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| ON BEAM GUI DE TECHNI CAL FI ELD The present invention relates gbiletJAN/200%
ion inplantation systens, and nore specifically to an inproved nethod and
system for mcrowave excitation of plasma in an ion beam gui de. BACKGROUND
ART In the manufacture of sem conductor devices, ion inplantation is used
to dope sem conductors with inpurities. lon beaminplanters are used to
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fabrication of an integrated cir&NIION BE&M@EEDHE or dopi ng sem conductors,
the ion beaminplanter injects a selected ion species to produce the
desired extrinsic material. Inplanting ions generated from source materials
such as antinony, arsenic or phoﬁ@@ﬁﬁ\ﬁ%&]??iﬁﬁﬁ in "n type" extrinsic
material wafers, whereas if "p type" extrinsic material wafers are
desired, ions geniespesst invedtionasiatee cemtralyi talion pdintatma spderos, andaidré um or

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

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

source and the inplantation stati m ng and shapi ng
structures maintain the ion bearﬁ‘g%&%gm ongated interior cavity or
passageway thr ough, b 6hetdR ofREABRARIGUOR S, Wi inplMitdHdR id WEel andsdd on

station. Wen operating an inplanter, this passageway nust be evacuated to
reduce the pamaibersiubiorswish impngiebelondeamfimplantsts dre osadtip deatsilicga e ned beam

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

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

pure stnce 49824 %;cmlﬁrsﬁg:%sdtén%l?.l ﬁnplanting ions generated from source materials such as

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

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

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

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



nol ecul ar weight will be deflected to positions away fromthe a
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The process of selectively separating ions of desired and undesired
charge-to-mass ratios is known as nass ahal ysis. Mass anal yzers typically
enpl oy a mass anal ysis nagnet creating a dipole magnetic field to defl ect
various ions in an ion beamvia nagnetic deflection in an arcuate
passageway which will effectively separate ions of different
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| ow otherwise disperse the beam. However, at low ion beam energies, the probability o
ionizing collisions with the background gas is very low. Moreover, in the dipole
magnetic field of a mass analyzer, plasma diffusion across magnetic field lines is greatly
reduced while the diffusion along the direction of the field is unrestricted. Consequently,
introduction of additional plasma to improve low energy beam containment in a mass
analyzer is largely futile, since the introduced plasma is quickly diverted along the dipole
magnetic field lines to the passageway chamber walls.
In ion implantation systems, there remains a need for a beam containment

apparatus and methodologies for use with high current, low energy ion beams which may

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

entire length of a mass analyzer beam guide.

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

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



energy, high current ion beamfor ion inplantation appli [
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auxiliary plasnma and instead enhances 21 JAN 2004 3 beam pl [
with the ion beam by utilizing the backgbound gas in the Eegfnnagﬁisfigmt gt .
create the additional electrons required for adequate beam contai nnment
This is acconplished by providing a multi-cusped magnetic field and RF or
m crowave energy in a beam gui de passageway in order to create an ECR
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ec(rjeases. In a | ow energy beam plasma, the majority of the ionization is

produced by TEY-trapped el ectrons. These el ectrons derive their energy
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_ that causes beam "bl owup". Thus, trar rt.at. .
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S, exte ate asma fails to diff d
arcuate | . : use adequately al o t he
e | engffin@dr are trapped in the beam’s large potential well, orbiting around and thtough &

beam centre, interacting with each other by Coulomb collisions, resulting in
thermalization of the electron energy distribution. Those electrons in the distribution
having an energy greater than the ionization potential of the residual gas molecule have a
probability of ionizing such a molecule. The ionizing probability decreases as the
electron energy decreases.

In a low energy beam plasma, the majority of the ionization is produced by the
trapped electrons. These electrons derive their energy from the centre-to-edge beam
potential difference, which is the same parameter that causes beam “blow-up”. Thus,
transportation of low energy ion beams is difficult absent externally generated plasma or
enhancement of the beam plasma. Because mass analyzers inherently involve magnetic
fields, externally generated plasma fails to diffuse adequately along the arcuate length of
a mass analyzer beam guide, instead diffusing quickly along the direction of the magnetic
field lines. The use of RF or microwave energy in a mass analyzer beam guide
passageway together with a multi-cusped magnetic field in accordance with the present

invention provides for enhancement of the beam plasma in a low pressure, low energy,



a mass anal yzer beam guide, instead diffusing quickly along t [ i

of the magnetic field lines. The use of RF or m crowave egergfnjgmlf
anal yzer beam gui de passageway together with a nulti-cusped magnetic field
in accordance with the present inventiaofn provides for enhancenent of the
beam plasma in a | ow pressure, |ow energy, 21 JAN 2004 4 high current ion
beam system t hrough the controlled creation of an ECR condition in the
passageway. Additionally, the nmulti-cusped magnetic field enhances the

plasma densiy Lt S LIS ERARRL ﬁtk@c%ﬁf%ll f & &fion oA EERQRAKIBh @Bt MY

t hus be ge i'on b8am space by electric fields at RF or
m crovave fga618RaY.eAddifibhalyRhcanulticaspedavanetiefidy enlmntesghe plesmedensity
efficiently to plasnma el ectrons, when a proper nagnetic field is present,
at a magni tthwghtth‘amagne@mgrr@h@f@m condition. The RF or microwave energy

maybe i ntroduced ﬁ@@ ig%%l g?asmgq&aﬁégﬁye\t?eﬁ%e%m&? VARRA BRMbEb&nPSate bylclthiic beam

gui de via any nu coupli e.g., W ndows, antennas, and the
l'i ke). Althgeghat e ofinpebeavesetdest iTaisREbomerowaptetenetgs ivmysistyed for t he

creation of an ECR condition, the selection of .t di pol e neti.c . field
strengt h f oefficionfis & plasng Jradropsgiean & REOPRI (RAgnEle E‘ie}dtl e%hﬁnﬁgﬁ"%ﬁldte he
particle sglect ; t I%V‘RF St dn¥r Hmesdudedineghe e
power sou_rc&afpgfggé%eg@c]}{%%ﬁg&ﬁeg to%@%ﬂ‘ﬁed t org?rtﬁg? whi ch provides the
ECR condi t i passagmaret gadpeopiriaee stirpialthe bemnyguds viafnggmeerof aefing msthods
exanple, for very | ow energy Boron. bea t di.pgl e | ] ks wel |
bel ow t he EGRE-cWHEPFSRLRPaY ﬁ%gﬂﬁﬁﬂlfﬁh @%@E@%ﬁlﬁﬁsmﬁaﬂﬁe&%‘%@“ (lt)vver
frequency eﬂ\%l%lo gd*fcﬁ%&e& NV LABCR {dnBReANGY sdledtions theadipolawmghdisl e, but
are costly. 'Tn “addition, there is an advantage to using the, hi ghest

