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A plasma window for transmission of particle beams and radiation
from vacuum to atmosphere for various applications *
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Many industrial and scientific processes like ion material modification, electron beam melting, and
welding, as well as generation of synchrotron radiation are performed exclusively in vacuum
nowadays, since electron guns, ion guns, their extractors, and accelerators must be kept at a
reasonably high vacuum. Consequently, there are numerous limitations, among which are low
production rates due to required pumping time, limits on the size of target objects, and degradation
of particle beams and radiation through foils or differentially pumped sections. A novel apparatus,
which utilized a short plasma arc, was successfully used to provide a vacuum-atmosphere interface
as an alternative to differential pumping. Successful transmission of charged particle beams from a
vacuum through the plasma to atmosphere was accomplished. Included in the article are a
theoretical framework, experimental results, and possible applications for this novel interface.
© 1998 American Institute of Physid$51070-664X98)91405-1

I. INTRODUCTION orifices, or thin walls, might be replaced by a short high
o _ _ . pressure arc, which interfaces between the vacuum chamber
_ For transmission of high energy synchrotron radiationand atmosphere and has the additional advantage of focusing
thin beryllium windows are usecor SiN in a few cases  charged particle beams. A novel appardtwehich utilized
Attenuation and spatial structure nonuniformities which at-g;,ch g plasma arc, was successfully used to maintain a pres-
tend the use of these conventional windows represent a Sigyre of 7.6<10°° Torr in a vacuum chamber with a 2.36
nificant problem for various applications in synchrotron ra-m,m aperture to atmosphere. Successful transmission of
diation research. Most of the problems are the result Of:harged particle beams from a vacuum through the plasma to
window heating and degradation of the radiation. atmosphere was also accomplisiéd.addition to sustaining
Electron beam weldingin a vacuum has many well- 5 yacuum-atmosphere interface, the plasma has a very strong
known advantages over other welding techniguesnong |ensing effect on charged particles. The plasma current gen-
which are: very high depth-to-width ratio of the weldments, grates an azimuthal magnetic field, which exerts a radial Lor-
very high energy efficiency, low distortions, and the ability entz force on charged particles moving parallel to the current
to weld reasonably square butt joins without filler metal ad-channel. with proper orientation of the current direction, the
dition. Due to electron beam degradation in differentially| orentz force is radially inward. This feature can be used to
pumped sections, nonvacuum electron beam welding doggcys charged particle beams to a very small spot size, and to
not possess all these advantages. Consequently, the vast iggarcome beam dispersion due to scattering by atmospheric
jority of electron beam welding is performed under vacuum.gioms and molecules.

Some of the shortcomings of vacuum welding are low pro-  pjasma windows show promise as an alternative to tra-
duction rates and limit on the size of assemblies to be weldegitional light source windows for the separation of the ex-
(set by the welder vacuum system _ _ perimental environment from the storage ring vacuum. In-
~ Widely used technologies, such as material modificaherently, such a plasma window is transparent to a wide
tions by ion implantation, dry etching, and micro-fabrication, range of the electromagnetic spectrum, from the ultraviolet

are all performed in a vacuum, since ion beams at energi€syt into the hard x-ray regime, and is impervious to thermal
used in these applications are completely attenuated by fo"éamage.

and by long differentially pumped sections.
Electron beam melting for manufacturing alloys is per-
formed at a pressure of about 70Torr. A major drawback
of operating at this pressure range is the loss of elements THEORY OF OPERATION
with low vapor pressure. Consequently, it is desirable to
raise the operating pressure to a higher level. Plasmas can be used for vacuum separation, interface
To rectify the shortcomings of present day vacuum-with atmosphere, and as lenses. Described below are three
atmosphere interface, differentially pumped chambers anéffects can enable that a plasma to provide a rather effective
vacuum separation, and hence act as a window. Following
that, the physics elements of plasma window operation and

*Paper oThal2-6 Bull. Am. Phys. So¢2, 2006(1997).

