, _ e3e{f{c\x6HT@-~i ~~ 21 June 2002 lon Beaminplantation¢ysing Coni cal
Magnetic Scanning Field of the Invention The present inventibn g9nGss psoR
wor kpi ece treatnent systemthat use positively charged ions for treating a
wor kpi ece. Such a systemincludes an ion sourjmmumm@m"HWMe for nmoving
ions fromthe source to an inplant station wh rkpi eces are
situated for ion beamtreatnent. Background Art Oressenmercially avail abl e
ion inplantati on systemuses an ion source spaced froman inplantation
chanber where one or nore work ed by ions fromthe source.
An exit openi nglamBgam implantationiusingiGemnical Magnetic Sganninegxit t he source
so they can be shaped, anal yzed, and accelerated to forman ion beam The
ion beamis directed al ong an evacuated beam path to the ion inplantation
chanbefrialdfehthavéRtioheam stri kes one or nore workpi eces, typically
generalTy circular wafers. The energy of the ion beamis sufficient to
cause i ons Whediresent iwantiongppecerns apeatknigce trepmentaystem thatiuse

i npl ant.at.i.on,ch el . i.cal | | i ONa0f, such t he wafers
are si PP%HH’%P@%EQéﬂ&A’QﬂZO{ ﬁﬁgﬁgpeg%ghﬁf%éendﬁﬁgh qﬁs%ﬁéﬁ@ SHtate a
sem cofshsbarcéBharsthictuPe fef morangBhafiéi Bk sbhiftd fttan s prantasdtiornd
passivation layers allows an integrated circuit to be fabricated. In a

so- cal whergdargeh warkpigces @e situatedfar iory bgam treatmedtone at a tine by

pl acing them at an inplant station and scanning an ion beam across a wafer
surface along a controlled path. The scanning notion is applied by a
scanni Backlgp6un@datt hat sets up an electrostatic field for deflecting the

ions inthe 1on beam along control|ed paths. United States patent nunber
5,373, 164 t &Beaoavmerciallyiavaiablasigsimplantatien systen sies ab ipatsgurcand

ol aneBRoSL o A HERLAEARr Sy bRy arRIRCR o MO rEweT SR el Ldes
struct weaté@ by iohkeréndiiossufde! AntduiPopBning HlaRuss giiidtafionhdlsdmbee i on
beam passes. The strength and direction of the dipole tield is controlled

to ad] adowmiansgicedt thensasrce sokhey ¢aebahanaes@analyzedand, a silicon

cont r ofr e8Il B arioh bEaty ThE TR EPEM Malbialal b 3 elstBigy; °
the ' l¢apfpath taithé ioWimPantation éRanber vekle éefHecion Beamf strikes Gfe lpam
used to treat nultiple waters used with a high current inplanter. Such an

i npl antaerg workpisicesetypigallyigengraiycissupban wafensunbee epesgy othre idi ch i s

[ t 0. FEat an . ' whi b S J ted h i n.,b
ror er ot ig SuifigRL REEARS ToBE e AP AR s et e + 164
pat ent w&feh®lin thé iblfntatiotechiraber.e aizgpi&aﬂlabmmidrpopéeéu%esw@n*si de to
side scanning tends to de-stabilize the background neutralization that

al | ows the yralers ase silicemmafars podithe mpps are Hsedto Tdepehthewalarsate i on

an i on BafecE sPonteb AR EBRHAR Sotdctiva BRI Wil B RS STERSkS
spaced iRy ﬁhéﬂﬁatientlbﬁ_efs)a"é%rﬁintéEP@tre@I sivcdrftb e bt dted. beam path from
the ion source to the inplantation chanber conprising: a) beam scanni ng

struct ure pdbia sowalied mediumecursantivaplanten watarearetreatedroneat adimad t he
i mpl antat i pn.chanber_for.defl ect.i ion a.defl ecti,on anmpunt _at a

cont roltLRFHSLSA R of G RIAE R ROn A0 SRt BhiPh BB A RS s wed by

t he | ovhRBuEfadd 8l MRPACOMtESIfed PatteTAe SCAMNING MblidAtiv appled By Beam
scanni ng structure conpri si ngjubzﬁ a support constructed froma

