21 JAN 2004 1 METHOD AND SYSTEM FOR M CROWMAVE EXCI TATI ON OF PLASVA I N _AN

| ON BEAM GUI DE TECHNI CAL FI ELD The present invention relates gbiletJAN/200%
ion inplantation systens, and nore specifically to an inproved nethod and
system for mcrowave excitation of plasma in an ion beam gui de. BACKGROUND
ART In the manufacture of sem conductor devices, ion inplantation is used
to dope sem conductors with inpurities. lon beaminplanters are used to

treat silicoppaiGpianidvsAiv FORMATROIWAVIIERCIPARTONOE FLAGMA BN Pe

fabrication of an integrated cir&NIION BE&M@EEDHE or dopi ng sem conductors,
the ion beaminplanter injects a selected ion species to produce the
desired extrinsic material. Inplanting ions generated from source materials
such as antinony, arsenic or phoﬁ@@ﬁﬁ\ﬁ%&]??iﬁﬁﬁ in "n type" extrinsic
material wafers, whereas if "p type" extrinsic material wafers are
desired, ions geniespesst invedtionasiatee cemtralyi talion pdintatma spderos, andaidré um or

i ndium may be jmplanted. Typical i.on_beaminplanters include.an ion source
for gener at $a¢GH5RILY (o ApMpProve aregiod and AESIHR SIpMIGHAANR P Ehen eEolAmA B 5.
The generatﬁgge%%u%e formed into a beam and directed along a

predeterm ned beam path to an inplantation station. The ion beam i nplanter
may i nclude beam form ng and shapi ng structures extendi ng between the ion

source and the inplantation stati m ng and shapi ng
structures maintain the ion bearﬁ‘g%&%gm ongated interior cavity or
passageway t hr oughn i 6hrathe ofRERABRARIGPRed, MH itrp) MitdtidA id WREANESI On
station. Wien operating an inplanter, this passageway must be evacuated to

reduce the pamaibersiubiorswish impngiebelondeamfimplantsts dre osadtip deatsilicga e ned beam

path as a resylt .of collisions with air | ecul es. Th | on
relative to% tﬁémé%li’e@g‘flh%ﬁdgrotﬂ p(%&_ua&_?flogﬁ Fer gL %%ng éﬁ‘tﬁ g% S the
degree to Woi&fratibn Ia§erd aG@ALRBEHOHRQF in Axdgadtby citdutt. (Wishsused f@ldgpiny an

el ectrostatic or magnetic field, Therefore, the beam which reaches a
desired ar esenvfonductoasrithedna beann implamter injsetsgysglepted ipnppeciesl mwedwade very

pure since j,ons of, undesirable ?%ﬁg‘llrﬂaéﬁl%%{r?ao o dubceldfatdefil shed to

—

positions a&%ﬁ}ref{%‘?ﬁuislﬁénaﬁeenéim ana>

antimony, arsenic or phosphorus results in “n type” extrinsic material wafers, whereas if
“p type” extrinsic material wafers are desired, ions generated with source materials such
as boron, gallium or indium may be implanted.

Typical ion beam implanters include an ion source for generating positively
charged ions from ionizable source materials. The generated ions are formed into a beam
and directed along a predetermined beam path to an implantation station. The ion beam
implanter may include beam forming and shaping structures extending between the ion
source and the implantation station. The beam forming and shaping structures maintain
the ion beam and bound an elongated interior cavity or passageway through which the
beam passes en route to the implantation station. When operating an implanter, this
passageway must be evacuated to reduce the probability of ions being deflected from the
predetermined beam path as a result of collisions with air molecules.

The mass of an ion relative to the charge thereon (e.g., charge-to-mass ratio)
affects the degree to which it is accelerated both axially and transversely by an
electrostatic or magnetic field. Therefore, the beam which reaches a desired area of a
semiconductor wafer or other target can be made very pure since ions of undesirable

molecular weight will be deflected to positions away from the beam and implantation of



21 JAN 2004 2 other than desired materials can be avoi ded. Th%%ﬁﬁ:ﬁﬁﬁfZﬁh&s
sel ectively separating ions of desired and undesired charge- tée-

is known as mass anal ysis. Mass anal yzers typically enploy a nass anal ysis
magnet creating a dipole magnetic field 20 deflect various ions in an ion
beam via magnetic deflection in an arcuate passageway which w ||
effectively separate ions of different charge-to-nmass ratios. For shall ow
depth ion inplantation, high current, |ow energy ion beans are desirable.

N this casee the, hedusad SARAh8S aidddaht procaalsecaivtly shpditimgibod ofs i n
mai nt ai ni ng @Snvergence of the i1on beam due to the nutual :@%I sion of ions
FeEEA] gh

bearing a likedah@ugisirdd diargettomeass ration ie@ms a8 mRst Al

concentration of simlarly charged ions whic AEMBEDGrdEe to

nut ual r epubiely emglaye lﬁﬁséiaﬂgy%\%’\lnéﬂbﬂ? Glrating ag‘lli:lpélg??a ghfgtl(?%érq&beam integrity
at | ow presgures. & infh MRPGachERIR HedtRn SN B Setiste bisagevny vddeh Wi gh
energy ion i ﬁ%? BNt At on beans typrcally propagate through a weak plasm
that is a bypeailebtsepiratchensaddiffarent charet-tomass ¥h t he residual or

background gas. This plaspa, tends .t q neutral| t 8o he@&ire Caused by
the ion beam th@PéWﬁP‘éfrd@%qh)}O%VWJﬁrﬁﬁtf%ﬁ%u rcgﬁgl%}’ellrage&gﬁgc?ri Cfields that

woul d ot heryise difspaE SRe!the danai entlpi® \Ethe iahs danve sonre iffirmitendt gi es, the
probability © roni zing collisi ons with the backggq(%urid aaf. i s.ver al oW.
Nbr eover , i nndib@initigmnecrgerg b thiedon beamidus todhemuwalyenylsion ot iaps he

di ffusion across magnetic field.lines . : . | dsithinal
di f fusi on alldwghesge ﬂ? eBiioRp eatrﬁsgt%?%lpg&?@a%%%g}sl? 9#%’?2%MConéequeynt ly,

i ntroduct i onof. el tidaenPloaivired Gud topiova répuisiener gy beam cont ai nment i n
a mass anal yzégr

Is largely futile, since the introduc | a I s quickly
di verted al ong tﬁﬁ:)niiaipbi?relo“hmjmt high epgeny 1?1?]??@?‘Pt?gf‘ﬁ’ea?goa‘ggﬁ%%@\%sygchanber
walls. In ion inplantatian g > R Sné@ P RRdmbRintatioh ®ads
cont ai nment Iﬂﬁﬁ‘%‘?‘gﬁf %crgﬁad%%@hgg%d[t%?ﬁﬁ?gfr%gg Wi ?ﬂ himﬁ current, |ow

181, PO e oo pres i
Bnal yzer. beamity Hetendil SebersaREnds-NUBRY ReRe T i BRE Do BRES:
CuFent o Bl R e e e e
i on beam conp@iRTBIdisphdechiebeath owevendti b on b@am&as@gieﬁ,aﬂa?praba@ﬁg nd
nstead en haino%iezsing collisions with the background gas is very low. Moreover, in the dipole
magnetic field of a mass analyzer, plasma diffusion across magnetic field lines is greatly
reduced while the diffusion along the direction of the field is unrestricted. Consequently,
introduction of additional plasma to improve low energy beam containment in a mass
analyzer is largely futile, since the introduced plasma is quickly diverted along the dipole
magnetic field lines to the passageway chamber walls.
In ion implantation systems, there remains a need for a beam containment
apparatus and methodologies for use with high current, low energy ion beams which may

be operated at low pressures, and which provides uniform beam containment along the

entire length of a mass analyzer beam guide.

DISCLOSURE OF INVENTION
The present invention is directed to an apparatus and method for providing a low
energy, high current ion beam for ion implantation applications. The invention provides

ion beam containment without the introduction of auxiliary plasma and instead enhances



21 JAN 2004 3 beam pl asma associated with the ion beam by uti 'f'ﬂ&ﬁ%ﬂ’t
background gas in the beam guide to create the additional elé&ctr

required for adequate beam containment. This is acconplished by providing
a nmulti-cusped magnetic field and RF or ®icrowave energy in a beam guide
passageway in order to create an ECR condition in a controlled fashion, as
Il lustrated and described in greater detail hereinafter. |on beans
propagating through a plasma, such as the beam plasna created by beam
interactions with the_resi ; Widzashe beR@budd gdsemthe bstrat e

equi | i bri unﬁe%gfrgglmrl\g%sﬁgggggﬂ%rtg%hoggﬁg%;ﬁi oni z%tion g%d charge exchange are
lost to theghiaam gehdehe adihionaleieimingapirekivaadranale Dyam eQUpPDeRl oy

bal ance between charge formation due t t he.. b bt LA &i
col | i si ons, aeasenplis PB e HEERAG) ‘B?%le%ﬁé%%ﬁé *é%uﬁ*‘ é‘?%rﬁwg% &igg% tive

charges by the | Ghy SDEidBE 0 Rsht CAEECR @Bnditiciaipe: amtralledestion, of
ki netic eneF@@pgﬁggﬁgb%ﬁgg%myenhancerre_nt t hrough the introduction of
external | y gefpiaited anplasmtedin gemteadeteirbacingfiet he beam pl asma, the

probability for ionjzing collisions wt h k y | ow
i on beam ener gi edont %ewrolﬁﬁ%%?%%?gg%ﬂgRge\’g‘é“%b%cﬁ%E%éggﬁé{ggla%gl%rﬁgéﬁteg?g t r apped

in the beamys | arge pOLQRIH @b rMdual ordabkrbwngl @ aeath neidy tataghilibhism. beam
centre, interacting wth each other by Coul onb col li si 8&2%%{e§)ul ting. in

t her mal i zat iveliereih chirgessiredicedhy tomération andeherga rxchanee $15 FFBEEFh t he
di stribution_ having an enerqy. . gre r LoD | i&hduatb of the
. T

r esi dual gasThf?dP’é‘é I ont zing such a nol ecul e. The

i oni zing pr qg?gf;olbhﬁiﬁtﬂﬁ(iéﬁﬁﬁgéolﬁﬁohﬂQnd ilsesstfronnthebean wollowrdigse sepulsipta | ow
energy beamp j ori

sma, tthe majority of the_ioni zq?tion i s _produced, by, fhe.
trapped el ecdfipositive Theeges byl theresignal spage;charse ga Fle%eﬁflg)ﬂeraﬁﬁr?sﬁe
centre-to-edge beam potential difference, which is the sane paraneter that
causes beam ™5f&®w- up". Thus, transportation of | ow energy ion beans is
difficult absent gydeftpathyegensimnttpizhdmeingoducsiohahedrBrly smeRd beam

