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Generation of powerful electron beams in a dense gas
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An electronbeamsourcebasedon a dielectricbarrierdischargeanda perforatedanodeworking in
adensegasis describedElectronbeamswith currentdensitiesup to 60 A/cn? andpulsedurations
of 150 ns were generatedStableoperationof the deviceat a repetitionfrequencyof 200 Hz has

beendemonstrated.© 2003 Americanlinstitute of Physics. [DOI: 10.1063/1.1616649

Pulsedelectronguns basedon electronemissionfrom
cold cathodesor glow dischargesare commonlyrecognized
as simple and reliable meansfor large-areaelectronbeam

tron gun. Insteadof a metallic cathode-anodesystemiit is
proposedo usea dielectricbarrierdischargg DBD) module
asthe sourceof electrons.The operationalcycle of the de-

production. The working gas pressure is usually lower than tice, illustratedin Fig. 1, consistsof two stageslnitially, a

Torr'? and the efficiency can be as high as 75%-80%:3 At
theselow pressuresgnergeticelectronbeamswith current
densitiesin the orderof severalA/cm? andvoltagesof up to
100kV canbe produced'

High currentglow dischargeelectronbeamgenerators
have found various applicationsranging from surfacepro-
cessingand plasma etchind to preionization and direct
pumping of gas lasefs® However prospective applications
are limited by the maximum obtainablecurrent, operating
gaspressureandthe fact that usually the electronshaveto
passthrough a thin fragile metallic foil which setsstrong
boundson the repetitionrate.

In discharge-baseslystemsthe currentdeliveredby the
electronbeamsourceincreasesvith the gaspressureTo in-
creasethe currentdensity further, one must thereforeraise
the operationapressureof the device.ln systemswith large-
areametal electrodesthe increaseof pressurecausegrob-
lemsbecauseahe dischargeendsto becomeunstable These
instabilitieslead to arcsthat short-circuitthe dischargeand
damagethe electrodesurface.As a result, the accelerating
voltage cannotbe madehigher than a few hundredvolts in
suchdevices.

To overcometheseproblemsandto improvethe general
performanceof large-areaelectronbeamsourcesbasedon
glow dischargeswe suggest particularconceptfor anelec-
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dischargeis producedbetweenthe meshanode(3) andthe
dielectric(2) by a high voltage pulse applied to electrétle
Electronsflow to the dielectric and chargeit negatively
therebyterminatingthe dischargeln this way, a temporary
or virtual cathodeis formed on the dielectric surface.

During the second stage, the dielectric-covered electrode

(1) is switchedto groundpotentialanda new dischargewill
start. The electronsare now acceleratedn the thin layer of
the cathodefall region, therebygaining an energylinearly

proportional to the applied voltage. The accelerated electrons

are subsequenthemittedfrom the DBD regionvia a perfo-

ratedmeshanode.
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FIG. 1. Experimentalsetup:(1) metal electrode,(2) ceramiccylinder, (3)
mesh anodd4) screen(5) Faraday cup6) 2 ) resistor (7) Rogowski coil,
(8) high voltageprobe,and (9) high voltagepulser
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The devicehasseveraladvantage®ver known electron
beamgeneratiortechniques. Whaveshownthatit worksin
a stablemodeat a gaspressureof severalhundredsof mbar
Operationat gaspressuresip to 1 barandat repetitionrates
up to 10 kHz shouldbe possible.Contraryto a metal cath-
ode, in which minor fluctuationsin the currentdensity de-
velop rapidly into arcing, a cathodebasedon DBD hasa
negativefeedbackand prohibits strong currentfluctuations.
Comparedto systemsworking under vacuumor low gas
pressureconditions,in our device,the currentdensity limi-
tation dueto space-chargeffectsis lesspronouncediueto
the higher gaspressureThis meansthat our system,which
can work in an over-voltagedmode, can deliver a higher
currentdensitythanlow-pressuredevices.

The experimental setup is shown in Fig. 1. The main part

of the electronbeamgeneratoris a dielectric cylinder (2)
(diameter10 cm, thickness5 mm) made of ceramicwith
high dielectric constante ~1000. For theseparametersthe
specificcapacitancef the dielectricis ~0.18 nF/cri, while
its breakdowrvoltageis ~40 kV. A metallic electrodg(1) is
depositedon the rear side of the dielectric.A stainlesssteel
meshanode (3) with a geometricaltransparencyof 0.7 is
placed at a distanceof 1 mm from the front side of the
dielectric. The anode aperturewas 50 cnf. The electron
beamcurrentdensitywas measuredvith a Faradaycup (5).
To avoid capturingof secondaryelectronsby the Faraday
cup, it was setundera retardingpotentialof ~100 V. The
electriccurrentof the beamwas measuredvith a Rogowski
coil (7). The e-beam generator was fed by a power sugply
delivering high voltage pulseswith amplitudesof up to 30
kV andrise timesof ~140 ns.Pulserepetitionratesof the
device were up te-200 Hz,the limit of which was imposed
by the power supply The voltagebetweenthe electrodesof
the e-beamgeneratorwas measuredwith a high voltage
probe(8). Helium wasusedasthe working gasin all experi-
ments.It shouldbe notedthatthe e-beamparameterfiadno