avai | abl e f fielilstrensth fasa mhss aphlysismagdeisdictatadibyithe memspgpLethepEcleo t he

square of the frequency enpl oyed. Thus,. .t abi.li |

frequency p&weste &EF@B%PW{I&"I %Wgﬂ'ﬁn&yﬁ tpggﬁﬁé%&]&gﬁéﬁ g%‘?#%ﬁm\% gje ?%élcy

sel ective %{Hﬁh@ﬂé@ﬁ% b@funad EPRhT Whitke frovitleh e BGR eshditgnetodiny) te kit dipdlons
pla

for higher sma density as well as reduced cost. According to one aspect
of the i nvemhdgoeijc fi¢id segnegir.at us conprises a nass anal ysis nagnet nounted
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devi ce 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.

According to one aspect of the invention, the apparatus comprises a mass analysis
magnet mounted around a passageway along the path of an ion beam, an RF power
source adapted to provide an electric field in the passageway, and a maguetic device
adapted to provide a multi-cusped magnetic field in the passageway. The passageway
thus serves as a waveguide as well as a beamguide. According to another aspect of the
invention, the magnetic device comprises a plurality of magnets mounted along at least a
portion of the passageway, whereby the power source and the magnets cooperatively
interact to provide an electron cyclotron resonance (ECR) condition along at least a

" portion of the passageway.



adapted to provide a nulti-cusped magnetic field in the passaggmy‘]A 2004
passageway thus serves as a waveguide as well as a beangui de. According to

anot her aspect of the invention, the nagnetic device conprises a plurality
of magnets nounted along at |least a poriion of the passageway, whereby the
power source and the magnets cooperatively interact to provide an el ectron
cyclotron resonance (ECR) condition along at |least a portion of the
passageway. 21 JAN 2004 5 The nulti-cusped magnetic field nmaybe
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addition to providing regions of magnetic field strength which satisfy the
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di sposed on pkdvéddsdecatingtl 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.

According to another aspect of the invention, the magnetic device may comprise a
plurality of longitudinally spaced laterally extending magnets disposed on the top and
bottom sides of the mass analyzer beam guide passageway. The magnets may include
longitudinally opposite magnetic poles of opposite magnetic polarity, with poles of like
polarity on adjacent magnets facing one another, whereby the multi-cusp magnetic field
is generated in the passageway. In this manner, an ECR condition may be established
near at least two longitudinally facing magpetic poles of at least two adjacent magnets

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

creating the multi-cusped field may thus be designed to create an ECR region spaced
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anot her, whereby the nmulti-cusp magneticgsfield is generated in the
passageway. In this manner, an ECR condition may be established near at
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magnets and spaced fromone of the top and bottom sides by a specified
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According to yet another aspect of the invention, there is provided a method of
providing ion beam containment in a low energy ion implantation system. The method
comprises producing an ion beam along a longitudinal path using an ion sourcfz,
providing a mass analyzer having an inner passageway and a inass analysis magnet
mounted along the inner passageway, and receiving the ion beam in the mass analyzer
from the ion source. The method further comprises directing ions of appropriate charge-
to-mass ratio and energy from the mass analyzer along the path toward a wafer,
generating an electric field in the passageway using a high frequency power source, and
generating a multi-cusped magnetic field in at least a portion of the passageway using a
magnetic device mounted along the passageway. In addition, the method may further

comprise creating an electron cyclotron resonance condition in at least one region in the
passageway using the electric field and the magnetic field.

The plasma enhancement and the resulting beam containment may be further
aided by the controlled provision of electric field energy in the passageway of a mass

analyzer. Generating this electric field in the passageway may be furthered using a
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frequency power source, and generating a nulti-cusped magnetic field in at
| east a portion of the passageway using a magnetic device nounted al ong

t he passageway. In addition, the nethod may further conprise creating an
el ectron cyclotron resonance condition in at |east one region in the
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t he beam gui.de passageway. .The  netalli¢ coating may thus for second and
third I ayer TOR BRESVE OIS tHERESHT 1 1o ety evide pessgasaY-TRES 1 1 ot
layer ext engdgtdiQO@iatiHg kDG A 8P RYecBAd BN F At SayRAbR tHeRoRadd Botondi@des from
an entrance end to an exit end, and | aterally "between an i nner radial side

and an out &re firadeydr. ThelErst Ryer extandg lnngdudinaliyradeng ancirehéspatiaines fitst plane
ext endi ng | @nai t udi nal | space rt r .sl,ots through th taklic
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spaced port guRf radib™e MEle REvRAMetinde %M@M@Wé&ﬁéﬂ&ingﬂbﬁ%lﬁldﬁﬂhﬂy“ﬁVEQ ui de
to correspond to the nodes of a standing wave to thereby effectuate an

ef ficient tspaved pertoer sswiroush thtvaesllisrrogiingren the side facing thg heam galdeng t he
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magnetic fi alodgithe wheghidam iHedsondas SrgRdeyof d sladdiigSwiito thdebyrafiettrateus ped
an efficient transfer of power to the beam guide.

In this regard, along the waveguide, a plurality of laterally extending
longitudinally spaced magnets may be provided which are adapted to provide a multi-
cusped magnetic field in the beam guide passageway. In this way, the multi-cusped
magnetic field and the microwave energy from the power source may cooperatively
interact to create an electron cyclotron resonance condition along at least a portion of the
passageway for beam containment, and the plasma may further be enhanced via the
magnetic mirror effect.

