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Transient electrical discharges in small devices  *
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Fundamental and applied research on plasmas with high energy density that are unstable and radiate
can be done at a relatively low cost with small plasma pinches. In this paper we discuss three
experiments using small pinch devices: a capillary discharge, a Z-pinch driven by a small generator,
and a low energy plasma focus. The experiments were complemented by magnetohydrodynamics
numerical calculations in order to assist the design and physical interpretation of the experimental
data. The diagnostics used in the experiments include current and voltage monitors, multipinhole
camera, holographic interferometry, and vacuum ultraviolet spectroscopy200@ American
Institute of Physics.[DOI: 10.1063/1.1351829

I. INTRODUCTION column of a centimeter in length and radiughis is usually
done by means of huge facilities such as the Sandia National

. . . . : aboratory in the USA:? Intermediate devices have been
interesting plasmas, particularly in small laboratories. Smal

plasma pinches can reproduce scenarios of high energy deH§§dt.toﬁEr&duce VtaCULljlnll uItravE)oI(eVUV)ﬂto SOﬁI x-rﬁag
sities, radiation emission, and instability phenomena, whic adiatio € most well-known being Soft x-ray 1asing.

trigger fundamental and applied research with relatively lo r?terestlngly, 163/ can also be provided using small de-

costs. A dynamic pinch is a transient plasma column convices. In effect, by confining the plasma to submilimetric

ducting electrical current, which is confined by the associ—v_ommes’ less thal J isrequired to reach high energy den-

ated magnetic field. Plasma pinches usually require the us?tles (as an extreme example 0.1 J is enough for a”ﬁ@

of high pulsed voltage&V to MV) and high current$kA to ) lameter sp_hebe_The key point to prod_uce those conditions
MA). Generally, these devices operate by connecting in sSmaII gewces is the curren.t rate, which should reach about
charged capacitor array to a pair of electrodes. Different101 Als.” Consequently, the inductance should be very low.

electrode configurations have been proposed to create plasma 'W.e S?Ud'ﬁd \;Tﬁ/ physu;tal mechamsms relaéelzd to I(;;lser
pinches during pulsed discharges, Z-pingh,pinch, and e_mlssAl\ofn nt e_” dt_o sho x-ray region in a(tja e-top de-
plasma focus being the most well-known. vice. A fast capillary discharge was constructed atGloeni-

The applications of pinch discharges are mainly relatecf’ion_ Chilena d% Etr:ergérl]\lqclea(rj CFCHEN,lfolllot/]vindg”tge
to the radiation emitted by the plasma, namely electrons an8e3|gn reporte y o an avre.1- ! t

ion beams, x rays, and neutrofusing deuterium Fast elec- =102Als).” The apparatus is shown in Fig. 1. A pair of 90

trical discharges are also used to study plasma dynamics ang™ d|amet§r brass electrodes from the anode and t.he cath-
stability. In this article three experiments are discussed?de of the discharge, as well as a parallel plate capacitor. The

which use small devices to study fundamentals and appIica{psuI""tor('\”yl"’lr and polyvinylidenefluoride, PVDFbetween

tions of transient pinch electrical dischargéa). a fast cap- the elecirodes is also the capacitor dielecticl mm inner

illary discharge,(b) the early stages, dynamics and stability dia_\meter ca_lpillary tupe, 0.8-2.5 mm long, is pl_aced at th_e
of a gas embedded Z-pinch, and the development of a axis. The discharge is produced inside the capillary. A pri-

neutron pulsed source based on a small plasma focus. mary 7 nF capacitor charges the storage capacitor by means
of a pulse. The length of the cable connections between the

spark gap and the capacitor of the main discharge is cali-
Il. VUV RADIATION FROM CAPILLARY DISCHARGES brated to obtain the required timing between the discharge
In order to produce high brightness radiation with anand the diagnostics. The ionization in the interelectrode

electrical discharge, high energy densities should be proSPace is assisted by a high-energy electron beam, which is

vided to the plasmas- 1012J/n? (i.e., some MJ into a plasma ©riginated in plasma inside the hollow cathode redioh.
The discharge operates in argon with a cathode pressure of

