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coating thereof and subsequent voltage brkeakdowns. Background of the

I nvention lon inplantation has becone the technol ogy preferred by industry
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energy levels up to 5 MV (mllion electron volts). U S. Patent No.
4,667,11.1, assigned to the assignee of the present invention, Eaton
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Ion implantation has become the technology preferred by industry to dope

semiconductors with impurities in the large-scale manufacture of integrated circuits. High-
energy ion implanters are used for deep implants into a substrate. Such deep implants are
required to create, for example, retrograde wells. Eaton GSD/HE and GSD/VHE ion
implanters are examples of such high-energy implanters. These implanters can provide ion
beams at energy levels up to 5 MeV (million electron volts). U.S. Patent No. 4,667,111,
assigned to the assignee of the present invention, Eaton Corporation, describes such a high-
energy ion implanter,

Ion implanters operate at very high voltage levels. Typically, ions in the beam are
accelerated and decelerated by electrodes and other components in the implanter that reside
at differing voltage levels. For example, positive ions are extracted from an ion source and
accelerated by electrodes having increasingly negative potentials. In a high-energy ion
implanter, the ion beam accelerates as it passes through a radio frequency (RF) linear
accelerator (linac). The ion beam progresses through the RF linac by passing through a series
of acceleration stages (resonator modules) in which accelerating fields are produced by
synchronizing the frequency of the RF voltage to the ion beam velocity.

In known RF linac resonator modules, an RF signal is coupled to a low-voltage end
of an inductor coil, and an accelerating electrode is directly coupled to an opposing high-

voltage end of the inductor coil. Each accelerating electrode is mounted between two



of an inductor coil, and an accelerating electrode is dLrectIY coupled to
an opposi ng hi gh- volta e end of the inductor coil. Each acce atjm
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are frequency, thereby further acceleratlng the ion beam packets by adding energy thereto.

In each of the first and second accelerating gaps, electric field lines produce radial
focusing in the first gap and radial defocusing in the second gap. If the gap is operating at a
phase which keeps the particles bunched in the axial direction, more often than not the electric
field is increasing in magnitude, through its RF cycle, when a particle is passing through the
gap. Consequently, the electric radial defocusing forces in the second gap are greater than the
radial focusing forces in the first gap, resulting in a net radial defocusing as the ion beam
passes through a particular resonator module.

Accordingly, to refocus the ion beam, magnetic or electrostatic quadrupoles are
positioned intermediate each of resonator modules in an RF linac. These magnetic or
electrostatic quadrupoles include a plurality of magnets or high-voltage electrodes,
respectively, through or by which the ion beam passes. In the case of an electrostatic
quadrupole, the high-voltage electrodes, which operate between +20 kilovolts (KV) and — 20
KV, are typically made of graphite, which is subject to sputtering when struck by the ion
beam. Sputtered graphite material tends to coat the insulating standoffs (e.g., alumina (AL0,))
that mount the high—voltage electrode to the electrically grounded quadrupole housing. Ifa

sufficient amount of sputtered material coats the standoffs, it can lead to voltage breakdown



posi ti'oned internedi ate each of resonator nodules in an RF linac. These
magnetic or electrostatic quadrupoles include a plurality of magnets or
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within the beamiine. It is a further object to provide such conponents in
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present invepd. %niﬁiblﬁlt&?tmde assenbly for an ion inplanter is provided,
the assenbly c rising: at |east one electrode; a housing having a
nmounting surface for nmounting the assenbly to the inplanter; at |east one

electrical lead for providingSumeiary of theWavehtionai d at | east one
el ectrode; at least one electrically insulating nmenber for attaching said

at least one electrode to said housing, said electrically insulating
menber conpri sedAegordingt@s &irst aspectmftties prasent iwentioni ageledrode sssembly faspect  of

the present ioﬁ ?1\1/1;6) a}ﬂe? %’prgxgdeed, ﬁ%t e{sgesng’tﬁ;r ic(():mprising: at least one electrode; a housing
having a mounting surface for mounting the assembly to the implanter; at least one
electrical lead for providing electrical power to said at least one electrode; at least
one electrically insulating member for attaching said at least one electrode to said

housing, said electrically insulating member comprised of a glass-like material.

