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of *the Invention The present invention relates generally to i “”JA!2004
i‘npl ant ati on systens and nore particularly to the use of quartz or
quartz-like beamine conponents in an ion inplanter to prevent film
coating thereof and subsequent voltage brkeakdowns. Background of the

I nvention lon inplantation has becone the technol ogy preferred by industry

to dope semi conductors W QUARYZ i LATOR FOTEION © mangf actureI of
integrated circuits. Highar©€ i w r deep inplants
into a substrate. Suchigig&m{}%ﬁt]gﬁéﬁ‘ f@ﬁﬁmﬁ?ﬁﬁ&i@ for exanpl e,
retrograde wells. Eaton GSOYHE and GSD/VHE ion inplanters are exanples
of such high-energy inplanters. These inplanters can provide ion beans at
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

Cor poration, describes such a high- energy_ion inplanter. lon inplanters
operate at very high voltage Ievgl@d qfﬁh&:ﬁ“’%“ﬂﬂns in the beam are

accel erated and decel erated by el ectrodes and ot her conponents in the

I npl anter that rgside t. differi volta | evel s. For .exanple, positive
ions are extract ?ﬁcﬁ)%?dﬂv‘?ngﬂn%[%’?‘??eg%&aq@a%é‘f”eF%Pléﬁta%n SVEEME s 195G | ng
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beam accel E’r at ggﬂgggi%l%@géggdgtgg %it%?ro g éhdreg& 0 ?géﬁgﬁ‘%ﬁ té(xg%n%f}flﬁéglraﬁ{%?td
accel er at oprgventiale) coafing thevenfland sulpequpne sskazettheakdgtvni.he RF |i nac by

passi ng through a series of acceleration stages (resonator nodules) in

whi ch accelerating fields are_produced by synchronizing the frequency of
the RF voltage to the ion beaBnrekgbeund of thedmventien| i nac resonat or

nodul es, an RF signal is coupled to a | owvoltage end of an inductor coil,

Vol t age end of (L MRRATER" Be PecauiE e edmirom: irteret BFoRupey oy Aoes

bet wveen t weerdiboddd¥tetd Gt 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



2 grounded el ectrodes and separated by gaps. Wen the resonator nodul e

achi éves a state of resonance, a sinusoidal voltage of Iargeg?ggy’gdf |
provided at the location of the accelerating electrode. The t %’;
el ectrode and the ground el ectrodes on either side operate in a known

"push-pul I" manner to accel erate the ion beam passing therethrough, which
has been "bunched" into "packets". During the negative half cycle of the

RF si nusoi dgburledelecadées m&dh&ﬁ@@tedb RApd. tWieh theGBamaRd mdANicRRAIEEs 4 State of
accel erated (pulled by the accelerating el ectrode fromthe upstream

grounded elre¥nAtge 2asinvpidal voltage of lgegs) magnitudheistpravided iabrhg déaation roft the
si nusoi dal a%é’eﬁe ertel the el ectrode voltage is neutral t he packet
drifts throlug rtaﬂxég &P EN% ode (also referred to as a "drift tube” ) and i's
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el ectrode vol tage, positively charged ion packets are accel erwfled
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focusing in the first gap and radial defocusing in the second gap. If the

gap is opersmuﬁwgala@y% ‘ﬁhﬁ@@ ’ﬁhﬁleéwtn@éép’@lt@gﬁelspMHablths pociret [Weidtsi thraigh thxi al
direction, not the ectr ' rea

mmgni tuge. TRPEaotAelerd 8k a A5 Bires) dndis not Sefleraied doHETE e Batifve helt
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are greater than the radial focusing forces in th Irst dap, resulting in

a net radi aFcelttod (uishyl tysthe hevelepatingetavtrogh) soward tilier duvgistreanp grotihded edéctrode
resonat or m)dul Accoy di nglrl_é1 to re{ ocus the ion beam, magnetic or
a
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I nclude a plurality of magnts or taee
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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



t hat rrount the high voltage electrode to the electrically grounded
quadrupol e housing. If a sufficient anbunt of sputtered material coats the
standoffs, it can lead to voltage breakdown 1JUN2004 3 betm?»zﬂizj