D P e eaonsot vt Bt (e ST Gt b hieldowia
di rect i on of e e R GRS o P Lo O e owave ener gy
in a mass anghyggardeaped i e beqa's dmpepetyntisbyetlwbiting erpund fad thro ed
megnetic fl eLf(:janil Qen?rce?i?liecrla?crt]i%g wyimt.htegcﬁ Qt%erpgyeégu%mb collisions, resulting in
thermalization of the electron energy distribution. Those electrons in the distribution
having an energy greater than the ionization potential of the residual gas molecule have a
probability of ionizing such a molecule. The ionizing probability decreases as the
electron energy decreases.
In a low energy beam plasma, the majority of the ionization is produced by the
trapped electrons. These electrons derive their energy from the centre-to-edge beam
potential difference, which is the same parameter that causes beam “blow-up”. Thus,
transportation of low energy ion beams is difficult absent externally generated plasma or
enhancement of the beam plasma. Because mass analyzers inherently involve magnetic
fields, externally generated plasma fails to diffuse adequately along the arcuate length of
a mass analyzer beam guide, instead diffusing quickly along the direction of the magnetic
field lines. The use of RF or microwave energy in a mass analyzer beam guide

passageway together with a multi-cusped magnetic field in accordance with the present

invention provides for enhancement of the beam plasma in a low pressure, low energy,
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controlled creation of an ECR condition in the passageway. Additionally,
the nulti-cusped nagnetic field enhances4sthe plasma density through the
magnetic mrror effect. Additional plasma may thus be generated within the
I on beam space by electric fields at RF or m crowave frequencies. This RF
or mcrowave energy is transferred efficiently to plasma el ectrons, when a

proper magnetjc field.is pr [ : el daditibe iBGR

condi ti on. nhl*ﬁfécﬁﬁeng?Onrﬁeé?los\%gt\g}%qérr%g&/&my @q%d;l?%élgh?ggn thﬁ o the passageway
at an appr opfskak®apOAliditibndlyptheeatnigustd nvigaetaniyeld entipacesshe plesipd dengitvret hods
(e.g., windows, antennas, and the like). Al though the dipole nmagnetic field
al one ni ght thrayghdlpmagnstic ok ¢Eckr eat i on of an ECR condition, the

sel ection of the,dypol g TRORGHGind beEke IR REdEn S Reabptivatis magnet

Is dictated by t e particle selected for inplantation.
Consequent | ields BERIREr @icroW SrediuenaievdihisRE peaidiowapsenesgy issaisérgded to be

tuned to that which provides the ECR condition.acgording 1o the dinole
magneti c fi effigiontly tnplasma desiraps. N PERRYT Wagngliq ﬁ%}ﬁésn‘g?%?% @'6% Iéﬁg%{eugrgrs, t he
di pol e magngtj G fi ' J: D8 ESRaFeQineioly ingdy HRtintddtRxceDiDMe
2.45CGHz mi C%M@S?Are%%%ﬁ%& %\?\gkepﬂ%ﬂ%eqbency e-nergg;%gources or variable
frequency spase@sayat £n appaoprabd mort inuhe beag guide Vip any pumbi @ epuMing (&S| s an

advant age to using the highest_ availab frequenc a - Aensi t
T o pr Gpr VIRH 1R ag Ry AR Ao R AO i
abi 11ty 0 pUssyfhybi B old GOURACY ofl BUR cohaitiofcthi Beldctloluf emalighic nagudieam

application“via*the selective enploynent of a controlled nulti-cusped
magnetic fi @bl sehgtinsorf xmassiaghlysis plagastas distatadiby themomeniumyef thepRIlgl cost .

According to one, aspect of. the invent, o he ' MasSs

anal ysis nagfeled Faﬂ‘}&WP]t@Btaﬂ?%uﬁansﬁq‘be&ilg’atg%\%ymgﬁ glﬁg;atg%g%%t% E%? ﬁgﬁmﬁ% beam
an RF power  3h&E (GHaRhedtd @atdkh pyvities BeeRTR conditiel atcondirgte tzatipelgenay,
and a magnetic device adapted to provide a nulti-cusped magnetic field in

t he passagemgnet‘i‘@ﬁelqia&gwaway thus serves as a waveguide as well as a
devi co compr i ses 1ot BrAelf oyt g REBish Bemyt HEAMIGTaphIR TRORIAL, |
of the passjgpWPhe BURCEGIAMIdnE tHRAMBImEMI4SEHa nderbivevafaguensy. dewser at i vel y
frequency energy sources (or variable frequency sources) are available, but are costly. In
addition, there is an advantage to using the highest available frequency, as the plasma
density limit is proportional to the square of the frequency employed. Thus, the ability to
use a high frequency power source in a low energy ion beam application via the selective
employment of a controlled multi-cusped magnetic field allows for higher plasma density
as well as reduced cost.
According to one aspect of the invention, the apparatus comprises a mass analysis
magnet mounted around a passageway along the path of an ion beam, an RF power
source adapted to provide an electric field in the passageway, and a maguetic device
adapted to provide a multi-cusped magnetic field in the passageway. The passageway
thus serves as a waveguide as well as a beamguide. According to another aspect of the
invention, the magnetic device comprises a plurality of magnets mounted along at least a
portion of the passageway, whereby the power source and the magnets cooperatively

interact to provide an electron cyclotron resonance (ECR) condition along at least a

" portion of the passageway.
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at least a portion of the passageway. 21 JAN 2004 5 The nulti-cuspe
magnetic field naybe superinposed on the dipole field at a specified field
strength in a region of the mass anal yzef¥ passageway to interact with an
electric field of a knowmn RF or m crowave frequency for a given | ow energy
lon beam In this manner, the beam plasma within a mass anal yzer dipole
magnetic field is enhanced for | ow energy ion beans w thout the

i ntroduction of ShiiablsyeOBRgAL Geld RAAS RperiiiBosBl o fthddifsle\ialdataner gy is
efficiently transferred to plasma electrons 1n the presence of a magnetic

field that speeifed finhi SBERztbomd rdgiomef themessdinatyzerpasnascwspledntedet wihan pr esent

i nvention, the E conditio or a parti.cul ar i.on beamtype i ependent
o bot '« HESEF SeIae kupd SanbiREyt Hia Ehy Rt R h R ey T f AR
However, the, g i Rle: TROEH fadnolfhifh rhdle aser apsletbigheivgelgts i s

typically fixed according to the desired selection of an ion
char ge- t 0- netsncett fooloanehetgydonhepmis widlous thetinisodveion efrxtgpallozengratedi r ect ed

to a target fer.. The other ECR conditji-.on wari [ t | . an
electric fiBaEfn%fngP?gg‘E °§Bﬂ?rega¥ere§’ﬁ{%ﬁ§§fﬁ|%§mﬁ {EJIS géer?ezlrt%%;\%%fa ehhggoéérléa i on of
a mul ti- cusprE.{rBgRE agndticaidld inat yitlae ap BERAGEMEYN OAceoriig o anakspeeiof
according to the present invention advantageously 8rovides | ocal i zed

control ovethetpiresenignettion, the BCR conditien for apareuiaripibenas tyag évependspl ch
al | ows f . mcE t | al |
availabl e PreprRBiecdbi o gt Ap s Y pEERe R 6 WRMaE HOREIEARC 2 0¥ s

of magnetic d1{rplow Hagetie AgldMof theYnads afiflisis igidiés tpgiRaliyofididt dcoordingrto dre
appropriate frequency, the nulti-cusped nmagnetic field al s% I ncr erases
pl asma conf @ seleetimnnign ion shaggsdeimeassiatiognd dhe magnitudp o the bepmg snergy e | y
of the i nvene PERITRE R et (UL D Compri 6 a plarality of oo
| ongi tudi nal I'y saeethet BCRrchdiyiom xirtbitisrbgingalusefizeddirsgecsdficld energyt op and
Dol om 1 es OF s Sos haliieel, BeAl 04l 06 Rassaiovls, TS Rgneis ™
oecher ! ARG EAmply b o)t o ot manedpodaseaner
passageway. préviddsilscalinsthamiroboveECR roagnelii¢ fidld strengtivwitbintthe passigsway.neieh at
lmigﬁét LWO ! %ﬂg\!vg ggel (?f%{]l gr_ I];ll%(l’:OiV\l;]a%C gﬁ&g& gcl)u?'ce% %{ gcosmx%]:m 3t céx&%gltciatﬂ%vaaﬂjajbféc ent

frequencies (e.g., 2.45 GHz). In addition to providing regions of magnetic field strength

which satisfy the ECR condition for an appropriate frequency, the multi-cusped magnetic

field also increases plasma confinement through a magnetic mirror effect, which

significantly enhances the plasma density by reducing losses.