According to a second aspect of the present invention, an electrostatic

- quadrupole lens assembly is provided for an ion implanter having an axis along which an
ion beam passes, the assembly comprising: (i) four electrodes oriented radially outward
from the axis, approximately 90° apart from each other, such that a first pair of
electrodes oppose each other approximately 180° apart, and a second pair of electrodes
also oppose each other approximately 180° apart; (ii) a housing having a mounting
surface for mounting the assembly to the implanter, the housing at least partially
enclosing the four electrodes; (iii) a first electrical lead for providing electrical power to
the first pair of electrodes; (iv) a second electrical lead for providing electrical power
to the second pair of electrodes; and (v} a plurality of electrically insulating members
formed of a glass-like material, comprising at least a first electrically insulating member
for attaching the first pair of electrodes to the housing, and at least a second electrically

insulating member for attaching the second pair of electrodes to the housing.



guadr upol e Il ens assenbly is provided for an ion inplanter having an axis
along which an ion beam passes, the assenbly conprising: (i) four
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ot her approximately 180 apart; (ii) a hd@asing having a nounting surface
for mounting the assenbly to the inplanter, the housing at |east partially
encl osi ng the fodhealewlitneéslectiqally msnlating ra¢rabensiazepreferably semprised di ng
el ectrical wer toq.the first pair of electrodes;. (iv), a second el.ectrica
| ead for prggﬂB?ﬁﬁc{g} 1 P Eé}eabgmm?ta@stﬁ@ng Jﬁﬂs%ﬁﬁ élaﬁﬁ‘ SBefk &S and
(v) a plurapifexeofrielBehbis 2bdist 4ol BIEREIA s_ufcﬁreﬂf'@a it@sghifged | 1 ke
material, conprising at least a first electrically insulatihg menber for
attachi ng t bff 6f tlee epaminodes byl tet fad dsamp thine réducsig ghe aduaendecas thigh
second el ectrjcall i nsul ating mepber fqr attaching the second pair of

el ectrodes YBltW‘i"eb‘)f{? %?ﬂ@ilegmagb@eﬁe% reaeWt ural ity of electrically

i nsul ati ng menbers are preferably conprised of quartz (SiQ2), or a heat
resi stant and chem cal resgsk . Li.al Pyrex(r). The
menbers resi st accunulatioﬁﬁ%gppggéﬁﬁiyﬁghiﬁhgng#ﬁiﬂgge sputtered off of
the el ectrodes by the ion beam thus reducing the occurrence of high

vol tage br eplgdeuniandnehaGe blocR biaghir: 8P4 hiYhe iBpiaf Hig son of
the Draw ngs Figure 1 1s a sghenﬁ I C b?oggﬁﬁﬁg an?g?ba $F§ﬁ§g%e@%§ ion
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current arcing; Figure 2 a perspective view of an el ectrostatic quadrupole

| ens constructed according to the principles of the present invention,
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accel-erator portion of the ion inplanter of Figure 1; Figure 3 is an
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Positioned after the mass anal ysis nagnet 16 at the entrance to the |inac
18 is a vari ture, 30 for controlling the anbunt of beam current
passing into t Eﬂlf‘ﬁibescﬂﬂm&’f@ Prefonwed Embadiment apthe Inveptions a
first flag Faraday 31 for neasuring the beam current out of the aperture

30 and into the Jinac 1 A second arada.y 35 s Iocated in the
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The implanter 10 comprises five sections or subsystems: an injector 12 including an -
ion source 14 for producing an ion beam 15 and a mass analysis magnet 16 for mass analyzing
the ion beam; a radio frequency (RF) linear accelerator (linac) 18 including a plurality of
resonator modules 20a-20n for accelerating the jon beam to a higher energy; a final energy
magnet (FEM) 22 for performing final mass analysis of the accelerated ion beam: a resolver
housing 23 for final resolution and conditioning of the jon beam; and an end station 24 which
contains a rotating disc 26 carrying wafers W to be implanted by the ion beam.

Positioned after the mass analysis magnet 16 at the entrance to the linac 18 is a
variable aperture 30 for controlling the amount of beam current passing into the linac.
Immediately downstream of the aperture 30 is a first flag Faraday 31 for measuring the beam
current out of the aperture 30 and into the linac 18. A second flag Faraday 35 is located in the
resolver housing 23 for measuring the current of the ion beam prior to implanting into the
wafer W.