"Invited speaker. of the transmission of radiation and particle beams are dis-
dElectronic mail: hershcovitch@bnldag.bnl.gov cussed.
1070-664X/98/5(5)/2130/7/$15.00 2130 © 1998 American Institute of Physics

Downloaded 09 Aug 2001 to 130.199.3.3. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/pop/popcr.jsp



Phys. Plasmas, Vol. 5, No. 5, May 1998 Ady Hershcovitch 2131

A. Ideal gas pressure effect

D
. . L MeiNei =7 Vei=—VPei— V- Pqj
A most important effect is due to pressure equalization, et’el pt - Pe. - !

whether it is between a discharge and atmosphere, or be-

tween a gas channel and atmosphere. Pressure is given by: +0e,iNeilE+ Ve XB]+ R, 4

p=nkT, (1)  wherem is the particle mass anglits chargeR is the spe-

h is th the bl densikvis the Bolt cies total momentum transfe,its partial pressure, and is
wheren is the gas or the plasma densikyis the Boltzmann the stress tensor; an®/Dt=4/dt+V-V. The Naviar—

constant, and' is thg temperature Qf the gas or the plasma,'Stokes equation is basically the momentum equationg.
In some atmospheric arcs, e.g., like that used to test thlg4

. : )] without the electric and magnetic field terms. It is usu-
effect experimentally, the axial plasma and gas temperatur

. . Ily written in a notation in whicmm=p, R=f, and with a
5 7 _l
can be as high as 15 000 with an average temperature partially expanded stress tensor. To close this set of equa-

as high as %2 000 K. Btased ont E). t? ml;itc? ggaosprlﬁnc tions, more equatione.g., energy transporinust be added
pressure at a room temperature of abou » IN€ Ak 4 some assumptions must be made in order to truncate the

plasma and gas density needs to be 1/40 of the roort?équr:ltions. Solving this set of equations is beyond the scope

temperature gas density. Therefore, an equilibrium can 5 this paper. Nevertheless, it can be shown qualitatively,

reached with the vacuum chamber pressure lower by a faCt?Fom this set of equations, that thermal effects play a signifi-

?Jrg)o (since the chamber walls are close to room teMPEraz o nt role in reducing gas throughput through a plasma-filled

Higher temperatures were also reachdn th ; channel. The stress tensBris directly proportional to the
gner temperatures were aiso rea €se arcs. viscosity », which in turn has a very strong temperature
But, due to a 50 A, limit of the arc power supply, peak

. dependencé&:® For ions and electrofis
parameters of the arc used as a plasma window weob-

ably as follows: temperature 15 000 K, plasma density 1.5 k Kk
X 1017 ¢cm~3, neutral density 18 cm™2 (peak densities con- 7i=2X10°u12 < 22, and 5,=2.5x 10" = T2,
centrate in about 1 cm and fall off sharply in the rest of)arc : € 5)

The reason for the uncertainty is that those measurements

were performeti® for different operating parametetSom  where ) is the Coulomb logarithm ang is the ion mass
this work: two extreme gas flowsstagnation or very high expressed in proton mass units. For gases, the simplest ex-
gas flow, high pressure gas feddt least three atmospheyes pression for viscosity /s

and arc currents in the range of 40—-200 A. Voltage drop

across the ar¢@ 50 A) was gas dependent: 85 V for argon, p=aTX, (6)

135 V for helium, and 100 V in atmospheric air.
wherea andx are constant characteristics of each gas. For

air, e.g., at about 1000 °K,is somewhat larger than 1. Con-

sequently, the gas flow through a plasma-filled channel
Viscosity increases with temperature. Consequently, reshould be greatly reduced, due to the strong enhancement in

duction in gas flow through a hot plasma-filled channel, ag/iscosity at high temperatures.

compared to a room temperature gas-filled channel, is ex-

pected. Air flow, at atmospheric pressure, through a straight

smooth tube of circular cross section with a very small di-~ |,nization effect

ameter is laminar, hence, the Poiseuille equétfonthe gas
flow rate Q applies: A smaller contribution is expected from ionization of

molecules and atoms by plasma particles. A quick compari-
son between the ionization tinigiven by (.ov) "1, where
o is the effective ionization cross sectipfor an atom or a

whered and/ are the tube radius and length,is the gas Mmolecule enterig a 6 cmlong, 2 mm diameter channel
viscosity, andp, is the arithmetic mean qf, andp,. Since through which a 50 A, 100 V electron current flows, and the
the viscosity of air increases with temperatlng,is clear atom or molecule transit time reveals that the ionization time
from Eg.(2) that air throughput decreases. is of the order of 0.Jus, while the transit time is of the order