el ectrode and t he grounded housing by creating an el ectrical i N;%G[M
t herebetween. It is an object of the present invention, then, to provide

i on inplanter conponents that reduce thd chance of being coated vm'th
material that can cau eelectrl ts and resulting arC|ng

anot her obj QE{WEsH b fl GCtRPER @G P@T%‘%{ﬁd&éﬁ@u& b3t 6¥A3HAS e W’fﬂc{ﬂh@rﬁtﬁm of
el ectrical ?rte Bsvebpat nount el ectrodes within the beanline. It is a
further Fect 0 provide such conponents in the formof insulating

standof f s that affels U ebjettf thepradentinveitiodSthah, t6 piiadl ik dhplaBleP6dhpsiRAtsi N
the |inear accelerator portion of a high- ene;]l% ion inplanter. Sunmary of

the | nventi 81t Idbes thervhancs o bﬁmsxoa@dp’aﬁx mgferi atmaaseme dlepimieal horts aad

| d Ly f. ded bl
conpr | o1 ng. TaaitRg e 8% phelfer, R Pribe aeBliSN 0 Piyide urremipbursrace
for mounti nend faemasrsesrrical fnSulhidss thafth&tt lectrédes vRAAS! tHRMamBhE 3 & 'aCfﬁhhéread

for providing electrical ﬁomer to said at | east one el ectrode;
one el ectri ohllettyo iprosiidesguich gompohents imtheafbrracdf iyl s mig Gtatdoffe disdt acsesed to

el ectrode to sa e | cal i nsul at.i ng nmenber corrprl sed

of a gl ass- FiokE %&P it Rieck il Flsoiodes 10468 HaaASederatr RGPS R

I nventi on, %J, M&J C quadrupol e lens assenbly is provided for an
a

ion inplanter Vi ng an axi s along which an ion beam passes, the assenbly
conprising: (i) four electrodes oriented radially outward fromthe axis,

approxi mately 90 apart from eSumeidey of thelInveation first pair of
el ectrodes oppose each other approxinmately 180 apart, and a second pair of

el ectrodes al so oppose each other approximately 180 apart; (ii) a housing
havi ng a mount i ngccading deafifsh aspeotiofitheresentinasembhtyeledradn essemplyefor em , t he

housi ng at Jeast rtiall ncl osi t he .f.our el ectrode (iii) .a first
el ectrical PB&” &%9\’%?%31%5%%?@983@%%@’& feGSt Ctnﬁé?qCFPQ% ahopsing
el ect rodes,hzfvm@moﬁ]ﬂﬁ%%qﬁséee hﬁdiﬁhndéﬁﬁ‘ésJeﬁib PEOE dhpEngt: %?Iéakt%ﬁ%e power
to the second pair of €lectrodes; a p ural ity of électrically
i nsul ati ng eteethealdead 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.



formed of a glass-like material, conprising at least a first electrically
i rsul ating nmenber for attaching the first pair of electrodes to the

housi ng, and at |east a second electrically insulating nmenber for
attaching the second pair of electrodes to the housing. 21 JU 'qOQHJﬁFZPHQE
plurality of electrically insulating nmenbers are preferably cofiprised o
quartz (Si2), or a heat resistant and @aem cal resistant glass nateri al
such as Pyrex(ré; The nmenbers resi st accunul ation of material such as
graphi te sputter dde Meraligy of ietectrieadlyr ingeleting membets rarp @aeferably sompdised ng

t he occurrenge of hi vol t,age br eakdo and electric current br.eakdown.
Brief Descr{pfian? 2$R?%e°bﬁ£ﬁ%ﬁa?lﬁ%fg&r“§n@%ca§ rggﬁtgﬂtagﬂaés BregEle! SRy A m of
a hi gh- ener pyrck@) THERh&Ab&S rbdbtOacMihfilatich 8f tnaldlh1 206 4 %rﬁgﬁ’tﬁ%nﬁ}( gathe
present invention for reducing the occurrence of high voltage breakdown
and el ectri offl o the ehtctrades rxy, thei fur be2ma they spdring ehe iceaurénan of high