According to another aspect of the invention, the magnetic device may comprise a

plurality of longitudinally spaced laterally extending magnets disposed on the top and

bottom sides of the mass analyzer beam guide passageway. The magnets may include

longitudinally opposite magnetic poles of opposite magnetic polarity, with poles of like

polarity on adjacent magnets facing one another, whereby the multi-cusp magnetic field

is generated in the passageway. In this manner, an ECR condition may be established

near at least two longitudinally facing magpetic poles of at least two adjacent magnets

and spaced from one of the top and bottom sides by a specified distance. The magnets

creating the multi-cusped field may thus be designed to create an ECR region spaced



and spaced fromone of the top and bottom sides by a specified dgs"a‘r]?N ?D[]!l.
The magnets «creating the nulti-cusped field may thus be designed to creafle

an ECR region spaced 21 JAN 2004 6 fromone or nore of the passageway

wal | s, providing a controlled confinement or containnment of a passing ion
beam According to still another aspect of the invention, an ion

I npl antation systemis provided, which conprises an ion source adapted to
produce an ion beam along a path and a nass anal yzer havi ng an inner
passageway. The nmass analyzer includes a_hi.gh fr POMES, urce, a
mass anal ysfrgmm@@éfn%ﬁﬂi{‘%aaﬁs?gefvﬁﬁ“iaﬁﬁé’lrmﬁglél%gézgﬁg{;{@%g a rlrlégfr)\etic

devi ce nounted .i i BASsAgEWay, wherein the mass anal yzer is
adapt ed toc?nceg%lgll%}é %ﬁﬁﬁglbeamfromthe i on source and, to di regﬂ':mions of

an appropriate chatgéingtostithamtiragspsctefdhyinypriopathiondHagaHRSYSHD The

hi gh frequency power, source is adapted .t | : ) Ne

electric fi @;cmchd, ‘E"h’éhPﬂ‘ﬁ@?seﬁégé%g%%?,ad%pﬁa&){oﬁ)\éb&{nga%gtu%?gbéaglez\[/ninc%e@#% adapt ed

to provide a miltis &{é@f}@ﬂ;ﬁﬁ%%%ﬁer&ah@h@cvﬁr . tTihe masneralyraswalydosg/higithe
conpri se a

magneti c device may plurality of magnets nounted al ong at.,|east
a portion offreqhdiey pawsagemays matsiawhlysie niagastaneuniedrin thq NRFTIPEASTY &g %
field. The magnetic and electric fiel ' ARE nfaSs SlaR2tSis afapaéeR
condi ti on wiPRAgnEHG ¢t @méﬁ%&PWe‘Pn%ﬂgﬁ%g aé\’/{gﬁ%’%{geousl y er?%%nces t he beam

pl asma, t herghy.Aewld Bh beif ol \Be fiavarceland gediodot foheof dvappberaiate chetssr di ng
to yet another aspect of the invention, there is provided a netnggld fed

provi di ng i ao-nbsamtioatingithepeth tavarda wafere A8F Bighi HueIey PRNELICES sysagem The
e ot e it A St e Myl b IEATIALOAE et PR Al Rathgiesic g 20

i on source, PP nal’yzer ‘having an | nner passageway and a mass
anal ysi s m%‘%ﬁce@mf’ﬁd @Rl bitauliinnepedrnaatefiely in thednmes passesgyt A8°i on

beamin the mass analyzer fromthe ion source. The hod. { .
conpri ses dimagetindevienmapeorapsise §luahiey O%I‘Téﬁg@ §m[081_15g§§§mg g‘f lle%)gtrg%gﬁleor?eorfgy

Lo e e PR EY, FER Sl ARG QUAIA magiiChiold, TR0RBAdGnA,

el ectric fief'aPH2 passaféway using a hi gh_fregégncy power. source, and
generating aggHié Felay &2 theeragiie tieatefandlCR condation ¥ the PaTsIERBHZS IR

passageway using a nagnetic deyice unt ed al ong t. Yade
addi tion, t halvaptepesyshephanges e Peart BRSTP-E°T ﬁ%ﬁ?&%ﬁgﬁ&%@%ﬁon cy(!gplgtron

resonance condibtion in at |least one region in the passageway using the
electric field &R t he magnetic field. ) . )
According to yet another aspect of the invention, there is provided a method of

providing ion beam containment in a low energy ion implantation system. The method
comprises producing an ion beam along a longitudinal path using an ion sourcfz,
providing a mass analyzer having an inner passageway and a inass analysis magnet
mounted along the inner passageway, and receiving the ion beam in the mass analyzer
from the ion source. The method further comprises directing ions of appropriate charge-
to-mass ratio and energy from the mass analyzer along the path toward a wafer,
generating an electric field in the passageway using a high frequency power source, and
generating a multi-cusped magnetic field in at least a portion of the passageway using a
magnetic device mounted along the passageway. In addition, the method may further
comprise creating an electron cyclotron resonance condition in at least one region in the
passageway using the electric field and the magnetic field.
The plasma enhancement and the resulting beam containment may be further

aided by the controlled provision of electric field energy in the passageway of a mass

analyzer. Generating this electric field in the passageway may be furthered using a



The pl asma enhancenent and the resulting beam contai nnent may u
aided by the controlled provision of electric field energy in '?%e" JA}N}QUD#
passageway of a nass analyzer. Cenerating this electric field in the
passageway may be furthered using a 21 JAN 2004 7 separate wavegui de to
consistently distribute the electric field energy within the passageway in
a controlled fashion. In this manner, the energy distribution my be nade
nore uni form al ong the |ongitudi nal passageway of the beam guide, allow ng

creation of | . e entire

| engt h thersé%)g }a?%%’é‘gé%aﬁ%g& tg%{s%n&gltaﬁggﬂgdglgegtgté %%1% &gﬁ@&;%@g@r}g M{ilﬁ&/%nt ion, there
i's provi dedpassugevegin aeorftailled Gshlobnih Michawey,ehearrgydiftribmich Rovey msdeur ce
with a beamplasma in a assageway of an ion beam nass apal yzer beam

gui de. The WRVeHfda aleng tga&l udind ppssagrveayed the heamggpage, alewipe saonmyl a

metal lic cogt.] %ﬂﬁt g‘#?(; Ve m t he power
source throg%htg%}ta?ﬂogﬁoﬁg%%?%&%? e tﬁré)a, élgp%éaﬁggeggﬁ e\tA}}aeggo(RThe netallic
coating may t husAkecsrtiing ts el agpedt dithe prebay arventiod, ferd Bpravidedaot t om si des

of the first layer, The first |ayer extends longitudinally along an
arcuat e pat WaV?—E“éf%r foF SRUPHPE HECTOV AT RISFEYLFRIR & REW TSIV lgha Plaftep Nghg

| ateral |y DELUGRR G hANGboRAthak aflier 88th Bde O E ol @lndidle s HhC

wavegui de f aterally extendfng | ongl spaced ports
or slots thdelghidlhygersetrainded by e atetailic ontitg edapiaddo haupagge titieroveanemgigyde

passageway. .The longitudinally s e rts, oy slotg nmay be posjtioned
Bavant ageou SRy EPEG PHES MG CCeiSedny’ b BTt e PReHaEa Il o

standi ng vayRtdige _&cﬁﬁﬁg%y%ﬁs%ﬁﬂﬁ%&on@%@ﬁuﬁﬂﬁ%@f‘&n RGP SRl bRonPQYR ot 0 the
beam guide. In this regard, along the waveguide, a plurality of laterally

ext endi _ng ﬂwrfg}sttl_arﬁrn ahe first fryeektondy :mltg&ﬂédta#b@;m&bﬂn atextateyatie in afist pldapt ed
to provide mul ti- cus magnet i e _beam gui ssageway. |In
Lhi 0 vy, t Rk iatEBEe FRenhee end Pl e ndt ity AT SRBRERE T om

the power sgiief fadiiR¥ide OPREWatdovRleurthdd irhateh 1dtalty @@éﬂi@loﬁ%ﬁﬂiﬂaﬂ?
cyclotron resonance condition along at |east a portion of the passageway

f or beam cofpagehpems or sipigthronghghematallivenpating ethibe side facingthe bepny gaide he
T Aol BRSSOV b ORI PRR e B o
beam al ong alopgitie wivegiide @NcdriRpenatta theddesSyid Sanding W eveap fiketyesfce@nmpr | Ses
a mass anal ysi s _magnet nounted I n a passageway
an efficient transfer of power to the beam guide.
In this regard, along the waveguide, a plurality of laterally extending
longitudinally spaced magnets may be provided which are adapted to provide a multi-
cusped magnetic field in the beam guide passageway. In this way, the multi-cusped
magnetic field and the microwave energy from the power source may cooperatively
interact to create an electron cyclotron resonance condition along at least a portion of the
passageway for beam containment, and the plasma may further be enhanced via the
magnetic mirror effect.
According to still another aspect of the invention, a mass analyzer beam guide
apparatus is provided for conditioning an ion beam along a path in an ion implantation
system. This apparatus comprises 2 mass analysis magnet mounted in a passageway
along the path, a power source adapted to provide an electric field in the passageway, a
waveguide adapted to couple the electric field with a beam plasma associated with the

ion beam, and a magnetic device adapted to provide a multi-cusped magnetic field in the

passageway. Accordingly, the power source, the waveguide, and the magnetic device



al ong the path, a power source adapted to provide an electri e ' e
passageway, a wavegui de adapted to couple the electric fiel 2\% IJV&N gg% :

pl asma associated with the ion beam and a nagnetic device adapted to
provide a multi-cusped magnetic field ithe passageway. Accordingly, the
power source, the waveguide, and the magnetic device 21 JAN 2004 8 may be
cooperatively adapted to provide contai nnment of the ion beamin at |east a
portion of the passageway. The beam contai nnent may advantageously be
acconpl | shegy becersl a5 bifRed S HrRidODnEAL P heqd BOI! HR%AN in t he
cooperative Interaction fn the passageway of an RF or m crowave el ectric
field powerathbyassigewapwEhe baur cmtamdertheny atsgmadcousiy be raemplishedtviaay
create a multi-cusped magnetic field.in the interior of the passageway.
Accor di ng tgesfen Cﬁ%frﬂ%Fo@é%b?StabﬁsﬁeﬂémPHgb CEPPerAVRAEIBEHPIRE vy ovi ded
for coupli SE4 RE of flrGwide dleckiPliaid FBwhiRd 8Y thbvlRe a00rEBaR taoal yzer
passagemy.lgg}%%gw%veguﬁg cor?pri ses a béseB‘Iavgyer Pocﬁbed inra first plane
adapt ed t o pagpEtgdtdce, whichomay ereatn e mgitifengped anggoeier figdd i te intema dighe ng a
top, bottom and |lateral metallic |ayers extending |ongitudinally along an
arcuat e pat¥fSFAEGH*En entrance end to an exit end and laterally between an
inner radial sidg.Qpdnat P bRSthEAdb&t oSthE frverdiish, A 4vEFNid X QFovidM foi NCl ude a
plurality of laterally extendi ng l'ongitudinally spaced ports or slots

t her et hr ougépuphieg weelactrin dicldnvidh 4 plaswh int reiop s guarmgnadyrer paseagoase Theyer .

Coupt od v ¢ HotabidsIRH ¢ ERE B e e pend By s e 'S

laterally eﬁﬁ&@d&f&n&@?@&ﬂdbm&ﬂ SufeR AERhaPRE a0 boftb@} £nd 13@rdl iRtallic
acconpl i shnent of the oregO|nP and related ends, the 1 nvention conprises

the feat ur elayéreeiending bngitudingliycrdens spaenatgiortly omi anngiangp epditnareeriond i n
the —claims,, e hR!HAnendn SERe el st a&&‘gn {nﬂ& &Hﬁ?éﬁ?@! ﬁ{eﬁ%réaﬂﬁag&&mgp” n
S O e spect

in detail c&I%arH ﬂe Ustrati ve aspec I nvention. ese s are
i ndi cati ve, indRde v @luralityy ob Litersilyf @sendifp lbhigitudatallg ygacedyortd ot sidhs thirettreugh
principles of the invention may be enpl oyed. O her_ _ objects, advantages and
novel feat ubeweest the frterionaliths passageyay erbass aysF MECTO VB YR SORERY T8t thewi ng

the- dr aw roev B EReBpabitfe s iR e PR P B PG Mo S0

di agr am i | | ofsthe phdsagevarytngami thalatdraliy exteidig longitudinally spaced ports or slots.