Some of the assumptions used to derive &).are no of 10 s Qf HUS. Th_us the _ionization _probability is extremely
longer valid once a discharge is initiated, since the flow beligh- This effect is very important in cases where gas flows
comes compressible and nonisotherfa@herefore, a thor- &€ low. At steady state high flow rates, the plasma density
ough analysis of gas and plasma flow requires the solution d¥ill build up quickly to reach an equilibrium when plasma
coupled transport equations for ions and electrons, as well g&ild-up is matched by recombinations and other neutraliz-
the Naviar—Stokes equation for the gas. For electrons anl}d effects. This plasma accumulation creates the “plug”

ions, the relevant transport equations are the continuity ani'at was analyzed in the previous paragraphs. Additionally,
momentum transfer equatidhs this effect can make a useful contribution to some applica-

tions(e.g., electron beam weldihgy preventing metal chips
and vapor from backstreaming into an electron beam col-
umn.

B. Dynamic viscosity effect

e
Q= 167/ Pa(P1—P2), 2

D
Dt NeitNeiV-Vei=0, 3
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D. Plasma lens tions can provide insights on the lensing effects of such a

In a beam of charged particles, propagating through urrent-carrying plasma channel. In Ref. 2, gain in transverse

field-free region, there are two forces acting on the particles: eam energy was treated as an effective electron transverse

space charge forces trying to “blow” the beam up, and aacceleration, which was balanced by a radially inward Lor-

magnetic force pinching the bedM(due to the magnetic entz acceleration. The Lorentz force was calculated from Eq.

field generated by the beam currenthis magnetic force is (7), andB,, the azimuthal magnetic field gen,erated by the
a consequence of the Lorentz for@e, given by: plasma current, was calculated from Ampere’s Law

F=qVxB, 7 Mol

0T 5 -
whereq is the particle chargey its velocity, andB is the 2mR

magnetic field. When a beam enters a plasma, space charggy g helium plasma channel of 1 mm radius, and an electron
forces are neutralized, hence, beam focusing results from thgagm energy of 175 keV with a 1° divergence, arc current
magnetic field. If the plasma carries a current, the resulting — og Amperes was needed to prevent beam dispersion due
magnetic field must be added to E@). In all cases of in- {4 gcattering. Next, two additional estimates, of the plasma
terest to this subject matter, currents generated ir_1 thg arcs fE‘ﬁanneI arc current needed to compensate for electron beam
exceed the beam currents, so beam self-focusing is neglispersive effects, are presented. Capturing and focusing of
gible. charged particles in current-carrying plasma chanfietss
has been used in high energy phyXiand ion fusioh’ re-
search. The current needed in a channel to capture a charged
particle entering on axis at an anglewith an energyk is

Next, calculations are made to examine propagation of
an electron beam through a current-carrying plasma window.

A fractional ionization of 15% is considerédScattering of capture an electron beam with the above parameltgrs
beam electrons by various particles leads to beam expansiogs only 2 A is needed. If however, the electrons are scattered

since scattering acts as a source of beam transverse energy, heate@Eq. (8) yields T, =1.36 keV in about 1 cm: peak

(10

E. Electron beam propagation

| en=(2%27/ o) (ME/Ze) Y262, (11)

T, . For gas scattering, growth is given'y plasma density falls sharply after about 1%, ¢ can in-
dT, 4me*nz(z+1) [1928y crease to about 5.2° and the needigg=55 A.
az BZymc In 7173 } (8) Another approach is to equate the pressure of the heated