According to still another aspect of the invention, a mass analyzer beam guide
apparatus is provided for conditioning an ion beam along a path in an ion implantation
system. This apparatus comprises 2 mass analysis magnet mounted in a passageway
along the path, a power source adapted to provide an electric field in the passageway, a
waveguide adapted to couple the electric field with a beam plasma associated with the
ion beam, and a magnetic device adapted to provide a multi-cusped magnetic field in the

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



magnetic field and the m crowave energy fromthe power sourc y
cooperatively interact to create an electron cyclotron reso%ﬁgdéb‘]m#on

along at least a portion of the passageway for beam contai nnment, and the
pl asma may further be enhanced via the gmagnetic mrror effect. According
to still another aspect of the invention, a mass anal yzer beam gui de
apparatus is provided for conditioning an ion beamalong a path in an ion
i npl antation system This apparatus conprises a mass anal ysi s magnet
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an electric e” pa y, a wavegui de adapted to couple the
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est abl i shed thr ough t he cooperative interaction in the passageway of an RF
or microwavRASEEE¥EY-ic fiel d powered by the power source and the magnetic

device, which W&xcéa’rﬁﬂ%fo Fot B thdrSpEPEOBRBRAGIE afWRbhiddshhsiddatir i or of
the passageway. According to yet another aspect of the invention, a
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parti cul ar | yf the passegbvenyineanthé erally extending longitudinally spaced ports or slots.

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

drawings.

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

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



clainms. The follow ng description and the annexed draw ngs set .forth in
detail certain illustrative aspects of the invention. These 82[:) chNtrZﬂUll.
i ndi cative, however, of but a few of the various ways in which the
principles of the invention may be enpl oyed. OQther objects, advantages and
novel features of the invention will becone apparent fromthe follow ng
detail ed description of the invention when considered in conjunction with
the drawi ngs. BRI EF DESCRI PTI ON OF DRAWNGS Fig. 1A is a schematic bl ock

di agram il | ustrag.i ng. | e | | el ving a
mass anal yzer i ﬁ%l\%hn'?%:sﬁa t%)%giagggerﬁ g%\ér\nt%?%lﬂarw 91gspsp%a?r tté}rsge%a]n%“rl]drfc::ét6 E‘%@Qgggy of

t he presentad sxpeditof €z ieantibe enpl oyed; Fig. 1 B is a schematic view of an
ion inplanter for ion beamtreatnment of a workpiece, inpcluding a beam

cont ai nment appa¥igt 34 15 3 aid chvaueic wew; of the Frenplne messoanalyzer of g 20W410¢ Fi g.

215 2 1OP PLARNY SMnd egsnrr?ﬁéeggg'aggx_nﬂﬁa.%ugﬁg'nae(fggéﬁ@ﬁamwcgﬁa@&gﬁféﬁi ng to

an aspect nvent | i's an vation view o

exenpl ary nagsheragieyrathofviit®n; 2 having a plurality of nagnets for
generating a nultj-cusped r,ragnetic_figé{ﬂ i n acicordance wi th anot her aspect
of the inventionFigRRis Bscianabplen ysvopihe proamplony dpss pralyrer BempPas N%ass
anal yzer t akgr ji.ne 3B-3B of Fig. 3A; Fig. 4 is a sectional

el evati on v#%v%%ﬁ?%e éxenpl ary mass anal yzer taken along line 4-4 of Fig.

2; Fig. 5 is a sEgti#onedecsombelevaipatvionofihe wxafiplodyensst englzer jakemsongnal yzer
taken al on Iige %—.5 of Fig. 2, Fig. 6 is a side elevation view
Il lustrati ngn%’% rﬂg éﬁ"% mul ti-cusped magnetic fields in the exenplary nass

anal yzer of Fig. F%?.Slfs‘:agsecﬁ(ﬁia'[ Sidé cRVARn8&Y 8t iheRxhFMty Hast ARIIVAR taken
il lustrating another exenplary nmass analyzer with a wavegui de according to

anot her aspalong tific p¥yeofifiz@nti on; Fig. 7B i s another side el evation view of

the exenpl ary milélsg g ri]saalt 4&¢ éle%rt]ign ew il lsjﬁgl%g%];(enﬁb i eru ;ti-cusped magnetic fields

in the exemplary mass analyzer of Fig. 5;

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

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

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

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

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

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

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

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

another aspect of the invention; and
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generating a nmulti-cusped magnetic field in accordance with anot her aspect

of the invetvesiien.Fig. 10 is a top plan view ill i

_ : ) . _ ustrating an exenpl ar
wavegui de in accordance with another aspect of the inve%tion; agg 21yJAN
2004 10 Fig. Il is a schematic flow diagramillustrating a nmethod of
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L ,[' ng goglnvﬁ O?rt B—fo drvav"‘mrlﬁg’be' Dpdekid ed'tl%t (1R ihPNGBA Bl bela@Paritageba er 10 is
ustrat ed, ng 4 TEr Pef2a fSear e assenbl y 14, and an end

station 16. cfQfoyeddSh qgﬁzlﬁlaﬁdx& Jtieg tuiaBosenilistmted and deschbedasieined by a hi gh

vol t age power ‘supply  The
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 station 16. The
terminal 12 includes an ion source 20 powered by a high voltage power supply 22. The
jon source 20 produces an ion beam 24 which is provided to the beamline assembly 14.
The ion beam 24 is conditioned by a mass analysis magnet 26. The mass analysis
magnet 26 passes only ions of appropriate charge-to-mass ratio to a wafer 30. The
conditioned ion beam 24 is then directed toward the target wafer 30 in the end station 16.
Referring also to Fig. 1B, an jon implanter 100 is illustrated in greater detail in
accordance with an exemplary aspect of the present invention, and has an ion source 112,
a mass analysis magnet 114, a beamline assembly 115, and a target or end station 116.
An expansible stainless steel bellows assembly 118, which permits movement of the end
station 116 with respect to the beamline assembly 115, connects the end station 116 and
the beamline assembly 115. Altbough Fig. 1B illustrates an ultra low energy (ULE}) ion
implanter, the present invention has applications in other types of implanters as well.
The ion source 112 comprises a plasma chamber 120 and an ion extractor
assembly 122. Energy is imparted to an ionizable dopant gas to generate ions within the
plasma chamber 120. Generally, positive ions are generated, although the present

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



i on source 20 produces an ion beam 24 which is provided to thiéqe Lf
assenbly 14. The ion beam 24 is conditioned by a mass anal ysi ﬁﬂﬂ#

