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desired extrinsic material. Implanting ions generated from source materials such as

antimony, arsenic or phosphorus results in “n type” extrinsic material wafers, whereas if
“p type” extrinsic materjal 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
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jonizing 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 fittile, since the introduced plasma is quickly diverted along the dipole
magnetic field lines to the passageway chamber walls.

In jon 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
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manner are trapped in the beam’s large potential well, orbiting around and through the

beam centre, interacting with each other by Coulomb collisions, resuiting 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 tﬁe 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
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frequency power source in a | ow energy 1on beam application via the

sel ecti ve enpFayemmipleffor very low energy Boron beams, the dipole magnetic field is well
below the ECR condition at the common 2.45GHz microwave frequency. Lower 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.



a controlled nmulti-cusped magnetic field allows for higher plasm density
as well as reduced <cost. 8 July 2004 5 The nmulti-cusped magnetic field
may be superinposed on the dipole field at a specified field strength in a
region of the mass anal yzer passageway to interact with an electric field
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gui de; frequency is thus determined. The creation of a multi-cusped magnetic field in the
passageway of a mass analyzer according to the present invention advantageously provides
localized control over the magnetic field strength within the passageway, which allows use of
RF or microwave energy sources at common or commercially available 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.



wherein the wavegui de is adapted to couple RF or mcrowave power to the ion
beam mass anal yzer beam gui de; wherein the wavegui de conprises a plurality
of ports for coupling the RF or mcrowave power to the ion beam nass

anal yzer beam gui de. The plasma enhancenent and the resulting beam

contai nment may be further aided by the controlled provision of 8%19%0r4i C
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regions throughout-the entire length thereof.

According to another aspect of the invention, there is provided a waveguide for
coupling microwave energy from a power source with a beam plasma in a passageway of an
ion beam mass analyzer beam guide, comprising:

a first layer adapted to propagate microwave energy from the power source with a top
side and a bottom side, the first layer extending longitudinally along an arcuate path in a first
plane from an entrance end to an exit end and laterally between an inner radial side and an
outer radial side; and

second and third layers mounted respectively on the top and bottom sides of the first
layer and extending longitudinally in second and third planes respectively along the path from
the entrance end to the exit end and laterally between the inner and outer radial sides, wherein
the second and third planes are generally parallel with the first plane, wherein at least one of
the second and third layers faces the interior of the passageway and comprises a plurality of
laterally extending longitudinally spaced slots therethrough between the passageway and the
first layer and the other of the second and third layers faces away from the interior of the

passageway.
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spaced magnets may be provided which are adapted to provide a multi-cusped
magnetic field in the beam gui de passageway. In this way, the nulti-cusped
magnetic field and the microwave energy fromthe power source nay
cooperatively interact to create an electron cyclotron resonance condition
along at least a portion of the passageway for beam containnentﬁjapgmhhe
pl asma may further be enhanced via the magnetic mrror effect. Accorfding to
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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;

wherein the power source, the waveguide, and the magnetic device are cooperatively
adapted to provide containment of the ion beam in at least a portion of the passageway.

According to another aspect of the invention, there is provided a waveguide for
coupling an electric field with a plasma in an ion beam mass analyzer passageway,
comprising:

a base layer located in a first plane adapted to propagate microwave energy from a
power source, and having a top side and a bottom side extending longitudinally along an
arcuate path from an entrance end to an exit end and laterally between an inner radial side and
an outer radial side;

a second layer mounted on one of the top and bottom sides of the base layer facing
the interior of the passageway and having a plurality of laterally extending longitudinally
spaced slots therethrough between the interior of the passageway and the base layer;



coupled with the plasma in the interior of the passageway near the

| aterally extending longitudinally spaced slots. According to another
aspect of the invention, there is provided a nethod of delivering RF or

m crowave power to an ion beam mass anal yzer beam gui de, conpri sing:

provi ding a waveguide in the beam guide conprising a plurality ofg§ .
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the  Teatur oo herBl RIFPERYY thersy HOTubE BRWCEIHISopaRaHag pns 47 hash Mt 5
the cl ai gguplefihithOlheOpthdifla i6laRE ihifibobf aRE JabRoaRae e Heapidaly SRtentiipt
in detail certain illustrative aspects of the “invention. These aspects are
i ndi cat i lpagitedinalyepacesfsi®ist a few of the various ways in which the

principles of ,the.inventipn may be.enpl oyed. . her objects, ,advant ages and
novel feature _CCD(.’)‘?mg %a?%g@‘rﬁsp%cﬁ Oﬁf}?eﬁg%g%@%thﬁlﬁdépﬁ‘m&%%meﬁ?g c&@ﬁﬁ%ﬂ“ﬂg
det ai | edRP%sﬁﬁe@waO@%%fveﬂtB@nﬁﬂy@ém Rss WARD IR %ﬂﬂ;@,%hﬁrﬁ&@l unction with
the draw ngs. BRI EF DESCRI PTI ON OF DRAWNGS Fig. 1A i's a schematic bl ock

di agram i | | usprosidingg waveguidsdh thedeasnguids coroprisimph pheality ofislosyst em havi ng a
mass anal yzer in..whi ch_the .beam cont ai nment ap‘%ayr atigg_ and met hodol ogy of

the present i?RP_@’HPg% HEFORNTIF B SBISFUP 7 VEEEY . 1B is a schematic
view of an i ofleliveRh@MSRE bP mibBWade pBwES t%%d@?‘d}}]m@fﬁ ere%ioﬁp%ﬂsmrﬁﬁe at 1 4l ng

|
a beam cont ai nment apparatus in accordance wit nvention, Fig. 2 1s a
top pl anofithestotsfin &ie ion bequh axags amapzea hedny goide ydzetire guaveguidecording to  an

aspect of the.invention:. Fig. 3A is an, end. el evatiqgn view of the exenplary
mass_anal yzerTBﬂﬁeﬁcngmEFﬁ%%%ﬁa? the %W%P%W_@P’feﬁﬁaﬁ%tﬂge PPIHRSAMRTISRY,
mul ti - cugRRfsRIGRIAS ﬂlllﬁH&cﬁﬁe@%&?ﬁﬁ@l‘ﬂﬁrlwpb?ﬁecﬁ&ﬁtiﬁ%e %ﬁﬁ&tTh%ffoHS@irn
invention; Fig. 3B is a sectional pfan view of the exenplary nass anal yzer
t aken al dasgriptioneand 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,;



