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surfaces that art: :tr h ~ g h  nzgative potenti;rl either iis the rcsirlt of build~rp of t.lcc.tro11 
charge or due to biasing (as with large solar panels). 

T o  investigate the efl~txts of positive ions during charging, 1;rbor;rtory experir~ients 
\verc conducted [Gossltrtrci and Bulmuin, 1983; Dcilmnin cr d.,  10851 in  which saniplcs 01' 
polymer sheer were csl~osed sin~ultaneously to a moderate cricrgy electron bc;~lil 
(typically 2 0  keV) and low energy ions (< 1 kcV). Substfcluc~~tly. ~iu~nel-ical s i rndn t io~ l~  
of this electron-ion charging process were unclerraken, the results o f  which iin presented 
in this paper. 

The experinicntal ;irrangenient is dcpictccl in  Figure 1. A mnplt. of dielectric sheer 
with a typical thickncs\ of lo( )  pn wi\s laid over ;I groundctl mct;~l st~l~srrarc ;tnd covcrCtl 
with a grounded rnct;d m;isk, thickness 1 or 2 111111. hiwins ;I cir.cwI;~r ilpcrturc with tlii~lilc- 
tcrs from 5 mni to (0 111111. Whcn the electron heam w;rx in i t i ; l l ly  tlirr~ed on, the entire 
\:~rnplc. lun~inc\ccd due to erlergctic electron iri1p;tct with the sur.f;tcc. With cow i t i~~cd  
exposure, th? I ~ ~ m i ~ ~ ~ s c c r i c c  diminished as the surfr~ce ;~cq~~ir-ctl ;I nepti \ .c  potcnti;~l 
~vliich rct;ird~tl the irico~ilirlg electrons. Whe11 the ion so\~sc.< W;I \  il\clurlctl, ;r t.crlt~.;rl 

, , 
I ~ r n i l ~ c \ ~ c ~ i t  \pot xhic.h ( 1 ~ 1  not Ctde w;cs \c,cbii. I his spot 15 I I I ~ L ~ I ~ I ) I L . I ( : ~  ;IS ;I r t y i o ~ ~  01. 1011 

i~eutraIir;ttion ot' I I K  a~x.u~r~ul;rlctf elcctron chlrgc. \vhict~ ;~llo\(c(I the i l u w i l l g  cIc-c~t~.o~l\ 
to strike the s u r f ; ~ c ~  \ v i t h  most o f  their bC;~l11 er~crgy, c ~ u s i r ~ g  I I I C  5tr.orlg I ~ ~ ~ ~ l i r i c ~ x ~ . c ~ ~ i c ~ ~ ~ ,  
The luminesctm spot h;ld shiirp bou~di~r ics  ;ind expnndctl with ir~c.r.c;tseci ion L . U ~ I . L * I ~ I  

Sub.\cqi~c~i t arc. discl~argcs tended to avoid the region of the q ~ o t .  



For pcdynlcrs, the scc.ond;~ry ol~-ctroli omission co~~f'l ic~cllr?; due to ion bo111h;lrdrllcnt 
are not wcll rcl~ortcd in the lit~.raturc. I<>r other m;ilcri;ll\. rhc values range Sroni Slit l 
for t~ lc t i~ l s  ;11itl s e ~ ~ l i c . o ~ ~ c l t ~ c t o ~ ~ s ,  10 SII-I0 for inorynic  d~~ l t . c r r i c s  IKrclhs. IOX.:]. In 
these s in~ul ;~r~or i s ,  ~ h c  followitlg sinlple estinl.r*e \v;ts u \ t . ~ l .  

SI-1 = 0.4 x E':' 



Finite-Elcment Field Solution and Sim~llation Kcsults 

A solution to the clcctrost;~ric field prcihicm was ol)t;rinctl using tri;\ngul;~r finite- clc- 
nlents of cubic orclcr ISilvclsrcr and Kotlrcctl, 10731. Over two h~rntlrcd cle~nents \vitIi 
over eight hirndretl nodes arc. used, with sm;rllcr clc.me~its near the cll;~rgelI surkicc ;111tl 

ni;rsk, and larger elemttrifs farther away. F i ~ u r e  6 shows cq~~ipotcnti:rI lirics for ;I uni- 
fomily charged s;~rill)lc. 'I'he outlinc of' the grounded 111;1\k c;111 he disccr~~ecl. 'I'his 
tinite-element irppro;lcll cliriiinatcs the ; ~ r l o ~ i ~ ; ~ l o u s  tr;~jcc.~oric\ arid. siricc: the field i x  
described by bipol~viomials within each clc.111~111, cval~r;rtic~~i [i~iies ;ire fnst. 'I'lic tlri~\v- 
bitcks include tlisconririuo~rs electric lic.lds ;it thc clc~iicrlt I)oi~lldi~rics ;~nd  difficulty i l l  