The mass analysis magnet 16 functions to pass to the RF linac 18 only the ions

generated by the ion source 14 having an appropriate charge-to-mass ratio. The mass analysis

magnet is required because the ion source 14, in addition to generating ions of appropriate



5 charge-to-mass ratio, also generates ions of greater or |esser
charge-to-nmass ratio than that desired. I[ons having inappr% rikﬁg
o IR, 200

¢harge-to-nass ratios are not suitable for inplantation in

The i on beamthat passes through the mass anal ysis magnet 16 is typically
conprised of a single isotope and enters>the RF linac 18 which inparts
additional energy to the ion beam passing therethrough . The RF |inac
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before and after the RF linac 18.

Figure 2 shows an electrostatic quadrupole lens 60 in more detail. The lens 60
comprises a housing 62 including a mounting flange 64 provided with bolt holes 66 for
mounting the lens 60 to the linac block. The housing 62 may be constructed of aluminum and
may be provided with a groove 68 into which may be partially installed an RF shield device.

Contained within the housing 62 are the operational cbmponents of the electrostatic
quadrupole lens, as better shown in the exploded view of Figure 3.

As shown in Figure 3, the electrostatic quadrupole lens housing 62 comprises a central
housing portion 70 surrounded on either side by outer portions 72a and 72b. Annular graphite
plugs 74a and 74b surround openings 76a and 76b, respectively, in the housing outer portions
that permit the ion beam to pass therethrough. Endcaps 78a and 78b maintain the posiﬁon of
the graphite plugs 74a and 74b and complete the lens housing 62. Fasteners such as bolts or
screws (not shown) are used to attach the endcaps to the housing outer portions at locations
80, and to attach the housing outer portions to the central housing portion at locations 82. The
central housing portion 70 is secured to the mounting flange 64 using bolts 83 (see also Figure
4).

The lens housing 62 encloses the electrostatic quadrupole electrodes 84a through 84d



screws. (not shown) are used to attach the endcaps to the housing outer
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in the mougbah hbyWRs St AB8h&A6Riectrode 84a. Jumper wire 106 connecis electrode 84a to
electrode 84c, such that both of these electrodes operate at the same voltage. Similarly,
electrical lead 108 passes through these slots and attaches to electrode 84b. Jumper wire 110
connects electrode 84b to electrode 84d, such that both of these electrodes operate at the same
voltage. Screws 112 secure the electrical leads 104 and 108 and the jumper wires 106 and 110
to the same clamps 94 that secure the standoff rods 92 to the electrodes 84.

The electrical leads which pass through the slot 100 in the mounting flange 64 are each
fixedly mounted to the back of the flange by means of a terminal assembly 114, Each
terminal assembly 114 comprises a lower terminal portion 116 which abuts the electrically
grounded flange 64, an upper terminal portion 118 to which the electrical lead is fixedly
attached, and an insulator 120 separating the upper and lower terminal portions. The insulator
120 is required because, while the flange 64 is electrically grounded, the electrical leads, and
hence the electrodes to which they are attached, operate at high voltage (e.g., +20 kilovolts
(KV) and — 20 KV for leads 104 and 108, respectively). The electrical leads 104 and 108 are
fixedly attached to the upper terminal portions 118 by washers 122 and terminal screws 124
(see also Figure 4).

Because the electrical leads and the electrodes to which they are attached operate at
high voltage, the standoff rods 92 are made of an insulating material. In the preferred
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Al ternativel i/ other quartz-like .insulating materials may be used, e.g.,
Pyrex(r), wAlegs slecteodes SdpdinugBd4dane for a heat resistant and cheni cal

L Ther Py St IPhEE e FpbHch ISPt LB b3 a) oo D
92 attach aleceoddie¥daand84¢ Seloperatidie ppmtiAldTSH20R Voind disctRides 848 & 844 are
grounded | ens housing 62, and supggrt t he ‘high voltage el ectrodes 84a

t hr ough 84@perrigd @he peiraiind PE-HK ¥pdhe faussnergized elocirodss gedrnpoke dléntieagh
84d are en  zed, so that electrodes, 84a.and 84c are operated at.a
potent | al S I51e0e ARertripls PBRGAERIR hnir el oAy een (h SleaPenroclo TAIPS GBS al
of -20KV. Teioh ®usm pasie herdugbeed.r odes forma quadrupol e el ectri cal
field, having quadrupol e conponents in the regi on between the el ectrodes,