3B-3B of Fig. 3A; Fig. 4 is a sectional elevation view of the exenplary
mass anal yzer taken along line 4-4 of Fig. 2; Fig. 5 is a séduly2tdd side
el evation view of the exenplary nass anal yzer taken along line 5-5 of Fig.
2, Fig. 6 is a side elevation view illustFPating exenplary nulti-cusped
magnetic fields in the exenplary mass analyzer of Fig. 5 Fig. 7Ais a

si de el evation vifg ithisqechemptiq Viewsf aadomigaplansetfor iosdeaml tegaymerdof aanal yzer

ith i de:_aceor di. t h t of. the i tjion; .Fig. 7B i
anot hor o1 ao iR BieBE SRIGAa bR M AEbneiP R R io s S i e de
of Fig. 7A -Fig. ngxz'isaaopbﬁaveévesﬁmg&mﬁiﬁwnmsa@ﬂﬁe?eeﬂgg%%@éd@gg% |

portion of an exenplary waveguide and nagnéts in a nmass a zer
gener ati ng &nagPact otihepeentiegnetic field in accordance with another aspect

of the invention;.Fig. .8B i sectional, top plan view of a portion
illustrating the Fé%’(e‘j%}ﬂsfpfna\ﬁgvéﬁ?ﬂ H‘S“'a"rfdﬁ‘??%ﬁﬁm?%ry Sasgprplyzgnof Figg2 haings a
front el evatd ghiralty@W thdkneRGbi ShelAKED ANIANGHd i8feRlin bl i
illustrating I;aiﬁ]rpotryﬁyona(g(l)]f theégeﬁ;enpgary V\/arl%g%égpgaé&gglggfgsm alé‘%}’%%;%eﬁltg}{ 8D
i s anot her fanefher epestarf teninvemioni n section taken al ong I'ine 8D 8D of Fig.

8B illustrating a,. ion of the exenpl ary wavegui de of Figs. 8A-8C_ Fig. 9
is a sectional t%ﬁgéﬁaﬁ a\FF%t\IIW’iarPIG%tVF ?ﬁ@eﬁﬁmﬁwmtﬁ%lmm th -
nmagnets for 3ges@pafigngaa mul ti-cusped magnetic field in accordance wth

anot her aspect of the invention; 8 July 2004 10 Fig. 10 is a top plan view
il lustrating an &@rpkasyctivazbgevationivicvactibe daanplan rabss :angtdiaikaasdat of
the i nventi?n; 4241%%‘_5% 11 is-a schematic flow diagramillustrating a

nmet hod of p BVt g beam containment in an ion inplantation systemin

accordance W th aqokhen saSRAGH i elbW ion view of the exemplary mass analyzer taken
along line 5-5 of Fig. 2;

Fig. 6 is a side elevation view illustrating exemplary multi-cusped magnetic fields
in the exemplary mass analyzer of Fig. 5;

Fig. 7A is a side elevation view in section illustrating another exemplary mass
apalyzer with a waveguide according to 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. 8A; |

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 illusfrating a portion of the exemplary waveguide of Figs. 8A-8C;

Fig.9isa 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;



I nvention. MODE(S) FOR CARRYI NG OQUT THE | NVENTI ON The present invention
w Il now be described with reference to the drawi ngs wher ei 8 Julykz004
reference nunerals are used to refer to |li ke elenents throughout. The
present invention provides for beam contal®ment in a | ow energy, high
current ion inplantation systemat |ow pressures wi thout requiring the
i ntroduction of eXgetthisiatpp plrandevailbrstiplings mnctpmpayanoeggde headoemimed wisha
using a multj- nma ic field in conbination with RF or mcrowave

: dgfi? B SR

energy to cres OHYPBR 2P & mass  anal yzer. However, it will be

appreci ated that mige;i ﬁ%ﬁé@ﬁim«bﬁi%ﬂgﬁﬁgé Mlegg)gmﬁgi’&ﬂdihg%r}beam

applications other than those illustr Cri rein. erring
now to the dicateimgent i an Kingimplatatéon systeeriaragyordameiwith anties adidci 6f the
illustrated,, having a termnal 12, a beanline assenbly 14, and an end
station 16. H@"Perninal 12 includes an ion source 20 powered by a high
vol tage power supply 22. The ion source 20 produces an ion beam 24 which
is provided to the beanmline assenbly 14. The ion beam 24 is conditioned by

a mass anal ysi s nmagnet MODE{S: FOR € ARRYYNGSOUTHDHE INGENTIORs only ions of
appropriate chargg-to-mass ratio to a wafer 30. The conditioned ion beam
24 i's then direct &t RIERRAF Bvenion willpaw ke describerd witheeferesaeitosthadrasvings.

Referring alv?lﬁeréig ifide Jefertice Al a&?ﬂéeﬁ% %fe%’%qjoliesetl%]ngénﬁ%é%& gyti,] reat er

detail in accordance wth an exenplary aspe tion,

and has an ipoesesbinvediohlfovides fonbsaravahtyininfentBONRIY dibfgy, Bidheardehii@nassenbl y
115, and a t.ar?et or end station 116. , An expansi bl e stainl ess steel

bel | ows asseMBIARAHPE SYRiAPAR I Prestsesifag nedusring the letreluctemef otiernally wi t h
eopect . SASAT R S e SOOSR A EuSTE S TR AED,
(ULE) ion icopibantion withRF pr ai@otvavawrensy oerbas a@BOR @atitdnSn aingther types
of inplanters as | . The ion source 112 conprises a plasma chanber 120
and an ion &ReYEL OWeYESs dsill berappreciaied it the invaptior Ewyibs advartegrouslpl e
donar 93 SRARSREELGIALE L0 Pl Pl e 12
Referring now to the drawings, in Fig. 1A, a low energy ion implanter 10 is

illustrated, having a terminal 12, a beamline assembly 14, and an end statidn 16. The

terminal 12 includes an ion source 20 powered by a high voltage power supply 22. The

ion 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 ion implanter 100 is iltustrated 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. Although 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



invention is applicable to systens wherein negative ions are generated by
the source 112. The positive ions are extracted through a siBiJuly200the

pl asma chanmber 120 by the ion extractor assenbly 122, which conprises a
plurality of electrodes 127. Accordingly,!the ion extractor assenbly 122
functions to _extract a beam 128- of positive ions fromthe plasm chanber
120 and to wElaghamber Y. Genesallyepositivesionnars geherated salthangh theiseseagnet

