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Abstract. A pulsed x-ray tube is described which consists of a large-area
(80-400 cm2) cold carbon felt cathode and a tantalum foil anode arranged in
transmission geometry. It is driven by a Marx generator with an output voltage
between 60 and 140 kV. The dose and the dose rate of the x-ray flash together
with the diode current are studied as a function of anode-cathode distance, the
cathode area and the charging voltage. The tube characteristics are numerically
well described by a simple model which considers cathode plasma migration and a
space-charge limited current in the remaining vacuum gap.

1. Introduction

felt
carbonemploying
adiode
vacuum
cathode with a
large emission area (801400 cm2). The dependence of
X-ray flash sources are widely used for the observation
tube current and x-ray output on cathode area,
elecof fast phenomena. Depending on the application,high
trode separation and generator design is investigated.
repetition rate, high dose, short pulse duration or high
A non-linear,
second-order
differential
equation
intensity aredemanded [l,21. Morerecently, x-ray
describes the circuit including the Marx generator, the
flash tubes have also been used for the preionisation
cablesandthevacuum
diode. Under the assumption
of high-pressure gas discharge lasers [3-71. If a high xof a constantly moving cathode plasma with increasing
ray intensity is required, cold cathodesareoften
effective emission area, the tube current and
x-ray outemployed, because they are capable of a space-charge
putduringplasmamigration
are calculated in good
limited current, which can be considerably higher than
agreement with experimental data.
that of thermoionic emitters r81.
Compared with commonly used metal
blades,
Experiment
cathodes
made
of carbon fibres or carbon
felt
have
been found to be advantageous
in vacuum discharges
with regard to their x-ray-emission homogeneity and
A schematic diagramof the flash x-ray system consisting
lifetime [g]. Due to the high number of potential fieldof the high-voltage generator and the vacuum diode is
emitting whiskers, statistical fluctuations and the evapshown in figure 1. The diode chamber is made of 6 mm
oration of single whiskers are of minorimportance.
thick
stainless steel with a 10 X 40 cm2 large A1 output
Additionally, carbon felt cathodes arescalable to large
window
of 3 mm thickness at the bottom and leadglass
areas as required in electron beam pumped or x-ray
windows
fordischargeobservationattheside
walls.
preionised laser technology, where they have become
3
mm
thick
and
40
cm
long
The
cathode
is
made
of
a widely used technique [5,7].
carbon
felt
(1)
while
the
anode
consists
of
a
10
pm
Despite their widespread use, there have been only a
thick
tantalum
foil
(2).
Both
electrodes
are
fixed
to
few attempts toexplain the operationalcharacteristics of
their
supports
by
conductive
glue.
Optionally,
a
peakcold cathode x-ray tubes in the pre-breakdown phaseby
ing capacitor Cp is formed by a steel plate in contact
analytical or numerical models [ 7 , 10-121.
with the high-voltage feedthrough and the tubehousing
In this paper we present a detailed study of an xwith deionised water as the dielectric material (3). Two
ray flash tube consisting of aMarxgeneratoranda
cathode sizes of 2cm and 10cm widthhave
been
t Present
address:
Central Laser Facility, Rutherford Appleton
tested. Thechamber is evacuatedto=2
X
mbar.
Laboratory, Chilton, Didcot, Oxon OX11 OQX, UK.
The
tube
is powered by n-stage
a (n
= 3-4) Marx
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Figure l . Schematic diagram of the x-I'ay flash system (see text for details).

