutting off electron flow from the cathode 
plate to the anode plate and constraining current to flow 
radially. We have calculated that the inductance of the 
wire load has been reduced up to a factor of 4 from the 
single-wire case by using several wires of smaller 
mass evenly spaced around a circle 0.3 -1. 25 cm in 
diameter. Figure 3 shows the currents measured in 
the same way as Fig. 2 but using a multiple-wire 
array. Since the inductance is not a very sensitive 
function of the array diameter, the current flow is 
relatively insensitive to the wires or array diameter 
used. These arrays are a much better match to the 
generator in that all of the machine current flows 
through monitors 3 and 4 and therefore is available to 
drive the wires. In addition, because of the lower in
ductance the VOltage/current ratio early in the pulse is 
lower than for single wire and is a better match to the 
1. I-n machine impedance. 

When a current pulse is applied to the wire array, 
the magnetic attraction of the parallel current elements 
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FIG. 2. Current flow for a single aluminum wire of 0.0127 cm 
diameter. 
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FIG. 3. Current flow for a multiple-wire array. 

cause the array to implode. When the wires reach the 
vicinity of the axis the plasma becomes hot and the wire 
array becomes an intense source of photons. Figure 4 
is a comparison of x-ray pinhole photographs through 
O. 0025-cm beryllium from a single-wire and a multi
ple -wire array. Radiation from the single wire comes 
from a series of "hot spots" in a straight line along the 
wire. The multiple wire also seems to be dominated by 
"hot spots" but they are no longer in a straight line and 
noticeable radiation comes from a diffuse source of the 
order of 1 mm in diameter. The original wire position 
was just off the area shown but no radiation was visible 
on this photograph from these areas. Using more sensi
tive techniques some radiation can be detected outside 
the areas shown on this photograph but it is down by 
more than a factor of 50 from the radiation produced 
near the center. This is not a proof but it is consistent 
with a plasma with cold electrons during implosion and 
hot electrons while the plasma is in a pinch near the 
axis. 

Figure 5 is a comparison of the photon output flux 
from a single wire of 0.0127 cm diameter, a four-wire 
array with O. 0076-cm-diam wires, and a six-wire 
array with O. 002-cm-diam wires (all wires were 
aluminum). The four-wire array has a similar photon 
flux to a single wire but is a much shorter pulse occur
ring 60 nsec later than the single wire. The six-wire 
array with reduced mass has increased the photon flux 
by 5 -6 with a pulse width between the single -wire and 
the four -wire array. 

Since most of the radiation is produced from a plas
ma near the axis the onset of radiation is a measure of 
the latest possible time that plasma can reach the axis. 
Information is not yet definitive on whether this plasma 
contains all of the wire mass or if the principal heating 
mechanism is the kinetic energy of the implosion or 
electrical resistance. Smith has derived a simple ex
pression for the time of implosion assuming all cur
rent flows in the wires 6 

It=25. 5nrd(p/n _1)1/2, 

where n is the number of wires, r is the array radius 
in cm, d is the wire diameter in mil, p is the density, 
and I is the current. When the current is not constant 
a reasonable approximation is provided by USing the 
maximum value for current and a time equal to the full 
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FIG. 4. X-ray pinhole photographs of (a) single-wire and 
(b) multiple-wire array. 

width at half-maximum for the current up to the time of 
radiation. This simple model is in good agreement with 
experiments but underestimates the onset of radiation 
by a few tens of percent for the smallest wires. 

The mass velocities inferred from both the experi
ments and this simple model are on the order of 
1-3 x 107 cm/sec. Since these velocities, if thermal
ized, would represent kV ion temperatures and mea
surements of the aluminum heliumlike and hydrogen
like K", lines give an effective radiating temperature of 
0.7-1 keY, experiments were carried out using differ
ent wires on axis to investigate the heating of "target" 
wires. 7,8 For a titanium target wire the dominant radia
tion was from ionization states of 19, 20, and 21, sug
gesting a temperature greater than 1 keY for at least 
some titanium plasma. The question is not yet resolved 
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FIG. 5. Comparison of photon pulse from aluminum wires 
(a) single wire with 0.0127 cm diameter, (b) four wires with 
0.0076 cm diameter equally spaced on a O. 5-cm-diam circle, 
and (c) six wires with 0.002 em diameter equally spaced on 
a O. 7-cm-diam circle. 
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whether these targets are truly excited by the kinetic 
energy of the implosion, but it is clear that high ioniza
tion states can be obtained even from materials which 
do not produce detectable radiation as a single wire. 
It is also clear that the few kJ of kinetic energy asso
ciated with the implosion are not sufficient to heat all of 
the target wire to kV temperatures. 

In conclusion multiple-wire arrays provide a load 
with lower inductance than a Single wire and generate 
a photon pulse shorter and more intense than that pro
duced by a single wire. This is an important advantage 
for matching these -loads to the low-impedance genera
tors currently available. 
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19F range-energy curve in Si from 100 to 550 keV* 
H. B. Dietrich 
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L. E. Plew 

Naval Weapons Support Center, Crane, Indiana 47522 
(Received 17 June 1976) 

The range statistics for C, P, Ne, AI, and Si in Si recently published by Gibbons, Johnson, and Mylroie 
(GJM) are significantly different from the predictions of the LSS theory. This difference exists because in 
their calculation GJM made use of measured electronic stopping powers (S,) for channeled ions. The 
scaling procedure employed by GJM builds into their calculation the pronounced Z! oscillations observed 
in the S, of channeled ions. Use of the measured electronic stopping powers was limited to N, 0, P, CI, 
Ar, and the above mentioned ions in Si. In order to make an experimental check of the scaling procedure 
employed the range-energy curve for !9p in Si has been measured between 100 and 550 keY. The following 
observations can be made: (1) The experimental range·energy curve for !9p is in good agreement with LSS 
calculations and (2) the measured ranges are significantly less than the predictions of Gibbons, Johnson, 
and Mylroie. These results are interpreted as strong evidence against the validity of scaling Eisen's 
measurements of the electronic stopping power for channeled ions over to random trajectories. 

PACS numbers: 29.70.Gn, 61.80.Mk 

Recently, Gibbons, Johnson, and Mylroie1 (GJM) 
have published a new set of range statistics for ion 
implantation in semiconductors and related materials. 
These new tables are a revised edition of the earlier 
work of Johnson and Gibbons (JG) , a In this revision~ 
the authors have coupled improved calculational methods 
with a greater use of experimental electronic stopping 
powers in an attempt to improve the accuracy of the 
tables. 

power Se for B in Si along both random and channeled 
directions. Where Eisen's data were employed, the 
electronic stopping power was taken as Se = CNSEEP, 

where p was taken from Eisen's work and CNSE was 
determined from 

CNSE for ion Z in amorphous Si 

= CNSE for B in amorphous Si 

CNSE for Z along (110) axes 
x CNSE for B along (110) axes' 

(1) One set of electronic stopping power data employed 
was that obtained by Eisen3 for various ions channeled 
along the (110) axes of Si. These data were only used 
to calculate the range statistics for a series of ions 
with Z <s 18 in Si. In scaling the channeled data over to 
random trajectories, Gibbons et al. made use of the 
fact that Eisen had measured the electronic stopping 

This scaling procedure results in projected range Rp 
values which oscillate about the LSS value as a function 
of Zl' This effect can be seen in Fig. 1 where the LSS 
Rp values previously calculated by JG are compared to 
the recent calculation of GJM, This oscillatory behavior 
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