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9. A Rugged Elertron/lo.n Saurce fat 
Spacecraft Charging Experiments 

1. E. Noncvitt and R. C. Addmo 
Electmmagnetic Scieiwer Lt~bora~ry 

S t d o r d  Research Institute 

1. BACKGROUND 

For the past sever21 yeacs, SRI has been involved in a laboratory investiga- 
tibn of the behatiior of materials under simulated spacecraft charghg  Conditions. 
These tests require that ;I sample be installed in the vaCuum chambet., the chamber 
pumped down, the test rm, arid a new sample installed With the minimal delay. 
To car ry  out such a program, it has been necessary to have a rugged, reliable 
electrbn/ion source atrtiilable. A simple, novel technique has been developed for 
generating a large-diameter, untform elec tron beam with appropriate current 
density for spacecraft charging studies. 

d1fficu;ttes were experieneed: 

from the test sample. (DifFet'ential pumping was abt used in our systerh. 1 

density proved diffkult. 

diameter of 8-10 iti. LA a dLstance of a toot 'was difficult. 

Our estperiMenta1 wofk started using tliermdelectric sources. The fbllowhg 

(1) tutitamtn8tioh - the cathode became contaminated by produets evolved 

(2) Bead tiniforriiity - achieving a largc!-dlameter bedm With unlforn! curfeht 

(3) Beam diameter - expanding the beam from a thermionic cathode to a 
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(4) $&am character is tks  depend on aceelerathg voltage - i t  was fouyld that 
WNh simp& lend Wrangements, changing beam energy also changed bther beam 
aar;cmeters, 

lenses were needed to achieve desired beam prbperties. 

filament cari alter material behavior. 
Accot'dingly, it was decided that an alternate electron Yotiree should be devised. 

(5) Complex electrostatic lerises required - progresdively more complex 

(6) Light frbm filament - in photocondWtivity experiments, the light from the 

2. HI!LTIP.\CTdR BREAKDO@% 

Past  experience with rf voltage-breakdown mechanisms in low -pressure sys - 
tems indicated that a process was available with the promise bf generating an 
electron beam Without the disadvantages of thermionic cathdde systems. AS indi- 
cated in Figuse 1, when an rf signal is applied to a pair. of parallCL plate electrodes 
and the ambient pressure is reduced monotortically, one finds that the voltage 
repuired td produce breakdown decreased until a minimum is reached (at a pres-  
sure of = 50 mierons Hg in the Figure) and then inereases again (along the dashed 
line iri the Figure). 11 the electrode spacing is CorreCt, hbwever, one finds thtit 
the breakdown voltage! becomes independent bf pressure and fbllowt4 the sblid Wrve 
at l b t  pressures.  new type of breakdown called "multipaetor" 
occurs. 

The mechanism of multiphctor distharge is illustrated in Figure 2. 11 rf 

frequency and spacihg are cbrrect, an h i t ia l  eleetran occurring near the lower 
electrbde will  be accelerated across  the gap, s t r ike the upper electrode, and 
gerierate one br mbre sekondary ekc t rbns  just as the field &hang& polarity. The 
seebndary electrons, in turn, arc! accelerated ae ros l  the &ap and generate addi- 
tibnal secondaries when they s tr ike the lbwer electrode. In tM9 Way, the nliinber 
of &e&tronS in the breakdbwn cascaded until varibus loss mechanhns  come into 
play and limit h r t h e r  grdwth in the number of electrons p&rk!Clpatikig in the 
breaktlo@n. 

Thus, the multipactor breakdbwn may be thought of a$ a sheet of eleetrolis 
oscillating between a pair of electrodes in synchronism With the applied rf field. 
It should be noted that there is no t(epuirkinent for the: presence of gas molecules 
to sustain the breakdowd. Iii fact, i f  there are a i r  molecules present, they wi l l  
dltimately be s t ruck  by an eleetron and ionized. These ionized gtis moletules are 
Pespofwtble for the slight glow visible in the breakdown, The multlpactor proceeds 
very well ,  however, eved tn hard vdcuums. 