to radially focudthougiethednvdmiamhpsbsdnndgseritreddn herosgif quadtz (Sl lor Pivex®, it is
i ti has b jbed in t f t i Q2 , it
e e R Fae OSSRt Sl Bk Tyl B oSl el B it b
92 Quart z qofsydallid RidERitidd, W hfl npeiivd SR abiriiafly WOARRIHNE: Mithe

abundant |y aval e choice
standoffs. Standoff rods 92 made of quartz function well as electrical insulators, and have

outer surfaces which have been found to resist accumulation of graphite sputtered off of the
electrodes 84 as the ion beam passes through the quadrupole lens 60. In this manner, the
quartz rods 92 prevent a conductive graphite coating from accumulating on the surface
thereof.

Accordingly, a preferred embodiment of electrode standoff rods for use in an ion
implanter has been described. With the foregoing description in mind, however, it is
understood that this description is made only by way of example, that the invention is not
limited to the particular embodiments described herein, and that various rearrangements,
modifications, and substitutions may be implemented with respect to the foregoing description
without departing from the scope of the invention as defined by the following claims and their

equivalents.



standoffs. Standoff rods 92 made of quartz function well as electrical

i msul ators, and have outer surfaces which have been found to resi st
accurrul ati on of graphite sputtered off of the electrodes 84 gs,the |on
beam passes through the quadrupole Iens 60. In this manner, tg U’f
rods 92 pr event a conductive graphite cogtl ng from accunul at| ng on the
surface epf . Accordingly, a preferréd enbodi nent of el ectrode standoff
rods for us lagms; i on i npl anter has been described. Wth the foregoing
description in mnd, however, it is wunderstood that this description is
made only bi y ,of exa& h@a{.thelnv ntion is.not limted to the
particul ar nbod PARsifego BRI 8P &eHmMBlaier, FRRDPHSING: ous r ear r angenent s,
modi ficati ons, ameﬁygﬁéélgﬁ}ddéns may be inplemented with respect to the

f or egoi ng descri ption out departing fromthe scope of the invention as
defined by the falhasingg havaigns anthtingesurface g firvabenting. thidlasdéhblz00d Ekai ns:
8 1. An electrode assenbly for an ion inplanter, conprising: at |east one
el ectrode; qoplaptss; ng havi ng a nounting surface for nmounting the assenbly to
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menber for elttaade ng sal d at | east one electrode to said housing, said
electrically insulating nmenber conprised of a glass-like material. 2. The

assembly of cl ai At eastwiiey elegtripally iaswdating membgpr iﬁ@‘uﬂlttﬁchﬁl@ soadriab ledst one
conpri sed Oéle&qs e, gﬂ () ﬁgl}sﬁggé Fal%[ L&Fec%%%l?yn})nséﬁa&ng FHeRLE dimpiagl 8 R oPAL ke

electrically’li I'ng ne
material.

2. The assembly of claim 1, wherein said electrically insulating member is

comprised of quartz (Si0,).

3 The assembly of claim 1, wherein said electrically insulating member is

comprised of a heat resistant and chemical resistant glass material.

4. The assembly of claim 3, wherein said insulating member is comprised of
Pyrex®.
5. The assembly of any one of the preceding claims, wherein said electrode

assembly is a quadrupole lens through which an ion beam passes during operation of the
ion implanter, wherein said at least one electrode comprises four electrodes, wherein
said at least one electrical lead comprises a first lead for electrically energizing a first
pair of electrodes and a second lead for electrically energizing a second pair of
electrodes, and wherein said at least one electrically insulating member comprises at
least a first member for connecting said first pair of electrodes to said housing and at

least a second member for connecting said second pair of electrodes to said housing.



