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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 structufes 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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iogizing 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



energy, high current ion beamfor ion inplantation applications. The

i nvention provides 8 July 2004 3 ion beam contai nnment w t hou Julye2004
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as the el eCB¥8¥ energy decreases. In a | ow energy beam pl asma, the

j ori f the iQni ' ' d d b he trapped, el ectrons. These
ooty ons. der 1 ve TREr Pt Rl BiiE eondhbs Brooeh b tssiammalarasmered
di f f er ence, phinalor bﬁh@banéxﬂmtmmmmé,m%?ﬁ%ﬁﬁ@ fgﬁﬁ'ﬁlzilli’ééé’d’lﬁéﬂ?n \fvi}ﬁ‘us’
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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



fields, externally generated plasma fails to diffuse adequately al ong the
arcuate length of a mass anal yzer beam gui de, instead diffusing quickly
along the direction of the magnetic field |lines. The use of RF or

m crowave energy in a nmass anal yzer beam gui de passageway together with a
mul ti-cusped nmagnetic field in accordance with the present 8 Julyéﬁgg&m4

i nvention provides for enhancenent of the beam plasma in a | ow pressure,

| ow energy, high current ion beam systemthrough the controlled creation
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Jul'y 200¢hrh provides the ECR condition according to the dipole magnetic field strength.

For example, for 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.



The nul ti-cusped magnetic field may be superinposed on the dipole field at
a specified field strength in a region of the nass anal yzer passageway to
interact with an electric field of a known RF or mcrowave frequency for a
given | ow energy ion beam In this manner, the beam plasma within a nmass
anal yzer dipole magnetic field is enhanced for |ow energy ion b%ﬁﬂﬁzmm

w thout the introduction of externally generated plasma. The RF or

m crowave energy is efficiently transferred to plasna electrons in the
presence of a magnetic field that yield an ECR condition. According to
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| mpl ant atlicQRadNaEoT tha bbid eﬁ&gywb@&%aémé%@ggd VARE. beam gui de,

conprising: a wavegui de associated wth the eam mass anal yzer beam
gui de; wher ei ithe lothenddlRy eouiditions vamkehiescobing thms Upled, RE electrivi field waegyowese t o
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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.



the controlled provision of electric field energy in the passageway of a
mass anal yzer. GCenerating this electric field in the passageway nmay be
furthered using a separate waveguide to consistently distribute the
electric field energy within the passageway in a controlled fashion. In
this manner, the energy distribution nmay be nmade nore uniform al gng,th8

| ongi tudi nal passageway of the beam guide, allow ng creation of elettron
cyclotron resonance regions throughout-the entire | ength thereof.
According to another aspect of the inveftion, there is provided a wavegui de
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i nvention, there is provided a nass anal yzer beam

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.




T

gui de apparatus for conditioning an ion beamalong a path in an ion

I npl antati on system conprising: a nass anal ysis nmagnet nounted al ong a
passageway al ong the path; a power source adapted to provide an electric
field in the passageway; a wavegui de adapted to couple the electric field
with a beam pl asma associated with the ion beam and a nagneticsqﬁygﬁﬁ
adapted to provide a nulti-cusped magnetic field in the passageway;
wherein the power source, the wavegui de, and the magnetic device are
cooperatively adapted to provide contaVnment of the ion beamin at |east a
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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;



of the slots in the ion beam mass anal yzer beam gui de via the wavegui de. To
the acconplishnent of the foregoing and rel ated ends, the invention
conprises the features hereinafter fully described and particularly
pointed out in the clains. The follow ng description and the annexed

drawi ngs set forth in detail certain illustrative aspects of the giva004

i nvention. These aspects are indicative, however, of but a few of t‘ﬁ'e
various ways in which the principles of the invention may be enpl oyed.

Ot her objects, advantages and novel feaBures of the invention will become
apparent fromthe, fol.l owing detalled, description of the invention .when
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i npl antation systemhaving a nmass anal yzer in which the beam contai nnent
appar at ulongiteinallyspaesdsdgis.of the present invention may be enployed; 8 July
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mass anal yzer beam gui de according to an’aspect of the invention; Fig. 3A
is an end el epaviding a/wevegoidetihéhabeanpguids corpprisinmapledity of sibfsg. 2 having a
plurality of ncﬁl%f'ets r generati ng a mul ti-cusped magnetic field in

accor dance wi fHPIEHSE RE O IUFONVE POVRESQUEFA G R dg: is a sectional

pl an vi ew of ﬂélﬁeﬁﬁgﬂﬁllﬂnlﬁr FREOWAPE bUEEY tol GHEGR AbRREibhd roxithate Bt RhastFdid
3A; Fig. 4 is a sectional elevation view of the exenplary nmass anal yzer

t aken al ofthe slbisrig the-idn bearringass 2nalyEieg bedn guida viethe maveguidé.de el evation vi ew

of the exenplary mass apal yzer .taken alonq line 5-5 of Fig, 2; Fig. is a
i de ol ovat 1 kO JrecHkCPmP LTI Pﬁéﬂﬁﬁ@&%@gﬁﬂfi&eﬁﬁeﬂ% ﬁ%ﬂﬂ?fﬁ%ﬁ& qoelnr%a the in
the exenphifes HBRSHaBRFLNY BEsclbed bl gé-ﬁcuﬂhﬂy pbitdSod ifi e Ry AHeABINNVEY ' N
section illustrating another exenplary nmass

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,;



anal yzer with a wavegui de accordi ng to anot her aspect of the invention;
Fig. 7B is another side elevation view of the exenplary nassS8anbi30ddr and
wavegui de of Fig. 7A; Fig. 8Ais a side elevation viewin section
illustrating a portion of an exenplary wﬁvegui de and magnets in a nass
anal yzer for geneFr,ati ng a multi-cusped magnetic field in accordance with
anot her aspect offBhd Srivashemaie view gt ag B inplagecior mdieatdpeaphent ofzew of a
portion ill ' X | ary . wavequi de and magnets of Fig. 8A Fig.
BC i s a trontosistathatod § 8P At B Aot S argpirvine vl e gieniv, o
illustrating a paigi®dR aabp Bﬁv@éﬂz@ﬁ%ﬁéﬂém\iﬁﬁ?% dendNzeFh e 8B orfing 10 8D
I s anot her front e%evat_i on?vi ew i n section akgn aeﬁ%zﬁg %%F\g&@f} gﬁr@]‘gﬁ’ g.
8B i | | ust r atéinrigpest pbtheilmventiont he exenpl ary wavegui de of Figs. 8A-8C, Fig. 9

s a sectional t an vie | | ustrati an exenpl ary mass anpal yzer with
magnets for gene&g%gr‘\dglsa?nﬁ& te>QV B%E&W:@Sh%@i%vﬁ%wsr’ Analyzep PHENEE & haying