The mass anal ysis nagnet 26 passes only ions of appropriate charge-to-nmass
ratio to a wafer 30. The conditioned idd beam 24 is then directed toward
the target wafer 30 in the end station 16. Referring also to Fig. 1B, an
lon inplanter 100 is illustrated in greater detail in accordance with an
exenpl ary aspect of the present invention, and has an ion source 112, a
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The ion source 112 conprises a plasnma chanber 120 and an ion extractor

assenbly 12?14-Energy is inparted to an ionizable dopant gas to generate
ions within the : I b '
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negati ve i odlsarge--messeniad edhdbyeantime asnernbly 1152 whith cdinrid@vdreddlvefheupnsi ti ve
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extractor ad&effsbepgpne l%ﬁ%%nﬁ‘?%‘é%sa&%?‘éﬁ&‘@?@qgfﬂ%‘?‘éé?%%@gi%.
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128 of positive 1ons fr pl'asma chanber 120 and to accel erate the
extract ed i vals i3, evaduatioracfovtdcaisypsegdsdgreracudmpuniphd I nilbs icariehypsi28 magnet

114 functions.to pass only.ion .an..appr.opriate .c e-to-mass, ratio to
the bean i n@%g?gﬁ%%?? ag ,thj\ﬁﬁﬁ@ﬂgédﬁﬁcg%sbﬁ[‘? E@gﬁ‘%?{%’% PR ié%e and a

beam neut r aljageinabdft madhst MRS rafead iad Sf AFaaPropkbfe iRl RSsarAid] T8E beam
path 129 wi thin a passageway 139 defined by an al um ni um beam gui de havi ng
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of an i nappugpighad @agleat@ectieor [385s ratio. The strength and orientation of
this dipole magnetic field is controlled by control electronics 132 which

adj ust the el ect Ahedipoteuprgagtic fipld saves thedon beamy 133 ednewealens theeriednet 114
beamn path 129 from a first or entrance trajectory 134 near the ion source 112 to a second

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

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

create an electron cyclotron resonance condition in at least one region (not shown in Fig.
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trajectory 134 near the ion source 112 to a second or exit trajectory 135
near the resolving housing 123. Portiond2128' and 128" of the beam 128,
conprised of ions having an inappropriate charge-to-mass ratio, are
deflected away fromthe curved trajectory and into the walls of an
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Fig. 2 illustrates an exemplary mass analyzer beam guide 200 for use in a low
energy ion implantation system (e.g., low energy ion implanter 10 of Fig. 1B), having an
arcuate longitudinal passageway 202 defined by inner and outer arcuate side walls 204
and 206, respectively, along an ion beam path 208. The beam guide 200 exiends
longitudinally along the path 208 from an entrance end 210 to an exit end 212 through an
arc angle 6 which Iﬁay be approximately 135 degrees, for example. Beam guide 200
further comprises a microwave injection port 214 which provides coupling of RF or
microwave energy from a power source 216 with the passageway 202 via a cable 218.
The beam guide further includes a mass analysis magnet comprising two arcuate magnet
poles (not shown in Fig. 2) to provide a dipole magnetic field in the passageway 202
which allows ions of a selected charge-to-mass ratio to reach the exit end 212 along the
path 208.

Figs. 3A and 3B illustrate an end elevation view and a sectional plan view,
respectively, of the exemplary mass analyzer beam guide 200 of Fig. 2, having a

plurality of magnets 220 associated therewith for generating a multi-cusped magpetic
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which is the intersection of the path 164 of the ion beam a?ﬂ fhlmmlw
so that the target plane is adjustable about this point. Fig. 2
illustrates an exenplary mass anal yzer b&am gui de 200 for use in a | ow
energy ion inplantation system(e.g., |low energy ion inplanter 10 of Fig.

1B), having an arcuate |ongitudinal passageway 202 defined by inner and
outer arcuate side walls 204 and 206, respectively, along an ion beam path
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chanber. In addition, it will be recognized that nmagnets 220 nmaybe provided
in one or 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.

Referring also to Fig. 6, the exemplary bipolar magnets 220A and 220B create

individual magnetic fields, illustrated for simplicity with exemplary field lines 232A and

232B which cooperate to form multi-cusped magnetic fields near and spaced from the

top and bottom walls 222 and 224, respectively, in the passageway 206. The exemplary

placement of magnets 220A and 220B illustrated in the various figures illustrates

similarly oriented magnets 220 vertically aligned (e.g., magnet 220A directly above

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



both of the top and bottomwalls 222, and 224, respectively, on
both of the side walls 204 and 206, respectively, or any con&rjadgmazmlf

thereof. Figs. 4 and 5 respectively illustrate the nmass anal yzer beam gui de
200 in longitudinal and | ateral sectiongal ong section lines 4-4 and 5-5 of
Fig. 2. As seen in Fig. 5, magnets 220 are nagnetized | ongitudinally al ong
the propagation direction of the ion beampath 208, and are staggered such
t hat adj acent magnets have like polarity poles facing each other. For
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passageway 206 (e.g., via power source 216 and microwave injection port
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enhancement of the

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



206 along the path 208, whereby beamintegrity is inproved al

| ongi tudi nal length of the mass anal yzer beam gui de 200. The creation of
an ECR condition in one or nore regions 5234 around an i on beam prevents
beam "bl owup” by facilitating the transfer of energy to the plasnma
surroundi ng the beam thereby enhancing the plasma. An el ectron cyclotron
resonance condition occurs when an alternating electric field is applied to
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the use of a waveguide in the passageway as illustrated and described in
great er det direr idé 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 fhis 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



Referring now to Figs. 7A and 7B, another aspect of the inventi [
illustrated in reference to mass anal yzer beam gui de 200, V\heZeofnJ;N 200"'

sectional side elevation viewis provided. The beam gui de 200 conpri ses
top and bottomwal I s 222 and 224, respdagtively, an outer sidewall 206, and
an inner side wall (not shown) defining a passageway 202 through which an
I on beam (not shown) propagates along a path 208. A plurality of nagnets
220A and 220B (coll ectively designated as 220) are provided in simlar
fashion to : Is | t hetmeen the
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wavegui des 250 between adj acent magnets 220 for coupling RF or mcrowave
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be enpl oyed 230eefeflil Raerbity bédthreen thy met Sde 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 fo seal the
magnets from the vacuum region. According to still another exemplary aspect of the
invention, the base layer 284 may be made from quartz, the upper and lower metalized