_ _ _ _ . electron beam to the “pinching force” exerted by the azi-
wheren is the atomic density numbez, is the atomic num-  muthal magnetic field. In effect, treat the electron beam as a

ber,m is the electron mass, is the speed of lightg andy  single fluid in Eq.(4) and consider the radial component
are the well-known relativistic quantities. The electron beamunder this “pinch equilibrium” such that
is propagating in the direction. The elementary chargeds
Equation(8) together with the beam envelope equation Vip=J3.XBy, (12
can be used to rigorously calculate the electron beam dynam- L . :
ics through the glasmaywindow. The beam envelope )équavyhereBg IS given In Eq.(10) and J, is the electron t_)eam
tion current density. Buty,~1/R, J=erw, p andB, are given
' in Egs. (1) and (10), respectively. Solving Eq(12) for |
d’R K € yields, | =27kT, leuoBc, and T, can be solved from Eq.
th kR— R R =0, ©) (8). For beam heating resulting I, ~1.36 keV, the needed
=25 A. It is clear from these estimates that a plasma win-
dow carrying a current of 25—-50 A, can compensate for dis-

persive effects, and larger currents will result in electron

describes growth in beam radiBsas a function of propaga-
tion distancez. Beam focusing function is described kye
is the transverse emittance, and the generalized pervean ;
K=2l,/(By)31.7x10" (which descrit?es space F():harge Beam focusing.

, ) y X Collisions do not only scatter the beam, but also extract
driven radial growth in a beam with a currdp). However, energ)}z
inside the plasma window the space charge term is negli-
gible. Growth in transverse beam eneffjy[as given by Eq. dE 4me*nZ|[ [2mdB%y? )
(8)] increases emittanttas €, =2R(kT, /mc®)°S. Substi- 9z- mda? In( W )—,3 } (13
tuting this complex term of emittance into E@) yields an
expression for radial beam growth due to gas scattdtasy whereW is a typical molecular excitation energy that is of
term in Eq.(9)]. Computing the focusing functior [for  the order of about 10 eV. For the above beam and plasma
substitution into Eq.9)] requires knowledge of the radial parameters, Eq.13) yields dE/dz~300 eV/cm, which rep-
current profile of the plasma channel. Evaluating such amesents a relatively small energy loss.
expression must be done numerically even for the simplest In the preceding analysis, dispersive effects and attenu-
cases. Hence, solving E@) rigorously requires a numerical ation by ions and electrons were neglected. To a first ap-
solution which is beyond the scope of this work. Although proximation, this assumption is correct. Examining expres-
this problem is as complex as that of relativistic electronsions for slowing down and transverse diffusion rates for 175
beams propagating through atmosph@rsimplified calcula-  keV electrons streaming through such a helium plasma, in-

Downloaded 09 Aug 2001 to 130.199.3.3. Redistribution subject to AIP license or copyright, see http://ojps.aip.org/pop/popcr.jsp



Phys. Plasmas, Vol. 5, No. 5, May 1998 Ady Hershcovitch 2133

dicates that the fastest relaxation rate is the transverse diffu- T o

sion due to collisions with ions and electrons. An expression 7 Box
from Ref. 18, for this relaxation, yields a transverse tempera- Berision
ture growth rate ofi T, /dz=14 eV/cm. By comparison, Eq. / MO I

(8) yieldsdT, /dz=1.356 keV/cm. s = N ] P,

P T P,

3/8 " /
VALVE TO VALVE
. ATMOSPHERE
F. lon beam propagation
L

Although the physics of the lensing effects for ions is i) 70 ROUGHIG
similar to that of electrons, the magnitude of this effect on
ions is much lower due to their lower velocity and larger “oo
mass. Moreover, passage of ions through gas and plasma is

d . db lowi d . . h h FIG. 1. Schematidnot to scal¢ of the setup for the vacuum-atmosphere
ominate y slowing down interactions rather than transTnterface experiment. The cascade arc is enlarged to show details of its main

verse diffusion. components: cathodes and cooling plates.is measuredn a 4 in. pipe,
For many applications, e.g., microfabrication, ion beamsvhile P; is measured in a box whose dimensions arex2f6 ftx4 ft.

with very small spot sizegas low as 50 niY) are used.

