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A theoretical study of the effects of insulators on electron transport
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Using the computer prograsiMION 6, we have studied the effects of spurious insulator charging on

the trajectories of electrons through electrostatic tube lenses. We considered lens elements with flat
ends, spaced a distangeapart, whose inner diametBr=10g. For the standard cases of drift tubes,
two-element lenses, and einzel lenses, we found that charging effects are elimin@ted 3t5,

wheret is the distance between the lens inner diameter and the charged spacing insula2001 ©
American Institute of Physics[DOI: 10.1063/1.1376654

I. INTRODUCTION optics cognoscenti over the years, the answer appears to be

Electrostatic tube lenses are often used to transport elethat t/g should be greater than’6This rule seems to be
. nsp followed in the electron optics designs we have seen in other
trons from their source to a target. The construction of such

lens systems typically involves ceramic or plastic insulatorslaboratories’ although we have not been able to find such a
y ypically P rule codified in the literature. Unfortunately, even for the

g;?tnSetL\s/aemtorr:secc):lr?;iict:gtlalyIe?r?egjeen;rfgfjslagfswgﬂlyo?tr(]e?]/ ogimplest cylindrical geometry involving two lens elements
9 ) and an insulator with a uniform charge on its surface, an

v(e::Tc?rgj: ;Jep dictt)gblsériﬁrfe;igrog; r']r:i;ge I?F;]%?rgﬁ:iﬁl, d:gdfrgﬁ;analytical calculation of the electric fields between the ele-
p unp b ' ments appears to be difficult and is not contained in any of

the primary electron beam, the resultant stray electric fieldﬁ1e standard texts we consulted covering boundary value

'Cea::r:o(;iae istehrr(i:]dr? m,eslzﬁrsaedslCnﬂgli::atkl)()egsmoﬁér:]zlier: e%{re(;n é:]?ﬁroblems in electrostatics. Thus we used the powerful three-
incult 9 ' 9 g very dimensional(3D) programsIMION 3D Version 6 to analyze

. . . ._the problent.
A standard mechanical configuration for tube lenses in- P

volves a U-shaped tray containing two insulating rods that
support and align the electrically isolated tubes. Alternatd!- SIMULATED PARAMETERS
designs involve concentric cylindrical insulating spacers or  Since we are interested in finding the smallest acceptable
insulating balls seated in alignment holes. In these situationgispect ratiot/g, we reasoned that we should examine the
spurious insulator fields in the beam transport volume argvorst physically reasonable scenario we could imagine. We
minimized either by staggering the termination of individual investigated several configurations, including three common
lens elementgsee Fig. 18)] or by using tubes with thick types of cylindrical lens systemtS. These were an einzel
walls [Fig. 1(b)]. configuration with three elements, a double-element single
Tube lenses with flat ends are simpler to design andens configuration, and a split drift tube. The general shapes
easier to fabricate than elements with stepped ends. This i all the insulators in these models were azimuthal segments
especially true when they are made from refractory metalsof a cylindrically symmetric ring that fit between the gaps of
which are difficult to machine. Unfortunately, flat tube endsthe electrode§Fig. 1(b)]. We found that the einzel configu-
can allow a direct “line of sight” between the beam and ration with two similarly charged 180° aligned insulators
nearby insulators, and are thus not as effective in shieldingroduced the largest beam deviations. We emphasize that
the electrons from stray fields. The following question thenwhile uniform charging of the same 180° azimuthal seg-
arises: for a given tube gap[see Fig. 1b)] between lenses ments of consecutive insulators is physically improbable, it
in this flat-end configuration, what must the thickneethe  maximizes the effects of charging on beam deviation, and
tube walls be to ensure that charging of the insulators wilkhus represents a “worst possible case” envelope in which
have a negligible effect on the electron beam trajectoriesactual charging fluctuations would occur. To study single
While we ask this question in the context of electron beam‘hot spots” in more realistic situations, we considered 5°
transport by tube lenses, we note that its answer has generggdgments.
applicability as a rule of thumb to any situation in which one  The einzel lens geometry we studied is shown in Fig. 2.
wishes to electrostatically isolate two volumes sharing a lineye consider the standard situation in whigh-0.1D. The
of sight. voltages of the tubes are designated/asV,, andVs, with
In putting the above question to a number of the electron/; corresponding to the “upstream” element. In the simula-
tion, we choseyV;=V;=+100 V andV=+400 V, taking

dauthor to whom correspondence should be addressed; electronic mai\P./_2/V4>1- since this is the most common experimental
tander16@bigred.unl.edu situation. (In the double lens system, we uség= + 100 V
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FIG. 3. Percentage beam transmissi®rthrough the virtual aperture vs
(b) shielding aspect ratit/g=a. The three data sets indicate different azi-
muthal angular ranges of the insulator segments.
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FIG. 1. (a) Metallic tube lensegshaded with “stepped” ends, spaced by
insulator.(b) Flat lens ends, showing gap dimensidase the tejt o ) )
tracted from a hairpin filament. Assuming a typical beam

current of 100uA and a lens inner diameter of 4 cm, E@)

andV,=+400 V., The electron kinetic energy was taken to yields 0 =9.6x10 * sr for the hairpin filament.