conpri'sed of a heat resistant and chem cal resistant glass material. 4. The
assenbly of claim3, wherein said insulating nenber is conprised o
Pyrex(r). 5. The assenbly of any one of the preceding clains, E\Hekhj}N BQU&
el ectrode assenbly is a quadrupole |ens through which an ion beam passes
during operation of the ion inplanter, wherein said at | east one el ectrode
conprises four electrodes, wherein said at |east one electrical |ead
conprises a first lead for electrically &nergizing a first pair of

el ectrodes and a second |lead for electritally energizing a second pair of

el ectrodes, and wherein said at | east one electrically insulating nenber

conprises @t | Shaassgmbly of cleimiie vhersin sud quadrupeledensdis posisionedhi r of

el ectrodes - sal g i : I .sacond. ne rr for connecting
sai d secon‘a&tgléllar agjpr%%g'? o@gﬂ h?ﬁ%arsagfegér%@gslpﬁl&103{113%&&5004 9 6. The
assenbly of claimb5, wherein said quadrupole lens is positioned wthin a

radi o frequency (RF) linear accelerator in the ion inplanter. 7. The
assenbl y of. cl allm &sembly, ofileine Sror Saiviersliestid elbetrodese arcamppirisediofigraphite,

graphite, nd wher ei aid fir and.second el ectrically. insulatin

nenber s co"?ﬂaSIrW e syl 5@@41?%?&%%8%{)“%%@3 @@Hn@gsaaéi%@wg es to

sai d ho“Si#&do@&tﬂﬂ%ﬁﬂ%ﬁ@lé‘cﬁ@o%f&%usﬁ or 7, wherein said plurality of
y 1 nsu offs at

el ectri cal ating stan resi st cunul ation of graphite
sputtered off of said electrodes as the ion beam passes through said
guadrupol e lens. 9. The assenbly of any one of clainms 5 to 8, wherein said

first pairSof elieassepbly obglaimad<sont, veisseinsridalemlityofelegtrically ingilating) and
sai d secon? Eﬁ. - ﬁg” j - An
el ectrostatic gl%e{ ﬁsﬁg‘% e lﬁﬁg%g%g%%ﬁgg%dgﬁ%gﬁh%@%ﬁeﬁﬁeﬁp%&gn axi s
al ong whi cﬁasmﬂn@ﬂglbmmﬁ@ﬂe leg@nprising: four electrodes oriented
radially outward fromthe axis, approxinmately 90 apart from

9, The assembly of any one of claims 5 to 8, wherein said first pair of electrodes

operates at approximately +20 kilovolts (KV) and said second pair of electrodes

operates at approximately -20 KV,

10.  An electrostatic quadrupole lens assembly for an ion implanter having an axis
along which an ion beam passes, comprising:

four electrodes oriented radially outward from the axis, approximately 90° apart from
each other, such that a first pair of electrodes oppose each other approximately 180° apart,
and a second pair of electrodes also oppose each other approximately 180° apart;

a housing having a mounting surface for mounting the assembly to the implanter,
said housing at least partially enclosing the four electrodes;

a first electrical lead for providing electrical power to said first pair of
electrodes;

a second electrical lead for providing electrical power to said second pair of
electrodes; and

a plurality of electrically insulating members formed of a glass-like material,



each other, such that a first pair of electrodes oppose each other

approxi mately 180 apart, and a second pair of el ectrodes al sogopp
ot her approximately 180 apart; a housing having a nounting surzg@e?%m

mounting the assenbly to the inplanter, said housing at |east partially
encl osing the four electrodes; a first electrical .lead for providing

el ectrical power to said first pair of electrodes; a second electrical

| ead for providing electrical power to said second pair of electrodes; and
a plurality of electrically insulating énbers forned of a glass-Ilike
material, 21 JUN 2004 10 conprising at least a first electrically

i nsul ati ng nmenber for attaching said first pair of electrodes to said

housi ng, . F: i i o {.achi ng
Sai d second s fkad LECERRCEISRY ihRnk wBUbER Mk PRRD Shid S5 Pes R
10, wher ei ¢gleci@ides 6 £6d hasig, aideat ¢RI $ea6mt elbctieAlRihdutating M Esreitiacksag d
plurality of electrically insulating nenbers conprises a plurality of

st andof f s &anhsecamda@ml%%le@roap%é@m@lg@umﬁsai d housing. 12. The assenbly of
claim 10 or 11, wherein said plurality of electrically insulating

standof f s rigsi SthaseumblRtofelaiaf 10 wRdYeits4ntdcerods ofik c@ﬁlﬁﬁgécﬁofaér ifepdes
as an ion beam passes through said quadrupole lens. 13. The assenbly of

any one ofanslwhersinsaidiplurality eftelecstically dhshlgtingrmaebers gfongirises a plugdlity of

i nsul ati ng .s.are,conprised of rtz. (Si2). 14. The assenbly of any
one of cl aﬁt%gg’%ﬂ%a ?Q’,hs\?}r‘iie‘?l%‘%‘?gg%ﬁoégmﬂ”i\r‘%ty of electrically insulating
menbers are conprised of a heat resistant and chem cal resistant gl ass

material. 15. The assenbly of any one of clainms 10 to 12, wherein said
plurality B elBetassaablyyof claisul@br hl wissrbiersaidgplerationpf éleedcally iRyulsting 16.