Jayers 280 and 282, respectively, may be made from aluminium, the O-rings 286 may be

made from a suitable elastomer, and the beam guide cover 288 may be made from



The RF or mcrowave energy provides electric fields in the pas e
il1lustrated by exenplary electric field |lines 256A and 256B i nzla:?mm#
whi ch cooperatively interact with the nulti-cusped nagnetic fields
generated by the magnets 220 to provi de7ECR-regi ons 234 spaced fromthe
top and bottomwal s 222 and 224. As discussed supra, the ECR condition
pronotes the enhancenent of the beam plasma associated with an ion beam
(not shown) propagating through the passageway 202 of the beam guide 200

al ong the pa{hi208, AheieRYiyt Rfvivet o8id inatedfalstrey feemiployedrmd ateai ned by the
reduction or elimnation of beam "bl owup". The ports or slots 254 in the
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i nvention, the top wall 222 may include a recess for supporting the

wavegui de 254ppraxsmutelyl 13islegreseati ng surface for conpressing the o-ring 286

around the siot Zl?l%pe;gt}gn, gpl%ic%awazv%%ng:aﬁ (e.g., provided by power source 216 via

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

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

254 located where the E field is minimum and the H field is maximum (e.g., “H”



further include a top cover 290 all ow ng rerm\./'ébl e nmounting of
wavegui de 250 in the top wall 222. Referring also to Fig. 8D, ?ﬁ Y’&Nv&mlf

222 may al so include a recess or pocket, in which the magnets 220 are
seated. The o-rings 286 around the sl ot st%54 t hus providing for isolation
of the magnets fromthe vacuum of the inner passageway 202. Referring now
to Fig. 9, the waveguide 250 is shown installed in a beam guide 200, where
t he wavegui de 250 extends al ong the path 208 of the ion beam propagati on.
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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+ ion beam at an energy of 1.19 keV requires a magnetic field strength of
873 Gauss to follow the proper trajectory in a mass analyzer of a nominal 400 mm
bending radius for creating the ECR condition. The ECR regions 234 may be located
advantageously close enough to the slots 254 in the waveguide 250 to benefit from the
high electric field intensity, yet sufficiently spaced from any surface (e.g., magnets 220,
waveguide 250, etc.) to minimize plasma losses. For example, the ECR regions 234 of

Figs. 7A and 7B may be located a distance 236 away from the magnets 220, which may



220) is approximately 5.326 degrees, the inner radius Rl is ap Xi
370 mm and the outer radius R2 is apprOX| mately 430 mm The fZﬂ &mwhn%

ports or slots 254 in this exanple is roximately 50 mm and the wi dt h
is approximately 5 mm In order to obta| consistent electric field
patterns in the beamguide 200, it is desirable to excite a single

dom nant propagati on node. For exanple, the TEIO propagation node for
rectangul ar cross-section wavegui des provides an electric field that is
nornmal to theirbtheauhgabf atmfut # et gun,deitine hémmal dijtapeak abouttshemgeoatidiagof t he
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providing  RQRRhHGRERJER 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,
systems, etc.), the terms {including a reference to a "means") used to describe such
components are intended to correspond, unless otherwise indicated, to any component
which performs the specified function of the described component (i.e., that is

~ functionaily equivalent), even though not structurally equivalent to the disclosed

structure, which performs the function in the herein illusirated exemplary
implementations of the invention. '

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

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



Referring nowto Fig. 11, a nethod 300 of providing ion bea Nty in
a lowenergy ion inplantation systemis illustrated. The HSZﬁﬁngugﬁaﬂﬁﬁt
step 302 wherein an ion beamis produced al ong a |ongitudinal path using
an ion source. A mass analyzer is provided at step 304 having an inner
passageway, a high frequency power source, a mass anal ysis nagnet nounted
in the inner passageway, and a nagnetic device nounted in the inner
passageway. The ion beamis received in the nass analyzer from the ion
source at s 0 i i IAtafe HRANEEHOIHR1ABES VS ld Bardie
directed atha%#%ﬁgﬁgg%gpgﬁ?%ﬁgﬁwggg&gﬁngfgi al ong the path toward a wafer
or ot her t agiggilar toothbermi "ohpndiegl. Wi th ions. At step 310, an electric field
is generated in the passageway using a high frequency power source. A

mul ti-cusped nmagnetic field is generated at step 312 wusing a magnetic

devi ce nounted in the passaggngyusTRILD AWML Rragfigradvant ageously an ECR
condition therein. Al though the invention has been shown and described with
respect to a cer Thé systempmid wethpdnEthapeesenpiresntion arey baysed i the figld gk

appreci ated t hat uivalent alterations. a di fi -] i C to

ot hers ski|F@awpwﬁ@HEP5¥FﬁﬁﬁﬁwdeWEDPEQHPH§HS%gHﬁHH§§§bQ§ ,H%&&QEQ%H#L
specificatign?g@qn&pﬁm@ﬁaﬁéﬁgmdramjngs. In particular regard to the various
functions pertormed by the above descri bed conponents (assenblies, devices,

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

ot herwi se indicated, to any conponent which perforns the specified
function of the described conponent (i.e., that is functionally
equi val ent), even though not structurally equivalent to the disclosed
structure, which perforns the function in the herein illustrated exenplary
i npl ementations of the invention. In addition, while a particular feature
of the invention may have been disclosed wth respect to only one of
several inplenentations, such feature may be conbined with one or nore

ot her features of the other inplenentations as nay be desired and

advant ageous for any given or particular application. Furthernore, to the
extent that the terns "includes”, "including", "has", "having", and
variants thereof are used in either the 21 JAN 2004 20 detail ed description
or the clains, these terns are intended to be inclusive in a manner



simlar to the term"conprising". |NDUSTRI AL APPLI CABI LITY Theg gy
nmet hod of the present invention may be used in the field of Zefnjmm

processing such as ion inplantation to provide m crowave excitation of
plasma in an ion beam guide. 21 JAN 200Ki21 CLAIMS 1. A nass anal yzer
apparatus for conditioning an ion beamalong a path in an ion inplantation
system conprising: a nmass anal ysis magnet (114) nounted al ong a passageway
(139) along the path (129); a power source (174) adapted to provide an
electric field in the passageway (139);LmAamk a magnetic device (170) adapted
to provide a nmulti-cusped magnetic field in the passageway (139); wherein
t he power source (174) and the magnetic device (170) are cooperatively

adapted to provide contai nment of the igpn beam (. ] :portion
of the passagewgy (1 ?‘szl.“ﬂ%eéa%%aﬁ%}l%ﬁ)ﬁgo%‘ﬁmgfléé%}lf?%e er @ﬁgaﬁjﬁ%@r&gneti c
device (170}, GBIl SRA IR syl @nigrisirgt magnets (220) nounted al ong at | east
a portion of the passageway (13?{%. 3. The apparatus of c|ai rri 1, further
conprising a topaf@aemalysisyoegnehill 2pmpuntedipigng apassagery §bid dlopg st and
second si deg]rﬁ(gg_m, 206) defining the passageway (139), wherein the top
(222), bott 224), first and second sides (204, 206) extend