anot her_aspegluraly dfiMadnBabt kdiBranfle HhiliZbalflafclc a3fY thacdbriaRRLAN Vi OW
illustrating an exenplary wavegui de”in accordance Wt anot her aspect of

t he invent i @nothenaspestef thislinventmnschematic flow diagramillustrating a

met hod of providing . Lon beam containne in an ion inplantation systemin
accordance with gnﬁg e aggggaafgl@nﬁrﬁzgv Oﬁwsmmﬂﬁwméyzqr@#mmm@ ouT
THE | NVENTI GN_Ji9@rpfgesant invention will now be described with reference to
the drawings wherein |ike reference nunerals are used to refer to like

el ements t hr oughdiig. 4 i¥heectipmebalextationwinw bbihe pravipldBsmaRranhigaen telQM AbpTent

in alow engl{ngyl, hﬁ'ﬁh f_urrent-- lon inplantation systemat | ow pressures

wi t hout req | h‘bo & vntroduction of externally generated plasna by

enhanci ng the begg Bl; ' FohC stl, ' i mbi nat i on
wth RF or m cro%glgﬁg%@?%%gﬁgbgﬁg&f@g%& [ %ﬂr#ﬁésganﬁ%%%rct al yzer.

However , ' it algngllink&-apPFige2;at ed that the inventi on maybe advant ageously

-

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;



enpl oyed in applications other than those illustrated and descri bed herein.
Referring nowto the drawings, in Fig. 1A a |ow energy ion i8ulyzd0dr 10 is
illustrated, having a termnal 12, a beam ine assenbly 14, and an end
station 16. The terminal 12 includes an i®n source 20 powered by a high
vol t age power supply 22. The ion source 20 produces an ion beam 24 which

i s provided to tHhagbthisiatap phwseew ifustrating athexdngriaryeraaveguide ; aondiahéecomitd by

a mass anal ysi ne ... The.mass anal ysis magnet 26 passes only ions of
appropri ate %ﬁ%’g‘}eggg%e8{?~?§ﬁ%“¥v§?%%@8da waf er 30. The conditioned i on beam

24 is then di rec:tleig.i ]épmrs@hé:ﬁ@qém@%iag%ﬁ ﬁ[usﬁgﬁﬁ@as h{éﬁo%q %&ﬁ@hg%&ﬁea

Referring also to 1B, an ion inplrfanter 100 ustrate n greater
detail in cootaimiaerden wi idn implatamm ystgmaiapecdrdmicetwith saottee Atpdchofthé i on,
and has an i.on source 112, a mass analysis magnet 114, a beamline assenbly
115, and a tIBY‘a'Z’tonor end station 116. An expansi bl e stainl ess steel

bel |l ows assenbly 118, which permits novenent of the end station 116 with
respect to the beam ine assenbly 115, connects the end station 116 and the

beanm i ne assenbly 115. MODE(SYFOR CARBYINGUOUTITHE ENVENTION Ow ener gy
(ULE) ion inpl antéqr, t he, plr esent _jnvention has applications in other types
of inplanters as greseph WVERIPnsWilk Raw ba descihprd witk sefsrepratathe drawingy 120

il o s dreariogs
Gopant gas T osan ke reRRCgkertiine RSB FIb Bl 8 10

General |y, posseni neentiompravidegfonbedth eontaininiddolohlchhenepse SRMtcurenMeAt i on is
appl i cabl e t.o ﬁ/st.em; wher ei n negative _jons are generated by the source
112. The pd@ptanationsystenat low pregsireywithew geapizing thedntreduction of eemalihanber

20 b he i ' C | I | i .of
ol cottodoe. E0Ra ARy FRARTE: o bein AN SAUREUAERD Sadteliobliaf 1o

extract a beembiR8ionofithiRE bt micowanselargmotdieate b BEREcombRAGH a32fdsand to
accelerate the extracted ions into the mass anal ysis nmagnet 114. The nass

anal ysi s nadhebzers Hongver itowdl hepnpaeciaterthat theiavention mayheadpategeeusly
char ge-t o- Is . | whi.ch, conpri ses a
resolgver hg&gﬁ%@ﬁﬁﬁ? a}%ﬁgn (gtg%dﬁ{élﬁ‘fh?’gfﬁfzggarr%i%%& 4??5nﬁ’=éjsl§er§ﬁal ysi s nmagnet
114 includes a cRefating@mam topled dradasyintHipNl A PlessaesMByn idflaef 10ad by an

al um ni um b?lﬁgtr%.yeiddﬁav?gg L Pe%m?rilaclj ?2 a beamline assemb! ' io
, " y 14, and an end station 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



wal I's 130, evacuation of which is provided by a vacuum punp 131. The ion
beam 128 that propagates along this path 129 is affected by 8thuy 20dgneti c
field generated by the mass analysis magnet 114, to reject ions of an

i nappropriate charge-to-mass ratio. The ktrength and orientation of this
di pole magnetic field is controlled by control electronics 132 which

adj ust the &lsmaghempberldd: dpencrallyopesitiveions el gdneveted; althougl theheeszrgnet 114

th h , t 33. . The ,di pol tic field the i
beam 128t o kol POREFRAe 1iSoiels SyuLR sefieaes e rpreied BY Dgrsourterlafce
trajectory 1BHe podivelibs A8 RxERYECHirckbh o it & &%g;‘g%ﬂlfzcgﬁmggﬂ %zhot 5PhE T Y 135

near the resolving housing 123. Portions 128 e "beam” 128,
conpri sed ofexiraster 4sasbly 132, whizh pomprisataeplotalityyef devtivdes] 27at Actordingly, the

def |l ect ed f th traj ect dinto th lls of an
seecta vy FLam U soried aeciony and e the uel S o 20
resol ving h%h%hﬁ%h&%ﬁe@fﬂWath@%ﬁce’lé?&% tﬁ@e%@te?i@ﬂ%i&tﬂoftﬁe WALE gha@fs\i/sem};l%l%t

desired charge-to-nmass ratio. The passageway er conpri1’ses
magneti c devilde including one or nore nmagnets 170 di sposed |laterally al ong
t he beam path 12 The maginets 170 are nmounted above and bel ow t he beam

path 129 to creat'@c&asHFRglys wa8ect hadAwctions fogrags priytonsfan appieprplg. 1B) in
th ' ). I ' held h in Fig. 1B
o a0 proomtggiimalt Bido HARIEREY a5elbYY 65, Wi AEPL s hisfis 1