el ectrostatic_ quadr | e | eps, consfructe ccording to the principles of
t he present v?],q&c?hrp ,O%Flécﬂeliegtqqar 6‘:“5@%&%@@?’?@0 the linear accelerator
portion of the ion inplanter of Figure 1; Figure 3 is an expl oded vi ew of
the el ectrostatic quadrupofe.: « Eb qur : .Fjgure 4 is a partia
cut away view of the eIectrg@?@fp%sghﬁﬁpﬁg8?JEFJE£Q%?E#§gure 2, taken al ong
the lines 4-4. Detailed Description of a Preferred Enbodi ment of the

| nventi on A%q]g;s §£§ACF3 s Wk Lohs I; a0 i r 10 is
shown in Fi 1g;ure ﬁl %@gﬁghﬁkﬁgaﬁ%&??g‘%}ﬁhﬁ& s??il%ﬁ?h%grngwtgéﬁ ﬁei ng

i ncorporated into an accelerating electrode assenbly in the RF Ilinac
portion of a high-energy ion inplanter, it is understood that the

i nvention may be incorporated into ion inplanter conponents other than

el ectrode assenblies, and in ion inplanter types other than high-energy.
The i nplanter 10 conprises five sections or subsystens: an injector 12

including an ion source 14 for producing an ion beam 15 and a nass
anal ysis magnet 16 for nass anal yzing




the i-on beam a radio frequency (RF) |inear accelerator (li nac) 18
including a plurality of resonator nmodul es 20a-20n for acc qI’Q}I 2@0&1
ion beamto a hi gher energy; a final energy magnet (FEM 22 for per ng
final mass analysis of the accelerated ion beam a resolver housing 23 for
final resolution and conditioning of the 4on beam and an end station 24
which contains a rotating disc 26 carrying wafers Wto be inplanted by the

i on beam Fimnrpmmteddheipﬁemt itventiors for agthicitpi the bb@inehoelf Hgh Vbleagebréakd6®nt O
the linac 18 i vari abl e, aperture 30 for controlling the amount of beam
current pad@fs CFrFﬁabch?f‘é“FliCH’é?c | medi atel y downstream of the aperture 30

Is a first flag srln beam curent ou

aperture 30 and Fr%%% %e%%pe%@%e {lrg‘% %8%88%? PR, algn%%oqstmﬁ:tg%at ed in
the resol wecortimigsb g ﬁ&cﬁﬂés@f&a@yfebaﬂ m%ws:wwmﬁai isQhed: r?&afeﬁ'?ntlamlﬂéa'ror to
implanting into the wafer The mass anal ysi's nmagnet functions to pass

to the RF IaP%%ratDBPGﬁIO}quh@ iooimplagtenef Bigaee yy the ion source 14 having an
appropri ate Q- NBSS ss anal ys net is required
bggauge t he |on%r§glff?§és ﬂexﬂlﬂ‘?@d‘ﬂ?‘f’ gﬁ‘etr% cé@ﬁtépﬁéﬁféuﬁ"gﬁge“épfgtﬁb‘%%r@ét e 21
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| sire

charge-to-nass ratio tha t hat ons havin

char ge- t o- iakes aladgitbs linessd-dot suitable for inplantation into the waf er .
The ion beamthat passes through the mass anal ysi s magnet 16 is typically
conpri sed of FQA S}ﬂ@SOt ope and enters the RF |inac 18 which inparts
addi ti onal cription sha Prefarngdihurhodinenhof the dnrentiomc

pr oduces partl cI e accel erating fiel ds whi ch vary per| odically with tine,
t he phase of which B %'1 usted chfommdate dj ferent atom ¢_. nunber
particles as welt CIRES %ﬁ PR PED ISR G highrensrayion iyplepter 1isshogm infigure 1.