114. The ma S| S net 114 funct.ions to.pass only ions of an
appropri at eﬁﬁ%ﬁ%@%é 41)811%% ?Or S&’Fﬁjé St“tLShCET‘}E nﬁ%%{’rﬁeilg‘ég e 5@%?’59‘? Eﬁﬁ%e SeHiceH 12.
comprises a TRSRIHEe bk radeibifing I BMRBHLA habher B by e (g SS
anal ysis magnet 114 includes a curved beam pa 9 wthin a“passageway
139 def i ned eilracior assemblyildd) Whishcgmipdseshiaplinditysoftdectrodbd K271 3ccoediaglyathion
of whi ch is.(ﬁ)rovi ded b W%Hﬁm Purrp 131. The ion beam 128 that

propagat es APHHYE rgs%ﬁ’t netionsitg exart pypepmd 2% pesifixe jans fipnythser at ed
by the masplanachamBe BAGU td hfoeldrte t Gfacted] SC{BtoatEe H%@?El{? ¥d Bh&e :
charge-to-mass ratio. The strength and orientation o P dipole netic
field is codfifol | ed by control electronics 132 which adjust the electrical
current through hhe field w,ndings of the magnet 114 through a nmagnet
connect or 133. THECHASS prelysigmaegnet 14 Smetions s prlyiiens feampnerisls nove
al ong the cy . AR | t ce trajegcto 134
near the i oﬁﬁéség%rt%gﬁ%%ﬁ? téglztal sec?%lgll Q‘agsre Hg)ﬁf ilﬁ&v a]ﬁ? éehc O%‘E}i/nsf%%réﬁgﬁflﬂ f’%’é"mg

resol vi ng hd@3knda b2sn nParalizent24] 2fhe gt ahdBsis dlaghbiel 129aMdds2BourtedGiahs ed
of ions havi ntg 33 I, agpropri ate charge-to-mass ratio, are deflected away
from the cuPd®d r“éﬂ]ﬂg gdassageey hordalimed ke pn glustinigm beannewide haviegsidgui de

130. In thi . he resol.vi .housi n 23
ooy those. MalE00SivaodaiGn BRAAGH it MORRRISS Vub bl Ak 100 bR ot
ratio. The pwtpmpepatys d188g this pale 129 daffecidbyahdRABRcTi e YérkeatbdBY i Ng one

or nore maghets 170 di spoied | ateral |y al ong the beam path 129. The
magnets 170T45% aerich b b0 Egisrt BNsev anieanpeenTiatehar gesto-massaaticzat Bhe

mul ti - cuspe { oot AN PR i he S eway 139.
A high f rqutén%y e de%%‘{lﬁt%lo? i()gf?@g F ygg@ﬁ%ﬂmﬁmiﬂﬁ}gq:llsgc.%}mﬁ%dtl?ysc%%gig]g?%ﬁ‘ifed in
t he passagehdd whah adjust theraletivaverrérjleotgliOthe fId winfingdof el megitpl e a
power sourc&rﬂ with the passageway 139. The nulti-cusped magnetic field

: ough a magnet connector 133.

The dipole magnetic field causes the ion beam 128 to move along the curved
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



and the high frequency electric field in the passageway 139 cooperatively
interact to 8 July 2004 12 create an el ectron cyclotron resoBanltye00dndition
in at |east one region (not shown in Fig. 1B) of the passageway in order
to provi de beam contai nnent of the ion bel¥m 128, as described in greater
detail infra. The resol ver housing 123 includes a termnal electrode 137,
an el ect r osCHa%an eproneyglofrgn resgense sgnditien irvst lpashemelzgiondnot showodi g r y

i ndi cator s r . f .., he beam.neutraljzer 124 includes a
ol asrm. shone?) 25 iebsleBORY 88 16 bioyiac bt FOTRERE G s Raerpuied =
ot herw se a@lesuﬁbleaﬁleg;@mefﬂaama{ﬁgt wafer as a result of being inplanted by

the positively charged ion beam 128. The beam neutralizer and reso.l ver
housi ngs are evadiigteselvsy hausing Wminpludps 4 teBmirDbelestrodeald7odn eleeirdsedinlens

[ ' h d ' 116, .which i.ngcl ude di sk-shaped waf er
neutr ol 2et 1084 Gl BR AP, P HE s bl SRS bR o
144 resi des Tie eahdha@hliRrang irvemc%a alpPasBBNEb AL YAPRE ﬁaﬂ%@glﬁgé éoﬁfiJ{eent ed

to the direction of the inplant beam The di sc shaped wa upport” 144 at

the end st arhyse thagwonki Mb@mﬁw@cbgmalatmuhemgetﬂdf&dsm:rehﬂmﬁﬁhdm%hstri Iées

1 t he, s or s they nove_in ci rcul ar pat h. e en
o e AR B PR T S S s o
164 of the h@ﬁsiﬁg%amafuéuatb@by*@fv@éuxﬂ}{ﬁﬁpﬂt1la§.t the target plane is

adj ustabl e about this point."Fig. 2 strates an exenplary mass anal yzer
beam gui de 200 f Blovastredm obithedeamaretraljzer 024 isthe amd sthii@m] B $hedh inClubes a | OW

[ ' I q. , [ te | i tudi nal
passagevay J08 BRMGERIoTPpR 344 Bhor i P%E%b%ﬁgﬁt%‘é%mf’q?%@ﬂﬁﬂ'egw@oe,
respecti vel yyppatong 84désan atiﬁ%g@ (}:gﬁ‘ﬁé‘wl%gﬁ is %éﬁ%ragﬁ@g}pgﬁgﬂ%?%n%&eg 1 ﬁ}e end

| ongi tudi nal l'y al ong the pat froman entr to an exi
212t hr oughdiaectioaref thmignpanifvearh. Thy dive shapdordfemupbort 135 a1ihg eR@statib0116

wh oh pr ovi BaSE 4Gt Hher 1B ot B R how e {ohe Ut ase 216
with the pagRgaenRin 2Q%%c¥hPpdn CoR: Enddiion H&ﬁpﬂﬁ@@@%&ﬂ'p%&tfl%i}»@ﬁ%h i\gEudes a
mass anal ysi s" magnet conprising two arcuate nagnet

intersection of the path 164 of the ion beam and the wafer W, so that the target plane is

adjustable about this point. '

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 2006, respectively, along an ion beam path 208. The beam guide 200 extends

longitudinally along the path 208 from an entrance end 210 to an exit end 212 through an

arc angle  which may 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



poles (not shown in Fig. 2) to provide a dipole magnetic field in the
passageway 202 which allows ions of a selected charge-to-nas$siutya2(dod to
reach the exit end 212 along the path 208. Figs. 3A and 3B illustrate an
end el evation view and a sectional plan vilew, respectively, of the

exenpl ary mass anal yzer beam gui de 200 of Fig. 2, having a 8 July 2004 13
plurality ofplurabityexfsnaqzpets 288 asdoaiated thérewshiférhpehearmtine o andtiicngped naghtfic cusped
magneti c f:j%ltf i n accordance with gn aspect of the inventiagn. Magnets 220
extend | ate Vacﬁ%’%%@nw an Aspert ot dlg wweniong Magistsgi0extanddateraliRo i n t he

passageway 3Rvdcf oA indk B B bl Q%gﬁ&f@iﬁ%%gig%@gggﬁgége path 208,

w th an angul ar spaci ng may or exa rees. In

one exenpl adyngitmdinaite spaed eslatidnshipealonpthapathrz0s, Wik ah BiGilarspaiitg Bl wikh be
about 300 mm arlg?e%he outer radi us R2 maybe about 500 mm The passageway
202 is furt Fe RefirsEample. 5850 drgroviotln 6he Meamplaryimplpsepnpasion of thesipwentionel v .