In this case, 
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Figure 2, Illul tr.atid& Multipaetor Distharge 

Alfhbugh the multipactbr breakddwn is a reson&nte Dhedoffiedon, the r(tsondncC 
is very broad as is evident fr6m Figure 3 Wlikh showst the reglmes over which 
multtpactar breakdown cad OCCUP. For e!xalnpie, frequency can be varted over a 
2 t& 1 ranbe, and appiled voltage can be v&rted by a factor of 3 without exttngllish- 
ing the breakdown. The numbers (n) Iridtcate the v d o C s  modes possible (h corre-  
spofids to the: number of half cycles required for air eleetron to cross the gapl. 
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Figure 3. Multipgctor Breakdown Voltage as  a Puriction of 
F’requenky and G A P  Width !OP Parallel-Plane Electrodes 

3. MULTIPACTOR ELECTRON SOURCE 

AS was indicated earlier, the number of electrons partikipating in the break- 
down increases uhtil loss mechanisms beeome impmtant. 
of electrbns from betjveen the gaps as the result of Coulomb forces, deviatioh 
from sylichronism of some of the eleetrons, em. Past experience in trying to 
avbid mult ipac t br indicated th.4 considerable add it ibnal lhs s can be tolerated with - 
out ektlnguishhg t h -  discharge. This in turn indicated that it shbuld be pos:sible 
to deliberately extract a sizable electfan current frbm the discharge. 

The first  approakh at devising a scheme for elcetrbn extr actiori is shown in 
Flgtire 4.. holes were dimply drflled in one of the electrodes to pekmit part of the  
electron sheet tb pass through the electrode once per rf cycle. f t  was found that 
this scheme worked remarkably well .  I t  was possible to drlll a sufficient number 
of holes ii.! the plate that at a distance of iZ to 18 in. from the  multipactsr source, 
there was do pattern evlderit fri the beam \khieii it  illtmihated a phosphor target. 

These include diffusion 
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Figure 4. Multipattbr Discharge E!lectrode Modified to Permit Extraction of 
Elec tk-ons 

As the result of this initial s u c c ~ s s ,  arid because an electron source was badli. 
needed For ti ser ies  of experimedts that were getting under way, there was no 
further experimenttition to devise alternate schemes for electron extraetiorl. 

?'he setup presently in use for the study of insulator photocortductivity is shown 
in Figure 5. A control grid (consisting of a second metal sheet drilled with the 
same hble pattern a s  the 16wer multipactor electrode plate) wag added to the source 
tb permit simple Corltrol of beam current. 
ihg voltage is applied between the gun and the target. By simply adding a grounded 
grid above the target, it is possible to o b t a h  the same beam current while main- 
taining a re&n of zero field above the target. 
to feed !he sour&(! are modest (utider 10 W). 
with t!ie coaxibl cable from the rf source to provide isola!ion for the 0-20 k\! ___._.........._. 
accelerating voltage used. with the system. 

The multipaCtor sour&e currently in use provides a beam 8 in, in diameter at 
the source, and somewhat larger at the target. In the limited experimentation 
carried out on the source s o  far, electron beam current densities of up to 5 MA ~ctn'! 
have been achieved.. It is nbt clear that this represents the highest current achiev- 
able With this source. It i s  also likely that the present source design doe.; not 
represent the optimum scheme for generating maximum current, however, the 
presen:ly attainable beam current density is almost 3 orders of mamitude higher 
than typical subjtorm currents. 

A larger beam can be achieved by using larger diameter plates in making thc 
source. A n  advantage of this approach aver  tryirtg to spread the beam via lense.; 
is that, wtth the preserlt setup, beatn s ize  is virtually entirely ind&pendent o f  
ae&@lerattng voltage. 

For  these experiments, the accelerat- 

Radio frequency power requirPments 
Ceramic capacitors a r e  used in serie3 

The characteristics OF the mutlipactor source can be sunmiartzed as follows: 
(1) Contamhation redistant 
(2)  Physically simple 

SS3 



3 I 1 

(3)  Prpducoi3 lbr&e dttimeter bea* dli'i3Ctly 
(4)  Beam characterlettee indepehtlent &f acceleratidk voltage 
(5) stability gbod 
(6) No ltght dutpM 
It§ operattan, in the pear elnee It was firsit aslserhbled, has beeil htghly satis- 

fdetory, and It t§ recommended as an electrbn sourCe for systems that Must 
operate uhtfer CbnditiofiS where normal good vacuum practice regarding long term 
cleanliness Must be ignored. 
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