f er r omefRINIing electrode thatise ny elegtriosiatie fighd fexdeflectingdherignsg iporti on
of the t.h: ] e current carrying coils carried by the
supporttp'?gghmpiaﬁglqg c(gé}tf)@iﬁé)ha%gneti c field transverse to a direction
of current thpRedSthtes pateritiuriBer 5373, 164 k6 Betilehisteawhighdssaeadiom
field intercepts the ion beamin a deflection region bounded by the

suppor tthedduited States Patent and Trademark Office on December 13, 199

concerns such a medium current implanter. An ion implanation system

disclosed in the 164 patent includes structure to create a dipole field through
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b) a controller electrically coupled to the one or nore current carrying
coils that controllably energizes the current carrying coils to create a
magnetic field that scans the beamin an arcuate path while nai 4t ding 202 he
controlled scan angle to intercept different portions of a workpiece
treatnment zone. This controlled scanning can be used, for exanple, to scan
the ion beam over an inplant surface df a wor kpi ece that is supported

Wi t hi N WARKItRS idnBtlarpadse8 NTHGFEPRth arld\dirseabm ef thadisstd fidlll id Borftrolléy gntion i s
provi ded an apparatus conprising; an ion source for _emtting ions along a
cont r ol PAYSY ‘HF ghgle of impactihsiwearothe; werkpieeayturitdl G silicooWrisr &pd:the iemuct ur e
defi ni ngea. IATBIHEMS-8idk FRafMIAG RRtioAHER ol flovidaesrtrdled @'b?iﬂ? dfanidre 21
June 2002 2a ion source and 1 ncluding a workpi ece suppor or positioning

t he wor RESYLWSHr treatment by ions exiting the ion source; beam scanning

structure poshé teihAfualditbsaa ih e N62Faikat Wil WRAK fért@dntreiedSgeiffeeforpnd t he
i npl antation chanber for deflecting ions byi a deflectign anbunt with

r espect Ot Heden keam yredtatrest autipie wafsrs wadavitha PiSE CHERNMIBRIANIEE. ¥R Heam

enters |phRaMERR $SAOHINEB IhifcdCSiale, paidntthUpRN 5355 BB N@hith sl Gk&igRed to
conpri SIF—Q%’? élg)paa _su)p?%ort constructed froma ferromagnetic naterial nounted

inrela FRYoRand sk i INSREPOEAteR Nereih Py reterRNCBe a k@Rt SCaiNg i i ) one
Or NDresGdh &€ tHe srahhing tisciddiet Sn GRS M 64 Patevit Ishfot SUREKE lsinke the ERBricITRIR
defl ecti n% magnetic freld that interc g ion beamin a deflectjon

h
eui on Bt PIBSHden et it 18 (Sidh CATTIh (eS8 Breialsiaec 19 PABKRIBNH t o ¢ he

one or HelitealightidnetRht SHows hightcus@ht Eea‘nhﬁfhnégjéﬂtm' | abl'y energizes the current
carrying coils to create a nagnetic field that scans the beamin an arcuate

path while maintaining a controlled scan angle but in different directions
to i nt epeRRsufd dffites RREntiyy t1 ons of a workpi ece treatnent zone. |In yet
anot her aspeci o his 1Tnvention is iBrOVi ded a net hod of ion beamtreatnent

Tt > C .

of a workpi ed¥ dBRpIMRIAME" 14PASEYRe 1Bf aceqffangen gvithy ke £ Prgaentn VAt Ybur ce
an?t aCCeérﬁbﬁéiﬁgﬁﬁnti?ﬁ éo?fb%l ?V\I];%)‘nitftihg){rcbﬁshénc% QR iﬁﬂlﬁﬂ@ohoct{aﬂfbéa &ﬁbdnﬁéﬂbhﬁam and
setting u netic fie or interceptin e ions in e io eam
oxi {1 noSPARSOSIBIRTER 1 dne i SOYORE| PRAANSEETTING 2NIAS HHEM REMUEPTD HBe BRfam away
flrom_ ans?mbé%@ﬂhegm%ﬁﬁtigﬁMhérﬁbét{boﬁ‘fp@ibiagﬁ sca_nlni ngI notion by the Stfeps Offi)
placing firs nd second current carrying coils ong i pner surface of a
Suppor © and P P scanine pyuctoengediones Bitpg e onieAtt palh betwrendbe donj
]g:ur r em} SO@EE %éinﬂ%thté(linbl‘antdﬁoﬁ cﬁ\@mbdi m:@e;ﬂlel Rhs thy Qﬁefl@&i{)ntaﬁlﬁomw&my