To the accomplishment of the foregoing and related ends, the invention
comprises the features hereinafter fully described and particularly pointed out in the
claims. The following description and the annexed drawings set forth in detail certain
illustrative aspects of the invention. These aspects are indicative, however, of but a few
of the various ways in which the principles of the invention may be employed. Other
objects, advantages and novel features of the invention will become apparent from the
following detailed description of the invention when considered in conjunction with the

drawings.

BRIEF DESCRIPTION OF DRAWINGS
Fig. 1A is a schematic block diagram illustrating a typical low energy ion
implantation system having a mass analyzer in which the beam containment apparatus
and methodology of the present invention may be employed;
Fig. 1B is a schematic view of an ion implanter for ion beam treatment of a

workpiece, including a beam containment apparatus in accordance with the invention;



i npl antation system having a nmass anal yzer in which the beam cgnjai nnent
apparatus and met hodol ogy of the present invention may be errpﬁ {/e\?AN:lngﬁL
Bis a schematic view of an ion inplanter for ion beamtreatment of a

wor kpi ece, including a beam contai nnent @pparatus in accordance with the
invention; 21 JAN 2004 9 Fig. 2 is a top plan view of an exenplary nmass
anal yzer beam gui de according to an aspect of the invention; Fig. 3Ais an
end el evation view of the exenplary nass anal yzer of Fig. 2 having a
plurality of naggst

accordance with gf Shagr gﬁﬂg’%{%& %?glt%g%%av%em% :S%%%g'ﬁmg%&deucgés%é £i onal

pl an vi ew oinasbecte;x&rmh@an}domass anal yzer taken along line 3B-3B of Fig.

3A; Fig. 4 is a sectional elevation view of the exenplary nass anal yzer
taken al ong | i n@ig434 iym qadglevationyigw of theexgmplagy F@%ﬁﬁnabizer@f&l%\?&ﬁvm Vi ew

of the exenplary; tg@?ﬁfig{%?s'f% ne}aﬁhggm 1%H%eh'nlfh‘§nétlo5ﬁ8 i h@ordnc ‘é/@ﬂ 6is a

side el evation Vi strating eXenplary "nul cusped magnetic fields in
t he exenpl amotiveaspeana themvemfonfi g. 5; Fi g. 7A is a side elevation view in

section illust ratl n anot her exenpl ary alyzer with egui de
according to anof HspEeho Pltaﬂé’“i“hﬂ’ffetgapéﬁﬁnp By glasy gl y@éﬁ%ﬁ%@mgf

el evation vgg\gdé ?ey@xerrpl ary mass anal yzer and waveguide of Fig. 7A
Fig. 8Ais a si ‘evdtion view in section illustrating a portion of an

exenpl ary wavegBigdé isnscivagheltsation viewrabthe anathylaryrmdss anggrve takei aigng

mul ti -cuspegpnz‘l%g% Lc f| eld in accordance with another aspect of the

i nvention; 9 1% 25 secti onal top plan view of a portion illustrating
the exenplary wayegu fecRih SBOBRYSidANvi 6f th8 e fleﬁlE/ 1455 lafalzdr tRBH

el evation view in section taken along Iine 8C8C o ig. 8B illustrating a
portion of aleg tnedd g \'A’/avegw de of Figs. 8A—88 F| g. 8D is anot her front

el evation view ip. section taken al on ne 8D- 8 ting a
portion of the eE@ngllsaﬁ}d?/\ge PaEY ﬁluﬁr:mg eﬁﬂn% mbSeuspifinkgriet Hefdh

in the exemplary mass analyzer of Fig. 5;

Fig. 7A is a side elevation view in section iflustrating another exemplary mass
analyzer with a waveguide according fo another aspect of the invention;

Fig. 7B is another side elevation view of the exemplary mass analyzer and
waveguide of Fig. 7A;

Fig. 8A is a side elevation view in section illustrating a portion of an exemplary
waveguide and magnets in a mass analyzer for generating a multi-cusped magnetic field
in accordance with another aspect of the invention;

Fig. 8B is a sectional top plan view of a portion illustrating the exemplary
waveguide and magnets of Fig. BA;

Fig. 8C is a front elevation view in section taken along line 8C-8C of Fig. 8B
illustrating a portion of the exemplary waveguide of Figs. 8A-8B;

Fig. 8D is another front elevation view in section taken along line 8D-8D of Fig.
8B illustrating a portion of the exemplary waveguide of Figs. 8A~8C;

Fig. 9 is a sectional top plan view illustrating an exemplary mass analyzer with
magnets for generating a multi-cusped magnetic field in accordance with another aspect
of the invention; '

Fig. 10 is a top plan view illustrating an exemplary waveguide in accordance with

another aspect of the invention; and



Fig. 9 is a sectional top plan view illustrating an exenplary Jjmss anal yzer
with nmagnets for generating a nulti-cusped magnetic field in chjﬁ{N@é[ﬁ}
wi th anot her aspect of the invention; Fig. 10 is a top plan view
illustrating an exenpl ary wavegui de in décordance with another aspect of
the invention; and 21 JAN 2004 10 Fig. Il is a schematic flow di agram
illustrating a nethod of providing ion beam containnment in an ion

i npl antation systemin accordance with another aspect of the invention.

MODE('S) FOR CARRY! h D NBstRkiAS @ Methdiveipovadingidd beaow be
described with rpéggﬁe%:{ﬁcg%%t{?e raivvl ngs1 wher%i n |ike reference nunerals

are used t OcdRfifestdn i ke ielpbneaion sydteo iy hesatdancrrwith prathegpacheldhie i on
provi des for beam contai nment in a | ow energy, high current ion

i npl ant at i omveyEarem at | ow pressures w thout requiring the introduction of
externally generated plasma by enhancing the beam pl asma using a

mul ti-cusp magnetic field in conbination with RF or m crowave energy to
create an ECR conditi OMODES) FOR CARRYINGOUFRFREY NVENTIRN| pe

appreciated that the invention be, advan I '
appl i cati ons ot hdhe prasntiNGERon %ﬁﬁ’é‘f"f by gﬁcgﬁ%gﬁ@g%rf %B%%qﬁéﬁﬁ%ingsef erring

now to the ; e e dde Qumleils Be LN t6 REETY like Blehteptsahioaphdi® The
i1l ustrat ed%%gg\ﬁggelg%}%@ﬁi Hgll 182, a beam ine assenbly 14, and an end

station 16. pient ibedntibnatovides fordicamieontamneghingolqEReEEy. BEherzat R a hi gh
vol tage power supply 22. The ion Sout g 3 ey whi ch
i s provi ded ImplapiEoR S¥HER A ogélor%sﬁ’fﬁe@‘vltﬁsu&g%gﬁ[?%ﬁgg@éﬁﬂcﬁﬂ}l&{gﬁgondi fioned by
a mass anal yg?héraﬂgﬁg&@ﬁla%§enﬂ_ﬂﬁinmbs&ﬂﬁélﬁﬁﬁéusiﬂmmhi-%p[mme@c fellin i ons of

appropriate arge-to-maSs ratio to a wafer 30. T c&.di tioned ion beam
24 is then diombitatidn wothdRRlon MisrQwavgEnergs e ap ﬁaﬁrﬁ?ﬂ g 408 16.

dotail i cBeBPHaea Pt i b Tpls Pl Pt e e et o,
and has an i Qa, SR Spdikationsd e SisanahiskyRistratd gné desttited Bertisan i ne assenbl y
115, and a target or end station 116. @ An expapsi bl e stainles el
bel | ows. assenbl'y Rafaringmbutio s ey EHers OIOW FS- @t “BPRIRHR B1 vt
beant  ne. assHEPYo 6 FR B 1 e P B o e ener gy
(ULE) i0Nn  terminal 12 includes an ion source 20 powered by a high voltage power supply 22. The

jon source 20 produces an ion beam 24 which is provided to the beamline assembly 14.

The ion beam 24 is conditioned by a mass analysis magnet 26. The mass analysis

magnet 26 passes only ions of appropriate charge-to-mass ratio to a wafer 30. The

conditioned ion beam 24 is then directed toward the target wafer 30 in the end station 16.

Referring also to Fig. 1B, an jon implanter 100 is illustrated in greater detail in

accordance with an exemplary aspect of the present invention, and has an ion source 112,

a mass analysis magnet 114, a beamline assembly 115, and a target or end station 116.

An expansible stainless steel bellows assembly 118, which permits movement of the end

station 116 with respect to the beamline assembly 115, connects the end station 116 and

the beamline assembly 115. Altbough Fig. 1B illustrates an ultra low energy (ULE}) ion

implanter, the present invention has applications in other types of implanters as well.