generator, each stage consisting of a 38 nF capacitor
and an electrically triggered spark gap (Maxwell). Each
U, = 35 kV. The current
stage can be charged up to
through the diode was measured with a current transformer (Pearson Model 110). A PIN diode (UDT pin
10) protected against visible light with a thin aluminium
foil was used to trace the x-ray pulse [6, 131. Since the
active layer of this detector is very thin (=250 pm) it
is reasonable to assume that it measures the x-ray dose
rate.
The x-ray dose was determined with a pocket dosemeter FH 39 R5 (FAG) at adistance of 3 cm from
theoutputwindow.
Since the x-raybeam is highly
divergent, both PIN diode and dosemeter wereenclosed
in a small lead box so that they only collect the x-rays
emitted in the forward direction.
The electricalsignalswere
recorded with a 7834
storage oscilloscope or with a 7250 transient digitiser
(Tektronix).Thetube
voltage atthe
high-voltage
feedthrough was monitored with a resistive voltagedivider (made available by Dr A Endo, Tokyo) which has
a temporal resolution of about 50 ns. Little effort was
made to minimise the inductance of the electrical circuit, and depending on the actual geometrical current
loop size, it amounts to a few microhenry.
3. Discharge mechanism

Vacuum discharges between cold cathodes have been
extensively studied [ l l , 12, 14-17] and the principles of
operation are well understood. However, due to the
high number of parameters which are difficult to
quantify (e.g., surfaceroughness of theelectrodes),
there is still a high degree of empiricism in the description of vacuumdischarges
[2,15].It
is commonly
agreed that the phenomena occurring during arc formationare exceedinglycomplex [NI.Let us briefly
review the most important processesfor thepresent
application.
Depending on the shape and material
of the cold
cathode, the geometry and the background gas pressure,electronsareextractedeither
directlyfrom the
cathode (field-emission tube) or from aplasma formed

by evaporation of cathode material (vacuum discharge
pressure
tube) [2]. A very low background
mbar) is neededto
achievea
pure fieldemission current while the requirement for effective xray production via plasma emission is quite moderate
(-lo-' mbar) [2,8]. At large inter-electrode separation
(severalcentimetres)apure
field-emission current is
not likely to occur[2]. Theevaporation in vacuum
dischargetubesoccurs
duetoJouleheating
of protrusions by high local field-emission currents [14-161.
The vapour thus produced is partially ionised by electrons, and positiveion bombardment of the cathode
enhancestheelectron
emission[18].A
highly conductive plasma is formed, which works as an effective
cathode with a very small work function[ 161. Additionally, an anode plasma may be formed [19].
Electrons are extracted from the plasma and accelerated in the remaining
vacuum
gap
producing
bremsstrahlung and characteristic radiation when they
impinge on the anode. The electron current in the gap
is essentiallyspace-chargelimited [14, 161. When the
expanding cathodeplasma cloud has reachedthe anode
an arc develops. A fairly short circuit is formed and xray emission is practically terminated.This effect is
well known as plasma closure and typically occurs with
cold cathodes. Hence, only the period before vacuum
breakdown, in the arc formation period, is of interest
for theproduction of x-ray flashes. However, since
most of the energy initially stored may be dissipated
duringthearcphase,theelectrodesorother
circuit
elements such as spark gapsmay be severely damaged.
Arc formation should therefore be avoided by proper
choice of tube and generator parameters [2, 10,181.
4. Results
4.1. Parametric study

The tube current, x-ray dose rate and total x-ray dose
were measured as a function of the charging voltage,
cathode size andanode-cathodeseparation.Fornot
too largeelectrodeseparation (do 4 cm), the signals
are very smooth; the shot-to-shot stability of the peak
current is better than -+l%
and that of the PIN diode
19
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Figure 3. Peak tube current and x-ray pulse duration
(FWHM) as a function of electrode separation do
(three-stage Marx generator, U, = 30 kV) for two different
cathode areas A: 0, A,A = 2 x 40 cm2;
0, A,A = 10 x 40cm2.