whi ch  coupll23 and pbeen nswulizer 174 Tid hadshiealysis sagavey 453QudEnecuidd beagisped
magnetic fi elg ]T%gnd. t.he hi gh freguency electric field in the passageway 139
cooper at i veP§i 1P arithip apgsaeogway, 1 ¢ by pp ghnigiynebesm geide byungsiden

kit | | h N ELg.. B th
passagonay s o brdibn of GRS R B £ Bl B 41 iR i P 28"

descri bed i thaypemagateiaitag this pdth 229 FheffecRdMyuhs maguticTild géiekited peiaR a
term nal electrode 137, an_electrostatic lens 138 for focusing the ion

beam 128, aMPSHAFONTREFIF I Hbite stient iansaf aadnappronriatshardealg-mass ratio HBiheam
et e sl A6 g RIS LB R
bei ng i npl 482 edidhyadjive theadictdont byrrah @irgegh fhefieREaRdlmRs of TREmbaR 14

neutr alizer th?glclighraer%g};x\{eetrconnector 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



housi ngs are evacuated by a vacuum punp 143. Downstream of the beam
neutralizer 124 is the end station 116, which includes a di 8kugttdgdd waf er
support 144 upon which wafers to be treated are nmounted. The wafer support
144 resides in a target plane which is geiferally perpendicul arly oriented
to the direction of the inplant beam The disc shaped wafer support 144 at
the end st atfEH am@ectiop Cryﬁltongpé desppange gpp@tion irpat Iqastonenegivadnot showndn Figkes

' ' . pat h. d
station 116 0 oo fie PEsBbRAOh o8 o b a R yiniotied B s sAngR e pa
164 of the idescrivedin gmletct datailvpdier. W so that the target plane is

adj ust abl e about this ?Oi nt. Fig. 2 illustrates an exenplary mass .anal yzer
beam gui de 200 f dihedeselyen haudiegd2%kinelugdys 4 terminaptlactyate 1317, sty slearos(aicdens | ow

[ i APl .10.0f Fi Q. , ' . arcuat e, | ongj t udi nal
cner 9y 100 SR Seutug ol LA el e s B P B AL b,
respect i vel yTheeafineutraiifdh 108 2EIRRE R p?RGha shB& P B8TY Héuﬂ:gai%ﬂi% ¢ ﬁ&é}ﬂé

|l ongi tudinally al ong the path 208 froman entrance end exit end
212t hr ough charge that wanlsl ehermiisshacomyulote apibe tarpetatattryas Bssuliogftensy f or

le. B ' 0O further c r{ses m_crowave injection port 214
wh oh pr ovi JBBIST Ry TREPest Ny S S EE b 4Z6n bhoyeR? rRtEBeiEA rsBiYEe 216
with the paﬁaagweg%umg@bﬁa%miﬁnggﬁ 143he beam gui de further includes a
mass anal ysi s nmagnet conprising two rcﬂate magnet poles (not shown in

Fig. 2) to provi dvasticgobEthedbgaaticotrilizer dI24irsthb1encD§tSI$<agh Elﬁwhzaﬁ_ ; ncmgégzzahlz

' I d charge-to-mass ratio to reach the exit _en
o he ilksa oS bGP bt - mab e A
ecti onal | 1., resi ' s ody b I I am
Ui de 200 of by el anRatkiok e hichA e A et iR AT dBoKeR o bE
associ at ed tireqtioniofithef ionplays bearat The disc mhipeﬁ-mfamﬂpmrgggehﬂ tthe eféd Iﬁh?m 111|6I
ccordance wt aspect e.inventjon. Mgnets exten ateral ly
get ween an Isrfﬁgfe%oq 'g’é’goﬁfgé'nhﬂﬁwr&tﬁa@r Y ?WQ@W@’%%%_@BQW 330|2 in
a | ongitudj [ | 1 t . ul ar
spaci ng 2, %%?%%egs%gg?l%@'eggﬁﬁst%@glg Iﬂg%t‘rggjéggt%%%n&\é%’ e&%ﬁfﬁa@?y
i npl enent at infersestion o€ therpatint 64oox, 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



the inner radius RI may be about 300 nm and the outer radius R2 maybe about
500 mm The passageway 202 is further defined by top and boBtJuin 2Kl s 222
and 224, respectively. -The dipole field maybe generated externally to the
beangui de 200 by an el ectromagnet (not skown). In another inplenentation
of the invention, the magnets 220 are enbedded into one or both of the
beangui de wallirglity2d nzagretd 220 assosiatadsherawiih fiedsentmting b hentietgicd enddhetieof ,
such t hat thr{e‘a\;\(}mgnet%l 220 remain outsjde of the vacuum chanber. In

addi tion, it Iachurdancesyith snasper At thamventions Magngls 220 exteadilafenllyn one or
both of the ; : ¢ ' on one or
both of the Hgﬁ’gegﬁré\%l\él str%aélly\gkgﬁ%%%,gut?g%glé%'glévlgl@gg%ggégﬁ%ég%ﬁ{?‘nation

t her eof . Fi dengithdamatly Spaced peiatidnshipyalirlg ths patA O8] Wigh aﬁaﬁ%@aﬁbmﬁg beamicui de
200 in lon it#)di al and lateral section along section lines 4-4 and 5-5 of
Fig. 2. As gﬂé@éf & fprexgmpler>.356 dagrees. I one pxermplgiydmplesepntatiogiof thti inuentional ong

t he propagaty | [ | th 208. are sta ed such
that " ad) acorys maeh Bt KU b Aot B raf B REblker Bdiye I mdy B AR S0 G
clarity, theThegneigewa?0daviuriersdefinbd BPtopsantidotttm wawand dhezq4ent rance end
210 of the beam guide 200 are indicated as 220A and magnets 220 havi ng

sout h pol es T$sREFtHE olfierdipela dieldanay begerzratedextemallyjte the beaguide20ty amt ed

as 220B. In i ] ] 1at nass. anal.ysi unction, .,a di po
nmagnetic fi g}eﬁﬁ?@%@ﬁ%ﬁi@g%\)&@. ilﬁ abﬂger 165’3%‘58’3%‘5}1 %(5%‘? Y gation, g}ﬁ}%&e&?&;oan
external el apd ¢rbaigeeinté 60¢ oSO tHadehRguide walls ab2 afd £20in! A8 fhadBRedS
illustrated in Fig. 4. Referring also to Fi t he exenpl ary bi pol ar