- The di pol e | : N to. the.b ui de 20 an

el ect r omag neﬂilé @hgﬂﬁgﬁg{%ﬂ%ﬁ%@%ﬁ%{ %Oédr %lﬁrﬁ%lfde%% SHisE F%ﬁusmggfj ﬁé‘é“%ls% Mt he
magnet s 220. The passagesdd 20 istughankfiaed bptdp 2 Hohembearmrdadwekl s 222 and
224 in slots machined fromthe outside thereof, such that the magnets 220

remai n out siTeRPeefivelihel headipelmiicldiaanbe genermtedientemnally to the hpdrhgiide 20tlogari zed

t hat magnet Id | N, 0one or ot h the to nd bot.

R E‘E"ﬁ@%@‘y@eﬁﬁ% St e"g?'“"&o‘gﬁh%’rn"t?%’p“s Higemasgtts 20204
and 206, respeahbedded int® bnesybdi 6DiHBVehABuiHb #a89522 M4 th st mAchined
respectively illustrate the mass anal yzer beam gui de 200 in | ongi tudi nal

and | at er al Toarthesytsideshereat suehothat the magnets 230\ tenmaiss ovfsidiog theovacmsmseen i n

Fig. 5, m 2 Tl | zed | ongi.t udi nal | ong t he .nropagati on
di rection og ﬂ%%eeri %lga&gg%% pa%Ei i]b%g?g%% _ tﬁ%&”@@ﬁé&@?é@’&?&{o‘f‘ﬁﬁ‘?&a *flent
magnet s havaoth dfehPipaint histtoml vedls 028 CAdi 22 FRp &R Ely; ol orfe &rﬂowofth@gide

magnets 220 hawagg south poles facing toward the éntrance end 210 of the

beam gui de X@8s 2PE andhd0G aespactivelyz eDAernhinggivattber2e® having south pol es

facing toward the.exj 12.0f th ui.de 200 are i ndi cat S 220B. In
order to facili tgfé)'( %‘%i”é‘?rgrg%si’e%h"gﬁvgugﬁﬁqﬁhﬁ‘%‘*ﬁ,anay%ﬁfﬁ?&“@ EH&%SF@HE fieldis
est abl i shedldnzitili@al and lateral section along section lines 4-4 and 5-5 of Fig. 2. As seen'in Fig.

5, magnets 220 are magnetized longitudinally along the propagation direction of the ion
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.

Referﬁng 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



passageway 206, for exanple, via an external electromagnet (not shown)
having vertical field lines 230 as illustrated in Fig. 4. RefJaywiddg al so
to Fig. 6, the exenplary bipolar magnets 220A and 220B create individual
magnetic fields, illustrated for sinplici4y with exenplary field |ines 232A
and 232B which cooperate to formnulti-cusped nagnetic fields near and
spaced fromappeciategghatradichiationmotier than tRge gpedifizally ilssaed bnd/ ddsyribédheréia

passageway 206. The exenpl ar p| ace t of magnets 220A and 220B

i |l ustrat ed%FefP?Sﬁ%’? '%Egoqt%ﬁﬂlfi{?g aislrél‘elﬁ% Wé@@%t%eé?c?ﬂelért P nE Ve 1GPagnet s
220 vertical ly alm@nednfa8od B’g&ft‘ ' V 0A,
magnet 220B directly ag{gvg R%Iéln t %%%B W&%ﬁ@g*?t?@%ﬁﬁsgg@e% y 2004 14
appr eci at ed exaaplepadvantageduslyprovides additare hmborec fipktlidds ¢atteyardds bestdeat ed and

descri bed heaei n, are ﬁ&éal tfl e and. are contenplated as falling within the
scope of th&BFEdLngenp +3gRu SIebrarrebier Gic inygiions WhaaRiir 2208

I ustrat edgh; | . ageo rovides

addi T ve mmon T rane i brardh el pE bR Gy SRR IR PR TSR 20

al t hough t hingciosvaveinjectipnipoei® 1Ha@f Fid @), thy esdpetitive WieraetiGirbétveerher ovave
energy is provided in the passageway 206 (e.g., via power source 216 and

ni crowave i ma@emﬁ%ﬂm gldg espityin the creptien et patfamayciotros resondnsa

bet ween t he ' | £] g i creation of

el cotron cy TRy eatdoRiteRbie il fbitl BEhEE MO pdpiiE SRt gt o)

di stance 236A andh2FER temiitidrhie regigne? B 2RAntagiRisHProwaatidhhMienicnt 6886 0NS
234 advant ageous|y provi des enhancenent of the beam plasnma associated with

an io B bga 3 PLASPR RssastaRegHith H%l%@ﬁg%%ﬁyn%ﬂﬁowfd?g paTSh%eW%6mh
wh i i i i .al- Lt ' . t t
oo analy s o AESOL whot by RN DEE 1 Pl VE MR and Rl Bttt o1

nor e regi onsnas?adklyAeobedn guide Q00.DEROTRERMES £ WER Rbnditienvin$he d¥nore regions
facilitati ng %he transfer of energﬁ)/ to the plasma surrounding the beam
t her eby enh&RtAToYne AR 199 beamepreygnteheast TRlawaip byifaglitating derfzanster obentirgy ton
occurs when ' CLI ] | .S.applied to harged . particle
inastatic é?\é&'ﬁ: ?lg@gg%léeu%ﬁ” %ée%é ‘heg]h?lpc ﬁ%@‘ﬁ@ B &Saﬁog‘tcryf’]@ Pel d

mat ches t heresahaticakofiditionienys wher £f Atdraitingleldches fdlaroRHIRAES & ShLgar ound
the static nggnet,icfi_eld ) .
particle in a static magnetic field, such that the frequency of the electric field matches the

-

natural frequency of rotation of the charged particle around the static magnetic field
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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provided in inner side wall and the outer side wall 206, in a spaced relationship to each other such
that the longitudinally opposite magnet poles of adjacent magnets 220 face one another.
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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illustrated in the figures, that ot’her configurations, 1ncludifng a single

wavegui de 28gociated wigh amisindyaut (actshodin) grdpagatingahiongie e ph@sag&ggy B2 of the
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top and bot 25¢rexiand htaally betwe@Pthe imxeer side wall (not shown in Figs. 7A and 7B) and the
outer side wall 206 having a width 260 and adjacent ports or slots 254 are longitudinally
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 to 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
layers 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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200 may further | ude g rendva tnting of the
wavegui de 28fiproximattly lﬁﬁ)ﬂegmésl 222. Referring also to Fig. 8D, the top wall
222 nay al S.O ' nc knugp?erziiatmrne So?' n%!:rowave 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 waveguide 250 may be set at a

multiple of wavelengths (e.g.,n /2, where n is 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”



pocket in which the nmagnets 220 are seated. The o-rings 286 around the
slots 254 thus providing for isolation of the magnets from Bhelwziddum of
the inner passageway 202. Referring nowto Fig. 9, the waveguide 250 is
shown installed in a beam guide 200, whek®e the waveguide 250 extends al ong
the path 208 of the_ ion beam propagation. The pitch spacing of the magnets
220 is the <anRling. Thalength afifee pericenslate 2fbin the svaveguwides2S B4y bhemkingzeh
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t he magnet schoosing the size of the broadwall such that the cut-off frequency for the TE20 mode is
slightly larger than the operating frequency (e.g., 2.45 GHZ), the widest possible
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+ jon 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