observable change during several tens of hours operation af

repetitionrate of 200 Hz.
Typical oscilloscopetracesof the voltageU, appliedto
the e-beamgeneratorundervacuumconditions,of the volt-

ageU applied to the e-beam generator under discharge co

ditions, and of the e-beamcurrentJ,, collectedby the Fara-
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FIG. 2. Oscilloscoperacesof the dischargevoltageandbeamcurrent.Dot-

ted line: voltage pulseU, in vacuum(10™ 4 mbar) without gasdischarge.
Solid line: voltagepulseU  at 20 mbarof He. Dashedine: e-beamcurrent
Jy, collectedby the Faradaycup.

defined as the ratio between the peak current collected by the
Faraday cup and the area of the hole in the screen
(0.78 cn?). It is seenfrom Fig. 3 thatfor a chargingvoltage

of 20 kV, J, hasa maximumvalue of 60 Acm™ 2 at a pres-

sure of about 15 mbar It is seenthat at low pressures
(=20 mbar) Jy, increasesharply This canbe explainedby

the well-known fact that the current grows approximately

with the squareof the pressuré. As the pressureincreases
further, J, slowly decreasefRemarkablythe currentdensity

at 70 mbaris still higherthan1 Acm™2.

The dependencef the breakdownvoltage Uy, on the
gaspressures also measuredlt is seenin Fig. 4 that the
breakdownvoltage is approximatelyconstantat pressures
below ~40 mbar.For higherpressuresthe breakdownvolt-
age decreases. The decreasé,ait high pressures is related
to the decrease &f,,. The breakdown voltage has an appar-
atly nonstatic character in our conditions. For p
=40 mbar,the pd valueis equalto ~7 mbarcm (wherethe
distanced betweenthe dielectricandthe anodeis 0.17 cm).

At this pd value,the staticbreakdownvoltageof He should
he ~200 V & whereasin our experimentsa breakdownvolt-
ageof 20 kV is measuredThis is due to operationof the

day cup, are shown in Fig. 2. Under vacuum conditions there

is no dischargeso that no electronbeamis generatedThe
reversalof the voltageis due to dischargingof the ~3 nF
stray capacitoy formed by the rear electrodeand the anode
holder of the generatarTracesUy and J,, correspondo a
dischargein He gasat a pressureof 20 mbar Initially, U4
closely follows withU , . After approximately 100 ns, a posi-
tive spike due to gasbreakdownappearsFrom Fig. 2, the
peake-beamcurrentandthe breakdownvoltageU,, (which
is the differencebetweenthe initial appliedvoltageandthe
voltage at the momentof startof the discharge can be de-
termined. It should be noted that the breakdown volthge
which canbe higherthanthe chargingor initial voltage(see
Fig. 2), determineghe maximumkinetic energyof the gen-
eratedelectrons.

The dependencef the e-beampeak currentdensityon
the He gaspressurds shownin Fig. 3. Thechargingvoltage
is varied from 7.5 to 20 kV. The current density J, was
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FIG. 3. Breakdownvoltage Uy, asa function of gaspressurefor different
chargingvoltages.
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FIG. 4. E-beampeak currentdensity J,, as a function of gaspressurefor
different chargingvoltages.

systemin a pulsed mode. The decreasen U,, is closely
related to the decreasein the dischargeformation time,
which is~100 ns at 20 mbar Hsee Fig. 2and drops down
to ~50 nsat p= 70 mbar.This meanghata reductionof the
voltagerise time down to ~10 ns, which should be easily
attainable would extendthe rangeof operationalgas pres-
suresby severaltimes.

In conclusion,we havepresented particulardesignfor
a large-areaelectronbeamgeneratarThe DBD enablesthe
productionof a homogeneoudarge-arealectronbeam. The
substantialincreasein the operationalgas pressurein this
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pared to other gas-discharge-based electron beam generators.

A currentdensityof 60 A/cn? wasreachedat nominalelec-

tron beam energy of 30 keV and with a beam cross section of

50 cntf. The prospectsfor scalingup the electrodesurface
are good. The suggestectlectrongun designis robust: no
sign of electrodedegradationor performancedeterioration
was found after severaltensof hoursof operation.The sys-
tem describechereoperatesvith a maximumrepetitionrate
of 200 Hz, which is limited by the existing power supply
Thereare no basicrestrictionsfor a further increaseof the
repetitionrateinto the multi-kilohertz domain.
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