: . 6,
magnet s 220Aoanthempiriethagph sucrhmpt/thqm@nﬁaga@mmaiﬂ owlsifle of the vestumt ed f or

simplicity w .y field |ines.2 and whi,ch cogperate to
formmul ti- \ghéérg%egx (rirlgg(l}fg{lig% lﬁ‘ ‘?gﬁb sreﬁ%%’r‘“??ﬁ@a‘%%‘séﬁﬁé?ﬁb&%’miﬂaEg%ﬂl%t tom
wal |'s 222 abdthiadihe fopne Gbitymlwallsi 222! HRi DAS FRFEHRYIY200n JHrDORITPEHBE ¥ide

pl acement of ma%ets 220A and_220B il | ust rated in fhe various figures
i |1 ust rat es Walls g and 06 respaetivglnay et conptinatioarthercef. | y al i gned (e. g.,

2208 towever Tl Y S B B peanR eniie houh ids B ac o

other than idipgedinpeaidiaesl koctiohlalthizsedirmh 184 40PSET S-BREFRERCIAL el f Fig.

possi ble and are contenplated as falling within the scope of the pr esgnt

i nventi on. 3, 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



The orientation of magnets 220A and 220B illustrated in Figs. 5 and 6, for

exanpl e, advant ageously provides additive magnetic field |iné&sluly2d0de areas
bet ween adjacent nagnets 220, although this is not required for the

i nvention. Where RF or nicrowave energy i4 provided in the passageway 206

(e.g., via power source 216 and microwave injection port 214 of Fig. 2),

t he cooper atappeEciatpddbatericotatipes stberthamthosersppodically dhdtratbe atd descfibel lksein

results in the creation of an el ectran.cycl.otron resonance (ECR) condition
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article ar : o ' | - ' hi s, resonan
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w Il be appreciated that the sizing, orientation, and spacing of the
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varied in ontes atalyzehbemge ghide 200.STAOCrRaZ3OHE MECR ot BB BESER Inork RGidier
surfaces of %%e magnets 220 and the ECR regions 234. In this manner, the
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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



di fferent nmagnet sizes, orientations, and spacings are possible and
contenplated as falling within the scope of the present invénitilo2004 n
accordance with the present invention, the nulti-cusped nagnetic field

enpl oyed to obtain the ECR condition may be successful |y superinposed near
the edges of _the dipole field. The plasma produced at the resonance
surface wherdiffersat magnes siges, prigpetions, indspacings eregrossibizland costemiplatédesd
expands to - re of e ion beam. along the dipole field lines, in
a directi o\rllvaf(%g%%gﬁhggp{oe S??npee ?fittg? Breg YU AERHODThe Ti nt roducti on  of the

electric field i Thacidigaeamiout $RsoRsAGEIRYN2 HIMR YT idREORaR! dod by
the use of a waveguide in the passageway as illustrated a éescrl bed in

great er det &mployedria obRés the BGRycorsliticromBy Ye suctassully siBerimpodddarcantypedgesof
ref.erence to mass anal yzer beam gui de 200,

the inventionjs..il ed.in

wherein a sé)rc%t eoﬂg?fegfei‘%a@i‘ee‘?}ﬁm%ﬂm\?}’%‘?ﬂ gt the rﬁFWPﬁ‘eﬂ’F?&?ﬁéth’?éh? §oHRsE 200
conpri ses t qRagRefc Beldt I ' .

si dewall 206, %ndc an i%‘f&?elgrjtﬁsviLd g“?ﬁé‘?@?ﬁ%ﬁ%ﬁ?éﬁﬁggﬁ %ﬁ#éogmﬁglgég%%my 202
t hr ough whi @orgrthe dipokeeehl lineg, irsh dizegtioproppasjat te shaficid graligat The @8rodAction
plurality of fg?%riets %2 \ ang EZOB collectively designated as 220) are
provided in® peiric figldripiorthe Bequp guids passage Brmay Bathenbe gdeghby theage end
lateral |y beiraser i ' ls t ' I 06, in a
spaced rel ati onshie%ﬁ{ﬁglﬂeﬂggﬁa%st%%%%%%éﬂu%gtﬁ@%y or?&?ljt' g%?ﬁggfl{etﬁﬁé%adsi te
magnet pol es of RiferciagnowegFegss 72204178; ancther Apedt b€ the in@rition ieliukRatbdins

fashi on, the%)trraeglnets 220 provide a nulti-cusped magnetic field in the
passageway JD5THERC A %éa%f'ﬂ%f’aﬁ(ﬁ“tl‘éﬁﬁ%ﬁ"l@f%?s ngizide glpyatigniviestis i s
il lustrated id& e s dui 'D'?@@" RS lysis

el ect romgnﬁlnot shown) é%%ﬁstl)ddée %ﬁ@b@g%ﬁ%&%ﬁyi%r%\?%g’ a di pole
magnet i ¢ fi etspegtively, shour) sidcwpll 206,tand apiawr diletvwig] @BEShoamd kiyShisg a

functionality discussed supra. . Unlike the nmass anal yzer. i npl enentations in
t he previ ou?gﬁsﬁéi}‘(aé’sf&tth@uséa‘fhlém@@n bsayy (B9t shrya) prrpagates eng apath@ps. A
conprises o ) . ' | ses a,syitable
o1 opagat i on® ity oY ERHE 290 458 2508 (colREr VY BELEGy SO98 W adety "
thi n coat i nginfitardashial torthevinaghets RMoLFighe SBiwhicle@itbndlateralBbden the | €SS
t han one m ¢roneter, lla@gt%t al i zat,i on Iaﬁer coating thickness of a few
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mcrons is Ehsdeava Bs atessidswall dDpugn gspeesdgelaprship sach pthepsushi ded
i e ot "ol RERAIR A5l iflencl BUEL St MiadelifmdBReEOLA A B3 SR Bl
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



m crowave energy fromthe wavegui de 250 into the passageway 202 of the beam
guide 8 July 2004 16 200 as described in greater detail infr&Julizoo4
wavegui des 250 nay be coupled to an RF or _mcrowave power source (e.dg.,

source 216 of Fig. 2) through any known nHthod (e.g., w ndows, antennas,
and the lik wher epy st andi ng wave resonance may be established in the
wavegui des a5 dgsraied i grepiet deiai Autte. | Hiegvay eenidee 350 may baicouplésbto an RF or

i at ed | i . d | 50
PPt r at e TiarrayBrblRl Bhrle 3 SR8 DERSE ) ety Hem by i ot e
wavegui de 25@ndowy, alensapheyee 1&e); Wk stﬁdiﬂgh@ade%&ﬂ%ﬁ&r}na%ggeﬁ%ﬁﬁed

m crowave energy provides electric fields in the passageway
i | | ust rat ed IBiicexemgridey 280 deng ths lengitudinal lregthabemofnt walb 6Bappredingd theB

whi ch Lvely i t.with th | ti.- tic field

goner at od by PR ieB 5 Sy Whaso ellonter) FALgRoH Lo ad spedisirerofet he
t d bot tother i ' j i tion
p(r)gng? es 1(:) he e_n\ﬁgirllﬂ(i:%rﬁtﬁ%sggi gltu ﬁgébaeﬁ]glgwgiﬁ%ﬁéi%s%g% g&fﬁ?ﬁ@ﬁgﬁgﬁgggam