220) is approximately 5.326 degrees, the inner radius R is approximtely
370 mm and the outer radius R2 is approximately 430 mm The& Jugmzfiod of t he
ports or slots 254 in this exanple is approximately 50 mm and the wi dth
is approximately 5 mm In order to obtain9onsistent electric field
patterns in the beamguide 200, it is desirable to excite a single
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modifications will occur to others skilled in the art upon the reading and understanding

of this speciﬁcation and the annexed drawings. In particular regard to the various
functions performed by the above described components (assemblies, devices, circuits,
systerns, etc.), the texms (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
functionally equivalent), even though not structurally equivalent to the disclosed
structure, which performs the function in the herein illustrated 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
_advantzigeous 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



be in the range of about 4 to 6 nm wth a nomnal distance of about 5 mMm
provi ding proper operation. Referring nowto Fig. 11, a net Bolih38M4of

provi ding ion beam containment in a |ow energy ion inplantation systemis
illustrated. The nethod begins at step 300 wherein an ion beamis pr oduced
along a longjtudinal path using an ion source. A mass analyzer is provided
at step 304‘ﬁﬁﬁ?ﬁéﬁ%ﬁ@ﬂﬁ%@¥m@&%%@@éhﬁvﬂﬂawﬁﬂghﬁﬁﬂqu@hcym&mh@ﬁnammumce, a
mass anal ysi 1] n the inner passageway, and a nagnetic device
nounted in Fﬁ%ﬁ?ﬁﬁg%”%gﬁséggﬁéﬁ9gThe ion beamis received in the nmass

anal yzer from the ion source at step 306, and ions of appropriate
charge-to-nmass ratio are directed at step 308 fromthe nmass anal yzer al ong
the path toward a wafer or ot INDUSFRMALAPRIICARH.EIY ed With ions. At step
310, an electricfield is generajed.in the passageway using hi gh
frequency power sjltcm gEem %ﬁ‘%‘r‘qiﬁgtﬁ%r%ﬁ YSnHOR [y ei"§e‘bﬁﬁg?§ﬁ@onat st ep
312 using gemB@aLdt I56 i i o te
advant ageously an é%ﬂﬁgﬁﬁ%?:%ﬁy%ﬁg?gﬁﬂgﬁﬁpgﬁ§§ hgﬁﬁéﬂ$ﬁ8%ﬁgfgﬁ%w§é% een
shown and d@dasniakindnignt beanegpdet to a certain applications and

i npl enentations, it will be appreciated that equivalent alterations and
nodi fications will occur to others skilled in the art upon the readi ng and
understanding of this specification and the annexed draw ngs. In
particular regard to the various functions perfornmed by the above

descri bed conponents (assenblies, devices, circuits, systens, etc.), the
terms (including a reference to a "neans") used to describe such

conponents are intended to correspond, unless otherw se indicated, to any
conponent which perforns the specified function of the described conponent
(i.e., that is functionally equivalent), even though not structurally

equi valent to the disclosed structure, which perforns the function in the
herein illustrated exenplary inplenentations of 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 nmay be conbined with one or nore other features of the other

i npl enentations as may be desired.and advantageous for any given or
particul ar application. Furthernore, to the extent that the



terms "includes", "including", "has" having", and variants thereof are used
in either the 8 July 2004 20 detail ed description or the clai 8gulyt2(@de
terns are intended to be inclusive in a manner simlar to the term
"conprising”. | NDUSTRI AL APPLI CABI LI TY2The system and net hod of the present
I nvention may be used in the field of sem conductor processing such as ion
I npl antation to provide m crowave excitation of plasma in an ion beam
guide. 8 July 2004 21 CLAIMS 1. An CpAIM®! antation system having an ion
beam nass anal yzer beam guide (200), conprising: a wavegui de (250)
associated with the ion beam mass anal yzer beam guide (200); wherein the

d 250 beam
Tmos analyzer beam At e PorifyERuE P 12k £ SUF 6B WS, Suiaaf velll
pl ural ity goide200) scop@iFjng or coupllng the RF or mcrowave power to the ion

beam mass anal yzer beam 2, The systemof claim1l1, wherein the
wavegui de (250} "faé’e%'ﬂa? %lé 6'?(?0%16"3 it the i%{‘t@aﬁl @?Sér?ﬁﬁlﬂéer\b&@@ uidsdd0k e

condi ti onyhBRYIEHR wéﬂa‘buﬁé 2Bb)staéd Yeoofo R TesR(:%'?%tc%ﬁn%ve RRdet k@ BRdiR! ong

t he wavegui de (250) to ena Ie an efficient coupllng of the RF or mcrowave
power to Pﬁ%ﬂﬁWﬁ@ﬂﬂ&ﬁW?Wﬁ§@”hﬂﬁﬁ?E%F}bean1QU|de (200). 3. The system of

claiml or 2, vwhefesi ﬁletv%e%.luﬂé ?1505 )foﬂén&@ ratﬁul(al%lﬁ&:)f r?@f'tg gﬂ?iﬂgu&g gach

other be a distance of n? , Innis a U|de
(250) for REoumupmgvaw@omwdhemrlgrymfmmaaaipmamcgmmzow th a beam pl asma
I n a passageway (202) of an ion beam nass anal yzer beam gui de (200),

conpri si ng: .
2. The system of claim 1, wherein the waveguide (250) is configured to

facilitate a standing wave resonance condition therein, and the plurality of ports (254) are
positioned along the waveguide (250) to enable an efficient coupling of the RF or

microwave power to the ion beam mass analyzer beam guide (200).

3. The system of claim 1 or 2, wherein the plurality of ports (254) are spaced

from each other be a distance of n?/2, and wherein n is an integer.