be 100 eV at the launch point within the first element, cor-
responding to arimaginary source potential of 0 V. Insu-
lators located between the100 and+400 V elements were !l RESULTS

thus “charged” to 0 V, at which point no electrons could  After investigating numerous combinations of param-

reach the insulator. Eh0 V insulator potential corresponds eters, we found that the major effect of the insulators was
to the most negative possible value, given a mechanismeam deflection rather than changes in the focal properties of
whereby electrons originating at the source charge the insuyne system. As expected, the biggest deflections occurred in
lators. the 180° insulator case. Although 180° insulator segments

In the simulation, the cylindrical electron beam was ap-charged uniformly combined with beams of infinite bright-
proximated with 411 separate electron trajectories with amess are unlikely to occur in real experiments, they follow

initial kinetic energy of 100 eV and an initial filling factor of g criterion of finding the worse possible case. To deter-
20%. Possible variations in electron source quality wergnine the smallest acceptable aspect ratiot/g, we used a
taken into consideration by adjusting the electron beamyomewhat arbitrary but reasonable and quantifiable measure
brightnessB at its launch poinf: of beam deflection: the percentage of transmis§idhrough
I a virtual aperture placed at the disk of least confusibeam
B= IOk (1)  waist with no insulators in the system. With the infinitely
bright electron beam the disk of least confusion, and hence
wherel is the beam current) is the cross-sectional area of the virtual aperture, was very smallThe nonzero disk of
the beam, and) is its opening cone half angle. We consid- |east confusion corresponds to the fact that the electron lens
ered two values oB in the first lens element: infinity, cor- system which was modeled is not aberration ﬁ)eAny di-
responding to perfectly collimated initial trajectories, andvergence from the central axis thus caused a large drép in
1.3x10°% Acm?sr %, which is typical for a beam ex- making it a very sensitive indicator of charging effects. The
dependence dP on a is illustrated in Fig. 3 for three insu-
‘-1.5 D—-H-* 01D lator configurations. Other lens types, voltage ratios, and val-
ues of beam brightness produced either similar results or less
drastic results than those shown in Fig. 3. Above an aspect

T | ratio of 3 there is less than 10% beam loss, even in the
?_;_jé extreme worst-case scenario.

We emphasize that the data of Fig. 3 represent a worst-
case scenario in two ways. First the beam brightness is larger
Vv, |—-»D'I Vv, than would be encountered with a real source, so the aperture

v, used to determind® is unrealistically small. Second, the
charged insulator segments are aligned and take up an azi-

FIG. 2. Cross section of themion einzel configuration geometry. Lens muthal arc of 180° leading to maximum deflection. Using
voltagesV;=V;= +100 V andV,= +400 V. The simulation indicated has  this worst-case scenario as a guide, an aspect ratio of 3

the insulator “charged” to 0 V. The initial filling factor of the beam is 20% ; ; ; : A
and the initial kinetic energy is 100 eV. The line at the beam waist indicatesWOuld be appropriate in most situations, 4 would be

the virtual aperturdsee the tet The radius used for the virtual aperture & VEry conservative deS|g_n parf_;lmeter. In fa_ct, many lens sys-
was 0.000 64D. tems are assembled using thin rods or rings of insulator,

Downloaded 28 Nov 2006 to 129.93.63.81. Redistribution subject to AIP license or copyright, see http://rsi.aip.org/rsi/copyright.jsp



Rev. Sci. Instrum., Vol. 72, No. 7, July 2001 Insulator charge effects 2925

where the 5° or 360° case is more applicable. In these case$). H. Moore, C. C. Davis, and M. A. CoplaBuilding Scientific Appara-
our simulations showed that 10% of the beam was lost at aQtUS 2nd ed.(Perseus, Reading, PA, 1991

; . ; : K. Jost(deceasedand M. H. Kelley(private communication
aspect ratio of 2.5; therefore it may be possible to use ar}'D. A. Dahl, Scientific Instrument Services, Inc., Boise Idahdttp://

aspect ratio of 2.5 and still have adequate beam control.  \yw.sisweb.com/simion.htm.
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