Figure 2. X-ray tube current (top) and x-ray dose rate
(bottom) as traced by the PIN diode for various electrode
separations do. Here the three-stage Marx generator was
used with U, = 30 kV and A = 2 x 40 cm2.
signal is better than 2 2 . 5 % . Figure 2 displays the diode
currentand the respective x-ray pulse shape for the
small cathode and various anode-cathode distances do
with U, = 30 kV(three-stage Marx generator).For
do = 1.3 cm, the current
exhibitsnearlyshort-circuit
characteristics dueto rapidarcformationacross
the
gap. In this case, x-ray emission islow (10 mR) and
the PIN diode signal is very noisy. For distances up to
2.8 cm, current oscillations are observed indicating the
formation of a low-resistive arc after plasma closure.
The amplitude of the current oscillations decreases for
larger d,, for two reasons. First. the resistance
of the
tube in the arc regime becomes larger with increasing
do causing a faster decay of the current oscillations [2].
Second, the portion of the total stored energy which is
converted into kinetic energy
of the electrons before
the plasma hasreachedtheanode
will presumably
increase with dl,. Consequently. the energy still available in thearc regime is expectedto be smallerfor
larger dl,. For d,, 3 3.3 cm. the electrical energy is deposited into the load within a single current pulse. For
evenlarger d,,, thecurrenttracebecomesmoreand
more irregular and the fluctuations from shot to shot
become larger.
The x-ray pulsealwayspeaksbefore
thecurrent
maximum [2] which is a clear indication of the decreasing effective electrode separation. The current characteristics of the large cathode are similar to those of the
small one. but the current is considerably higher and
the duration of both current and x-ray pulse is shorter.
The minimum electrode separation at which no current
reversaloccurs is practically equalforbothcathode
sizes.
In figure 3, thepeaktubecurrentandthe
x-ray
pulse duration (FWHM) are plotted as a function of the
anode-cathode
separation
for the two
different
cathodes.Withincreasingdistance.thepeakcurrent
20

decreases in qualitativeagreement
with thespacecharge limited current between two plane parallel electrodes of area A (Child-Langmuir law) [20]

I=

*EO($)

112 U 3 1 2
V

-A

d2

uT

=&-A

d2

(1)

where I denotes the tube current, d the electrode separation, Uv the voltage across the vacuum gap and e
(m,)thecharge(mass)
of anelectron.Thespacecharge law in this simple form only applies if the work
function of the cathode is negligible. Equation (1) does
not consider the migration of the plasma front, which
diminishes the effective electrode separationwith time.
The increase of the x-ray pulse duration with d,, as well
as the delay between the maxima of x-ray intensity and
current are indications for this movement.
Additionally, since the Marx generator is not a constant-voltage source, the time dependenceof the acceleration voltage Uv has to be taken into account. As a
consequence. the peak current
is not proportional to
the cathode area as may be concluded from equation
(1) (figures 3 and 4).Hence,theratio
of thepeak
currents need not contradict the validity of the spacecharge law.
Visual inspection of the discharge shows a homogeneous distribution of several hundred sparks on the
cathode, each representing an exploding whisker. The
areal density of the exploding whiskers on the cathodes
is so high thatthe single plasmacloudsapparently
overlap.
Thecathode
plasmanotonly
expands directly
towards the anode. but in a considerably larger solid
angle(see also [14]). It is seenthroughthe windows
that a large number of sparks are formed at the sides
of the carbon felt, i.e. the plasma also expands orthogonally to the anode-cathode gap. This
will be recognised in the effective area of the tube current, which
is largerthan the physical cathodesurfacearea(see
d 4.2).
In figure 4. the x-ray dose and the peak dose rate
areplottedasafunction
of d,,, measuredunderthe
same experimental conditions as figure3. It is seen that
both x-ray dose rate and dose are considerably higher
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Figure 4. X-ray dose per pulse and peak x-ray dose rate
as a function of electrode separation do (three-stage Marx
generator, U, = 30 kV) for two different cathode areas A
(symbols as in figure 3).
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Figure 5. Dependence of the peak tube current (right-hand
scale) and the peak x-ray dose rate (left-hand scale) on
the Marx charging voltage U,. Here a four-stage Marx
generator and the small cathode ( A = 2 x 40 cm2) were
employed with do = 3.6 cm.