4. A waveguide (250) for coupling microwave energy from a power source
with a beam plasma in a passageway (202) of an ion beam mass analyzer beam guide
(200), comprising:

a first layer (284) adapted to propagate microwave energy from the power source
with a top side and a bottom side, the first layer (284) extending longitudinally along an
arcuate path (208) in a first plane from an entrance end (210) to an exit end (212) and
laterally between an inner radial side (204) and an outer radial side (206); and

second (280) and third (282) layers mounted respectively on the top and bottom
sides of the first layer (284) and extending longitudinally in second and third planes
respectively along the path from the entrance end (210) to the exit end (212) and laterally
between the inner (204) and outer (206) radial sides, wherein the second and third planes
are generally parallel with the first plane, wherein at least one (282) of the second (280)
and third (282) layers faces the interior of the passageway (202) and comprises a
plurality of laterally extending longitudinally spaced slots (254) therethrough between



a first layer (284) adapted to propagate m crowave energy fromthe power
source wth a top side and a bottomside, the first |ayer (284uly®00dndi ng
| ongitudinally along an arcuate path (208) in a first plane from an
entrance end (210) to an exit end (21222and |aterally between an inner
radi al side (204) and an outer radial side (206); and second (280) and
third (282) |ayers nounted respectively on the top and bottom sides of the

first |aythe gad@gpwan @02} aad dhafirst taygt (284) nad live bihes EX30N @f aldsdcbhd ¢280)anes
respectivel y al ong the p&t@h fromthe entrance end (210) to the exit end
(212) andafrcg@igﬂa(%g%) la eAWAYSTm Hherintesionof the @assageyay(208) radi al si des,

wherein the second and third planes are generally parallel with the first
pl ane, wherein at |east one (282) of the second (280) and third (282)

| ayers faces the inThewaveguidet(Be0)pstaneldyttc? 0@hpasidg aphpalityes 1aterally
I lit f |.at l.] y,. ext endi I i tydinpall d t 54
Pher ot hr oERRdiSk dpsritginhllyy Hasel mitine b expbind o Pz Admifizchimed
| ayer ( 28141)a§1§’é@fé i@ iPthB Bear 23 ﬁ%satggﬁaf ?XEE‘,@NIQ&(%%%)Z t)h_e %%@tilcﬁbﬁéa ‘%%@iﬁl ayers

faces avvag romthe interior of 'the passageway . The wav e
(250) of Heldiand the misrewase eporgyriiai thy rovsk sowte tgopefativelyanteidey to @xateadi ng

mgnet 1 ¢ Neerdh SRRERE BRERTS Sobdtgh LEB R FeBi S B Boedatui T - cuspec

magnetic field and the m crowave energy fromthe power source
cooperatively interact to create an_ electron cyclotron resonance condition
al ong at | east®a pofh¢ Bveguidne25Px et sgimbyfurtber qTapriding glican guiGOyoYsE

clains, f | S| ' 38) . | en_the

ol ar ar | ¢y P ot BBl i AuBRTLPHiaers B and B RE LG PRNIBSRY g
adapt ed t@02pmet adapeedpb woads thy phiralip @f eiagnéz 20)0)amd tb @xpogeaie plubditplofr al i ty
of slots §224g 7. The wavegui de (250) of claimb5 or 6, further conprising
a plural i 19156859 ri ngs (286) individually encircling the laterally
extending |longitudinally spaced slots (254). 8. The wavegui de (250) of
claim7, wherein the first layer is nade of quartz, the second and third

| ayers are madé frobhawavdguider(5®)ne oim hoso,({B8bYr @nmeprisigen plucaiity of O-

rings (286) individually encircling the laterally extending longitudinally spaced slots
(254).

8. The waveguide (250) of claim 7, wherein the first layer is made of quartz,
the second and third layers are made from aluminium, the O-rings (286) are made from

elastomer material, and the beam guide cover (288) is made from aluminum.

9. The waveguide (250) of any one of claims 4 to 8, wherein the plurality of
laterally extending longitudinally spaced slots (254) through the at least one (282) of the
second (280) and third (282) layers are located at an angular pitch of about 5.326 degrees
with a lateral slot length of about 50 mm and a longitudinal slot width of about 5 mm,
wherein the waveguide (250) extends through an arcuate angle of about 135 degrees, and
wherein the inner (204) and outer (206) radial sides have a radiuses of about 370 mm and

430 mm, respectively.



el astomer material, and the beam gui de cover (288) is made from al um num
9. The wavegui de (250) of any one of clains 4 to 8, wherein tRBduly200dl ity
of laterally extending longitudinally spaced slots (254) through the at

| east one (282) of the second (280) aB# third (282) |ayers are |ocated at
an angul ar pitch of about 5.326 degrees wth a lateral slot |ength of
about 50 mm and a | ongitudinal slot wdth of about 5 mm wherein the

mvegui deh(25010.ex2@hd91af/dsgwdtg(' ﬂsahofae[r@ttaiez%) @5&@@43& 9aﬁ<heﬁeinlt$15 od&gd r(m,fand
ereint i nner 4) and,outer . radial_  sides have a radiuses o
about 370° ea*ﬁaondzxégoﬁﬁff ﬁ’é@p@a fﬁapsr».ls gojptsd omplipode rmenatiia thebeyni de
(250) of Bitile PAR %éfévza)cyl(?{i)ﬁs 4 to 9, wherein the other (280) of the second

(280) and"third ayers is nounted on a dipole magnet in the beam
gui de passageway (202). 11. The wavegui de (250) of any one of clains 4 to

10, wherein the fir | ayer. . ( is made from quartz and,the second (280)
and third (ZSZTI'I ayﬁ“ﬂsw {@Wg‘égﬁ?ﬁﬁwﬁﬁrﬂfﬁiwg’fﬁ.ItOAWﬁEré’gl tg‘ﬁéﬁ%;@erbeam

gui de app@zay BSmhas SR GhdrizOMHdGe 38cdRN2BORMI HiNG3) PALR 4rd 28dei foAN | 0N
i npl antati on system conprising: a nmass anal ysis nagnet "(114) nounted al ong
a passagedlE@pifil®9) al ong the path (129); a power source (174) adapted to

provide an electric field in the passageway (139); a wavegui de (250)
adapted to couple the electric field with a beam plasnma associated with

the ion beam &nd aAnpgsebhdlysbeicamn %ﬂiﬂ@)a\gﬁﬁ@ﬁkeﬂ)rtﬁn&ﬁi@mn@ea@idﬂ%éémcUSped
magnetic field in the passageway (139); erein the power source (174),
the wavegdPaa paibd)29)4nan ioimplgiatonsysen, 6eMpiSing) are cooperativel y

gggg; §§a§ 0 @;0%%%83 GRS AIBR: (P14) k@ 'aiBRE T'dalbaBbwhy B35) HonBhd hatfl ©f

129);

a power source (174) adapted to provide an electric field in the passageway
(139);

a waveguide (250) adapted to couple the electric field with a beam plasma
associated with the ion beam; and

a magnetic device (170) adapted to provide a multi-cusped magnetic field in the
passageway (139);

wherein the power source (174), the waveguide (250), and the magnetic device
(170) are cooperatively adapted to provide containment of the ion beam in at least a
portion of thepassageway (139).