plurality oAlthdRoMatiaveniduk %sgrﬁ)eﬂnhe}tﬁgei;ﬁ/ %&%%é)gﬁﬁor B G CRS k&1l g{ulgger

accel erate ions beyond the energies t ma previous no

| nt er nedi aekceedsassimtithin theRErimac)pomnni of £high@neérgy fom inlpbatdrdsisaintiérstood that
guadr upol e | ens 60. Th guadr upo | ens 60 refocuses the ion beam passing
t her et hr ou§fif, chSHtlE‘Bhﬁ’ca@ L H’é"’é’Pi’f’éﬁ‘f ingp loﬁéﬂlp}%fﬁcﬂwp@@ﬁﬁthﬁj than telestrpde

beam passeassembﬁeganappﬁpg@%%t@fﬁ%ﬁ?& BeLs, 20 Al though not shoun

in Figure 1, quadrupole IS0 ed i medi ately
' 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



before.and after the RF linac 18. Figure 2 shows an electrostatic
quadrupol e lens 60 in nore detail. The lens 60 conprises OUHIINIg
including a nmounting flange 64 provided with bolt hol es 662 gr"ﬂr@uagglﬁg
the lens 60 to the |inac block. The housing 62 nmay be constructed of

al um num 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
oper at i onalchagenomeast satidf alsb gemdraies (s tofllgtdater Qo dsbkeHbh@elt6MBass AgidBhA Bat
shown in the exploded view of Figure 3. As shown in Figure 3, the

el ect r ost atdesiregy densigsing inappropriglsshange 4o masmgtipsas ngt wakle for implsotating into
portian 70tﬁé’5v5f%unded on either side by outer portions 72a and 72b. Annul ar
graphite plugs 74a and 74b surround openi ngs 76a and 76b, respectively, in
the housing out erheROK bésAithat pdidds tRBTFA thenhRs by REATEAL 10 &SFpikhl (%ngﬁrféb' h.
Endcaps 78a and 78b mai nt ai nﬁthe pos?%i on of the g?gaphi tgsstgPlug? 74 an%
74b and comppkeingletisndopernd ehtzusthe §Fdihac Fé sthahdmpassiadlitimabaetsy tothe isn beans
(not shown) are used to attach _the endcaps to the housing outer portions at
| ocati ons P8HIN&G r?tbr%ﬁacﬁﬁ? f@] 8% PR IS 6Y é’?“t?g‘? fresirgating figlds cwhich gyary

housi ng pord.js | : : ' hort | VAN red
o the mouey ane e il e phse ol ibiciEY BEaaiRUE oAb iffbutef oR
housi ng 62 nantbenpasiclcseaselelt bt @aftitldsChavirgd difftadie spbai! r BadsoBdr pilirdivgbr84d
21 JUN 2004 6 which are oriented radially outward froman ion beam axis 86,
appr oxi nat éespnafor gipdptest0om the Idhlisan s fincsions ke Gurthiey aeceleryte imhebesiondtthodes
84 are co | f aphi:t e and are ttioned wthin the | ens housing by
standof f r og‘%r%%% .tﬁ)eK E%liureg? ﬁﬁg} FPISYIEP ggc{%?%e

des 84a and 84c oppose each other

approxi mat el y 13@eaR@fiite ediMbfIhsREGHMbrRAIIAM208k 8F LIRS SatR4RadPoB4chs¥0S O
oppose each other approximtely 180 apart. A pair of standoff rods
(&

att aches t dhelquadsupdle iens €8 a¢foeuses the doleb@un passimg dimgetbiough,ab soqmterdle effiett af
screw 96. As, such,, ei ght standoff, rods 92 gre ysed to position the fo

el ect r odes nﬁﬁ’éf‘%wtl ﬁﬂeﬁl?gﬂﬂ%&a {9 W%Baqs%ﬂ“ﬂ'béj’s? N@”’é’?ﬁ‘r TERanaing mogple 2.
standoff r v ' t ' . and 7 f
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portions sdbefore gid &triye RAdina¢ b& st andoff rods to fix their position wthin
the housing 62
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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



El ectrical power is delivered to the electrodes 84 via slots 100 and 102

provided in the nounting flange 64 and central housing por? ?n‘r{m
fespectively. Electrical |ead 104 passes through these slofs'a tgaﬂﬁnes

to el ectrode 84a. Junper wire 106 connects electrode 84a to el ectrode 84c,
such that both of these el ectrodes operate at the sanme voltage. Sinilarly,
el ectrical |ead 108 passes through these slots and attaches to el ectrode