The ion source 112 comprises a plasma chamber 120 and an ion extractor
assembly 122. Energy is imparted to an ionizable dopant gas to generate ions within the
plasma chamber 120. Generally, positive ions are generated, although the present

invention is applicable to systems wherein negative ions are generated by the source 112.



| npl anter, the present invention has applications in other ty 0
I nplanters as well. The ion source 112 conprises a plasm cha%j jAN 3984

an ion extractor assenbly 122. Energy is inparted to an ionizabl e dopant
gas to generate ions within the plasma ldhanber 120. Generally, positive

I ons are generated, although the present invention is applicable to
systens wherein negative ions are generated by the source 112. 21 JAN 2004
11 The positive ions are extracted through a slit in the plasma chanber 120
by the ion Temtpbaﬁt/@ronas&@mwedlﬂﬁougmisahmhapraismeshmm U2@by thy iaf

el ectrodes 127. Accordin the 1ian extractor assenbly 122 functions to
extract a b@éfﬁcmgs&smbbb&% Paishicomaripes GralvRBLY ofelestiedes HéﬁbéFCOI‘i‘Bg]é{n@et 0

accel erate e GrlOALLERIL 989 alndhiohd (B 8xiRT 2 nBAR" IS bEdRARSEns ek treThe MasS
anal ysi s nagne? nc ons 0 pass only ions o appropriate

char ge- t 0- nplasmé aldnibek 020 hel doeacdidrate tizsadyatiey ichkSnto e missao#ipsis sagnea

resol ver housing 123 and a beam neutralizer 124. The nass anal ysi s nmagnet
114 incl udedld curved beam path 129 within a passageway 139 defined by an
al um ni um beam g hay, I 3050 VaGHaIdnoBr & a td S
provided by a va%%%apurr%%ﬁd %%1"' M’?é‘é\:ﬁ:géam f% tﬁaIl prop t@sﬁ along this
path 129 i scidrgemtmdsshytid hethm’a@nﬂme(ass‘enﬁll}dlUeméic&twmpbyestmsolmélsuml ysi s

magnet 114, to re ect i ons_, of o riate char Ss ra The
strength and2dem %??trélflzeFﬂs‘%r Jgﬁepglgﬁ e fagnet; 13&&1“‘1?‘%&7&8&“?"8
control ele ﬁtﬁqQQQﬁﬂn gﬁ‘%e% 254 H&Tne&lﬂgaﬁlaﬁﬁﬁlﬁl'uﬁ%eaﬁiﬁdi@erﬁavl rsﬂibgh the

field w nd| gs of the hrough a magnet connector 133. The
di pol e magnetlls 136, embuam@‘swhlbimsmmn@@idm 4 vguam puopd 34| EI‘ihgl(mHEamulr%ed

b th 129, f t t '
112 16 s seRBhBoPB e hEpeB vy Sty ratrdE febf apenbiontl 125
Portions 12&,saniykAfnagbt 128t008RM ioALSE an(EQ:Eﬁ%fré;ﬁﬁﬂa SardeQBSnARSHHIBY THB

i nappropriate charge-to-nmass ratio, are deflected away fromthe curved
trajectory amehgiinans ariestalian pEthistdipole alagnetivi fiakd iscanirellddchy cozo! elestropics

" e beam 108t HAE SeERs Rai oA He I SRR sk it R IS, iy

139 furtherﬁﬁg.ﬁ?fgﬁg cfcommgaret 133.devi ce including one or nore mgnets 170
di sposed | atera ong the beam path 129. The nagnets 170 are nounted

above and bel ow TThedipelermasretic figld cavses thedembeanyidd o meuepdenstapiEVed fiel d
(not shown

beam path 129 from a first or entrance trajectory 134 near the ion source 112 to a second
or exit trajectory 135 near the resolving housing 123. Portions 128" and 128" of the beam
128, comprised of ions having an inappropriate charge-to-mass ratio, are deflected away
from the curved trajectory and into the walls of an aluminium beam guide 130. In this
manner, the magnet 114 passes to the resolving housing 123 only those ions in the beam
128 which have the desired charge-to-mass ratio.

The passageway 139 further comprises a magnetic device including one or more
magnets 170 disposed laterally along the beam path 129. The magnets 170 are mounted
above and below the beam path 129 to create a multi-cusped magnetic field (not shown
in Fig. 1B) in the passageway 139. A high frequency electric field (not shown in Fig.
1B) is also provided in the passageway 139 via a microwave injection port 172 which
couples a power source 174 with the passageway 139. The multi-cusped magnetic field
and the high frequency electric field in the passageway 139 cooperatively interact to

create an electron cyclotron resonance condition in at least one region (not shown in Fig.



in Fig. 1B) in the passageway 139. A high frequency electricaégfkiAbg t
shown in Fig. 1B) is also provided in the passageway 139 vi ' ammﬂﬁ

i njection port 172 which couples a power source 174 with the passageway
139. The multi-cusped magnetic field ardd the high frequency electric field
I n the passageway 139 cooperatively interact to create an electron
cyclotron resonance condition in at | east one region (not shown in Fig. 21
JAN 2004 12 1B) of the passageway in order to provide beam contai nnent of

the ion beappl28ne Bissadd®ag i a6k topréNi@ebm chataiirherit of fhe.ioTbenr Eoky er
housing 123 includes a term nal electrode 137, an electrostatic lens 138
for focusi ndesthieed iogrdstaandettfign/rand a dosi netry indicator such as a Faraday

fl 142. The b trali. 24, ] i
neutral i zi ng ¢ he BORPCTVAC R b L RAES s R a el B e

target waf ef3@g,r§dsete Bh bbRhNYS, dntipldentetylyditdier spdsas 4 Fehdaydlagrigéd i on
beam 128. The beam neutralizer and resol ver hous%?ggtﬂaﬁli.e. ev%(;gjat ed by a

vacuum punp ThtdeaDownizalizenhdoinciudes Hplamadorical 4%, IZ0eREPBEHY ®st at i on
116, which ipncludes a . .di,sk-sh rdafdAf UBQ bl Wafers to
be treated &ﬂaég?rﬁ’aﬁ‘(@b‘.d#ﬁ ‘%8?‘2% “i%%%%?‘?q%% resides in a tar%get pl ane
whi ch i s gengp@hiel bp ediRRIIvElylchalgyd inhi teanad8t The heam déutediréromd afsotvive

i npl ant beam " The di sc shaped wafer support 144 at the end station 116 is
rotated by &owsugsrard egcuatekby sHaMERAYHL st ri kes wafers nounted to the

support as theyprove, | | 125h8aRReld staddd 016, WhichiThdleds sabout
poi nt 162, whi chq%gwrgﬁéﬁn??]@gr%gglé?%@%%the path 164 of the ion beam and

the wafer WiiskGshhpedl witbesupporgt4 ppamnehitls wafedy todediskied atroneunted. sSTHSOVHEr  Fi g.
2 illustrates an exenpl ary mass anal yzer. beam gui de 200. for ' | ow
energy ion isﬁm%¥%$ﬂﬁes§9§tt%‘|$?t(¥g‘?1§.‘%'/m&b\ﬁ/g§ﬁ°§ pqrgeﬁl%fc%aﬂ'&r? Jgﬁt%%&gg Fi g.
1B), having i kA diTha lisP ¥ppea KRy ridafiangd ehy staticret 1and
outer ar cuat@gtlug{e&{{mg% ?nsﬂl%%b&gng 2068, g?@spe_ct [ \S/lg%% al on% an i on beam path
208. The bedsr@utbdiby 260t@xtténTe idndregintthies siakdsyvasers myupied IHHEKUBRIS 4 om an

entrance end 210 to, an.exjt end, 212 r.ou an ' be
appr oxi mat e|t§enlgqufg@,0érgg{,arp : gﬁ% %‘.‘u%g@%pémt%geb%ﬂgﬁ&hﬁu@f ﬁgir&gs oﬁrr{g?/i ses a

m crovave inpectlon Bhd pAl4c2bi @B idd uinded thowitk 1Y so thalfhedargetmlarcanay e
energy froma power source 216 with the passageway 202 via a cable 218.

The beam guiadgustabid dbent thisqgloimbes a nass anal ysi's magnet conprising two

arcuate magnet Fig. 2 illustrates an exemplary mass analyzer beam guide 200 for use in a low

energy ion implantation system (e.g., low energy ion implanter 10 of Fig. 1B), having an
arcuate longitudinal passageway 202 defined by inner and outer arcuate side walls 204
and 206, respectively, along an ion beam path 208. The beam guide 200 exiends
longitudinally along the path 208 from an entrance end 210 to an exit end 212 through an
arc angle 6 which Iﬁay be approximately 135 degrees, for example. Beam guide 200
further comprises a microwave injection port 214 which provides coupling of RF or
microwave energy from a power source 216 with the passageway 202 via a cable 218.
The beam guide further includes a mass analysis magnet comprising two arcuate magnet
poles (not shown in Fig. 2) to provide a dipole magnetic field in the passageway 202
which allows ions of a selected charge-to-mass ratio to reach the exit end 212 along the
path 208.
Figs. 3A and 3B illustrate an end elevation view and a sectional plan view,

respectively, of the exemplary mass analyzer beam guide 200 of Fig. 2, having a

plurality of magnets 220 associated therewith for generating a multi-cusped magpetic



poles (not shown in Fig. 2) to provide a dipole magnetic field 4n
passageway 202 which allows ions of a selected charge-to- masﬂiajmtmml'

reach the exit end 212 along the path 208. Figs. 3A and 3B illustrate an
end el evation view and a sectional plan Niew, respectively, of the

exenpl ary mass anal yzer beam gui de 200 of Fig. 2, having a plurality of
magnets 220 associated therewith for generating a nmulti-cusped nagnetic 21
JAN 2004 13 field in accordance with an aspect of the invention. Magnets

220 extend Kaldgh atdoydanbEtMBEN agitci SMBE inkadticas MignaRd28RxRHY Biterfldi US R2 in
the passageway 202 in a Ionqltudlnally spaced relatlonshlgzalong the path
208, with ahetawguaxamngrpraéuuﬁg oad apprienradingR2j8 the passagyApPE ing 326 degr ees.

I n one exe ar tati.on.of .the |nv on h nner..radi us. Rl may
be about 00 B RAEUPHORaR 2b Mt G205 T ot Aol Rl 3R, WAk
passageway #{# besfof H}Edn’ﬁﬂé SaEki d&gﬁeé))’[ntdﬁﬁ eﬂﬂﬂplb@ilh@mmkdt@n d2theaiebnded,
respectlvelé1 The di pole field may be generated externally to the beangui de
200 by an Hiedener saghidl nasbe ab%ﬁﬁ@ mnp gncifgonter radigs Bhimay he kot 690 mre