13.  The apparatus of claim 12, wherein the power source (174) and the
magnetic device (170) are cooperatively adapted to provide an electron cyclotron

resonance condition along at least a portion of the passageway (139).

14.  The apparatus of claim 12 or 13, wherein the waveguide further
comprises a top, a bottom, and laterally opposite first and second sides defining the
passageway (139, 202), wherein the top (222), bottom (224), first (204) and second (206)
sides extend longitudinally along the path between an entrance end (210) and an exit end
(212), wherein the waveguide (250) further comprises:

a first layer (284) adapted to propagate microwave energy from the power source

(174) with a top side and a bottom side, the first layer (284) extending longitudinally



13. The apparatus of claim 12, wherein the power source (174) and the

magneti c device (170) are cooperatively adapted to provi de an8dubc2004n

cyclotron resonance condition along at |east a portion of the passageway
(139). 14. The apparatus of claim 12 o2413, wherein the wavegui de further
conprises a top, a bottom and laterally opposite first and second sides
defining the passageway (139, 202), wherein the top (222), bottom (224),
first (20dpngiad asemtenphth 206 )firstsplaes fromt the @niramgi dnddR beY toythelegin @nd izt Pat h

bet t d (210 d it d 212 wherei.n the wavegui de

(550) 1 ur EnbiRteed e Se dminptnrafi Se B0t ban melip ChOLBBH Sptigate m or 3Wﬁve
f th it ' j , the

energy Trom t Ng-BRYer0y QHE Hsrd éz%iﬁja | ﬁaﬁ??t%@%gﬁgﬁgsgﬁ%eg% LRbSHAR

first layer (284) extending |ongi ng an arcuate
pat h in asifies of thsl firse l4ye0 284 eandnenteniineg mgitad@inelly fo sédoad eanidt therd dpl{i2E 2)

d | at |l y.between an inner radial sid and.an .0 r 06) ..radi al
o A o AR e MESR, AL Bt 46 O B RSB e
top and bedtivesn theiisies (264)tRe oliiek $106) aRAl {R8INhaBa tRX L&RBAA B84 feadiiinedi nal Iy
in second and third planes respectively along the path fromthe "entrance

end (210)arezenerally patallehwith zhe firs pdpneased whergin dtcleoss one (B82)i ofithe s¢@pd) and

20 | al: Sj ' nd _t hi
genor al 1y 59} B8 B 2PE eyt tactotnd MRS 0 RipesedoBolaBeoiiBenas) of
t he seconplurd]i?B80f Istadlly kixteldingBldhgihaligilly $pacas slohe(254} tHetddliroffh bbEveen
passageway (202) and conprises a plurality of laterally extendin
Pongi tudi REITRSAEENEER ) 6nd theoBing 14E (2B ghe BIREREAR0) of Hes peont iRy

202) and - i szé%@%’; econd (280)

gnd %hi rd&r%%g? (?%éé@sfeggées avay }%%ﬁ%eﬁgpﬁﬁ?é%?%%go aﬁ@gzgassagev\ay
(202); and wheamsl nwhelngin nthgnetapoetite dediee (170) comppikéss @s phrglityr aff iézttyratljr 4
| ateral | ext.endi ng. l.ongi tudi nally spa net s (220) . adapt to provide
a multi Xﬂgﬁéﬁ“g ﬂ'ﬁ@ﬁ%’fl?‘@ﬂy i $age ﬁn%/gqusb@;ﬂ) %B@hp@sgé{ﬁ’é@%ﬁ UshRfer eby
the mul timgsisdds [ b6 pgﬁq tric field fromthe power
source (1?4% co?ﬁgﬁéﬁgﬁltdgractg%‘gﬁc?gﬁe an electron cyclotron

1

resonance condwhemshy thg -guspeé asagnatio ficld and tke déntrip iskhffemathe (1RORY .

source (174) cooperatively interact to create an electron cyclotron resonance condition

along at least a portion of the passageway (202).

15.  The apparatus of claim 14, wherein the first layer (284) is made from
quartz and the second (280) and third (282) layers are made from aluminium.

16.  The apparatus of claim 14 or 15, wherein the plurality of laterally
extending longitudinally spaced slots (254) through the at least one (282) of the second
(280) and third (282) layers are located at an angular pitch of about 5.326 degrees with a
lateral slot length of about 50 mm and a longitudinal slot width of about 5 mm, wherein
the waveguide (250) extends through an arcuate angle of about 135 degrees, and wherein
the inner (204) and outer (206) radial sides have a radiuses of about 370 mm and 430

mm, respectively.

17. A waveguide (250) for coupling an electric field with a plasma in an ion

beam mass analyzer passageway (202), comprising:



15. The apparatus of claim 14, wherein the first layer (284) is nmade from
guartz and the second (280) and third (282) |layers are made fBdniydl00di ni um
16. The apparatus of claim 14 or 15, wherein the plurality of laterally
extending | ongitudinally spaced slots @254) through the at |east one (282)
of the second (280) and third (282) layers are |ocated at an angul ar pitch
of about 5.326 degrees with a lateral slot |length of about 50 mm and a

| ongi tudi nal sh®aselagér(284) latmed in%a filst plahe advpred toiRopaNR GhiicERv-ve 2Hdrg@Xt ends

t hrough an arcuate angle of about 135 degrees, and wherein _the inner (204)
and out er ?f@sze) Peweti spurss dédhnand bavingiiaytps sde aibat batam desatendiog nm

respectiv s ds | ( J tL i pth a
bl asm | n gl fald SRRk oh o SRR 08 Gl sl AL ), D
2004 25 aldtersly betyeen &2 Bvipr tadmhside (204) and am stteptadiabsidd @io¢d t o propagat e

i f 1 , d i t id d
ot t om a1 de. exHSFAFAGY GA) Fioun ARy o s tam A Cetare Sga f by Brcamer -
entrance ergdh) (R the iRBi&*éf tHRNshs 1:%?32@282&6% Rivihg % ﬁs@wafm?fggg)er

radi al side (204) and an outer radia , a second layer
nmount ed onxtepdingfloagimdinaly sapdcdsloslotsn(291 ) dleerethrauigh tiztween theeinterio2 8f) theaci ng

the interior of t as wa 20 and having a plurality of laterally

ext endi ngpfsg?x@e.waggﬁﬁl.@ﬁn@?@eﬁga@%&a(ygf Qgé?( 254) therethrough between the

interior of theheRBsaRgRWRYe Ry i thdBowaseut@y@r4) &%ﬂh%’atﬂﬁfg%'l&@/me
on

m crowave_energy fromthe power source (174) propagating along the base
| ayer (28h3seilayes 4238 courled with the plesra imtherateript ef the passhgeway (382knepenay

(202) nea i i kpal |y spaced slots (254). 18.