(not shown) thyigyerfian. ng t hrough the passageway 202 of the beam gui de 200

al ong the path 208, ereby the integrity of the beamis maintained by the
reduction or eli %ﬁﬁﬂ] o °%%V§rﬁn'e{ﬁngY}ées. clggtic Halds in the papgeevasd2 n t he

wavegul de  2BduareiabrbabRiAbidrd HNPRiksBEA HAGIs6RI Fig'dH WAJRL Shown in

Figs. 7A and 7B) and the outer side wa aving a 0 and

adj acent porceepastivelyointera® 4vitir the honitirctsped medgngtic Sgds gehdpstedby ﬂ?ghlé@étspi Itch
di stance 26 ich i l.tc aci of the magnets 220. Referring al so
Co Fros. sAsReP BRI TRt eskerdoRiordiare din oo Snebokam walh 322 e 228 S
section, MOUEskedSi ALt WIR oifticH Sholdfkstht blirafitiiRGH of il MBaNgLS 220

According to another aspect .of the i'nvention, e wavegul ri ses
upper and Benenatadovidh i ea Heapdnet $8Omjprbpagdingribopgh theyrissagatay 20Backhbel ow

it roduct | oReheg B0 Eoe e luf 288 5viesrby e e gutisd a0s manteined by
xposi ngt he p o Bt S oL T oA e V™
addi tion, 0250 axfend Beeralipybdvereqn theiinken sigoovalbinbngholhen Figs, A2 7B) 204 88 tO
Z)e(glrrpf ngy gg ng%iag ;Nraﬁ{?g% 'ﬂ%vi‘:’@%%iﬁ]tﬁ 266%I a%?l adfé.%ggtrpcgrtrs] %r tSl(z)tsSZtSit‘rl z!re ?oqlgtﬂgiilally
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



I nvention, the base | ayer 284 may be made from quartz, the upper and | ower
netalized |ayers 280 and 282, respectively, nmay be made frofhJaly®@0di um
the Orings 286 may be made froma suitable elastomer, and the beam gui de
cover 288 may be made from 8 July 2004 1A7al uminium Alternatively,

however, other materials may be enployed and are contenplated as falling
Wi thin the @gﬁﬁyéwéﬂi- Afematiea s howenee athepmateRalsanay baemplayedoardiags.  8C and
8D, side sect] ' . exenpl ar eangui.de 200 and wavegui de 250
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to Fig. 9, finthenancbele alop26@eri290stowing msibaitlethountiag bEthewgnegigde 2510in Wher e
t he wavegui de 250 ngs .al.ong the_path 208 of fhe ion beam propagation.
The pitch sg‘%?ctf’ﬂg‘“mﬁhg‘eﬁ%%g@" SRz éDt%@t%Wéﬂ&@ melsgringipde sesrespITde
ports or sl ghket 2PHhicAY AY b IHR £ |
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gui de | engt proyiidifg fdrdsolaticangltes mappetofbmethe vyculidboftthg @S paskipeapenegi on, RF
or m crowave enelrl%ﬁ:r%e.g., ‘5 ovided by pqwer_source 216 via cable 218 and
m crowave injecti Bg flos fo¥1g: &, 19F SN gnide2 i hisshewnanstalier de 2 bean jguidst ed
behi nd the M,twh&&%%v@%%@%@ ' @mr%m ; radlSaGHer 9y
I's coupled to the beam plrasna (ﬁ%t%eﬁdssﬁacl) é?gﬂh%g%gg%ﬁ% ib(g:églp{/ol)g’%%t P out ed
ports or sl @hepléhisHaoing of tieanizgmetsii20tik ehesaRecr it OF die Wzeguide ipbrt§ 664108S 234

of Figs. 7A g&j] 7B) conduci vei to | asma eqhancemant enpl gyed for beam
cont ai nn'ent_.2 ayiie fR gt éﬂve’fﬂﬁ‘?%eg’ ﬁ%ﬁe ple 626 drgreqm peryidiae forstd qqualivier s
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234 of Fi gsapptdxiarately B}S dégrogg. t he beam

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 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”



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 is8aklyidtldger)
corresponding to the RF or mcrowave power source frequency (e.g., 2.45
GHz), with the coupling ports or slots 2548 |ocated at V2 wavel ength

| ocations. The wavequi de 250 may therefore constitute a resonant structure
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is slightl rgey than.the operating frequency (e.g., 2.45 GH2), the

wi dest gossi}fgjixg ﬂgﬁééatﬁnéémgw&é saduRll dimepsien Higher grdenymepdes ;@VG he
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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



generated that is perpendicular to the electric field, with the proper

magni tude for creating the ECR resonance condition in the r&giugrz0234 of

t he passageway 202. For exanple, a BF2+ ion beam at an energy of 1. 19 keV
requires a magnetic field strength of 87% Gauss to follow the proper
trajectory in a mass anal yzer of a nom nal 400 mm bending radius for
creating théeBECReaamgtiafiabout 4Tiecd EERwithy worsinaBdistange dfabbachinatproviding

advant ageously cl ose.enough to the slots 254 in the waveguide 250 to

benef it from‘%lpr%"p‘ﬂf‘%‘ﬁ"el ectric field intensity, yet sufficiently spaced

fromany surface ' . et to. mnimze
pl asma | osses. F(gére ?eggg%?%?é‘? iﬁsélé’@ms Qgﬁgﬁggggﬁ’@% Eﬁgbge&fggga%ne)glmy be
| ocated a dilew anargy RGnmlenyationcysteinds ilignets. 280 meMydbegiRyt Sed9by 2004 19

be in the range.of abqut 4 to 6 nm wth a nom nal distance of about 5 mm
provi di ng B‘&%ﬁé‘i‘ a9y 7 prodused #lppg)a mgiteding path using an instseurte3@0mass

i di [ 3 | | . e Lon i nplaptation systemis
P st af oo DpER B AR BB 30 ndind AtpB0%neehly. ATREE R Gienel pEVS: oduced
al ong a | ongourcdianaiss paillsis siaggetanointdl Ak GRer prsERBray,ARd|MEfetis dBrayi ded

at step 304 having an inner passageway, a high frequency power source, a
mass anal ysPSURisgie theipusinassageven el lisinn begn dstegeined in thp thass suedyret fromdevi ce

nmounted in ' PRV jon beamds received.in the S
anal yzer fr’(i:)ﬁr%fic’ftl E@F%ﬁ%ur a2 10%;? gf)&% o %@?%?ﬁg"%lﬁsse{ﬂﬂ? Glﬁ?rcrngf’gg at
char ge-t o- neisp 308 {fom e enads bdlyRd alhg 5 ith 8%l b WRdie o'ﬁ?e%%ar@é’i% yger along
the path toward a wafer or other target to be inplanted with ions. At step