100-600 mbar. The anode pressure is around five times less
*
Tlﬁsﬁ’; Eéi:i(;“"' Am. Phys. Sod5, 20 (2000. than the cathode pressure. Current rates abol#tAl8 were
9present address: Institute of Theoretical and Experimental Physics, MoQPtained applylng VOItages_Of 10 kv. _
cow 117259, Russia and Laboratory for Plasma Astrophysics, Toyama  The voltage in the capillary capacitor, the current, and
University, 3190 Gofuku, Toyama 930-8555, Japan. the current derivative were measured in our experiments. A
PAlso at the Institute of Spectroscopy, Russian Academic of Sciencecoaxial cable was biased at200 V and located in the dis-
Troitsk, Moscow Region, 142090 Russia. . . . .
9Also at the Network PLADEMA, Comisio Nacional de EnefgiAtomica  charge axis, behind the anode, in order to detect the impact

and Universidad Nacional del Centro, 7000 Tandil, Argentina. of electrons(negative signalor photons with energy greater

Transient electrical discharges are ideal ways to creat
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FIG. 3. VUV spectrograph. VUV spectra of the capillary discharge has been
SG R T obtained by means of a grazing incidence spectrograph GISVUV1-3S.
o—n—-— Gold-coated replica grating of 300 lines/mm, with a curvature radius of 1 m
was used. The grazing angle was 4°. The spectra was registered in the same
-HV c four MCP frames used with the pinhole camétans between frames and 5
T ns gating pulse Due to the geometry defined by the spectrograph, only

three frames are used.

FIG. 1. Capillary discharge device. A pair of 90 mm diameter brass elec-

trodes form the anode and the cathode of the discharge, as well as a parallel

plate capacitor. A capillary of sub-millimeter radius and with a length of Jetector before breakdowiiFig. 4), indicating electron

some centimeters, is placed at the axis. The discharge is produced inside t& L
capillary between the capacitor plates. To operate the discharge, a dire %ams' About 3 ns after the peak current there were indica

current charged primary capacitor 67 nF is used to charge the storage tions of photon radiation impacting on the diode, which pro-

capacitor with a pulse. From the spark gap SG, the capacitor of the maigluced positive signals. Pinhole images taken during a dis-
discharge is connected to three coaxial cables in pardlel charge along an 8 mm length capillary and 650 mbar are
shown in Fig. 5. It is important to note that the pinholes are

not in the capillary axis, so some considerations must be
taken into account. From simple geometry it is clear that
images created from opposite ends of the capillary have dif-
ferent magnifications, and are centered in a different posi-

than 4.3 eV(positive signal, like a x-ray diodeA multipin-
hole camera with a magnification oh=3, attached to a
microchannel platéMCP) sensitive to x rays and VUV ra-
diation was used to register 1 frame every 4Fig. 2). The
VUV spectra of the capillary discharge have been obtained
by means of a grazing incidence spectrograph GISVUV1-3S
(Fig. 3. A gold-coated replica grating of 300 lines/mm, with

1 m curvature radius, was used. The grazing angle was 4°.
The spectrograph was calibrated with helium for the spectral
range of interes(20 to 200 nm.

Figure 4 shows typical signals of voltage, current, and
diode detector of a discharge along 8 mm length capillary
and 650 mbar argon cathode pressure, at approximated/
kV charging voltage. Timé= 0 indicates the breakdown that
occurs at—10 kV. The peak current achieved was 5 kA in
3.5 ns, i.e., a half period of 7 ns in agreement with the ap-
proximately 2 nH inductance of the 8 mm long capillary.
With a capillary three times longéR5 mm) the half period
of the discharge increases by 70%, to 6 ns, in accordance to
an inductance three times longer, demonstrating that the O IR P TP B
pulsed power has an appropriately low inductance on the " y " y "
order of nH. Negative signals were observed in the diode

1 (kA)

Diode Signal (a. u.)