romthe initia raj ector a contro _apou in i me varyi ng nanner
to_ cnuseontiRlen Ssan pAdiS B sendth ot Sitraie TaletBABIOWRY Py e PRERRI 40 o
cont r ol tethed@tBntaRGhe bedvh sSARHTRY SHFYCITBIRAY bedls kbslefingsthRture SUPPASiIAg:
constructed froma ferro gn§t| geggfaterl al that .ext%nd al o&% a éO{}tl on of
the beam pat h. Ond UPRBRGORRICIEc g ARy 2aTetC TAtPral MBI iB reaien o
def | ect toghd@gasdingalbhg hottivatof thil iIsgatepsts; 4dte i on beamin a defl ection
regi on bounded by.the coil sulﬁ_gﬂoFt. To acGi eve drp]on roll ed efle?c}ti on of the
i on beam a controfq &7e @1 RS Fian 9”@6%% @G téy SUBPOT T EReHNB et
car ryi ngeftamtihg negeetic field trahsverss toentiirastion of bgreithrsugh the cumreat 2419hg3 t o

ns the

Create a_. netic field that.s eam al o the contraolled scan

angle. RolFecEl Bt BAHsmegtoleIa dnEPR. MIFoip™ BoD Badst ERIon (0T n ¢ he

beam t obstindedebytthe swapdrpardées at a tinme varying | ocation on a wafer

support. The and, ot her objects, advantages and features of the jnvention

oo Gescri bl Presgrals decielly poumieLnMeraE o e fiahL SEcibensaf Al

dr awi ngsontBllakly eDergizesfthé carrait cahgingrcaild togsedte gumagrieticsiell thatedvana the

depictign_of an_ion, i a nter.constructed in ,accordance wth. the

vent i SR 30 piss Bt Sale Rl PR A botiel SEETHHR Gntoegt iRt ca 1y

fscalnni tng?'_ttibas bﬁm\#gﬂ@mcgnﬁebtmlifzpmn a sour cte_ to ? t ar get It_ocati gnf: n ?n f

i mpl antation_ghanber: Figure 4 is a schematic of a netig redefl ector for

Fetef | ect i ng TTBENTIRd P a e Be Def6 57 Blontaf vo, edlf B8on Bdrf S

Fi gur es indplamtdsufaceoth Wodkpieee Shat $s suppohiedravithio the iondgmplahiation ofiaralveri on beam

2o 069 et EPRACHEIS Ry lodd SFIBHRNL SniShd! ahoske! oo
source for emitting ions along a controlled initial trajectory for ion treatment of a

workpiece; structure defining an implantation chamber mounted in spaced relation to the



Figure 1 depicts a relatively | ow energy, high current ion inplanter 10
wherein ions are extracted froman ion source 12 to inpact workpieces 13 at
a workstation. A beamine assenbly guides an ion beam 14 from tdeJywiad2 12
t hrough a beam defl ector or rotator 15 to a collimtor magnet 16. The
magnet 16 bends the beam 14 through a 180 degree deflection froman initial
beam direction to a resolving slit 1#3and into an i npl ant ati on chanber 18.
The ion source 12 and the beam deflector 15, along with their respective
power supplies, are supported within an inplanter housing. The ion

i npl ant R spgrepng '?%W'%érvwkﬁ"?ﬁﬁ sHipert forpasitiopingrthe é@”ﬂchﬁ forfratmentener gi es

of a rapg ﬁms?exmng(ihg%h 36\ cs W §§arﬁﬁi§%tﬁl&dr§rﬂo§ltlgﬁecﬂaféd§ a%oiomdebhﬁffps
The travel path fromthe source 12 to the inplantation chamber 18 is kept