310, an el ebfplagicd wathjons Aksien 3tQ aniclectrivdfighd iszagenated inthappssagevayhsing a
f | - d tic.fi.eld i enerated. at ste
5150 e g AU ronler Bl KIRARA SRR Gt GBI Eonire ciisp 1Bhat e

advant ageouasiyg a atagh¢iit it thingited iMahe pissadiiu OBk nhe; dreat€ BdvaahgBasPeen
shown and descrjbed with respect to a certain applications and

i npl ement at PHFER qondigion|theseinappr eci ated that equival ent alterations and
nder st anding  of EFEH s SR RIBERR 5h shSVn an iekEsBed wiB ifned To pRetain 0
particul ar sgdistodsent igpleaisneiions, itwill bOsproesbOHaBsyValt e8NS and
descri bed conponents (assenblies, devices, circuits,
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

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



systens, etc.), the terns (including a reference to a "nmeans") used to
descri be such conponents are intended to correspond, unl ess Soluhe2Gise

i ndi cated, to any conponent which perfornms the specified function of the
descri bed conponent (i.e., that is funct#bnally equivalent), even though
not structurally equivalent to the disclosed structure, which perfornms the
function in qui’éﬁ;ﬂ desriptipn pytheclaing, thessripimsrare intergied diehe atclusiis infa mdnmer

i nvention. Iﬂnﬁgq'gg ile. articular feature of the invention may
have been di’se osg ggT?ﬁgﬁﬁﬁﬁﬁﬁg-to only one of several inplenentations,
such feature may be conbined with one or nore other features of the other

i npl ementations as nmay be desired and advantageous for any given or
particul ar application. FurthdNRI/STRIALIARPIEKIABILETMt the terns
"includes", "inclyding', "has". having", and var.i ants thereof are used in
ei ther the 8 Jul ;H'f(%%e'?@n é‘i‘e&?‘?c@‘a{‘@ggﬁﬁﬁ?"ﬁt‘?ﬁ‘i‘n{% nlaﬁé’eﬁsﬁ‘f%‘}letﬁﬁ@s‘g terns
ar e i nt endeg@emoBBudt i i K0 " conmpri i ng”
I NDUSTRI AL ADPLT CABI LIy s Hine S{y*%l?%smr‘eﬁ?ﬁﬁ lanalit, t(gémﬁ'ﬁigt’%?re"tsv%?ef‘%\%ﬁ o may
be used in tiasnfyiniad iwf beagegiidenduct or processi ng such as ion inplantation
to provide mcrowave excitation of plasma in an ion beamguide. 8 July
2004 21 CLAIMS 1. An ion inplantation system having an ion beam mass

anal yzer beam guide (200), conprising: a wavegui de (250) associated with
the i on beam mass anal yzer beam gui de (200); wherein the wavegui de (250)
is adapted to couple RF or microwave power to the ion beam nass anal yzer
beam gui de (200); wherein the wavegui de (250) conprises a plurality of

ports (254) for coupling the RF or microwave power to the ion beam nass
anal yzer beam gui de (200).



2. The systemof claim1l1, wherein the waveguide (250) is configuredto
facilitate a standi ng wave resonance condition therein, and tiBdupl200dl ity
of ports (254) are positioned al ong the wavegui de (250) to enable an
efficient coupling of the RF or mcrogve power to the ion beam mass

anal yzer beam guide (200). 3. The systemof claiml or 2, wherein the
plurality of ports (254) are spaced fromeach other be a distance of n?/2,
and wherein nis an integer. 4. A wageauh® (250) for coupling m crowave
energy froma power source wth a beamplasnma in a passageway (202) of an
i on beam nmass anal yzer beam gui de (200), conprising: a first |ayer (284)

adapted to propagat 1 Gr I r r..S0 e i op
side and a bot '? om s?&é{eq,o(ht ﬁ%@?@&ﬁ%\{yg{# }%%‘%I g%x?%ﬁaﬁgﬂﬁ%n%q%%h%#y

al ong an gaide (200, qpatigris(ri8) in a first plane froman entrance end (210) to
an exit end (212) and, laterally het, n,an inner radial side (204) and an
outer radi al (SF VEBEBS gzasb?lGSSQ%%/"GQEIVI\(A};%B}O“;IWrﬁ?ﬁsgfnéllé%‘)bef‘@ﬁ‘g@? Bt ed
respecti vehkred tﬁelq\ﬂa\véb]Qic%ﬂQSQPFst Bptedl Bedouple RF%rfr‘nEEl%RNalvé‘%I}v_eﬁ gg)f})ea?gﬁg he

extending longitudinally in second and third planes respectiv
pat h f r onPEHB NeasSARAledhran g4idg (349t he exit end (212) and laterally

bet ween t he i npgkrel?fd)wAR8uiIALES0) QgiﬁﬁﬂTers%q%llﬁjaI[iﬁﬂéﬁ?i%ﬂsmp %ﬂl:ohggneg&%o”d

and third planes are generally paralfe rst plane, el n at
| east oneRF282)icwivavhgowecoritle (0D&Brm raasd andlyza be282uideq@@d)s f aces t he
interior of the passageway (202) and conprises a plurality of laterally
extending longitudinally spaced slots (254) therethrough between 8 July

2004 22 the pagsagewny sya0m) oRBiin e Widish thé‘eréLﬂgéf)(Z?T]Cﬁstd%ﬁﬁgﬁxléﬁrto_( 280)

of the second (280) and third (282) |ayers faces away fromthe interior of
t he passaffsilifgtc ezomdingsyaveesonanesyondision 2sayinpindcthe phrality plipemtse254bapr i si ng