PINHOLES t (ns)
FIG. 4. Signals of voltagey, current,l, and from a—200 V biased diode

FIG. 2. Multipinhole camera. A four frame microchannel pl&#CP) was detector corresponding to a capillary discharge in argon at 500 mTorr cath-
used to register images: one frame every 4 ns. The MCP is sensitive only tode pressure, 8 mm capillary length, and 1 mm diameter. T#@ corre-
x-ray and VUV radiation. The gating pulse is 5 ns. A square array of 16spond to the breakdown that was atl0 kV. The maximum current
pinholes was used; 4 columns with equal size pinholes per column: 50, 10@&chieved was 5 kA with a rise time 10—-90% less than 3 ns. From the diode
200, and 300um, respectively. The four rows or the pinhole array corre- detector a negative signal appears before the breakdown, corresponding to
spond to different frames separated by 4 ns. So, time—space resolutidhe electron beam. Later, a positive signal appears corresponding to the
plasma images can be obtained. photonic radiation impacting on the diode, 3 ns after the peak current.
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FIG. 7. Time integrated spectrum: 10 shots were registered in the same
frame of the MCP for a discharge with a capillary 8 mm in length and 1 mm
in diameter.

13ns ' ‘. .3“/, : “;

©=50um  ®=100ym  ©=200ym  ®=300um Arx ions(second and higher orders can be identifiedx Az,
Arix-3, Arix-5). The ion temperature can be roughly esti-
FIG. 5. Pinhole images corresponding to a capillary discharge at 500 mTormated at about 40—60 eV.

cae pressire 2 caplany o 8 gt s L 1 dmeer ?oe The capillary discharge can also be complemented vith
4 frames of MCP were working at that time. numerical simulations. A one-dimensional model derived
from the magnetohydrodynami¢MHD) equations was ap-
plied to study the plasma dynamics and temperature evolu-
tion. Thus, for a qualitative analysis three possibilities weretion during the discharges.The calculations predict a final
considered. For a radial homogeneous plasma inside the caadius of 100—-200 microns and electron densities of 2
illary, the image corresponds to nonconcentric cirdleig). X 10?*m~3 occurring three nanoseconds after the peak cur-
6(a)]. In a hollow plasma column, the image has a morerent. The corresponding electron and ion temperatures are 80
complex structurdFig. 6b)]. In a compressed plasma, the and 40 eV. Under these conditions, theoretically soft x-ray
image becomes a lingFig. 6(c)].X° According to that inter- lasing can occur at 46.9 nm, due to population inversion by
pretation, in Fig. 5, the images for 5 (8 ns after the peak collisional electron excitation of Ne-like A ions.
curreny suggest the existence of a homogeneous plasma col-
umn. For the®=50um pinhole diameter, a central bright- 1ll. GAS EMBEDDED Z-PINCH DRIVEN BY A SMALL

ness core of~300 um can be observed, which is not neces-GENERATOR: EARLY STAGE, PLASMA
sarily a compressed plasma. DYNAMICS AND STABILITY