forthe small cathode. Although j is explicitly independent of the cathode size (since the current is spacecharge limited), the higher total current
of the large
cathode leads to faster dischargeof the Marx generator
andconsequentlytoashorterx-raypulse.Forthe
larger cathode, the whole x-ray energy is distributed
over alarger area.Hence,thedoseproduced
by a
certain area must be smaller.
For a given do, the peak tube current varies with
U , in goodagreement
theMarx
chargingvoltage
according to U t , with 1.0 S x S 1.3, depending on the
actual tube parameters. The experimentalvalue for the
exponent x is not verydifferentfromtheexponent
1.5 in thespace-charge law (equation(1))and
is in
agreement with the observation of other authors [13].
The dose D as well as the peak x-ray dose rate (as
observed by the PIN diode) follow a power law .;U;,
with 3.5 S y S 4.5 (figure 5 ) .
The strong dependence can qualitatively be understood by neglecting any temporal change of U , or d.
For not too high an acceleration voltage, the spectrally

integratedx-rayintensity
S,,,, (inunits of W cm-2)
originating from bremsstrahlung radiation for a ‘thick’
anode is approximately proportional to [21]
S,,,

ju’v

where j is the current density. The intensity of characScharhasbeenfoundtobeproteristicradiation
portional to [lo, 221

~ i ( U -v
1.5 S p S 2.0.
(2b)
U, denotes the ionisation energy of a particular inner
~ electron. L radiation is immediately reabsorbed in the
Ta anode. Using theconstantsforequations(2a,b)
given in [21,22]and assumingaconstantvoltage
of
120 kV it is seen that thespectrally integrated intensity
of continuous radiation is nearly two orders of magnitude larger than that
of the K line. Since the temporally varying tube voltage generally exceeds the K
binding energy only for a short time this ratio will be
even higher. Hence, it is reasonable to neglect characteristic radiation, as we will do in the following.
It follows from equations (1) and (2) that the x-ray
intensity is onlyafunction of thecurrentdensity j .
Since j .
;U v 2, S .
;U?,
Since a slightly shorter x-ray
pulse is expected at higherdrivingvoltage
in cold
;U$ law was derived in [4]. The
cathode tubes, an S .
dependence in thepresent work is in general significantly stronger.Thereasonfor
this is not fully
understood, but we believe that it is partlydueto
the spectral composition of the radiation which is not
exactly known. The radiation is, for example, filtered
by the 3 mm thick aluminium window of the tube. It
can be easily shown that the voltage dependence of
the x-ray intensity becomes stronger if the radiation is
filtered.
Additionally, the difference between x-ray intensity
and x-ray dose rate should be kept in mind. Equation
(2a) gives avaluefor the spectrallyintegrated x-ray
intensity (in W cm-2) of the emitted radiation. However, the pen dosemeter and thePIN diode measure the
energy(power) of theradiationabsorbed
in athin
layer of air (silicon, respectively). The factor between
intensity and dose rate is strongly wavelength dependent through the photoelectric cross section [23]. The
results of the dose measurements and the diode signal
are in full agreement with each other and, therefore,
we consider the strong voltage dependence to be an
experimental fact.
A moredetailed analysis would requirefurther
assumptions about or accurate measurementsof the xrayspectrum, which havenotyetbeenperformed.
However, the x-ray spectrum could be estimated from
the attenuation coefficient of the radiation in pure copper plates of various thickness. With a four-stage Marx
U, = 35 kV,the
intensityspectrum
generatorand
extends roughly from 20 to 90 keV and peaks at about
30 keV (figure 6).
The voltageacross thetubecanbe
considerably
C, which is small
increased by apeakingcapacitor
compared with theerectedcapacitance of theMarx
&har
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Figure 8. Equivalent circuit used for tube simulation.
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Figure 6. Schematic spectral distribution of the x-ray
energy without (hatched) and with peaking capacitor
(four-stage Marx, U, = 35 kV, do = 2.1 cm).
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Figure 7. Comparison of the x-ray dose rate (as traced by
the PIN diode) without (left) and with the use of an
additional peaking capacitor, C, = 4 nF (three-stage Marx
generator, U, = 30 kV, do = 2.3 cm).