84b. Junperwhith sre biiented edifait Gutwhid Frdne 8 ichHRam QxR §8; by REgnB iy 9FUpart tHiat
both of these el ectrodes operate at the sane voltagef Screws 112 secure
e

t he el ect rica¢t othereps alsoFigure 4).0Bhegiertrotes §4arpeomptised of giephitereaid bieOpositivnedhe
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assenbly 114. Each term nal assenbly 114 conprises a |ower term na
portion 11@acthotbér appuismatelty BB2apart.cal |y grounded fl ange 64, an upper

term nal portion 118 o i.ch the electrical lead is fixedly attached, and
an insul ator 128 E@b%é%@q%grp%a@ﬁb@rmé‘ﬁd’ap]éﬁéﬁacbéﬂfeﬁrﬂ%ﬁ 84t megsof apiamp

i nsul ator ghafy ir1§cr5‘%%i Fﬁ\%%ua?%%%&%ndﬁﬁlj s é%]a%% L%eﬁggﬁ?sgﬁl enistﬁ golﬁfeétkg e%lg%a ar e

grounded, the electrical I'eads,” an ence

attached, dpeugi &dawitlih it e kagRg 62, The etdBOfkiah@FP1ddS 92 64aYint@ Rdesses) tHe/
for | eads 104 and 108, respectively). The electrical |eads 104 and 108 are

fixedly at OHiehpartoss fheand plr of the tng buging.t Tantasteng's that whadiethe endapaitglto

the ol oot ; BE Op arRS SRy Siree ol e sy o rpeipngulip e

standof f 1 adasif2eare nade of an insulating material. In the preferred 2 1
JUN 2004 7 enbodi ment the standoff rods 92 are nmade of quartz (Si Q2).
Al ternatively, &lésticabpawdris délivereditmthelelecirodes Batvix slats $00rmd 102 meeded ia.the |,

rex(r), which ig a tradenmark nanme for heat resistant d.chem cal
zsi st ant &%&Eﬂ of andeniial hpuniag @Pﬁl,ongloageépwlvz%ly iical isad /184 passenn
ei t her r : LS honn i | 5 . fou S
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grounded | elestridru4m gu@that bdthsefpiheset eledimdbs gheratect tiag sared eoltaged eSinSkhdy,
t hrough 84d, In one exanpl e of ogperation, the four el ectrodes 84a through

84d are e n&legirisaldeads % passes thapugh thesrclotgand aifaghesde elsetaodsfdba dempertwize 110
potenti al Qtf)nn"égtg Iéféc&&ﬂa §4|bet8 tefegﬁl&ise S%ﬁ,b sfth gna?é&h%';f fhese 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



operated at a potential of -20KV. The four energized el ectrodes forma
quadrupol e el ectrical field, having quadrupol e conponents i n?t'hQJUNJQ@@lf
bet ween the el ectrodes, to radially focus the ion beam passing

t her et hrough. Al t hough the invention has been described in terns of quartz
(Si2) or Pyrex(r), it is contenplated that other materials may be
substituted for the standoff rods 92. Quartz, as a non-netallic oxide of
silicon, i enibddinkeXBRENd6ffabdk FPA0 Ak lof qautdd (Sab)).e ALBRIafi fell thdliartz-like
standoffs. Standoff rods 92 made of quartz function well as electrical

i nsul at or s Insutdingaveterigdameay brinsede eg. wWhirex® hwhishiie ertrédematkedmanesfosta heat

accunul atign.of graphite.sputtered off .qf the . electrod 84 as._the ion
beam pass e§esﬁ%7’"6 gﬁcﬂaleﬂﬂca& EFE&F&E%‘%* m%tﬁrs"ﬁG éhs use hareia, ?r]rﬁqﬁ“ﬁ@(te matiels shall pegn
rods 92 pr t &%;& r | S OR| lgat.} :

surface t%ggégcl)) : xfbﬁgcordi n?ﬁ?g ?&Pﬁ‘?‘é?‘?@%ﬁ%yﬁﬁﬁwwe é‘(lt:ttg%o glﬂtéét}gﬁ of f
rods for usethiermwer pootionsi 72pdfathe efechrzallp garunded ens heuking/b62, faridvappat dgdiigly

description 1n m nd, however, it is understood that this descriptionis
made only Nolggselenptrodssin tarough$idt he i nvention is not linited to the

particul ar enbog] i ej i arran ts,
Todi 11 cat1 ons, - AherRLbls GropSRlon ol RSl HRRR R e PRAE T R
f oregoi ng dRrsaoddatssannd Bild Hewpedeaidad hipdntialgN 10K VBaPde@foded184Y MMENI £8 as
defined by the follow ng clains and their - equivalents. 21 JUN 2004 C ai ns:

8 1. An el epemetsdat apstentl pf £20K¥n The four epdrairedelectoasiep Firgi mguadruppld edentiicabne

el ectrode; usi ng _havi a _nmounti.ng, surface for ting the assepbly to
the | ot aflh BeGpE RuctBbdlf e TuPanents iBape i teb i B Ffr rerber @de bR o bver
to said at {ARabe PassiLhbicfibugipt | east one electrically insulating
menber for attaching said at |east one electrode to said housing, said

el ectrical |y i ndlihetigintherevdndion hesrbednsiedoritfeddn gdras of lguirgz (18 er Paitex®, it is
contemplated that other materials may be substituted for the standoff rods 92. Quartz, as a

non-metallic oxide of silicon, is an inexpensive and abundantly available choice for the
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.



2. The assenbly of claim1, wherein said electrically insulating nenber is
conprised of quartz (SiQ2). 3. The assenbly of claiml, wherein said
electrically insulating nmenber is conprised of a heat resistgnt and
chem cal resistant glass material. 4. The assenbly of clain13§'anUA]Q

i nsul ati ng menber is conprised of Pyrex(r). 5. The assenbly of any oné
t he precedi ¢lainms, wherein said electrode assenbly is a quadrupole |Iens
t hr ough whigﬁaﬁﬁsion beam passes during operation of the ion inplanter,
wherein said at | east one el ectrode conprises four el ectrodes, wherein

sai d at Ieazt on e&egﬁrical Lﬁﬁ conprises a first.lead for electrically
energi zing & fir&pclesipde gpenply foran lgﬂﬁmgers‘é@wmgead for electrically
energi zi ng a secng,Pahd elfétrode! ectrodes, and wherein said at |east one
electrically insulating nenber conprises at |east a first nmenber for
connecting sai d hihassingailaving elmecintindesirface s firdmbontiigntheamGerably |toabe a
second menber for connecting said second pair of electrodes to said

housi ng. 21 MRRAISB04 9 6. The assenbly of claimb5, wherein said quadrupol e

| ens is position i thi : Loy f . |4 o r r_in the
ion inmplanter. 7§f]|lf:f"%‘¥e¥I %s%%ﬁéﬁgéﬁcl%fﬁbg@%g &f,gg%éjréﬁﬁﬁérst isgl%eﬁelgés?gg S are
conprised otlegfedehi te, and wherein said first and second electrically

insul ating menbers_conprise a_plurality of standoffs that attach said
el ectrodes to saPblagsuenhglechicalty dngeafmememiter ¢ fori attashing spid 2t ledskone n

o aph to <pirtis LR Bl Yl Py BB AL BRI Bk BEEUR kg 0

sai d quadr upategial.ens. 9. The assenbly of any one of clains 5 to 8, wherein
said first pair of electrodes operates at approximtely +20 kilovolts (KV)
and said second pair of electrodes operates at approximtely -20 KV. 10. An

| ect t ati |l e | | y. f i.on, i.npl.ant havi | [
a1 ong. whi crvan i oft BOaPaCEee Tonprien R Spetialy BRARCEBPrLA ed
radial Iy ougstapribell bOGuArRASAL)S, approxinately 90 apart from

id
f

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.