rel ati veath Q%wwn the mua@é%ra@sn@ﬁsmplan&é@m ¢hamheh Jek dafépét'ng) ienst Bhdency of
a | ow eg&le@NorPSRBUM NIH rfefsb'éd? to ar Enttaite t?é?&@or? f&llovsl%d tQ' tﬁééVldr'\KBea%Jéé fHe
propagation of the beamfromthe ion source 12 I npl antati on chanber
18. Thebeasy esters the beam ﬁ%ﬁ’lﬁ‘ﬂl@sﬁ&'(’b{ras&ﬁ!ﬁ Eﬁ%{ﬁﬁéanﬂ"ﬁg mcéwemﬁpname @r eat ed.
An i oni zadifpoHOBGHruBRA frémi Bl RffoRthghBii® haeridll ARURteaNMThaston YD &/ Source

el ements are gaseous florides of boron (B), phosphorous (P), and arsenic
(As). Epdéering 3lopg zn9rtien ebithecbqame PAlH PBE ) ONGopfInPregRIsTaNt CREYied 9IS i ons

Wi thin ¢dfedbystiB stppaiabr Cf@@f’ﬁg @l detlechiP h‘ta'gﬁ@tld A6 tRAACINERESH@ e ioral t hough
the present invention is applicable to systems wherein neogatlve i ons are

gener at BRAMBIN @ Heflechign 6@'°nrg%u’}9@§|qyltb% SPW ard asentraller eleciricaliuepurigser t ur es

in the plips f&e@ﬂmércu%ntadbrﬂyﬁﬁ &1is Em%htrﬁ%ﬁ}f@ eYgi¥dy B duRehUsRs)irg
plurality of electrodes that are charged negati ve potential “voltages,

i ncr easF‘H'@ to ﬁr%?l Mmagetigiield that geansithe é’eﬁ'indPnaﬂ P?éc%t%ﬁﬁtﬂ ngmmta@mgt

I ncr easg onfrbifkel Eééh Ehgﬂé bt € tdifPeitYdifdi e & ﬁﬁér&@&ieﬁﬁ&éhf %rttlohé'-"b? do form
the beam 14. The el ectrodes al so accelerate the extracted 1ons into the
magnet i workplere greaiment zone. cont r ol system 50 incl uding one or nore

progr anmabl ejnCat hRbthEF BsPEQSEMNINE lifRnticPlifHrédidd d HeMiddbf 96h ®Ram USer
di spl ay or conSole 52. The control system 50 also is responsible for

contr ol r%ﬁf‘ﬁf‘ﬂ%séwﬁf}(ﬁﬁﬁﬁtmpr@%rth?ﬁ P emitingdons fompR/kipBrioutse and

wor kpi eé&eYérétmgnthé hénd QWé@ﬂ’oﬁht lh@ﬂoﬁ l@,am@erto }&m BeaN BEARNARDsétinLf &
per f or med e control @%/stem justing the magnetic field strength

creat edm89“¥Wef'er'Fh dnteeceq @'@t'B’r‘gT’StheAmbP% rBreEingRe sPuee |t selsrtively (F| gure

2) defl 8érlest Ttrh'l;-e |&%amakiﬂga@|51ltl$é/%eam Bwb*ﬁ]&}on‘ﬁ%nmiti&g tl@fecld?? |hQ§h BRagle This
scanni ngql s siml|lar to the scanni n i eved creati on of

el ect r 03%280ING MotiNPYithe piges °i@@'a;5 dintt and SREPRAFHTENE carfing %’érﬂ'%‘@qu‘ect or 15

redi r eCinfet B@fde@adh A8BYpdr B iiif Selebiivielydéndrhiding B Yhd Arst afl@fthe @keshd
direction by an anount and to a direction that cag be adj ste based upon

ener gi z#H'T CEEEY'P%HP"Sp'aﬁF?]%[d'f‘ﬁﬁe&daﬂnﬁ%° dgtie< the ea“if*zfay Iptahce with
an exenphjattyryetibg dontdled @mdunein @umatvawmg Ranh&oGauss thbllsbaniﬂo?swée@