generator [6]. Furthermore, the inductance of the discharge loop is decreased to about 500 nH. Best performance was obtained with C, = 4 nF. Depending on
the gap size. an increase of the x-ray dose rate up to
a factor of three and a pulse length reduction of up to
60% could be achieved(figure 7). Additionally,the
pulse dose was typically increased by about 100% with
C,. The x-ray spectrum peaks at 40 keV and extends
to 120 keV with C, (figure 6). The spectrally integrated
x-rayenergy is aboutthreetimesas
high as without
CP.
The x-ray flash tube has been used successfully for
the preionisation of rare-gas halide lasers of different
volumes [5,24]. In order to avoidunnecessarystress
of the tube electrodes by arc formation we chose do =
3.3 cm and the small cathode for continuous use. As
can be seen from figure4, this specification corresponds
to a maximum value for the x-ray dose. The tube has
been reliably operated for several tens of thousands of
discharges.
4.2. X-ray tube model
It is well known that the effective impedance 2 of a
cold cathode x-ray tubedecreases rapidlyafter dischargeinitiation 121. Empirically,thisdecaycanbe
well described by apowerlaw,
Z x t"', where a =
2-3 [lo]. The region of smallestimpedancealready
22

belongs tothearcphase.However,
thisempirical
description is not fully satisfactory, particularly in the
pre-breakdown phase. We want to show in the present
paper that the assumption of a cathode plasma moving
with constant velocity andhavinganeffective
area
linearly growing with time and a space-charge limited
current in theremaining vacuumgapbetween
the
anodeandthe
plasma is in full agreement with the
experimental observations.
The equivalent circuit employed for modelling the
x-ray flash system is shown in figure 8. No peaking
cap-citor was used in these experiments. For reasons
of simplicity, the Marx generator is represented by a
capacitor C charged to U , at t = 0. L and R are the
time-independent inductance and ohmic resistance
of
the wholecircuit. The cathode plasmaexpands with
aconstant velocity U . Rv (= U v / l ) is the non-linear
resistance of the vacuum gap (equation ( l ) ) .
The plasma is formed at the beginning of the discharge by local heatingcaused by the field-emission
current.Afterwards,
it expandsandtherefore
it is
cooledanddiluted.However.
it is heated by ohmic
losses (otherwise the electrons would be accelerated to
several 10 keV within theplasma)andtheelectron
densityincreases with time 1171. Because of charge
neutrality, the current through the plasma is not spacecharge limited. Assuming an ion density of lo1' cm-3,
a temperature of 10000 K and an effective ion charge
of 2 (as was measured in plasmasoriginatingfrom
graphite cathodes [17]), we estimate the specific resistance by a modelfor
a completelyionisedplasma
(Lorentzgas) [25] tobe less than 0.1 Q cm. With a
typical plasma area of 300 cm' and a length of 3 cm,
the resistance of the plasma becomes -1 mQ, which is
completely negligible compared with the impedance of
the vacuum gap ( e q u a t i o a l ) ) and the impedance of
the remaining circuit ( d L / C -- 20 Q ) .
Because of the symmetry of thecathode,
it is
reasonabletoassumeasimplelineargrowth
of the
effective cathode plasmasurface with time, i.e. A =
A. /3t 17, 141. Anode plasma formation is not considered. The vacuum gap reaches from the front of the
cathodeplasmatotheanodeandrepresentsanonlinear real impedance RV. Since the current in the gap
is space-charge limited, the [-UV characteristic is given
by the Child-Langmuir law (equation (l)). Theplasma
is assumed to have a negligible work function.
The equation of the circuit finally reads

+

d2U
U+LC"+RC-+
dt2
with A = A .

dU
dt

Cd2 d U
( E A dt
--

+ /3t and d = d o - ut.