Figure 7 shows a time-integrated spectrum over ten dis- 7 ninch discharges are very simple devices that can pro-
charges along an 8 mm length capilldgysingle shot did not  ,ce hot dense plasmas. The limitation is the discharge dis-
have enough |nten§|ty under these conditions to register Ruption by instabilities. The development of pulse power
spectrum. Several lines are attributed toAn, Arix, and  generators, capable of delivering currents to a plasma load of
I>10° A with dl/dt>10"A/s led to a widely held belief
that by heating and compressing the plasma at a high enough
rate, dense hot plasma conditions could be achieved in times
shorter than the instability growth tint. A number of ex-
periments have been carried out in Z-pinches using pulse
power generators. Results obtained show that in fiber and
compressional Z-pinchesm=0 magnetohydrodynamic
(MHD) instabilities are present. On conventional gas embed-
ded Z-pinches, after an initial expansian=1 instabilities
leading to a helix develop, eventually disrupting the plasma
column. The development of these instabilities happen dur-
ing tens of nanoseconds. The observed growth time for the
instabilities appearing in Z-pinch discharges, in both gas em-
bedded Z-pinct and fibet* or compressional is longer than
those predicted by MHD theory. In a gas embedded Z-pinch
where an electric discharge between the electrodes is estab-
lished in a dense gas under atmospheric range pressure it is
possible to obtain a large number of experiments per day in
negative comparison with single fiber or fiber array experiments. In
image addition, changing the filling pressure and electrode configu-

ration, different initial conditions and different stability re-
FIG. 6. Qualitative images obtained with a pinhole not in the capillary axis.gimeS can be studied.
Images created from opposite ends of the capillary have different magnifi-  |n this section we describe a series of experiments in gas

cations, and are centered on a different positi@nIn the case qf a radial embedded Z-pinches carried out at Pontificia Universidad
homogeneous plasma, the image corresponds to nonconcentric ¢bgles.

o 1 o15-18 4
a hollow plasma column, the image has a more complex strudrn a  Catdica de Chile, driven by a small pulse power gen-
compressed plasma, the image becomes a(Red. 12. erator, a Marx bank400 kV) coupled to a water transmis-
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FIG. 8. H, at 1/3 bar gas embedded Z-pinch experime@sPre-ionization
by the laser pulsélaser initiated pinch (b) pre-ionization by microdis-
charge(needle pinch (c) pre-ionization by the hollow microdischarge and
laser pulse(double column pinch Current traces and interferograms are

shown.

sion line (1.5 €, 300 kV, 120 ns double transit timeThe
current rate was approximately<2L0'2A/s. The discharges
were performed in | D,, and He at 1/6, 1/3, and 1 bar.
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The electron density at the axig~10°*m~2 was less than
the filling gas density £1.8x10?°m~%).1"18 The Bennett
temperatureTg, can be estimated fromg=[ uo/167k(Z
+1)]I%/N, with uq the permeability of free spacé, the
Boltzmann constant, and the number of charges or ioniza-
tion stages. Thug (eV)=1.56x 10** 12/N, with | andN in

S| units. At 25 ns the Bennett temperature is estimated at
Tg~90eV. While the plasma column expanded, the line
density,N, increased roughly in a linear way, with a rate on
the order of 4 10°°m~1s 1(+30%).

In the second method, a small 20A discharge was
induced between two tungsten needle electrd@s. 8(b),
needle pinch Here also the plasma column expanded (
=2.6x 10" m/s) during the current rise stage. No instabilities
were observed during the expansi8rit® A plume occupying
1/3 of the electrodes interspace was observed at 5 ns1i,An
value of 5 10?°m™3 is observed at 50 ns at the axis of the
pinch, with a value oN of ~1.5x10**m™?, and the Bennett
temperature was estimated Bt~40eV. Line densityN,
increased with a rate of 2810°°m 1s {(+30%). In this
case, electron densities greater than what was expected ac-
cording to the density of filling gas were measured.

In the third scheme, a cylindrical hollow discharge of
150 uA was established between the conical electrodes, as
well, a pulse laser beam was used for pre-ionization of the
central zon¥ [Fig. 8(c), double column pinch When the
pulse voltage was applied, an initial 10 ns fast radial expan-
sion phase was followed by about a 50 ns expansion of the
central channel with a velocity of2.6x 10* m/s. The ex-
pansion of the internal boundary of the annular plasma was
of the same order, whereas its external boundary had a
slower expanding velocity- 6 X 10° m/s. At the end of these
expansion phases, two initial plasmas coalesced into the
single plasma column with an apparent internal structure that
was maintained during the next 110 ns. The line density,
increased with a rate of the order ofxN0?m 1s™?