The assenbly of. any one of clains 10 to 15, rei.n said first pair of
stévndofifs res>1[st accumulation of graphite sputtered oﬁho S'c%d electrodq;:s as an 101? beam

passes through said quadrupole lens.

13.  The assembly of any one of claims 10 to 12, wherein said plurality of electrically

insulating members are comprised of quartz (Si0,).

14, The assembly of any one of claims 10 to 12, wherein said plurality of electrically

insulating members are comprised of a heat resistant and chemical resistant glass material.

15. The assembly of any one of claims 10 to 12, wherein said plurality of electrically

insulating members are comprised of Pyrex®.

16.  The assembly of any one of claims 10 to 15, wherein said first pair of
electrodes operates at approximately --20 kilovolts (KV) and said second pair of electrodes

operates at approximately -20 KV.



el ectrodes operates at approxi mately +20 kilovolts (KV) and said second
pair' of electrodes operates at approximately -20 KV. 21 JUN Zoloﬂ%lsﬁﬁ?rv
1 NSULATOR FOR | ON | MPLANTER BEAMLI NE COVPONENTS Abstract An ®le (o
guadrupol e I ens assenbly (60) is provi decsl for an ion inplanter (10) having
an axis (86) along which an ion beam pas és, conprising: (i) four

el ectrodes (84a-84d) oriented radially outward fromthe axis (86),
approxi mately 90 apart frofQQEARTAINSULATOREORION st pair of

el ectrodes (84a and 84 EQQET MPO?#% 0 apart, and a
second pair of el ectrog%gp(m a%?%ﬁ& a| ggmggg%se eac chlt‘ er :

approxi mately 180 apart; (ii) a housing (62) having a nounting surface (64)
for nounting the assenbly (60) to the inplanter, the housing at |east
partially enclosing the four electrodes (84a-84d); (iii) a first

el ectrical lead (104) for providing electrical power to the first pair of
el ectrodes (84a and 84c); (iv) a second electrical lead (108) for providing
el ectrical power to the second pair ofAB&#@@ictodes (84b and 84d); and (v) a
plurality of electrically insulating nenbers (92) fornmed of a glass-Ilike
material, conprising at least a first electrically insulating nenber for
attachi ng the fi Astelgpiostatié qeddegiolohies afsiblya(6d) B4egvidédfor he idiomgilager and

S R LA o) SRS s e Ml
| ectricall i | : lhaed. of ar
B T e T

Pyrex(r). Totherysudiethat { 82) paiesf déctadesi(B4aahd 84c) %%omﬁaeh bfHer apiEbxinfte]
graphite sputtered off of the el ectrodes (84a-84 by the ion beam t%us
reduci ng t hEBG@ptrasd dseeandmaiiphielnctades B andi®id) alsedpppsscaach othier cur r ent

br eakdown. :!l:ﬂpgoxiﬁlately 180° apart; (ii) a housing (62) having a mounting surface (64) for mounting
the assembly (60) to the implanter, the housing at least partially enclosing the four
electrodes (84a-84d); (iii) a first electrical lead (104) for providing electrical pow’ef to the
first pair of electrodes (84a and 84c); (iv) a second electrical lead (108) for providing
electrical power to the second pair of electrodes (84b and 84d); and (v) a plurality of
electrically insulating members (92) formed of a glass-like material, comprising at least a
first electrically insulating member for attaching the first pair of electrodes (84a and 84c)
to the housing, and at least a second electrically insulating member for attaching the
second pair of electrodes (84b and 84d) to the housing. The plurality of electrically
insulating members (92) are preferably comprised of quartz (Si0,), or a heat resistant and
chemical resistant glass material such as Pyrex®. The members (92) resist accumulation
of material such as graphite sputtered off of the electrodes (84a-84d) by the ion beam,

thus reducing the occurrence of high voltage breakdown and electrical current breakdown.

Fig. 3