1

2'3

=0

(3)

U is the voltage on
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Table 1. The parameter set that describesthe discharge
kinetics of the present x-ray flash tube (small cathode). L is
the circuit inductance, v the plasma velocity, A = A. /3t
the effective area of the cathode plasma and R the ohmic
resistance of the whole circuit.

+

L = 3.02

* 0.05 pH

v = 3.41 f 0.06 cm p - l
A. = 285 ? 25 cm2

/3
R

* 135cm2ps-l
= 0.95* 0.04Q
= 280

c

a

r
c

3

W
L

2

2

0

n

2

c

1

VI
c

.-

3

a
0

L
b

p 2

0

a 1

theerectedMarxcapacitance.The
initialconditions
are U(t = 0) = U, and Z(t = 0) = CdU/dt = 0. U,, C,
L , R and do can be directly measured or derived from
other measurementswith an uncertainty of about 2 2 %
( L and R canbederivedfromtheperiodandthe
dampingconstant of theshort circuit current oscillations putting the cathode in direct contact with the
anode). The remaining parameter set,
consisting of Ao,
/3 and U , is determined so that the values are constant
C and do are
forthedifferentexperimentswhere
varied.
Since by changing each of the three free parameters
thecurrentwaveform
is modified in acharacteristic
way, the fitting procedure is quitestableandthe
derived values for Ao, /3 and U can be considered as
reliablewithin theintervalsshown in table 1. Since
R4
the choice of R does not have a very critical influence on the calculated current curves.
Equation (3) is solved on a personal computerusing
the numeric data from the
7250 digitaloscilloscope.
Inthesemeasurements,the
2 cm wide cathode was
employed. The parameter values were obtained by a
least-squares fit totheexperimentalcurrentdata
between t = 0 and t = rc, the time of plasma closure or
tR, the time of current reversal, whichever occurs first.
The aim of this work is to simulate the tube current and
A description of
the x-ray intensity before these events.
the circuit afterplasmaclosure
(in thearcphase)
requires a completely different model. Moreover, after
current reversal (which may occur before plasma closure) electron emission from the anode has
to be considered.
This
will probably
occur
through
field
emission, but the work function of the anode cannot
beneglected.Therefore,equation
(3) is notable to
predict correctly the tube behaviour for eithert > tC or
for t > tR.
In figures 9 and 10 the calculated temporal behaviour of tube current and x-ray intensity is compared
with the experimental data for two different electrode
separations do. The x-ray intensity S, plotted in arbitrary but equal units, is assumed to be given according
to equation (2a).
Figure 9 shows the situation for a four-stage Marx
generator, U, = 30kV and do = 2.1cm.Thearrow
marksthemoment
of plasmaclosureassuminga
plasmavelocity of 3.4 cm PS" by which the experimental data are fitted best. It is seen that here tR and

.-m
ln

z
Time ( p 1

Figure 9. Experimental tracesof the tube current (top) and
the x-ray dose rate (bottom) fitted by a solution of equation
(3). A four-stage Marx generator and the small cathode
were employed, do = 2.1 cm.

m,

Time Ips)

Figure 10. Same as figure 9, but for do = 3.6 cm.