The electron density profile,, the line electron density (*=30%) in the earliest 80 ns, thus the rate decreasednhe

N (number of electron per unit lengthand the pinch radius

profiles after the 70 ns, and until the current peak time,

a, were measured with good temporal and spatial resolutiorshowed a central peak, V‘g'th_? maximumg>4x 10°°m~*

A frequency doubled Nd-YAG laser pulgé ng was used and avalue oNof ~5x10**m™, and the Bennett tempera-
for optical diagnostics to obtain multiframe holographic in- Ureé was estimated afg~40eV. The value ofn, was
terferometry(8 frames separated by 10 ns between thim greater than would be expected from the filling gas density.
and to obtain simultaneous single shot image-plane hololhe size of the laser spark was less than 1/10 of the inter-
graphic interferometry and shadowgraphy. A visible streal€lectrode distance at 20 ns, and no plasma plume was ob-

camera provided radial and axial plasma mofidithe total

served from the hollow electrodes. Double column pinch

current and the external voltage were also measured with gonfiguration discharges were characterized by low expan-

Rogowskii coil and a capacitive divider.

Figure 8 shows interferograms and current traces obstable:

sion rates and high electron densities, being, in general, more
17,18

tained in H at 1/3 bar. The gas was pre-ionized using three ~ Bennett equilibriumquasistatic or stationary pinthas
different methods. The first method was based on laser inPeen assumed because the Affweelocity, v, , was greater

duced ionizationFig. 8@), laser initiated pinch A pulse
laser beam(Nd-YAG, 6 ns, 300 mJwas focused axially

than radial velocity in these three configurations.
The curious feature observed in the experiments de-

through the hollow anode onto the cathode a few nanosecscribed above was that the pinch radii always exparitieol

onds before delivering the generator pulse to the electrodepinch effect”). This effect was rather surprising, and contra-
The size of the laser spark was less than 1/10 of the intedicts previous theoretical model calculatio(see, for ex-
electrode distance. The experiments showed that the plasnaanple, a zero-dimensional model in Refs. 20). 24ctually,
column expands in a radial direction during the first 25 nsthe models mentioned were derived assuming constant elec-

(v,=1.7x10*m/s), and then developen=1 instabilities.

tron line density, while in these experiments the line density
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3 : : Using the experimental measurements it is possible to
evaluate these parameters. For the three pre-ionization
schemes considered, from the valug;,0.1-1, it is appar-
ent that the pinches are at the boundary of unmagnetized and
magnetized regimes. The needle pinch and double column
1t . pinch remain stable during many transient Alivéimes
(~20 ns at~80 n9g. It has been theoretically conjectured that
0 there is a threshold for the stabilization due to resistive ef-
fects, corresponding t8~100. Experimentally, it has been
observed that for Z-pinch discharges with a substantially
lower value ofS no instabilities appear. From the values of
S obtained at an early stage, it is apparent that the three
discharges are resistive at early stages. In the laser initiated
pinch case, when the instability= 1 starts, the value d&is
on the order of 150; later the value increases. The value

00 5'0 160 observed fora;/a is at a later stage on the order of 0.1
t (ns) —0.2 for the needle pinch and double column pinch. This is

consistent with theoretical studies which indicate that the

FIG. 9. Evolution of the pinch radius, and the electron line densiti, of region of minimum instability for pinch discharges is in the
a H, at 1/3 bar gas embedded Z-pin¢heedle pinch The experimental neighborhood of; /a=0 22324

points were obtained from interferograiti®efs. 15 and 16 The curves are gAII th . f'. ) fi tudied initiallv in th
theoretical calculations. Radial evolution was obtained with a zero- € various conrigurations studied are iniially in tne

dimensional model including the contributions of the plasma density in theresistive regime. Based on experimental observations in the

energy balance, continuity equation, and Bennett relation. double column pinch and in the needle piﬁéh‘t would
appear that a pinch could be maintained stable if it crosses
over the S~100 boundary with a valug;/a around 0.1

was always increasing. It is possible to develop an extended 0.2 and remained at this value while the current is increas-

zero-dimensional model including the contributions of the'n9:
time dependent plasma line density in the energy balanc
continuity equation, and Bennett relatibhwhich shows an
excellent agreement with the experimental ddia. 9).