Therefore, the ion beam passes through the channel axis, i.e.,

through the hottest part of the plasma and gas where the

temperature is 15000 K. Thus based on &, the helium o - uo oo sections can reach the #6102 cn?
gas density at the interface with atmosphere ns

—10%cm-3. And, for a 15% fractional ionization, the IeveI.. However, this .type of gbsorption is species dependent,
plasma density is 15101 cm 2. and it affects only dlscrgte lines. _
Examining plasma effect$ the fastest relaxation rate is . B§15|cally', plas'ma windows are.expe.ct(.ad tp have negii-
the slowing down of ions by plasma electrdlynamic fric- gible mterap'uon with eIectrpmagnetlc radiation in the spectra
tion) given by'® generqted in synchrotron light sources. Furthermore, the tar-
get thickness of a plasma windowl~1.5x 10" cm™2
ve=1.7X10 *n\Z2uYPE 32, (14) is about 4 orders of magnitude lower than that of a
conventional 200 um beryllium window with nl=2.5
X 107t cm™2
For a 400 keV G& beam, Eq.(14) yields v,=1.3 _ R_adiation emitted by the plasma, although .at energies
significantly lower than that of synchrotron radiation, can be

x 10" s71, and, since the ion velocity isX10° cm/s at this tairly int 4 affect itive inst s F
energy, the energy attenuation rate is about 50 kev/cm2IlY INtENSE and afiect very sensitive instruments. ~or an

hence at the channel exit, the beam energy is expected to @éectron tempergture .Of about 10 évpper fimiy, the 'bre'zms-'
of the order of 100 keV. strahlung radiatiorfwhich far exceeds all other emissions in

il — — 32~ T0. 2 H
lon attenuation by gas is also dominated by energy Iossthe visible to UV range P=1.69<10 *nT**2Z*n(z) is

The total energy loss can be calculated from the Betheiﬂbom 1.2 kwicrh

COCLING PLATES

And, the forward velocity slowing down rate idV,/dt
=—vV,.

Block equatioR®?!
dE 4me'z? _ [ 2mV? o o
dz- mE "INy @=89-87, (15)

_ ) . EXPERIMENTAL RESULTS
whereZ’ is the atomic number of the gas atoms akids an

empirical constant known as the geometric-mean ionization A number of experiments were performed with an arc
and excitation potentialof the order of 100 ey For a 400  driven plasma to examine its potential for a plasma window.
keV Ga" beam, Eq.(15) yields an energy loss rate that is These studies were a series of differential pumping experi-
about 9 keVicm. ments(with and without venturi gas fegdan electron beam
propagation test, a series of electro-magnetic interference
(EMI) experiments, and a test in which the plasma separated
a high pressure chamber and atmosphere. Experimental de-
In absence of resonances, plasmas are transparent tglis are presented in the following sub-sections.
electromagnetic radiation whose frequency exceed the ) ) ) ) )
plasma frequencyw,. At a plasma density of 1.5 A. Differential pumping experiments with conventional
X 10" em 3, w,=3.5X 10" Hz and a corresponding wave- gas feed
length A of about 86 um. Radiation, with a wavelength Figure 1 shows the experimental setup that was used to
shorter than 86um, is not affect by collective plasma pro- determine the effectiveness of using an arc as a vacuum-
cesses. Cross sections for interaction of radiation, in the ele@tmosphere interface. The arc is a wall-stabilized type cas-
tromagnetic spectrum from ultraviolet out into the hard x-raycade arc discharde that was purchased from D. Schram’s
regime, with individual particles is usually minuscule, e.g.,group at Eindhoven University of Technology. In this setup,
for Thompson scattering = 2/3 barn. For photon energies of the cathodes were at the atmospheric end of a channel that
a few 10's of eV, some photo-absorption and photo-was 2.36 mm in diametg0.093 in) and 6 cm long. At the

G. Transmission of synchrotron radiation
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5.7 reduction inP, is most likely due to increase in viscos-
ity.

B. Differential pumping experiments with venturi gas
feed

In a new experimental set-up, the gas feed of Fig. 1 was
replaced by a venturi. The vacuum box was eliminated, and
the valve was replaced by a viewing port. A convectron
gauge is used to measure the pressure in the 4 in. pipe

vacuum. The venturi is a novel feature incorporated in this
plasma window.