I i . I I [ I i.tudi nallk v t 220
Adapted t BIRAGHEAE o S ERRECS BB W Rete R RREDER, Bkl o
passagewayird@aye povaartelthe ibh®eat nidss antyedbeagaaide 2000 el d and the

m crowave energy fromthe power source cooperatively interact to create an
el ectron cyclotron resonance condition along at |east a portion of the

passageway. 6.3The yhyeduder(i2R0) oPh, GhakBme bHEURS b 5G] A sBadRfam

gui de cover
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



(288) located between the plurality of magnets (220) and the interior of

t he passageway (202) and adapted to cover the plurality of nBdnt2004220)
and to expose the plurality of slots (254). 7. The wavegui de (250) of
claim5 or 6, further conprising a plugality of O- rings (286) individually
encircling the laterally extending |ongitudinally spaced slots (254). 8.
The wavegui de (250) of claim7, wherein the first layer is nade of quartz,

t he seconthegndsdgbivayl (202) @nd thy frsotader (283Naad uké bihgm280h of @hd skdtead (289) are
made fromargietlhj?fat%rgtér rratgéi al, and the beam gui de cover (288) is made from
al um num 28 thyR 423 e Bees @) iram theiptesiqeobhe ppypgevay @628, wherein t he

plurality of laterally extending longitudinally spaced slots (254) through

the at | east one (282) of the second (280) and third (282) |layers are
| ocat ed at an angul dhe paveguidef(2ad)onftcldm3R Gurtley cemprising tiplaaligtofiatbrall ot

| engt h of agbout 50 and a | ongi tudi na ot, wdgth of about 5 mm wherein
thegmveg?ﬁ%ﬁ%ﬂ?égwg%@ﬂﬁssﬂaﬁ? JeAengts érz@ilaﬁdéptﬁ. gi%e PEIVI 6ufnult3'8“%l’§_6r ees,
and wher ﬁﬁagnéﬂaqiéw fethe %%Qfﬁ)gu?d&%a%atg%af )@/ﬂ@% WRIES) th%'rﬁjvﬁﬁ-ctﬁ%Ye% xﬁagn%ﬁbuses

of about 370 mm and 430 mm  respecti ve Jul'y 2004 23 10. The wavegui de
(250) of Helyl apd éheghicedaavesndrgydran thetmvest sourhe capemtivelygteracofo ¢rhate sacond

(280) and i d%}'(C 2) layers is.nounted di pol e net in the beam

gui de pas%%%%% ié%g)n?s ipc&ﬁqu%gg%&g&gﬂ(a%%o?% n%ﬂ@gB?lséa%ﬁwaé’r ains 4 to

10, wherein the first layer (284) is made fromquartz and the second (280)
and third (282) layers are nmade from alum nium 12. A mass anal yzer beam

gui de appar at u8 f or TepH@vesuids G§0xaf cloimbelithentunprisng athisaminoge pevean i on
i npl ant at } i §i.0G: i 1 nted al ong
L accagevaD PraH PRt shilfiy B (35C (0 8hS olANGor b 8 pAlBIRHES,
provi de af202) et adapteidi tolodvémthe prurglity Dd@eayayts (288)and to expose the plurality of

slots (254).

7. The waveguide (250) of claim 5 or 6, further comprising a plurality 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.



a wavegui de (250) adapted to couple the electric field with a beam pl asna
associated with the ion beam and a nagnetic device (170) adaptlely 2064
provide a multi-cusped magnetic field in the passageway (139); wherein the
power source (174), the wavegui de (25023 and the nmagnetic device (170) are
cooperatively adapted to provide containment of the ion beamin at |east a
portion of thepassageway (139). 13. The apparatus of claim 12, wherein the
power s_ogrce (1(|Y.4) Ehdv/fah@iuidﬁa@ﬁelbﬁa:@e)ﬂeaﬂ c(alfﬁg_)tl t_a@?“athle&nﬂhatoitllibﬂ(%(};dapt ed
to provide_an electragn c Qtron_resonance condition along at |east a
portion off &ﬁéeﬁa@séggm%fthi@g(?lml@yermé mQiERdaea dipole maghstiip the bean
wherein t gé(fl"ﬁg ther conprises a top, a bottom and laterally
opposite ?iﬁ?‘\éﬂ?é{sgn sgc(%ér}l%' sides defining the passageway (139, 202),
wherein the top (222), bottom (224), first (204) and second (206) sides
ext end | ongi t udj nal al ong.th ath between,an entrance end 0) and an
exit end (212?1,' mﬁ%?”ﬁ"%ﬁ%‘é%@é@b?ﬁ]% ctnfé)d&\‘nﬁ‘ﬁgﬁgrl (o] Ff”s@éﬁ% lpyerst

| ayer (28@R4pioRhes fibth QUARAGRL Berd ; ce
() W e B R

| ongi t udi #EMiRUB. July 2004 24 along an arcuate path in a first plane from
the entrance end (210) to the exit end (212) and laterally between an

i nner radial side (204) and an outer (206) radial side; and second (280)
and third (282)2.1 ayar maseuiidiggbr Rsme stidy elpya@iust foe doaditeAthghst t@Mpesghdes of
the first |ayer 2843 .and_ extending longitudinally in second and third

pl anes rdepda priid]39)dn apdon meplaHeton sysiem: Bemprtingnce end (210) to the exit
end (212) and . i i al

ol des. wher of r FFe: Bidkic RERARRTL O RolRRERON R Dhs 8L |35 B0 MG PR, 1
first plafi@d);and wherein at |east one (282) of the second (280) and third
(282) layers faces the interjor.of the passageway (2Q2). and conprises a
plurality of |4PaWVal IW‘“&%@% i #FPIEgntp ProaTdeain \é?%%?cgﬁ?ds’lnoﬂ@ paspEway

t heret hr ngg).bet ween the passageway (202) and the first |ayer (284) and
the other (280) of the second (280) and third (282) |layers faces away from
the interior of wavegwde d25@wadapte@iDf) 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



and wherein the magnetic device (170) conprises a plurality of laterally
extendi ng | ongitudinally spaced nmagnets (220) adapted to providaly22004

mul ti-cusped magnetic field in the beam gui de passageway (202); whereby
the multi-cusped magnetic field and th&4electric field fromthe power
source (174) cooperatively interact to create an electron cyclotron
resonance condition along at |east a portion of the passageway (202). 15.
The appar albng anfaralatd path 4n aviiretr glawe frbom the eatrafceyend (@ P®4p the erdad 21N

t dih d (280 d.third (282). |l ayers _are nmade from al um ni um
R AU RGN R R R M
t endi | ' | ] 282
of the sacond  CbIOnd RARERS) Sherimdithed REBich i & Faad bl 52
of about $idevef thegfixstdayer (B84 aridat:eraling [wigithdingliyh i kewmind undShirdrplard a
I i tudipal slot wdt f.,ab 5 wh | h ' 50) . .ext ends
ot Rl R S oo RUELS S AR 500
and out er hdtRe8) theasarl(2(4) a8 obRY gzoc?) rRHAILRRS, WherBQHt s@60d R Ahd aRs MM

respectively. 17. A waveguide (2 for coupling an electric field with a

pl asnma i nargrecnerally peeatichwith the Srsy péanepah whensiny at( leas one €38)rafshaigecodd Jul y