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

approxi mately 180 apart, and a second pair of el ectrodes al so_opp h
ot her approximately 180 apart; a housing having a nounting surZécejﬁ&rﬁﬁﬁIt
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 id second pair of electrodes; and

a plurality of electrically insulating nbers forned of a gl ass-Ilike
material, 21 JUN 2004 10 conprising at least a first electrically

i nsul at i ng®-menb&he assembly 9€Eleig 5s wibgrain paj¢ quadmipele lens is positigasd t o sai d
housi ng, t : i Ly i,nsul at ing, menber for attaching
sai d Secoﬁﬁﬂ%%arllagﬂsliqqggﬁcsé@gﬂ hﬁ%ﬁﬁ(s%%é&&%ggﬁslpﬁlglgﬁf@g '@r‘asserrbl y of claim
10, wherein said electrodes are conprised of graphite, and wherein said
plurality of electrically insulating nenbers conprises a plurality of

st andof f s T.hat Ehte¢ assémbhi df diie Srapde wheris sdid eleotredesgarel@mpTised afgsapttiey of

claim10 or 11, wherei.n,said plurality of electrically insulati

standof fs #¥3¥ e’%é@ﬁﬁ{ﬁtﬁ‘ﬂdﬁﬁg’&frd% VP@“@BB&P@ BrS(?PmpS‘ﬁe%Qi‘HQg'Végtrodes

as an ion t i ngl e lens. 13. The assenbly of
SERIDESRES 385N %d?a@vdgroﬁee fa sgmghg]p
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any one of clains erel n sal rality of electrically
i nsul ati ng menbers are conprised of quartz (SiQ2). 14. The assenbly of any
one of clajnms 10 to 12, wherein said plurality of electrically  insulating

menbers ar® conb#d assembly of Glaim Sreer Lrdinreinsaidaelitaer electieal ripsudating

S
mat eri al . : | ' id

ol ur al 1ty Sdoftededt aGRRtath o BepRREwRmEd BT A0 el ks 2 ¥ Bl 16
The assenbpagsesfitrdiyh ei@ qeddrepdle toas 10 to 15, wherein said first pair of

el ectrodes operates at approximately +20 kilovolts (KV) and said second

pair of electrodes operates at approximtely -20 KV. 21 JUN 2004
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,



11 QUARTZ | NSULATOR FOR I ON | MPLANTER BEAM.I NE COMPONENTS Abstract An
electrostatic quadrupole I ens assenbly (60) is provided for anngnlJN

i nplanter (10) having an axis (86) al ong which an ion beam pa%s SJ 2004
conprising: (i) four electrodes (84a-84d) oriented radially outward from
the axis (86), approximately 90 apart fromeach other, such that a first
pair of electrodes (84a and 84c) oppose each other approxinmately 1 80
apart, and a second pair of electrodes (84b and 84d) al so oppose each ot her
approxi mately 180 apart; (ii) a housingl@62) having a nounting surface (64)
for nmounting the assenbly (60) to the inplanter, the housing at |east
partially enclosing the four electrodes (84a-84d); (iii) a first

el ectrical n‘@@‘ijs el fd . fd i~ Of
el ectr odesccI an%%t”’%ﬂ%?ar ﬁ{(g‘:f\g/ glcgg g"ﬁ%‘%ﬂéﬁ‘?l?’?“@gmre%‘g°‘§@§§? df%lrg Bgig\?irf di ng
el ectri cal elgmudes tosdidiBosigpadl padast Diccehdelbdtaektly ifstidting mebrddtd Xor Anchiay) a
plurality of electrically insulating nenbers (92) fornmed of a glass-Iike
mat eri al , Bishisepid payr ok cledrades 4o sqid hawsing.ectri cal |y i nsul ati ng menber for
attaching the first pair of electrodes (84a and 84c) to the housing, and
at | east ajlseconik glsesibly Gl didini DO UkBéleRDsdTREArddes At camphiBel sfigaplRgond
pair of electrodes (84b and 84d) to the housing. The plurality of

el ect ri cal and whexyeinlsaid paralienafelectiiadly insudatingahembdrs yecormprises & pluraity qfiar t z
(SiQz), or_.a resi stant .and . chem cal resistant glass material such as
Pyrex(r). Sﬁ{@%ﬁgﬁhfé@%@‘?w@ﬁst&ﬁ@%ﬂ“&%nn of material such as
graphite sputtered off of the el ectrodes (84a-84d) by the ion beam thus
reduci ng the occurrence of high voltage breakdown and el ectrical current

br eakdown. 12Fi g. Tl assembly of claim 10 or 11, wherein said plurality of electrically insulating

standofts resist accumulation of graphite sputtered off of said electrodes as an ion 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.