supported by a steel ke 120.. The co re wound | engthw se to
ot bod By 912 e PR B MaNAIELS CQUrIEd SN ho yoke 16, The. yoke
120 ext ends An@Ex8inplRee nfaghEi Buludes a)coit| supgort faen;hmmdpmm anérrbh&bnetaﬁh

strand of . th 21 June 2002 5 strand coi| 110, al so

oxt onds elAa et Aes 95 B AGTORSY HehaBRORD. NS 2ghere SRIDEATS BUIE ound
so t Ihfit lccﬂwupﬁartt chsatd b @dfiduting Meaghetic ﬂeldmva%?temeptsdhé phthieam mmh lelbﬂmn )
parallel to rance trajectory that the ion they | eave the
our ceeaisanaEn byEs gl Rsten, Tesackiens Spletpefielith o BedR bea dor « b

al ong t bentipllenslectyioklly coupleactsthd orie bhenorelrcumreht Edrpyivgy cmlsoamgnzw the
directions on op 03|§e sides of the beam In the illustatration of Figure 2
an uppefU oY CAGA of the coil 110 has strands carrying current into the
pl ane of the figure and a | ower portion 110b of the coil 110 has strands
carrying current out of the plane of the figure. Wen energized by a

vol tage source that forns a part of the control 50, the current in the two
coils 110, 112 produces nutually orthogonal magnetic dipole fields BX BY
(Figure 2) in a region occupied by the ion beam A resultant magnetic field
Br is the vectoral sumof the two fields BX, By. A charged particle (such
as one of the ions in the ion beam passing through the nagnetic field) wll
experience a force at right angles to a magnetic field through which the
charged particle is noving. The strength of the force is proportional to
the magnetic field strength. A vector Vd in Figure 2 illustrates a
direction of beam defl ection based upon coil energization that creates the
field Br. By adjusting the coil energization, the voltage sources of the
control 50 adjust the direction of beam deflection. The resultant magnetic
fleld |s the vectoral sun1of the tmo generally dlpole fields orlented

v o " - . DY T oy . o
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21 June 2002 6 paths all of whomare coincident with a section of a cone.
The ions begin their deflection at an apex of the cone and depepgynge gopa he
magnetic field nove toward the collimtor nagnet. An alternate enbodi nent
of a beam defelector 15 is depicted in Figure 3. In this enbodi nent a
generally cylindrical steel yoke 150 sgpports two coils 160, 170. The coils
160, 170 extend along the beam path to set up dipole fields in the region

boundedoldrehteaakignatie fichs th@tssddifs tifsBeam alongeiieodoneblle@lsdantargle? t he
coils extend al ong the beam path and carry current both into the pl ane

(coi | 180gpulkof this coptialled deflectionis togause the iens ipthe beaupte stike) of

t hat degpi.Gt : i f ti depi J Lgure 3 provides a

curr enﬁngﬁé%egggtalgg tk:'gtéﬁ)s%qg@ ﬂ’%rhgﬁ ag\yrvggeu%%s&%&gbnt roll ed magnetic
field in theTlvesy ehdrotbepobjeutspadvamagescaritfaatiifes optise iievergiciinaté

segnent of the coil 170 having current carried into the plane of the Figure
3 depi cdessiberhin geealre detaikinoeepiingtiamwith the agcempapyingdrawings.7o by an
angul ar amount ~. The current through this segnment produces nmagnetic field
conponents Bx = (dl)sin~ and By = (dl)cos~, where dl is the increnental

cur r entBgief DieB@ribfiopusithe Dirbingsegnent of the coil 170 in the region of

d~. The field in the center of the yoke in the region of the ion beam 14
can be adj uskig#redsiscp spehermatisdenictipn efian ion inplanter cepstimetedin coi | s
160, 17 . 4 | eaves the magnetic defl ecter 15 the beam
fo||ow§9§ﬁ¥ng@§§ﬁ§h3@%?5@%3&%?Verging beam pat hs. The path the ion beam 14

foll ows at apigureseamid ddllustracauiteridte stehctesesfolmdghdicalligtsshiminghe
control electronics 50 and depends on the magnetic field set up by coi

ener gi Z¥e ion heam emittedfrom asiresde a targedtocation in padnylantatial nce t he