tc approximately coincide. Since at t = tc there is still
some energy stored in the capacitors, an arc is formed
which is indicated by current oscillations.
For do = 3.6 cm (figure 10) plasma closure occurs
more than 150 ns after the current has reached the zero
cannot
line ( U = 3.4cmps-l).Herethecurrent
reverse,sinceelectron emission by the anode is not
possible. Hence the tube current is abruptlyterminated. This also shows that practically no anode plasma
is formed before plasma closure. In this case also the
voltage at the high-voltage feedthrough was measured
andcompared with thecalculation. As well as the
currenttrace,thevoltagewaveform
is abruptlyterminated. As anindication of the plasmamovement
(decrease in d ) it peaks earlier than the current and
even the x-ray pulse [2].
The time response of the voltage-divider is apparently not fast enough to
resolve the initiation of the
discharge. Immediately after the erection of the Marx
23
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generator the tube voltage should be ratherhigh (since
no currentcan flow beforethecathode
plasmahas
been formed). The duration of plasma formation has
been observed to be 10-100 ns with graphite cathodes
[14]. In the present tube, the time
of formation appears
to be definitely shorter than the 50 ns time resolution
of the divider, which we attribute to facilitated plasma
formation of the carbon felt cathode.
The x-raypulse shape is quitesatisfactorilypredicted by thesimulation in spite of the discrepancy
9 4.1).Apparbetweenintensityanddoserate(see
ently, this difference does not very strongly affect the
pulse shape in practical terms. The experimental x-ray
trace has a tail of about 1ps which is not predicted.
This is an artefact (presumably causedby slow diffusion
of charge carriers in the diode), since there is still an
x-ray signal althoughthetubecurrenthas
ceased
(figure 10). It has been checked that the
rise time of
the PIN diode is of the order of 10 ns.
The voltage dependence of the peak current isin
excellent agreement with the experimental data when
UY,, 1.2 6 y
aconstantparameterset
is used (I,,,
G 1.3), and also the dependence of I,,,,
the dose and
in
maximumdose rateon do (figures3and4)are
good agreement with theexperiment.However,the
calculated dependences of the dose and the peak dose
rate on the charging voltage U, are too weak compared
with experiment. Both are predicted by the model to
vary approximately with the third power of U,. The
dose increases slightly slower than the peak dose rate
due to a somewhat shorter pulse length. As has been
mentioned in 9 4.1, the source of thisdiscrepancy is
not fully understood.
The current traces forvarious electrode separations
do and for two different Marx generator designs
(n =
3 , 4 ) have been described by equation (3). Aconsistent
parametersetcouldbederived
by least-squares fits
(table 1).
is comparable
The plasma velocity of 3.4 cm
with values reported by other authors [14]. The expansion rate of the plasma area corresponds to a reasonableemissionangle
of 60 lo", measuredfromthe
forward direction. There may be some doubt about the
largeinitial area A,, which is morethanthree times
larger than the physical area of carbon felt (80 cm').
However, this large emission area is real as has been
checked by measuring the dose along a line parallel to
the short dimension of the cathode below the output
window. The width (FWHM) of the active anode area is
usually of the order of 6-8 cm. Pnssibiy plasma formation at the side surfaces of the carbon felt cathode
precedes the formation on the surface facing towards
the anode and so increases the initial effective emission
area.

p-'

*

5. Conclusion

A simple and reliable x-ray
flash source designed for
preionising gas dischargelasers is described.Output
24

dose rateanddoseare
strongly dependent on the
anode-cathode separation, the cathode area and the
operating voltage. The tube can be adjusted by simple
geometricalchanges so that no arc is formed which
might damage the electrodes.
The x-ray tube provides a smooth and stable x-ray
output ( + 5 % ) . It can be described in good agreement
with experiment by assuming a cathode plasma with an
effective area linearly growing in time and a constant
in the
velocity of about3.4cm ps-l. Thecurrent
remaining vacuum gap is space-charge limited.
The plasma movement is clearly indicated by a time
delay between the maxima of tube voltage, x-ray pulse
and current. However, some open questions remain,
like the strong voltage dependence of the x-ray output.
The x-ray flash tube has been operated during several tens of thousands of shots to preionise the 30 cm3
discharge volume of a rare-gas halide laser. The influence of gas composition, preionisation geometry, x-ray
dose, pressure and time delay between the x-ray pulse
and the laser discharge on the output energy has been
extensively studied [5]. In a modified version it is currently in operation with another XeClexcimerlaser
having a discharge volume of about 5 X 6 X 40 cm3,
from which 5 J in a 45 ns pulse could be extracted [24].
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