obtaining good ; I ~ ~ ~ I I . ; I C ~  c~iini;~tcs I%it'tlki('rr'i(.:, 1071 1.  
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hgure 4 Anomalous tr~jjrctories for positive ions approaching 3 highly charged 
dielectric and grounded mask. Thc outline of the dielectric surface and 
mask are shown with the dashed line. The lower clian shows a close-up 
view with ;In expanded vertical distance scale given at the left. A sketch of 
the s u r i ~ c e  charge density is included at the bottom with its scale indicated 
to the right Two of the right-most trajectories approach ~iepatively charged 
repons of the surface but are repelled instead of bung attracted. 



Figure 5 Solulion lor the nornlal elcctric ticld obl :~~l~cd using tlic filamcnlnry ring 

boundary charge model lor a dielectric sample with unifom~ negati\.r sur- 
face charge density. The sample thickness is O.OtK)l In and the normal field 
is given for positions of z= 0.0001 3 m. O.CHK)' m. 0.00025 m, and O.O(l03 m. 
Physicnlly. the tields are expected to be n e p ~ i v e .  except perhaps near the 
mask edge, however, due to inadequacies of the model, the field oscillates 
wildly near the surface. The charge modcl :lnd the coordinate systcni used 
are depicted in Figux  3.  



Figure 6 

Figure 7 

Equipotcntial lines of the tinite element solution for a uniformly charged 
sample. The outline of the grounded mask can be discerned at the lower 
right. 
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Developing surface charge density shown i n  a 3-D perspective plot as a 
funct~on of time and radial position for a 100 pm thick Mylar sample with a 
circular repon of radius 75 mm exposed to a 20 kcV. I nC/mm2/sec elec- 
tmn beam and a I keV. 0.005 n~lmm'hec proton beam which initially. 
before deflection by surface charge. extends to a radius of 100 mm. or 413 
as large as the dielecmc sample. 
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 fig^? Xn) Surface charge nccurnulation with an ion beam energy of 1 keV.  
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Figure Hh) Surface charge rccumulation with an ion beam energy of 2 keV 
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Figure (LC)  Suridce charge accumulntion with an ion beam energy of 5 keV 
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Figure ? Ultimate surface charge accumulation on s dielectric s:~rnple exposed to in11 
beams of three different energies. 
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Figure 10a) Surface charge accumulation with ion beam current density 
of 0.002 nClrnrnA2/sec. 2% the electron current density 

Figure IOh) Surface charge accumulation with ion beam current density 
of 0.005 nClmrnA2/sec. 5% the electron current density. 
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Figure 1Ok) Surface charge ~ccurnulation with ion beam current density 
of 0.010 nC/mrnA?lsec. 10% the electron current density 

Figure I I M 1  S ~ ~ r f a c e  charge accurn!ll;~tion with ion b m n  current density 
o f  0.020 nClmmA?lsec. 20% the electron current density 
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Figure I I i!ltimate surface charge accumulation on a dielectric sample exposed to ion 
beams of four different current densities. 
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Figure 12a) 

Figure 1%) 

Surface charge ~~cc~lnlulat ion with ion bedm of radius 
of 50 mm. 2/3 the w ~ i p l e  radius. 

Surface charge accurnularion w ~ t h  io11 t )e ;~r i i  ot' radius 
equal to sample radius. 



Figure 1Zc) Surface charge accumulation with ion beam radius 
of 100 mrn, 413 rhe sample radius. 

Y time (sec) 

Figure 12dl Surface charge accumulation with ion beam radius 
of 300 rnrn. 4 iimes the sample radius. 
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Figure 1 

Ultimate surface charge accumuiation on a dielectric sample exposed to ion 
beams of four different sizes. 

Ion mijectones for the ion beam with ndius 4 times as large as the sample. 
Thc outline of the charge surface md the grounded miirk is shown by the 
dashed line. 



Figure 153) Surfacc charge due to electrons only 
with ion bcani of radius equal to sample radius. 

Figure 1Sb) Surface c h r r c  due to  on^ only 
with ion tw;rni of radius equal to sample si/e. 
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Figure 16a) Surface charge due to electrons only 
for an ion beam radius of four times the sample radius. 
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