The vvavegEl}ec}%@%%l%%%%%ﬁn%ﬂ%%ﬂ?&gh?ng?;{cﬁgrgfogst)@%ﬂ'si ng nmeans for providing

the m crowave energy fromthe power source (174) to the wavegui de (250).

19. The wavegui de (250) of c¢laj.m 17 or 18 wherein the base |ayer (284) is

made from quarllg', aﬁge ée%’é‘??odgéol_ %@fgﬁ‘m’(]ﬁm%cﬁ‘ﬁlﬂﬁ?ﬂgﬂﬁaﬁ*fﬂﬁp f¥iNgo. The
wavegui deHeapowtve 3A¥red HonPhePolelBoutde (194)13 thd el & BSop! ural ity

19.  The waveguide (250) of claim 17 or 18, wherein the base layer (284) is

made from quartz, and the second layer (282) is made from aluminum.

20.  The waveguide (250) of any one of claims 17 to 19, wherein the plurality
of laterally extending longitudinally spaced slots (254) through the second layer (282) is
Jocated at an angular pitch of about 5.326 degrees with a lateral slot length of about 50
mm and a longitudinal slot width of about 5 mm, wherein the waveguide (250) extends
through an arcuate angle of about 135 degrees, and wherein the inner (204) and outer

(206) radial sides have a radiuses of about 370 mm and 430 mm, respectively.

21. A method (300) of delivering RF or microwave power to an ion beam
mass analyzer beam guide, comprising:

providing a waveguide in the beam guide comprising a plurality of slots;

coupling (310) an RF or microwave power source to a waveguide; and

delivering (310) the RF or microwave power to one or more regions proximate at

least one of the slots in the ton beam mass analyzer beam guide via the waveguide.



of laterally extending |ongitudinally spaced slots (254) through the second
| ayer (282) is located at an angular pitch of about 5.326 de§dely208#th a
| ateral slot |ength of about 50 nm and a |ongitudinal slot w dth of about
5 mm wherein the wavegui de (250) exteBfls through an arcuate angl e of
about 135 degrees, and wherein the inner (204) and outer (206) radial

si des have a radiuses of about 370 nm and 430 mm respectively. 21. A

met hod (300) of2.del ThemieiwpdRE abaimn? I; rwheesie dplivezingtthe REF dranicheedve porss

anal yzer beam qui de, conpr,isjng: providin wavegui de_i n, t he beam qui de
conpri si ni %nepgﬁ’fné’ﬁ fset 1g|tl3? gqn gia&hmwgm(ﬁm)be Wd%?’larﬂihér"éﬁkfﬁﬁ‘é‘% ower
source t Oc@ndReS gecdBined \Wailithd WaYd iﬂghé%l@guﬁ&? RF or m crowave power to
one or nore regions proxinate at |east one of the slots in the ion beam
mass anal yzer beam gui de via the waveguide. 8 July 2004 26 22. The net hod

fclaim21, i n del vering the RF ' , t
Ceatons 1 the2ton BRSRARREOTa TPt Aottty Rl e RE e gtrgeave T ©
conpri sesp@eaefoabhd@r ansleaRGions ineme b Beid WANEARAIGRr R3m FhRc"Bhhad of

claim?21 or 22, wherein delivering the RF or mcrowave power to one or
nor e regi BA%EUHle qomprises mhngrﬂpslga e Pygerae pevel At degionsespabest fromveaghi de

conpri ses | . LGl p. . regions spaced from each
other in ?ﬁ%e%%g%ﬁgggggygdggt%{cgﬁﬁéﬁgf&%??é%ﬁdgﬁgﬁ%g ''n is an integer.
24. The nmethod of any one of clainms 21 to 23, wherein the waveguide is as
defined in anygj}c_)nelvﬁl the clains 4 to 11. ABSTRACT WAVEGUI DEFOR M CROMAVE
EXCl TATI ON OF PrASMRDG RpeiQd) aonany manaf claime 2A {0 23p svhareirs thenva vasuisdsds eor

provi di Ngg&idea\h SACEEof tid 98; fent ion beamfor ion inplantation
applications are disclosed. The apparatus includes a mass anal ysis



magnet (114) nounted in a passageway (139, 202) along the pa_tQJHSI%%?gM_of an
I on beam a power source (174) adapted to provide an electric efd in the
passageway (139, 202), and a magnetic deyyce (170) adapted to provide a
mul ti-cusped magnetic field in the passageway (139, 202), which may
include a plurality of magnets (220) npgetgdcgong at least a portion of

t he passageway (139, 202). The power source (174) and the magnets (220)
may cooperatively interact to provide an el ectron cyclotron resonance (ECR)

condition alo t |least a portion of the passageway (139, 202). The

nul ti - cusped rﬁﬁ@ﬁ?@ﬁl&l}ﬁ Ex W@%%%rﬁgﬁm%lﬁﬁy@l(ﬁ&'MWNMmﬁt a
specified field strength in a regi o%&&zﬁg_fs anal yzer passageway to
interact with an electric field of a m crowave frequency for a
given | ow energy ion beam The invention further conprises a nmass anal yzer

wavegui de (250) adapted to couple the electric field to the beam plasma
consi stent |y al ondntapparpis god msthodfer presilingaloprererpa bighgewayt ip2 02)m tfor

' t] 0of the.E ondition. The invention fhus
brovi ds. oot tmbieflo3bhERShe bieRisolied S AnnabiosTAGn) A mavs g Shegnet i
field f | . : . .

Goner at o0 pl naE LAY nidM AR TR APK (15D 2020 HoRE e B(190) Sl FTol ekt o
provi di ng | aPPREEANIEe hi ) adanied torpravidown elvetrigfieldim the ppdsagevatyi (030, 208, @i as
well as an Y Hlahna{cadé%%tel(%)saﬁgﬁteeﬂo p'i‘logi%re%n%uel’ti-cusped magnetic field in the

passageway (139, 202) , which may include a plurality of magnets (220) mounted along

at least a portion of the passageway (139, 202). The power source (174) and the magnets
'(220) may cooperatively interact to provide an electron éyclotron resonance (ECR)
condition along at least a portion of the passageway (139, 202). The multi-cusped
magnetic field may be superimposed on the dipole field at a specified field strength in a
region of the mass analyzer passageway to interact with an electric field of a known RF
or microwave frequency for a given low energy ion beam. The invention further
cOmprises a mass analyzer waveguide (250) adapted to couple the electric field to the
beam plasma consistently along the length of the mass analyzer passageway (202) to
thereby improve the creation of the ECR condition. The invention thus provides
enhancement of beam plasma within a mass analyzer dipole magnetic field for low
energy ion beams without the introduction of externally generated plasma. The invention
further includes a method (300) of providing ion beam containment in a low energy ion

implantation system, as well as an ion implantation syster.

Figure 1B