I ongi tudi nal | y akoreet fardeat tu)(aizfpd hejroside analeetrit fialide ferphs{2d®yy dat);an
exit end (212), and wherein the magnetic device (170) conprises a
plurality ofnflongitudinally spaced laterally extending magnets (220)

di sposed in the passags . : 224
Si dgs bet ween th%rﬁa g@%@%’“%ﬁg%) ag%p&gg% E%}Bg@?%ﬁx@tﬁ-gg%p@%@aﬁ?iaﬁgng%g of)
claiml, whega&hpewdigismgnetic device (170) conprises a plurality of

| ongi tudi nally spaced | aterally ext %I’ldl gqh rraggnrie?gs é22032 Qf)asr gsedrlin 1the
passageway (139) véwraisthe nower sureedd /¢ s hemagnshe deveq 92 CORRETAiY e en
the entr anc%dapted to provide containment of the jon beam (128) in at least a portion of the

passageway (139).

2. The apparatus of claim 1, wherein the magnetic device (170) comprises 2

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

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

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

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



(210) and exit (212) ends, wherein the electric field and the ety
2T AN 2004

field are cooperatively adapted to create the electron cycl ot

condition in at |east one region (234) in the passageway (139), and
wherein the at |east one region (234) i<¢2near at 21 JAN 2004 22 | east two

| ongi tudi nally facing nmagnetic poles of at |east two adjacent nmagnets
(220A, 220B) and spaced fromone of the at |east two adjacent magnets by a
distance in the range of about 4 to 6 mm 5. The apparatus of claim 4,
wher ei n t heleadt tlve bsigitadirallydgtion magBetic dotesmé ar least twd edstent maghan@20Adi nal |y

Spacod {1 one2ARd 4B StRe HPIo0g of Divio e e GHCCTRLHERS By ARG BIAE of about

5mm 6. T glaim4 or 5, wherein the power source (174)
provi des Qﬁgg?%%%ﬁogirgnér gy in the passageway (139) at a fixed

frequency of about 2.45 GHZ, and wherein the magnetic field strength in
the at | east one_regign (234) in the passageway .is, about Gauss,. and
wherein the ion beam ﬁ&#ﬁﬁ%}ﬁ@?@&%f% ‘é{ﬁ?fﬁ‘?‘ the %dﬁaé‘iﬁnf’feg*?ﬁzzi‘%bsa‘?eéf tfs of
any one of glqi 1031§lr9d'ﬁ 11 féé'h?‘ﬁ{ SBYOIS 07t RadAN6 Gttt rmagR (228AENdi Ng
| ongi t udi na%%yt‘g?on thleal p)fat h1 12215)ﬁ {)Eg{v\een_the entrgjnce (2%%? Eamd exi t
(212) ends 220B)bedspend frvm quiewt tici & Jeastftwioadiicenidiagatts Py spgastange phghout 8 (220)
and one of the top (222) and bottom (224) and having a plurality of

lateral |y e¥®nding slots (254) |ocated between adjacent magnets (220),
wherein the wavegui de (250) is adapted to couple energy in the formof an

electric field fromthe power source (174) to the interior of the
passageway (139, 6.202) Thenppaaing of hlaime Yeas 5y Wherpindhelpeer sonee fli4) pravideged

magnetic field copoperati.vely interac 0.Cr, r
resonance cﬁlﬁ%ffl?'(lﬁ(? PSP e%afsé‘g%"f’aya&%%ratt%g%%{lgrg%?eng* Sf%ﬁé’%g%%%gm"g@( 139,
202). 8. ThehsRRAhaASnAc MY stengthdh titd Ail¢wet chetrogidn (38A%irethe padsagesagts t wo of
the magnets (220A, 220B) include |ongitudinally opposite nmagnetic poles of
opposi t e nﬁ@ﬂéﬁ?%%@ﬂsaﬁdt@%@ﬂ&ﬂ@nb%%bﬁ?ﬂaf‘dlje%féﬁtab?}ﬁé-]égﬁé‘gher with pol es
of like polarity facing one another, whereby the nulti-cusp nmagnetic field
is generated thereby in the passageway (139). 21 JAN 2004
' 7. The apparatus of any one of claims 3 to 6, further comprising a waveguide

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

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

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

passageway (139).



23 9. The apparatus of any one of the preceding clains, wherein)ihe
source (174) and the magnetic device (170) are cooperatively azlét Mﬂ’)‘?ﬂﬂ#

provide an electron cyclotron resonance condition along at |east a portion
(234) of the passageway (139). 10. The Zpparatus of any one of the
precedi ng cl ai ns, wherein the passageway (139) has a longitudinally
arcuate lateral profile. 11. An ion inplantation system conprising: an ion
source (112) adapted to produce an ion beam (128) along a path (129); and

a mass anal yzer %avi nbheaappennsrof pasesgeditayprededd)e clamppwbereindbe pevdrl74) , a
mass anal ysi s et (114) mpunted j.n_the inner, passagepay (139), and a
magnet i c de%ﬂué@%?@mﬂ(%%w&c ?1‘”%@99}1%P°$P§?§‘§5’§W§§Pq%‘¥ﬂ@g¥gv &ein the
mass anal yz i i i : j source
(112) “and ¢ oo FERRGREesbpnct EIEh d0E 4 MAcDERTIOr C0 D ATPhARS he
path (129) {ié®kard a wafer, and wherein the power source (174) is adapted