Gas supply for this window is fed through the venturi.
The rational for using the venturi is to utilize the gas to
enhance the differential pumping. Experimentally, there was
a further enhancement in the plasma window performance by
another factor of 3, i.e., the difference in the pressure in the
4 in. pipe (plasma window on versus plasma window)off
was a factor of 600. Thus the enhancement over differential
umping was a factor of 600 with the ventydompared to
28.6 without the venturi Additionally, with the venturi,
there was a 25% reduction in power consumed by the plasma
window arc. Obviously much of the enhancement can be
attributed to pressure reduction at the cathodes. It is not clear
Whether there are other contributing factdike higher tem-

0 } } 0

P2 DATA POINTS ~@-
P3 DATA POINTS O

FIG. 2. WithP,=760 Torr,P, andP; are displayed as a function of the arc
current in argon discharges.

ARC CURRENT IN AMPERE

PRESSURE VERSUS CURRENT
FOR ARGON DISCHARGES

chamber end a valve was mounted on an insulator. Thig

and a subsequent elevation Bf to atmospheric pressure.
The opposite end of the channel was opered 4 in. pipe,
pumped by a mechanical pump, on which the cascade a
was mguntgd. This pipe was connected 'to a loadtially perature or enhanced viscosity
shown in Fig. 1 through a valve. The maximum arc current

. o . Further reduction of about 16% in pressure was observed
was 50 A in noble gases. Prolonged operation in atmospher%hen a solenoid generating a peak magnetic field of 3.1 kG

air resulted in erosion, by oxygen, of the copper cqolingwas placed at the vacuum end of the plasma window. The
plates. Pressure &; and P, was measured with Granville- coil functioned as a magnetic mirror, preventing some

Philiips thermocouple gauges, and in add_'t'@ri’ was also charged particles from entering the 4 in. pipe. Although the
measured with a HEISH absolute mechanical pressure gau%provement was small, the results strongly suggest that

:_hat utilizes a Bourdon tube. A Perkin-Elmer ULTEX ioniza- plasma window performance can be further enhanced with
ion gauge was used to measirg. e

Usi v diff tial d d ing th | magnetic fields.
i tsmg ?]n y di _(;,\r:en ladpurrr:pm%ail 7600p_ern|ng gF\)/a ve Finally, an experiment performed with the arc reversed
0 almosphere with no discharge,; = orr-and T, (gas feed and flow were reversed, the anode was on the at-

=80 Torr was measured. After the discharge was initiated ir?‘nosphere side as shown in Fig. 3, yielded identical results.

argon, Py st AS e'f[hsllghtly abov$ atmosphe(;e;, andlghi\;al\é t indicates that thermal effects like gas pressure and viscos-
was Oopened. As the arc current was raised from N are dominant, while inter-species momentum transfer, gas

A, the pressure aP, decreased with increasing arc current, and plasma flows can be neglectdd first orde}. In that
reaching 350 mTorr at 50 A. This represents a reduction by get-up the plasma channel was only 3 cm I¢ingtead of 6

factor of 228.6 over differential pumping. : :
. . cm), which strongly suggests that the plasma pressure gradi-
Figure 2 shows the pressures andP; as a function of ent is rather steep.

the arc current for discharge in argon, wh&gwas at 760
Torr. Next, the gas feed was switched to helium, and the
same measurements were repeated with helium as the dig-'
charge gas. The results were similar, although the pressures The Fig. 1 set-up with some slight modifications was
at P, and P5; were higher by a factor of about 2.8 for the used for a quick test of electron beam propagation through
same arc currents. helium cascade arc discharges wWiRh set at 760 Torr. The
Qualitatively, the results displayed in Fig. 2 are consis-anode of the cascade arc discharge was mounted on a PTR
tent with the theoretical arguments introduced in the previ#727 electron beam welder. Copper and steel plates were
ous section. The plasma and gas temperatures, as well asunted 1 centimeter away from the cathod®sd channel
ionization fraction, are known to increase with increasing arexit). The distance from the electron beam welder exit to the
current®~® Therefore, the plasma and gas viscosities are exfirst plate was 12 cm. Thus the electron beam had to travel
pected to rise with the increase in arc current, while the gathrough 5 cm of fairly good vacuum, 6 cm of plasitia the
density is expected to decrease with increasing arc currenthannel, and 1 cm of atmospheric pressure helium gas. The
Consequently P, and P, as expected, decrease with in- electron beam energy used in the experiment was 175 keV
creasing arc current. Quantitatively, based on the discussionith a current level of up to 20 mA.
in Sec. Il A, the effect based on E{l) can account for a Detailed quantitative measurements of electron beam
factor of 40 in pressure reduction Bp. The extra factor of transmission could not be done without major modifications