' i on, he b d
wnl bs 295 artiE SRRV ARl nir SORRABT I PladoBp 0l R delpd "2, 2DTRE O
t he magnet s redgéttivelmiThe dipold fildd afaybb genaaud axtemanyrhethe béﬂn@.ﬁiﬁi 2000¥,ani t Wi | |

be recogni zed that magnets 220_nayhe praovided.in one, or h of the top
and bot t om GFiremsgrst (nghshoym), Iy wigfse implengntatign %fﬁh%ﬁwe@fonb%m%wﬁ Kelsi de

wal I's 204 apd e and 5
respectively |%@J@d9£@%%OY%%SO%Ga@)%}Zﬁgﬁﬁbeénﬂgggggﬂ%ﬁ Hots ﬁgﬁgﬁdidl nal
and |atera|ﬁSﬁﬂhBﬁﬂSﬁth@mﬁBﬂ&hﬂﬂﬁﬁmnm&m@EQZGmdnﬁnBumkbEﬁ@w\&muﬁﬁ seen in
Fig. 5, magpets 220 ma i zed 'l on |tud|nal alo ation
direction o ¥W§”13h gﬂﬁ%eiﬁ@gmﬁ tﬁP@”ﬁFﬁﬁé@F@ﬁ”&Uﬁﬂ“@ﬁ% ‘%gfécent
magnet s havs '&f%eo@ls é/ttd?ﬂl.x% s 2i23%h&‘92£%53e&{v%f or 5ibndr¥oltt o ihd Hge

magnets 220 aV| ng s pol es aC| ng toward the “éntrance end 210 of the
beam gui de ﬁaﬂsaﬁéamhmkbaﬁp@ma§y22ﬁmyaumbma@meﬁsﬁﬂﬂ0 having south poles

facing toward the, exjt 1 de 200 e I ndi ¢ as 220B. In
order to facili tgl ‘%ﬁﬁﬁ%g f&x@w‘i‘fsgf '%3#\%??‘3‘?“ ?flhﬁ %gﬂgﬁlc fieldis
est abl i sheddr3ithiigal RAIRBYLYR o HEng §e@f1o@liﬁé§pi-¢ and/b'-% o'mvl%&t As8kn in Fig,

el ectromagnet (not shown) having vertical field lines 0 as |IIustrated

in Fig. 4. Refmegnstn2pOxre maguet@Zpdjlongitudingdlyalengthepiopbigtion direstiogrodtle i920A and
220B create beam path 208, and are staggered such that adjacent magnets have like polarity poles
facing each other. For clarity, the magnets 220 having south poles facing toward the
entrance end 210 of the beam guide 200 are indicated as 220A and magnets 220 having
south poles facing toward the exit end 212 of the guide 200 are indicated as 220B. In
order to facilitate the mass analysis function, a dipole magnetic field is established in the
passageway 206, for example, via an external electromagnet (not shown) having vertical
field lines 230 as illustrated in Fig, 4.

Referring also to Fig. 6, the exemplary bipolar magnets 220A and 220B create
individual magnetic fields, illustrated for simplicity with exemplary field lines 232A and
232B which cooperate to form multi-cusped magnetic fields near and spaced from the
top and bottom walls 222 and 224, respectively, in the passageway 206. The exemplary
placement of magnets 220A and 220B illustrated in the various figures illustrates
similarly oriented magnets 220 vertically aligned (e.g., magnet 220A directly above

magnet 220A, magnet 220B directly above magnet 220B). However, it will be



I ndi vidual magnetic fields, illustrated for sinplicity with e I Iy 0
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lines. Where this resonance condition is attained (e.g., in regions 234), a single
frequency electromagnetic wave can accelerate a charged particle very efficiently.

It will be appreciated that the sizing, orientation, and spacing of the magnets 220
within the passageway 206 allow the location of the ECR regions 234 to be generated in
accordance with desired ion beam containment goals. For example, the strength of the
magnets 220 may be varied in order to change the distance 236A and/or 236B between
the inner surfaces of the magnets 220 and the ECR regions 234. In this manner, the
distances 236A and 236B may be adjusted according to the passageway size and/or the
desired ion beam size. In addition, the spacing between adjacent magnets 220 may be
changed in order to vary the spacing between adjacent ECR regions 234. Furthermore,
the relative orientations of the magnetic pole faces of adjacent magnets may be varied in

order to provide additive magnetic field lines between adjacent magnets 220. Many
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passageway size and/or the desired ion beamsize. In addition, the spacing
bet ween adj acent magnets 220 nay be chagnged in order to vary the spacing
bet ween adj acent ECR regions 234. Furthernore, the relative orientations
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the inner surfaces of the magnets 220 and the ECR regions 234.,1 hi
25 JAN 2004

Oriented in this fashion, the magnets 220 provide a multi-cusped magnetic field in the
passageway 202 near the top and bottom walls 222 and 224, which field is illustrated by
exemplary field lines 232A and 232B. A mass analysis electromagnet (not shown)
outside of the beamguide may provide a dipole magnetic field (not shown) adapted to
provide the mass analysis functionality discussed supra.

Unlike the mass analyzer implementations in the previous figures, the beam guide
200 of Figs. 7A and 7B further comprises one or more waveguides 250. The waveguide
comprises a suitable propagation medium such as quartz, that is metalized on all sides by
a thin coating (e.g., aluminium). Since the skin depth at 2.54 GHz is less than one
micrometer, a metalization layer coating thickness of a few microns is adequate.
Laterally extending ports or slots 254 are provided in the inwardly facing metalization
layers of the waveguides 250 between adjacent magnets 220 for coupling RF or

microwave energy from the waveguide 250 into the passageway 202 of the beam guide
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adapted to propagate RF or m crowave ener for introduction,into,t
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spaced by an angular pitch distance 262 which is the pitch spacing of the magnets 220.
Referring also to Figs. 8A and 8B, another exemplary waveguide 250 is
illustrated in section, mounted between wall 222 and the multi-cusped field magnets 220.
According to another aspect of the invention, the waveguide 250 comprises upper and
lower metalized layers 280 and 282, respectively above and below a base layer 284
adapted to propagate RF or microwave energy for introduction into the passageway 202
of the beam guide 200. Laterally extending ports or slots 254 are provided in the lower
support layer 282 exposing the base layer 284 to the interior of the passageway 202. In
addition, O-rings 286 may be provided encircling the slots 254 in order fo seal the
magnets from the vacuum region. According to still another exemplary aspect of the
invention, the base layer 284 may be made from quartz, the upper and lower metalized
Jayers 280 and 282, respectively, may be made from aluminium, the O-rings 286 may be

made from a suitable elastomer, and the beam guide cover 288 may be made from
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As i |1 ustr at gprésimutedr 135nlepiegs. 10, the wavegui de 250 furthers the

generation of RF . ] . .
In operation, RF or microwave energy (e.g., provided by power source 216 via

cable 218 and microwave injection port 214) is propagated in the waveguide 250 located
behind the multi-cusped magnetic field generating magnets 220. The energy is coupled
to the beam plasma (not shown) via the periodically distributed ports or slots 254 for
creation of the ECR condition (e.g., in regions 234 of Figs. 7A and 7B) conducive to
plasma enhancement employed for beam containment.

As illustrated further in Fig. 10, the waveguide 250 furthers the generation of RF
or microwave electric fields of sufficient magnitude orthogonal to the fixed magnetic
fields at many locations (e.g., regions 234 of Figs. 7A and 7B) along the beam
propagation path 208. Toward that end, the length of the wavegunide 250 may be set at a
multiple of wavelengths (e.g., n\/2, where nis an integer) corresponding to the RF or
microwave power source frequency (e.g., 2.45 GHz), with the coupling ports or slots 254
located at ¥ wavelength locations. The waveguide 250 may therefore constitute a
resonant structure where standing waves can be produced therein with the ports or slots

254 located where the E field is minimum and the H field is maximum (e.g., “H”
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direction (e.g., path 208). A magn eld (e.g., multi-cusped field) is
waveguide 250 is selected which will only propagate the single TE10 mode. Once the

waveguide dimensions are so chosen, the propagation wavelength is determined.

An electric field develops across the ports or slots 254 outside the waveguide 250
in the interior of the beam guide passageway 202, which is oriented along the ion beam
propagation direction (e.g., path 208). A magnetic field (e.g., multi-cusped field) is
generated that is perpendicular to the electric field, with the proper magnitude for
creating the ECR resonance condition in the regions 234 of the passageway 202. For
example, a BF2+ ion beam at an energy of 1.19 keV requires a magnetic field strength of
873 Gauss to follow the proper trajectory in a mass analyzer of a nominal 400 mm
bending radius for creating the ECR condition. The ECR regions 234 may be located
advantageously close enough to the slots 254 in the waveguide 250 to benefit from the
high electric field intensity, yet sufficiently spaced from any surface (e.g., magnets 220,
waveguide 250, etc.) to minimize plasma losses. For example, the ECR regions 234 of

Figs. 7A and 7B may be located a distance 236 away from the magnets 220, which may
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terms (incl BRITgHePsa8s #ppiFrentions, iyl ve appraciaigd fhat erdedlems elterations and
conpone n': S #oRiflcBHGRAGH dclude LiRANARIE it MleSFufdh i Mhdifig hitltRlStuids® 2Ny

componen
of this specification and the annexed drawings. In particular regard to the various

functions performed by the above described components (assemblies, devices, circuits,
systems, etc.), the terms {including a reference to a "means") used to describe such
components are intended to correspond, unless otherwise indicated, to any component
which performs the specified function of the described component (i.e., that is

~ functionaily equivalent), even though not structurally equivalent to the disclosed
structure, which performs the function in the herein illusirated exemplary
implementations of the invention. '

In addition, while a particular feature of the invention may have been disclosed
with respect to only one of several implementations, such feature may be combined with
one or more other features of the other implementations as may be desired and
advantageous for any given or particular application. Furthermore, to the extent that the

terms "includes”, "including", "has", "having", and variants thereof are used in either the



whi ch perforns the specified function of the described conpoze t guﬂaa@
that is functionally equivalent), even though not structura I$ J @%t

to the disclosed structure, which perforns the function in the herein
illustrated exenplary inplenentations &b the invention. In addition, while
a particular feature of the invention nmay have been disclosed wth respect
to only one of several inplenentations, such feature nay be conbined with
one or nore other features of the other inplenentations as may be desired
and advant S i | Mh&@ fteRBRd {odRtih@tsivdiard hgimepr e, to
t he extent @%%%ﬁfﬁégﬁ¥§?§ggi¥hc?§6g§$f&?ﬁﬁbfuding", "has", "having", and
vari ant s t hgngbf toathe tarsie'domprigngner t he 21 JAN 2004 20 detail ed description
or the clains, these ternms are intended to be inclusive in a manner

simlar to the term"conprising". | NDUSTRI AL APPLI CABI LI TY The system and
met hod of the present inventigpueyrbsLusee iongnariv el d of sem conductor
processi ng such as ion inplantation to provide m crowave excitation of

pl asma i n an i onThesysteguardemetad oike pOBRNtAventiog MBY be ugedin dhe fighdrf zer
apparatus for conditioning,an ion beam al hoi L QN:elE tation
system conmpFREpRctog pﬁggsug,ﬁ}fl & ’é’nr’rﬁlﬁﬁﬂﬁﬂ%&ﬁ% 1%irfr@ﬁn céﬁ%]’%%%“%@a%gagemy
(139) al ong F%&m@@5@k&§%gh€ugbpomer source (174) adapted to provide an

el ectric fig I'n the passageway (139); and a nagnetic device (170) adapted
to provide a nulti-cusped magnetic field in the passageway (139); wherein
the power source (174) and the magnetic device (170) are cooperatively
adapted to provide contai nnent of the ion beam (128) in at |east a portion
of the passageway (139). 2. The apparatus of claim1l1l, wherein the nagnetic
device (170) conprises a



plurality of magnets (220) nounted along at |east a portion o h
passageway (139). 3. The apparatus of claim1, further corrpri?ii\gjé‘mczpu‘*