2004 25 a in a fir st plane a ed to propagate
m cr omve(jegﬁzg%%/ﬁ%ﬁ @%gg%gﬂmseq?&gsgg ’éﬁe?"fﬁ;tﬁe Bﬁséa%%‘w 2(28%) ?néipco g%l%d a
bot t om si pleradixy efditaglly learadingdiongihldinalyos@can siatsC2al £ theadthrolislo Bedveen
entrance end (210) tg an exit end (212) and Iateralgls%ébetv\een an i nner

radi al si %8 ResweasWan L0 apd dls firshdayer (484 and thespthen (2303 efidhg sgpend (2892)
nmount ed o H . (284) facing
the int er%}lcgl(r)tﬂ g??%’f?éhf’%i%&%%%%ﬁ@%ﬁ%?ﬁégf%%gs pge}?%)l @p@’ of laterally
ext endi ng | ongardudiheadih ythepamgoeti! deeicé 2340) tchapeikdsr au glurdizy wefe natedatly
I nterior of the assageway (202) and t ase | ayer (284); whereby
mcr omvee’gﬁéﬁﬁ%/ 1 ?%m%ﬁﬁﬁ@pﬁ%@?gﬁﬂnﬁg _Eb%?g)adﬁ}’@ a@aPFQYédealaoH'@‘%l‘“ﬁ%SPegase
layer (28MhhoneticFRUPIAHe Bedh ¢hiae pRlsasdihay BodN1e i nterior of the passageway
(202) near the laterally extengl ng | ongi t Udi nal |y spaced slots (254).
whereby the multi-cusped magnetic field and the electric field from the power
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:



18. The wavegui de (250) of claim 17, further conprising neans for providing
the m crowave energy fromthe power source (174) to the waveg8iljds 20280) .

19. The wavegui de (250) of claim 17 or 18, wherein the base layer (284) is
made from quartz, and the second | ayer 26282) is nmade from al um num 20. The
wavegui de (250) of any one of clains 17 to 19, wherein the plurality of

| ateral |y extending | ongitudinally spaced slots (254) through the second

| ayer (282) isabascclayerd284) lacatedigd first piahe bdaptedad QudpapatdBicelRgieeseiyt h a
| ateral slot |ength of about 50 nmand a |ongitudinal slot w dth of about
5 mm  whef@th & REVHaTBHES d&74250 bR ds top Bidsudie anbettamyside sxigndingf

about 13551%95{1 | | r ) L.al

si des havé r%ﬁ?ﬁs%gﬂ%%g{)cgh% p%%ﬁ%%gneggﬁgépeﬁ%@}®;%gaéﬁx&§?‘ g .(2@.%@

met hod ( 30Yraldy beteieer en inngr fRBiabside(204) aad en pateeradiabside (106, beam mass
anal yzer beam gui de,,.co I.Si ng:  Rprovidi a wavegui de in t eam gui de
corrp%/i sing a pgﬁ?cﬁ“fitkiyeg?iégiH’togl,nteﬁ(,o&?ﬁ‘faiogg"e(tgﬂé’}deg?ftWS@FSW%] ?gﬁy@’ ower
source to ItRke leV§scl t i ) to
R L A e H e SR LT R S L e
mass anal yztenrding dongividinally | spacddesinty€§d) desretBraighybep@een g RReriothd thet hod
of claim 21, wher b deldiv rinﬂ%’th@ R or m crowave power to one or nore
regi ons iRa%S?‘r%evYagﬁ AT TR Esy E/ ér ’heam gui de vi a the wavegui de

conpri ses genekdkiedy micfiwaivgielereWa¥@n ithe bHQeVEME@U168) prdBagaling aldidhed of
claim21 or 22, wherein deljivering the RF or mcrowave power to one or
nor e regi B#sS layert(B&4)iip soupdedhivith ske plasing etheiatgripged the passaseway CRAVeeaui de

conpri ses [ . ..M V, t regions spaced from each

other in %lﬁegytg%gl Xtelggleggo %mg}n;é[lgﬁ@é:@%?l%nfg%f‘). and wherein n is an integer.
9 y . . an 11

24. The nmethod of any one of clainms 21 to 23, wherein the waveguide is as

defined in an ne t he cl ai 4 11, ABSTRACT

etinedin ylg). %Le wavegui e{anO) ofI c?aim 17, further comprising means for providing

the microwave energy from the power source (174) to the waveguide (250).

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.



WAVEGUI DEFOR M CROMVE EXCI TATI ON OF PLASMA | N AN | ON BEAM GUI DE An
apparatus and nethod for providing a | ow energy, high current8ilaly 2064m f or
ion inplantation applications are disclosed. The apparatus includes a nmass
anal ysis magnet (114) nounted in a pa86ageway (139, 202) along the path
(129) of an ion beam a power source (174) adapted to provide an electric
field in the passageway (139, 202), and a magnetic device (170) adapted to
provi de a nul t 22.cus kel nrettgradfi ataifn 21, dvliereit kielivepmgthg BBayt rhitdSvav@Gitywer whi ch

may include a plurality of, net 220) noynted along_  at |east a portion
of the pa?s%‘bee&bﬁmfel ,Oﬁdﬂﬁgmgma)s%éﬂéiwrg’f?@)g‘ﬁ%vﬁh@cﬁﬁfﬁ’ﬁé‘t‘@e (220)
TRy COODEEGhpR Yeddt ikl PRaW AineflaflBtds on oyl ot ron resonance (ECR)

condition along at |east a portion of the passageway (139, 202). The
mul ti-cusped magnetic field may be superinposed on the dipole field at a

specified fielg,str th.i r.egipn t he mass, anal yz passageway to
interact with &f el i@?i’}e&h"?‘i‘i‘ﬂc&?B&g%%\mﬂ%&‘noﬁfe?W%%%ﬁ%F PFé‘HE‘g’N@V for a
gi ven | ovnp@Rn&r @Y oh®dr 86 refltms |iAVIBB bR behhl hASY anfIPFBRIbeRBS cRideBsia hpal yzer
wavegui de (250) adapted to couple the electric field to the  beam pl asna
consi st entRYegIdeymmises eqwpling de R or misrowanapgwerrat pegiengywnaesd {ro0ach o

t hereby i ! Ltl.on.. The . invention thus

provi des @%ﬁéﬁ%éegn%#fé@?é ngr%%fpt) %Eﬁ%@ﬁﬁﬁ’fa%ﬂ% slsgﬂg}t%&r di pol e magnetic
field for low energy ion beans without the introduction of externally
gener ated pl asg@ The inyention further includes a nethod (300) of

provi di ng i on #tam ¢Bhmgthaderdiany png af slpimsed go 230 whereip fenvaragsidedy s em  as

wel | as afeflefl ih B} S Hih@Raftyst M. Figure 1B