The relevant parameters regarding stability propertie
can be estimated from measured line denslifycurrentl,
and radiusa.?? In fact, assuming Bennett equilibrium, Haines
and Coppin& found for the Larmor radius over pinch radius
a;/a, for the transient Alfva time ta=alv,, wherev, is
the mean Alfva speed, and for Lundquist numbé,

a (mm)

e 10 study the internal structure of the pinch, a one-
dimensional two-temperature MHD model was numerically
analyzed® Interestingly, the results showed that the struc-
éure of the initially pre-ionized region greatly affects pinch
dynamics coinciding with the experiments described above.
There is still lot of are for further research in small
Z-pinches, and it is clear that the advances will come from an
intelligent partnership between theoretical and experimental
work.

1/2
a_[4mm, r (1) V. SMALL PLASMA FOCUS IN THE LIMIT OF VERY
a | mee”) Z(1+Z)7°N LOW ENERGY
_a —4 mm;\ 2 N2 5 Plasma focus is a pinch discharge produced between two
W TN e B @ coaxial electrodes. The discharge starts over the insulator
o3 . surface[Fig. 10@)]; the current sheath is magnetically accel-
s 3umo€n2 I"a 3 erated along the coaxial electrodésg. 10b)], and after the

" 64(2mmym;) 7% InAZ(1+2)32 N2 current sheath runs over the ends of the electrodes a radial
compression of the plasma occuymBig. 10c)]. The final
pinch generates beams of ions and electrons, and ultra short
x-ray pulses. Using deuterium gas, plasma focus devices pro-
duce fusion D-D reactions, generating a pulse of fast neu-
trons and protons.

During the last thirty years substantial efforts and re-
s . Segources have invested in plasma focus devite¥. The
In order to determine if the plasma is in the magnetize

ime th | h tor © e is th duct §tudies range from small devices around hundreds of Joules
_reg|me| te refevan pararge er”_o_exatlmmef Isth € product g, large facilities about 1 MJ. Recently, plasma focus called
ion cyclotron frequency); by collision time for the ions; , the attention of the plasma research community, to develop

wherem, and m; are the electron and ion masg,is the
number of charge or ionization stage; and uo are the
permitivity and permeability of free space. Thus for hydro-
gen is  obtained a;/a=5.7x10°NY% =26
X 10 10aNY3 1 S=5.46x 1071 *aN"2. The number Im
=5.36 has been uséd.

3#8/26323/2 1%a pulsed radiation applications.
Q‘Ti:64(29mi)1’2e3 InAZ3(1+2)%? N5 (4) _ _Here we describe a small plasma focus operatln_g in the
limit of very low energy(~100 J. The plasma dynamics in
ForH,, Q;,;=5.15x10%“aN"5?, this limit (low capacitanceare faster(low inductance than
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Cathode Anode An important practical issue is the inductance of the cir-

K cuit, which should be kept as low as possible. In small de-
vices the inductance strongly depends on the length of the
connections. In our case, we minimized the length of the
connections between capacitor bank, spark gap, and elec-
trodes using a compact configuration. A total external induc-
tance of 60 nH was measured.

The device constructed by us is useful both for basic
research and applications. Possible diagnostics are time inte-
grated and time resolution neutron and x-ray detection, PIN
diode and particles detectors, pulsed interferometry, among
others. Potential applications are x-ray imaging, neutron in-
terrogation of substances, and neutrography.