(222), a bottom (224), and laterally opposite first and second sides (204,
206) defining the passageway (139), whellein the top (222), bottom (224),
first and second sides (204, 206) extend longitudinally along the path
(129) between an entrance end (210) and an exit end (212), and wherein the
magneti c device (170) conprises a plurality of longitudinally spaced

| ateral ly extending magnets (220) dispgusgdigd n the passageway (139) on one
of the top (222) and bottom (224) sides between the entrance (210) and
exit (212) ends. 4. The apparatus of claim1l, wherein the nagnetic device

(170) conprises plyrality of |ongitugdinall. I I t:endi ng
magnets (220) di iposeg“}‘ﬁstﬂﬁ%lyzeﬁsg%agag}%%\é’§°?ﬁ%%3‘ﬁlg§&ﬁ‘§f‘ﬁ@%r§ aﬁ’}‘% Bétpg%“ 222)
and bottom (R74)indidRficA_yMaRNcdntRishi3t rance (210) and exit (212) ends,
wherein the electric field and the nagnetic field are cogQ e{ati vel¥
adapted to creat e maseamslyitmegnet{ld fompwied dlopshaRBBIRYHY i(ﬁg’gﬁ ong e patty a5t

one region fﬁgﬂ) in the passageway (139), and wherein the at |east one
region (234f > near at 21 JAN 2004 22 | east two longitudinally facing

magneti ¢ pol es of, plyel Qasde (1) adajtad &y providg e tiect(iz ZOW, in tRABR)agawaly E38) ed
fromone of the at |east two adjacent magnets by a distance in the range
of about 4 #od6 nm 5. The apparatus of claim4, wherein the at |east one

region (234) is neaa?%n gﬁn%%éﬁg‘%z(ﬁzg%?@@gjiggﬁhgﬁ xﬂti.fcé%ieﬁlﬁlaﬁ&ﬁ%él&ingﬁé es of

at |l east two adj A& spaced fromone of the at
| east two ag,iagg@ ay@gget s by a distance of about 5 nm 6. The apparatus of
: er

claim4 or ein the power source (174 ravi.des ectric fi.el

energy in the pamﬁvp@?}@gﬁ%‘fe@7‘?%9&&11?%1@51?@&99“6?(12 At c‘ic.’pfgat'&}%, and
wherein the | Solil LR hd fdnbBsn A28) SRstleRNSpéiEBA 8Nthe234) in the
passageway iag{%ggtg%du@%!?gk@ﬁy; arfg Ielrei n%tﬁg ion beaIr)n has an energy of
about 1. 19ke¥ssagewd@3gppar atus of any one of clainms 3 to 6, further
conprising a wavegui de (250) extending longitudinally along the path (129)
between the entrance (210) and exit (212) ends and between the plurality

of |ongi tudinal |y, spacgd BgHeS 5f (1220), WREcRRR Bignelibeevi@1(@mpaise Hot t om
(224) and havi ngyzé pl ur a|"“??§ of laterall y extendignng slots (254) located

bet ween adj artenatitynefomensts (220 jounted abing at leastweppeipm of shq msegeway dd@bt ed to

3. The apparatus of claim 1, further comprising a top (222), a bottom (224),
and laterally opposite first and second sides (204, 206) defining the passageway (139),
wherein the top (222), bottom (224), first and second sides (204, 206) extend
longitudinally along the path (129) between an entrance end (210) and an exit end (212),
and wherein the magnetic device (170) comprises a plurality of longitudinally spaced
laterally extending magnets (220) disposed in the passageway (139) on one of the top
(222) and bottom (224) sides between the entrance (210) and exit (212) ends.

4. The apparatus of claim 1, wherein the magnetic device (170) comprises a
plurality of longitudinally spaced laterally extending magnets (220) disposed in the
passageway (139) on both of the top (222) and bottom (224) sides between the entrance
(210) and exit (212) ends, wherein the electric field and the magnetic field are
cooperatively adapted to create the electron cyclotron resonance condition in at least one

region (234) in the passageway (139), and wherein the at least one region (234) is near at



couple energy in the formof an electric field fromthe power s?u-’csA('y@m_
to the interior of the passageway (139, 202), whereby the eleclric I

and the nmulti-cusped magnetic field cogperatively interact to create an
el ectron cyclotron resonance condition 8Eong at least a portion (234) of
t he passageway (139, 202). 8. The apparatus of any one of clains 2 to 7,
wherein at least two of the magnets (220A, 220B) include |ongitudinally
opposite magnetic pol es of opposite magnetic polarity and are | ocated
adj acent onleaaned begitwdihdilydfoties magndtickelqalf ar letsy t¥aedjacent magnedn@LHiby |
whereby the_nulti-cusp gneti¢ field is nerated there int
passageway {4F9pnd ?Hacgqﬂﬁf‘?‘?(?@ﬁ Og@eé‘f‘ le?ﬁéw 8%&&?‘%{? fragpgts Eﬁ? %{Wélc%fn fie

precedi ng clLabdBs .4l &l dmkne power source (174) and the magnetic device
(170) are coo%er atively adapted to provide an electron cyclotron resonance

condition along at |least a portion (234) of the passageway (139). 10. The
apparatus of any_one gQf the precedi ng clains erein the agewa (139)
has a | ongitudinally ﬁ?e(ﬁlj’a?ré&ﬁ?? Eleup g’p?’h?rfa‘lnéhe ‘\ﬂ‘?asﬁ?lnq YSHIOPE%SA;HQ%‘?{ %tn
system COMLd$hf 'gﬁﬂd‘h&l HOHE GhghdiePo1RRRE Rkt kR0 RAjALHHE ahetd @R0RSAM
(128) along a pat %m 12§);&and éa rgrgsgczﬁ;nal yzer havi ngJ an i n%%br ?assa eway
(139), a poR(B)swdspeed iFh)oneaf thwsd leashtaioydjasentupgaets by 24lstapsanf dput a t he

i nner passageway (139), and a magnetic device (170) nmounted in the inner
passageway 9), wherein the nass analyzer is adapted to receive the ion
beam (128) fromthe ion source (112) and to direct ions of appropriate

charge-to-mass ratio along the path (129) toward a wafer, and wherein the
power source (164) i Eheapppratng of elapn dvirdewhereisl the pewer spuse 174 pravedes nner

passageway (,139 nd the .magnetic hC 17 i i a
mul ti -cuspegeﬁgéﬁg 1 TR &t @eipgsstaﬁeewallyg@ﬁ) 3?6%%‘8‘%8{7\‘%?@?%%% %%(51 urt gr
wher ei n t hewBbRa! the abhdticdicbslrenpth ifithd dt {esisqrdegiog (B34) i the padsageway is
cooperatively interact to provide ion beam containnent in at |east a
portion of ealbnwt 87hiewsspandshyesinheionbyam pas anmenereynd phoutdf 9% m 11, wherein
the magnetic device (170) conprises a plurality of magnets (220) nounted
along at least a portion of the passageway (139). 13. The systemof claim
11, wherein the mBpss Tnedppactusiofahnerc efvigims Sas 6afurther comprising a waveguide

(250) extending longitudinally along the path (129) between the entrance (210) and exit
(212) ends and between the plurality of longitudinally spaced magnets (220) and one of
the top (222) and bottom (224) and having a plurality of laterally extending slots (254)
located between adjacent magnets (220), wherein the waveguide (250) is adapted to
couple energy in the form of an electric field from the power source (174) to the interior
of the passageway (139, 202), whereby the electric field and the multi-cusped magnetic
field cooperatively interact to create an electron cyclotron resonance condition along at

least a portion (234) of the passageway (139, 202).

8. The apparatus of any one of claims 2 to 7, wherein at least two of the
magnets (2204, 220B) include longitudinally opposite magnetic poles of opposite
magnetic polarity and are located adjacent one another with poles of like polarity facing
one another, whereby the multi-cusp magnetic field is generated thereby in the

passageway (139).



top (222), a bottom (224), and laterally opposite first and se d §)
(204, 206) defining the passageway (139), wherein the top (222”,1I bf“gzﬂﬂ‘f

(224), first and second sides (204, 208‘3 extend longitudinally along the
path (129) between an entrance end (21 and an exit end (212), wherein
the magnetic device (170) conprises a plurality of l|ongitudinally spaced

| ateral |y extendi ng magnets (220) disposed in the passageway 21 JAN 2004 24
(139) on one of the top (222) and bottom (224) sides between the entrance
(210) and exit 9.212) Tienapparahs.of Tmeosysitnprefedalgail ik, whevhiaribe powdre

tic devi 0 [ ) |it fl iitudinally. d
T IS LR P U DA B SRR
f the t S d
o, 7,120 §Edth SER AL R ARSI ey S i

cooperati ve{ly9ndapted to create an el ectron cyclotron resonance condition

in at least one region (234) in the passageway (139), and wherein the at
| east one region (234) is near at |east tw longitudinally facing magnetic

pol es of at |easjpt ' ogfgﬁn, i ne of
the top (222) angl0 b\glt)%ﬂl?)érjnal g%&gs Si egﬁegglﬁtg@%}éesﬁdgggggﬁi)ng’a‘?ﬁg’éﬂﬁgﬁgaesg%gfgwggout 4

to 6 nm 15(13%nkassylengimdofally kwuate 1teralgrefiti n t he at | east one regi on (234)
is near at least two longitudinally facing nmagnetic poles of at |east two
adj acent magnets (220A, 220B) and spaced fromone of the top (222) and

bottom (224) sides byaaish sipdefiodlsystaBosdmpristA®r 16. The system of claim 14
or 15, wherein the power source provides electric field energy in the
passageway (139, arpipn)source fl 12) adppteddy prrduehasvion bears (138 alop epethr(12Heand

magnetic field strength,in.he at .le ne regifn. (234) in passageway
e bout 879 cane iyl edh E® BhssRB Sl TS i LB
1. 19keV. 17anal& By@lee(D18f momyteditehoinnet pdsipeddy (1395,Gnd buidchedc d@iger i sing a
wavegui de 8250) ext endi ng | ongi t udi nal lgﬁ al ong the path between the

ent rance ( 241GY) mAEnted in the ey passageyay okp éﬁﬂ%nﬂ}?é??ﬂsaﬁﬂwews apted to .
ext endi ng. <6re 1B385 »PREPRT e NP E R0 R B AR BLoPlont RELS . e

wavegui de (mfge-losmagapicedofigthe pathl(@2Bnewgy aiwafel) end wheremfthapovedrasice C
field from_the, high frequency power source (174) to the interjor of the
passageway (lfébl,s aggg:yc,l to provide an electric field in the itmer passageway (139), and the

magnetic device (170) is adapted to provide a multi-cusped magnetic field in the inner

passageway (139), and further wherein the electric field and the multi-cusped magnetic

field cooperatively interact to provide ion beam containment in at least a portion of the

inner passageway (139).