to provide an electric field in the inner passageway (139), and the
magneti c device (170) is adapted to provide a nulti-cusped nmagnetic field

in the inner paggageygyadpidfhs.of adofd¥fithepreldiBiBNnlsNRnGERGHE péssidephy and

the nulti-cusped magnetic” field cooperatively interact to provide ion beam
cont ai nnment (138) bas d lepgtudinafipatcuatn lgérat prefile nner passageway (139). 12. The
system of claim 11, wherein the nagnetic device (170) conprises a

plurality of magnets (220) nounted along at |east a portion of the

passageway (139)11.13. Adléh pHRMotlsyabal isisgher ei n the nmass anal yzer
further conprises a top &i 2), a bottom (224), and | aterally opposite

first and secondamsiogesurce(ld2) 2igied topraduteen ohdepa {528) eloag apado)l29wmed ei n

the top (222), bottom (224), first. and secon des (204  206). extend

| ongi tudi nal 1y o Big EREZEAAE TSR BrSEEnns 1 Tt el RS ERG an
exit end (2dm)ysisighet (1 18 womeedil the imherpBeaged1P)130) AR b segndiddevical ity of
| ongi t udi nal If% spaced_ laterally ext endiﬁg magnet s (220) disposed in the
passageway A70ymeunigdin tha imenpassagewak 6139, wheein dis mass analyzey isndepisaiq 224)

sides bet Wegleit, 0%.56% bRt ?12%?&91)11 RO nlidee (1(1%} ald et jons of appropriate

charge-to-mass ratio along the path (129) toward a wafer, and wherein the power source
(174) is adapted to provide an electric field in the inner passageway (139), and the
magnetic device (170) is adapted to provide a multi-cusped magnetic field in the inner
passageway (139), and further wherein the electric field and the multi-cusped magnetic
field cooperatively interact to provide ion beam containment in at least a portion of the

inner passageway (139).

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

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

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



14. The system of claim 11, wherein the nmagnetic device (170) c ri
plurality of longitudinally spaced |aterally extendi ng nagnets 22‘2)0;&“ ﬂm‘"
di sposed in the passageway (139) on bo';? of the top (222) and bottom (224)
si des between the entrance (210) and e 4 (212) ends, wherein the electric
field and the magnetic field are cooperatively adapted to create an

el ectron cyclotron resonance condition in at |east one region (234) in the
passageway 8139), and wherein the at |east one region (234) is near at

| east two | 6FY) poghnef thy tapd @2 hgndhgiieni(é24 sidss betveen the eaisance (Wl Oaapdeaht
magnet s (222?61, 220B) and spaced fromone of the top (222) and bottom (224)
sides by a 521)5?1 € in the range of about 4 to 6 nmm 15. The system of
claim 14, wherein the at |east one region (234) is near at |east two

| ongi tudinally facing magnetic poles of at |east two adjacent magnets

(220A, 220B) and4spadbeisysteaneiglamokl, wherciniie arppgticaenics 61 100 P1PPRFF asi des
by a distan i E 0 | 4. . erein the
power sour c@ﬁ%@gwpgfégg%‘fdg%a{ﬁ?}sg&%g i%%@@%%%‘%{/ﬁ %aﬁegé %gé)sdégeo\?\é/adgm(t %9, 202)

at a frequepgstagdwagifish) od béth dBtide topli2ZH)iand bbitom (BN sileChdtvedndhstntengs h i n
the at | east one region (234) in the passageway is about 873 Gauss, and

wher ei n t he 3160 apdef @A3) ads.cyvbpigin the clgpipgdicld andithemagnetic figld 4§ st em of any

one of cl ai t [ Si i ( LNg
ongtt udi nal SR ey b o Bl AP BB SPRpN RAERNGS Conhioath oF KRGS 7S
ends and belngich (284) inlthe pdssdpgwad (130)) gnd wdieredd thy asiesst ede regpndl34)(L2€) atind
having a plurality of |aterally extending slots (254),.1ocated between

adj acent naglﬁétt%vo(l?%‘)uflmau}ﬁg%cgigﬁni‘%u%‘?}@@%ﬁaaé@aftﬁG)adlagel’éH}fﬁP%tﬂaz\éﬁzoupI e
energy int i ' | : r

our e (1741 T e B R O b B ) B S e B e

el ectric fi edgeafidbduhd teméiintm.- cusped magnetic field cooperatively interact
to 21 JAN 2004 25 create an electron cyclotron resonance condition al ong at
| east a portion (234) of the passageway (139, 202). 18. The system of any

one of claims 12150 1fhe WARLELI 1AM 1433 erdi e df 1ehfi®ne PRIIDI4) 2R at 220B)
include longitudinally opposite magnetic poles of opposite nagnetic

pol arity andeaattevol longitudthabiyi fasingrmagmatic pelos diat lassttivopdjaeent ofaghetk €208k ari ty
facing 220B) and spaced from one of the top (222) and bottom (224) sides by a distance of

about 5 mm.

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

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

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

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



one anot her, whereby the nulti-cusp nagnetic field is generated
passageway (139). 19. The system of any one of clains 11 to 182\/}:@3@\6“ 20034

power source (174) provides an electric field in the passageway (139)

whi ch cooperatively interacts with the %vulti-cusped magnetic field to
provi de an el ectron cyclotron resonance condition along at |east a portion
(234) of the passageway (139). 20. A nmass anal yzer apparatus for
conditioning an ion beamalong a path in an ion inplantation system

conpri si ng: ceairrsslahah yailgraragsaendekbdditinnalongdt lerst a ppaesdgetiay tHel 39)

al ong the path (129): 9a @i’xed frequency power source (174) adapted to

provi de an BFSEWR (13%P%)% n the passageway (139): and a magnetic device
(170) adapted to provide a nulti-cusped nagnetic field in the passageway
(139); wherein the fixed frequency power source (174) and the nagnetic
device (170) ar é3.coopbe sistenedfanydapvédains |Zrtoi7 dehgentableastdwd obthet he i on
beam (128) in at t portion of the passagewa 139). 21. A nethod
(300) of - pr BipER L 2DEn 2 Bk an Sincinity ROSR T B et e aroBho ey ot om
conpri si ng: pREAEHPIMIL: 3iPare Btalc@RdAEHTLA KMhR WiDIds Wi liRa bolRAkTadig Y an
ion source; providing (304) a mass anal yzer having an inner passageway and
a mass anal pué snothragrkarchyghemadfi-cusptinagneimhaeld pogrwargteddy thea neswagowan(18206)
the ion beamin the mass anal yzer fromthe ion source; 21 JAN 2004 26
directing (308) ions of appropriate charge-to-nmass ratio fromthe nass