Electron beam transmission experiment
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i
E
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FIG. 3. Conceptual design of a nonvacuum electron beam wéldertesy of Litton Electron Devicgs

of both the electron beam welder and the cascade arc digtetected rf noise of up to 0.7 mW/énon the arc power
charge. At the welder exit, the electron beam had a diamet&Jupply, and up to 0.9 mW/chon the arc circuit. However,

of 0.5 mm and half-angle divergence of 1°. Consequently, agn the plasma window itself, only 0.05 mW/€raould be

the arc entrance, its diameter of 2.24 mm is almost as larggeasured. The reason may be due to the fact that plasma
as the arc channel. In addition to beam interception by thérequency is so high that only electromagnetic radiation with
cooling plates, a Faraday cup could not be used without @ frequency higher than IR can escape.

complete redesign of the arc cathode housing geometry. Finally, the “acid” test for rf noise was passed. In this

Successful electron beam propagation was observegest, the most noise sensitive electronics at the National Syn-
qualitatively from the melting of the copper plates, and fromchrotron Light Source at Brookhaven National Laboratory
holes drilled through the steel plates by the electron beanfunctioned well while the plasma window operated. These
The propagation was facilitated by the arc discharge since n@ere the proportional counter electronics belonging to Kirz
beam propagation was observed with the arc off. and Feser of SUNY Stony Brook.

There was no beam blow up, since the size of the holes  Since gas rushing out from a venturi may be objectional
drilled through the steel plates were about 2 mm, i.e., smallefo some users, experiments were performed to reduce axial
than the channel diameter of 2.36 mm and the 4.5 mm diamygas flow with a funnel and by deflection. A combination of
eter the electron beam would have been after 12 cm due te two yielded a factor of 30 reduction in axial pressure.
the 1°(half-angle divergence. Due to interest in using plasma windows in powerful gas

lasers, the plasma window was successfully used to separate
D. Compatibility tests for transmission of a high pressuré68 p_s) chamber and atmospher 5 mW
electromagnetic radiation He-Ne laser beaniwith a 543 nm wavelengjhwas passed

) ) ) from that chamber through the plasma window to atmo-
Before proceeding with plasma window development forsphere.

light sources, it was crucial to ensure that plasma windows

do not generate eIectromagnetlc mterference,.whlch woul%_ DISCUSSION

adversely affect experiments. Therefore, a series of electro-

magnetic interference tests had to be conducted. Vacuum-atmosphere interface was successfully estab-
A series of electro-magnetic interferen@@MI) experi-  lished with helium or argon cascade arc discharge plasmas.

ments revealed that rf emission from the Fig. 1 plasma winA 175 keV electron beam was transmitted from a vacuum

dow is negligible. In these experiments, no EMI or electro-through a helium plasma channel to strike targets at atmo-

magnetic noise was detected on: a radio, a “Walkman,” andspheric pressure located 1 cm away from the channel exit.

a computer(PC) operating adjacent to the plasma window. Calculations carried out in this paper indicated that the

Quantitatively, an EMI probe in the range of 30—300 MHz arc current of such a plasma channel can focus electrons or
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ions, to compensate for gas scattering and initial geometrithruster principle Plasma thrusters can potentially “seal”
beam divergence. For electron beams used in welding golasma windows, or at least significantly redu@e even
melting, estimates based on various physical effects indicateliminate the number of supersonic particles resulting in
focusing feasibility. Due to the large variety of ions and theconventional differentially pumped systemgvhich pre-
wide range of ion energies used in material modificationsyented their use in light sources
detailed analysis of ion beam attenuation and focusing is
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