12.  The system of claim 11, wherein the magnetic device (170) comprises a

plurality of magnets (220) mounted along at least a portion of the passageway (139).

13.  The system of claim 11, wherein the mass analyzer further comprises a
top (222}, a bottom (224), and laterally opposite first and second sides (204, 206)
defining the passageway (139), wherein the top (222), bottom (224), first and second
sides (204, 206) extend longitudinally along the path (129) between an entrance end
(210) and an exit end (212), wherein the magnetic device (170) comprises a plurality of
longitudinally spaced laterally extending magnets (220) disposed in the passageway



whereby the electric field and the nulti-cusped nmagnetic field 1r4u¥N 2004
cooperatively interact to 21 JAN 2004 25 create an el ectron cycfro

resonance condition along at |east a portjon (234) of the passageway (139,
202). 18. The system of any one of clai $12 to 17, wherein at |east two of
the magnets (220A, 220B) include longitudinally opposite nmagnetic pol es of
opposite mnmagnetic polarity and are | ocated adjacent one another wi th poles
of like polarity facin one anot her, whereby the nulti-cusp nmagnetic field
i s gener at efl3% onhee paibs pdiad) ﬂ(rlﬂlik’Qthmi@Z’i)'Bh%S Beteeemiho engange 64&) and &4k s
11 to 18, r.ein, the power source (174) provides an electric field in the
passagemaywzéggfm%hich cooperatively interacts with the multi-cusped
magnetic field to provide an el ectron cyclotron resonance condition al ong
at least a portion (234) of the passageway (139). 20. A nass analyzer
apparatus for codditi &h¢ siteanof daimblda Miharegnte anagaetis deyice 4h/0) 6PMPIAISS &nt at i on

system co I.St.Ng; ; [ . ] J ageway
(130) sl ong BLiElR S oRetiBas 0Bt e RE B incoe Bl B ST S 1o
provi de an eh&egdway (139%d bbth difike top I&EH) @adBYitd BBM) siderhawemahetittandeVi ce
(170) adapted to praovide a nulti-cusped magnetic field in the passageway

(139); wher &19) endexit (2d4) adaqwierein the plsetris digidand thermpenetia fiekleareragnet i ¢
dovi 170 ‘ : . : ,
boam (128 PociarERARaEl oiGrale BPARMER 0I0BLR KRB Ry DR fharblf O
(300) of pr esgich (2§4) innhdeasagewad di30yand whereanthe anlehsrpheusgiin (B3Y) isyst em
conpri sing:  produci ng (302) .an i on beam al ong.a | ongitudinal path using an

i on sour ce; least g lansigdinehy facimemasmeticaples o at leadt tg 2d13cs maentis 6298eway and

a mass anal ys¢ autl ' ' ' 2 V] 06
the ion bear&nﬁ?%) ?ﬁggﬁrr%tsis an{'gtkfe;e/tgzi-éjr1 @tfo?g?nzzt) %g& F%ﬂr%&lzg%‘zrl é\@gszblf %%ﬁﬂaizi%é(}zﬁl ﬂ%eg )
range of about 4 to 6 mm.

15.  The system of claim 14, wherein the at least one region (234) is near at
least two longitudinally facing magnetic poles of at least two adjacent magnets (220A,
220B) and spaced from one of the top (222) and bottom (224) sides by a distance of

about 5 mm.

16.  The system of claim 14 or 15, wherein the power source provides electric
field energy in the passageway (139, 202) at a frequency of about 2.45 GHZ, wherein the
magnetic field strength in the at least one region (234) in the passageway is about 873

Gauss, and wherein the ion beam has an energy of ‘about 1.19%eV.

17.  The system of any one of claims 13 to 16, further comprising a waveguide
(250) extending longitudinally along the path between the entrance (210) and exit (212)
ends and behind the plurality of longitudinally spaced magnets (220) and having a
plurality of laterally extending slots (254) located between adjacent magnets (220),
wherein the waveguide (250) is adapted to couple energy in the form of an electric field
from the high frequency power source (174) to the interior of the passageway (139, 202),

whereby the electric field and the multi-cusped magnetic field cooperatively inferact to



directing (308) ions of appropriate charge-to-mass ratio fromt
anal yzer along the path toward a wafer; and generating (310, 32(21 HKN 200!"

el ectron cyclotron resonance condition in at least a portion of the inner
passageway, whereby the el ectron cycl ot r'on resonance condition provi des

i on beam cont ai nnent thereat. 22. The nmethod (300) of claim21l, wherein
generating an electron cyclotron resonance condition in at |least a portion
of the inner passageway conprises: generating an electric field (310) in

t he passagewagteusichytran hyadirdnrrespmemmycopditien alosparlesst apariiced234) of He
passageway; and gen ti a nmulti-cusped magnetic field (312) in at |east
a portion oP3F aﬁfi@aé@%ay usi ng a magnetic device nounted in the
passageway, wherein the electric field and the multi-cusped magnetic field
cooperatively interact to create the electron cyclotron resonance
condition in thel&t | &hssystenpolanyone of claives 2ind7, whaesagblsast.twadf ththe net hod

(300) of claim?22 erein.the netl c.device conprises a lurality of
ong! t udi nartgdn el P2 ndior Be Bidrng St e i ekl lupt Rpotie
passageway pRgn&RigdlLity hitPark MRaRAdfaes: 0m Siodes WIRlpMRRBI1RE pSRkifyARGEg and
exit ends, further conprising creating and el ectron cyclotron resonance
condi ti on i enagndieasvhaehy thegiubncisp magnetipasgld dpganesptaddn ity nansagevecildfl
field and the magnetic field, wherein the at | east one region is near at
| east two longitudinally facing magnetic poles of at |east two adjacent

magnet s and spaced, fr g §REmObf dnj@nk 0pciaint 11abl 8 WhérdiRshdyovderdbsicaica) i n
the range of about 4 to 6 nm METHOD AND SYSTEM FOR M CROMAVE EXCI TATI ON

OF PLASMA | Rroxides porfepttiafietd ntie pasaruaT (147) upishcaspesatiiely inierastovilothe
providing a lﬂu‘ft‘{‘!m‘i%l%g gﬁggai&q%%wgﬁah? g@’&ea?&’qyﬁc@u&on +é¥AndrdR kﬁlﬁ@%ﬁ &sig"‘%mg et

applications are ed. € ‘appa us 1 nclfudes a nass a

(114) nount etleadt agoftRBRBWEyhe(ph3@pewbof1@o)y he path (129) of an ion
beanm(128), a power source (174) adapted to provide an electric field in

the passageway (139), and a nmagnetic device (170) adapted to provide a
7P Tt Al Apu BRSPS il
an jon implantation system, comprising: :
a mass analysis magnet (114) mounted in a passageway (139} along the path
(129);
a fixed frequency power source (174) adapted to provide an electric field in the
passageway (139); and
a magnetic device (170) adapted to provide a multi-cusped magnetic field in the
passageway (139);
wherein the fixed frequency power source (174) and the magnetic device (170)
are cooperatively adapted to provide containment of the ion beam (128) in at least a

portion of the passageway (139).

21. A method (300) of providing ion beam containment in an ion implantation
system, comprising:

producing (302) an ion beam along a longitudinal path using an ion source;

providing (304) a mass analyzer having an inner passageway and a mass analysis
magnet mounted in the inner passageway;

receiving (306) the ion beam in the mass analyzer from the ion source;



| east a portion of the passageway (139). The power sourc

magnets (220) may cooperatively interact to Brovi de an 2I gnggnfngﬂszm
rigtg)nance (ECR) condition along at |east a portion (234) of the passageway
(139). The multi-cusped nmagnetic field 2ty be superinposed on the dipole
field at a specified field strength in a region of the nass analyzer
passageway to interact with an electric field of a known RF or mcrowave
frequency for a given |low energy ion beam The invention further conprises

a mass  anal yzerguavgguiodpions 50ppash '
ppishatashatoe-to ok eatiolferne theanash endly
the beam plasma consistently along the length of the nmass anal yzezfBFOI He

passageway ilong themethyiowandraovafer; Bed creation of the ECR conditi

! . : . The

i nvention thus provides hapgene b vk o

di pol e magnetic gongragn E{%i%r g% i é“'{&?gﬂg cgﬁ?tgmn%&%ﬁce%ﬁﬁihﬂnmﬁﬂ@m anal yzer

rg eans W thout the introduction of

g:jt S; 2\6/1: :jlyng&fig{l] aig glg rinﬂ{eaﬁémagem?, witstebyt the slet twott dyelotion c¢sguianse §ORAEENbd ( 300)
on I containnment in a | ow ener ' ' '
as wel | aspmwidesipn bepinpontairingant §1¢5888km  Fi gur e %yBI on Tmplantation system

22.  The method (300) of claim 21, wherein generating an electron cyclotron
resonance condition in af least a portion of the inner passageway comprises:

generating an electric field (310) in the passageway using a high frequency power
source mounted in the passageway, and

generating a multi-cusped magnetic field (312) in at least a portion of the
passageway using a magnetic device mounted in the passageway, wherein the electric
field and the multi-cusped magnetic field cooperatively interact to create the electron

cyclotron resonance condition in the at least a portion of the inner passageway.

93.  The method (300) of claim 22, wherein the magnetic device comprises a
plurality of longitudinally spaced laterally extending magnets disposed in the passageway
on both of the top and bottom sides between the entrance and exit ends, further
comprising creating and electron cyclotron resonance condition in at least one region in
the passageway using the electric field and the magnetic field, wherein the at least one
region is near at least two longitudinally facing magnetic poles of at least two adjacent
magnets and spaced from one of the top and bottom sides by a distance in the range of

about 4 to 6 mm.