anal yzer along the pahHsysenesChnd ondbeiinad t9a8ewRérbinghd PdPer s3drds (181)
el ectron cyclotron resonance condition in at |least a portion of the Inner

passageway, Pidvédes gy cleptsicdiektintbmpasgageney 613 %) whishanererdvieli infesrsts wibtiedes
i on beam co %ﬂiﬁ@@t’%& n{a'gﬁétféaﬁegc} gogpro;ﬁﬁg ELA0G %ﬁ Bhn QJsoﬁmgg&fdétgg\{mgﬁ%' n

generating an e ronccyclo resonance condition In ortion
of the inneatjeas apogivay 28 ftheg@ssageway (139).

20, A mass analyzer apparatus for conditioning an ion beam along a path in
an jon implantation system, comprising:

a mass analysis magnet (114) mounted in a passageway (139} along the path
(129);

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

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

wherein the fixed frequency power source (174) and the magnetic device (170)
are cooperatively adapted to provide containment of the ion beam (128) in at least a

portion of the passageway (139).

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

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

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

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



power source nounted in the passageway; and generating a nult

magnetic field (312) in at |least a portion of the passageway using a
magnetic device nmounted in the passagewd9, wherein the electric field and
the multi-cusped magnetic field cooperatively interact to create the

el ectron cyclotron resonance condition in the at |east a portion of the

i nner passageway. 23. The nmethod (300) of claim 22, wherein the nagnetic
devi ce conpri sesqifctiRd (08} iohy oPdppkapiiate didigeabinyass priodtbrh Hicanash pgal¥set endi ng
magnets di sposed I n the passageway on both of the top and bottom sides
bet ween t healemg thameth tawerdexiater , further conprising creating and

el ectron cyclotron resonanc ondj t [ LeRASEccQRAAIKISA O [¢a8t a t he
passageway uUSi nggfi“ﬁ@t‘ng@‘t%r slcﬁfapgleé{rgﬁaycﬁﬁ}nﬁagnet%ec field, wherein the at

| east one reahoBf N MRAPaBhgewaRskhdrvly theaigttramiyeiition résqpineg opidie i ¢ pol es
of at |east”two adjacent magnets and spaced fromone of the top and bottom
si des by a giovides i heamtdentaparayéthsreat.about 4 to 6 mMm METHOD AND SYSTEM
FOR M CROMVE EXCI TATI ON OF PLASMA I N AN | ON BEAM GUI DE ABSTRACT An
apparatus and nethod for providing a | ow energy, high current ion beam for

i on i npl ant at i onyapp! TE&keMBE (3003 ofltiainh Db,adherdih gengypngauseciiAR FYFRIT, mass

anal ysis magnet (114) nounted in a, pas ewa 139) a .the path (129)
]9}‘ ?3 | ont Ewnﬂ&@@):pnczlﬁorp@\ﬁé}ea%t@ﬂ;é‘éoﬂ(%éﬁ?mfﬁ%%ﬁ?e%’%y g}(rigg)?ség an el ift ric
ield in the passagewa : pehd e afapdygebwieo

provide a nul ti- éﬁ‘é"b‘éluygrfaég];eﬁ%hccﬁ%!l Qlalg) iﬁﬁgt Ee Sﬁgpas\é((age\‘(/%vay (139), which may
i ncl ude a plgyhdl kdoyntel inthg pedssgdvw@Dindrount ed al ong at | east a portion of

t he passageway (139). The power spurce .(17 d ) may
cooperatively i n@éﬂ‘ﬁéﬁnﬁﬁﬂmsﬁ@o I&Wf‘éﬁ?@cﬁ@ﬁ%%ﬁ??%%% gisoglnogﬁgeg (ECR)

condition alon i d3fd B tht pesspgsaggelayin (iadgctndhe
mul ti - cusped) Sag%‘g%}i%ﬁ%%te??gﬁggb‘ggb se(l]iferi rrpo_sgd _Son t he di pohe field at a
speci fi ed fiflidlasd the nofliicisped maggitisrfield caoperatively dnteragh 1 sEc g €5 ®Ray t o

interact with an electric field .of a kno : 1.C N&aoekvaequency for a
gi ven | ow erfdFlg{on grsopanspFonfiion m&%%fﬁ%ﬁwgﬁﬁﬁgﬁf?g%% es 5 r?gss

generating an electric field (310) in the passageway using a h'zgi-fre uenc
21N 01

powin]

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

magnets and spaced from one of the top and bottom sides by a distance in the range of

about 4 to 6 mm.



anal yzer wavegui de (250) adapted to couple the electric field 2(; tmezﬂb
pl asma consistently along the | ength of the mass anal yzer pas & t li

t hereby inprove the creation of the ECR/condition. The invention thus
provi des enhancenent of beam plasma within a nmass anal yzer dipol e nmagnetic
field for | ow energy ion beans wi thout the introduction of externally
generated plasma. The invention further includes a nethod (300) of

provi di ng i giEHgen A9DISY STENMIFOR MICROWRVE BXCIPATIONIGIMPBASOM BYANEM  as
wel |l as an ton rnplantation system Figure 1

1ION BEAM GUIDE

ABSTRACT

An apparatus and method for providing a low energy, high current ion beam for
ion implﬁntation applications are disclosed. The apparatus includes a mass analysis
magnet (114) mounted in a passageway (139) along the path (129) of an ion beam(128),
a power source (174) adapted to provide an electric field in the passageway (139),l and a
magnetic device (170) adapted to provide a multi-cusped magnetic field in the _
passageway (139), which may include a plurality of magnets (220) mounted along at
least a portion of the passageway (139). The power source (174) and the magnets (220) \
may cooperatively interact to provide an electron cyclotron resonance (ECR) condition -

" along at least a portion (234) of the passageway (139). The mulﬁ-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 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
(1;00) of providing ion beam containment in a low energy ion implantation system, as

well as an ion implantation system.

Figure '1B