HV (+) SG

K ’
-

(d) V. CONCLUSIONS

FIG. 10. Schematic drawing of the principal stages in the plasma dynamics Three kinds of meh Q|scharges dr{ven by small devices
in a plasma focus devicéa) The discharge starts in the base of the elec- were presented. The devices are relatively easy to construct

trodes, a current sheath is formed at the insulator surf@ethe current  and do not require large budgets, being suitable for small
sheath is accelerated along the coaxial electro@dgsnd a radial compres- plfasma laboratories.

sion of the plasma occurs after the current sheaths reaches the axial end'o . . . .
the electrodes(d) Scheme of the circuit, a capacite is discharged over The cap_|l_lary QISCharge is a clever methOd to g_et hlgh
the electrode through a spark gap SG. power densities with low energy. The experiment raises in-

teresting technological questions that have not yet been an-
swered: Is there an optimum combination of current deriva-
in large devices. Although in the small plasma focus thetive and peak current to obtain population inversion in the
neutron yield per pulse is quite low ($01C), it is possible  soft x-ray region, and if so, is it experimentally achievable?
to operate the device in a repetitive regime from Hz to kHz.  Gas embedded Z-pinch experiments are useful to study
The procedure to design a small plasma focus is to stagiinch dynamics and instabilities. Peak currents of tens of kA,
with the available electrical components. In our case we hagyith current derivatives of £8— 103 A/s could be achieved
four capacitorg40 nF, 20 nH connected in paralléll60 nF,  in small devices. Experiments in small Z-pinches are inter-
5 nH). Charging voltages of 30 to 40 kV could be obtainedesting to study the earliest stages of plasma discharges. How-
from a power supply or an intermediate pulse voltageever, diagnostics with sub-nanoseconds resolution within
multiplier3! The optimum size of the electrodes was thentens of micrometers are still required.
determined by theoretical considerations, using a theoretical Neutron generation from plasma-focus devices has been
model of Mather plasma focd8.Figure 11 shows the ex- a matter of research in the past. Nowadays, the technology is
pected neutron yield dependence with the deuterium fillingocused on transportable neutron generatorsrfsitu appli-
pressure for electrodes of lengtk 2 cm, internal and exter- cations (neutron illumination, neutrography, and substance
nal radii of ry=0.8cm andr,=1cm. An external induc- detection. Moreover, intense neutron pulses have interesting
tance of 50 nH was assumed. It can be seen that there is applications in biology and material sciences. Plasma-focus
optimum pressure that depends on the charging voltage. pulses also show other unique technological features, namely
simultaneous combination of x-ray and neutron emissions,
which can be used to study compound mixing of high and
108 : : low atomic numbers. On the other hand, it is interesting to
f==20(:8mcm study if the existing theoretical models are valid in the very
g o low energy limits. Although small plasma devices are rela-
é=160nF 1 tively easy to construct, plasma diagnostics remain difficult.
L, =50 nH High spatial and temporal resolution diagnostics are re-
quired. In order to obtain the maximum benefit from these
small devices, proper instruments and diagnostics must be
developed.
A Two of the described experiments were constructed in
v=30kv the Comision Chilena de Energi Nuclear, CCHENIn order
108 : y to study the generated plasmas, the following diagnostics
0 1 2 3 were developed and applied: fast voltage, current and current
P (mbar) derivative monitor; time and space resolved pinhole images:
_ S time resolved VUV spectroscopy; and time integrated mul-
FIG. 11. Expected neutron yield, for a electrode configuration of a length

of z=2 cm, internal radius,=0.8 cm, and external radius=1 cm. The f[lplnho_le x-ray photography. To th.e aboye dlagnOSIS capa.bll-
discharge is assumed to be operating in deuterium with a total externdly achieved at the CCHEN, we will add in the near future: 1

inductance of 50 nH. ns time resolution holographic interferometry with a Id-
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