ion bea@“%ﬁifgjloms a set of diverging ion beampaths as it exits the

magneti C eP ector, if the beamwere to be allowed to strike a

seni conduct oFigurker isvh Ebhoinatitdot i enageétie eédefledtvr fOEredéflédthigliomggnet 16

it would strike a wafer placed in its path at_ nmany different angles

( assuni idtialhe dgfleetedhby the ghiustdre iHlysteated s fgHres 2 andydrand schematical |y

depicts a wo i : S + S : i th 182
?@(qrg(‘?ls é‘%@h@ﬁ\a‘h flfds‘f@ﬁdﬁf&? Enjiginzma%{ﬁ f&%@h%géggﬁ]aﬂ

the beam 14 Ows"across a pl anar surtace of e waf er
13. By implangatibe suafze dfa genenallyleiweuis woekgiated by an arrow 183
different portions of the wafer nove through the scan path 182 to cause the
entire surface of the wafer facing the ion beam 14 to be treated. As

di scuss i G et ween the beam and the wafer is nade
const an Q P ot c;r']?.a% i m%.‘ S f&%’?ng provi ded by the nmagnet 16. Once

U
the control PBiyurest depidtsaakiativelyTolednergyyBigh eusfdit iof dinplantei)10 enove a
treated wafer fromthe inplantation chanber and insert a next subsequent

waf er f whesgihianseare@xtracteddren) ap jap sourag det tolimpastavprgriacest! t he

magnet i r i ] (o [ i eam
def | ect g’(?q‘g%/{ﬂqﬁ}erpdéﬁe eagﬁ@?é %Es%ﬁ%ﬂrlr? ﬁ%@%??‘&i %g{@%xrp:@tc{rpﬁﬁﬂéér’gjﬁgg%p ? , The
col | i matiougitoa leah® defletttarordasthtnt 15 tda dutlimatoi mMadrivt 160t Plhe anddvetof
deflection is 180 degrees, thus parallel to the oriPinaI extraction

g { XL
tr aj ect 3B penmscthenbeamsi4 throueh ad 8Rdlaareasiaflectianefrom gaiinitialhean t hus
const an [ : . I [ | | L. J ichi usef ul
Fegr on eSS B EGRonirY she fr SREARS AR InBEARRRGA Chahnctfe) Tnb i,
shown) sbuwes 12an tHdBeamodefledtdr IBaRINg Math tHulifedpectivd gower extraction
axis. The coil currents flow in planes that include the original extraction
axi s or sHRPYess aes suppertedyyishincan implantgrhqusinge(Th ppternt0 ivat he
medi an A §.€ I j I NyPRH tions.
A each gy IPLERT RN S SHates WIEHARIR oretble BER radGE 2 PR
nedi an Reermd $0pphés Beam carents of abouti19 fllianips. Thestravel pathofrbrg conmon
to all these planes. An arcuate slit 17 is interposed between the exit of

the col thesourcad tortbetimplantation ehamhest1 isvkentaelativaly shorhta regiycee

Gepend SOl 10 BeaRL uaBRERR g 164 EAENE SR ION S R il

‘magnetic deflector 15 and the inplantation chanber 18 receives the

defl ected, diverging beam and further deflects the beamto make the

di vergi ng beans created by the magnetic deflector follow 'parallel' paths
so that the ions strike the wafer 13 within the ion inplantation chanber 18
at a controlled, uniformangle at all points 21 June 2002 8



al ong the scan path 182. The magnet 16 includes first and second arcuately
ext endi ng yoke segnents 184a) 184b that are constructed of steelbq jliRe 2002
segnents 184a, 184b support a pair of coils 186, 188 that are energized to
redirect the unifornly scanned ion beap 14 along a travel path through the
magnet 16 that causes the beans that are defl ected through diverging paths
by the deflector 15 to exit the magnet 16 noving al ong generally parall el
pat hs. (1\eplove dip) during pmoag?mbn of thebbam frohi theidisonké&neasahat a
controlled angle that Is unitormacross the extent of the ion beamarc 182
shown iimptagtatiorschamberd8. beam line fromthe source to the inplantation

= beam neut rify bat Stufre, T2 YRAUHES R HRisss sBAH R R AR B el Gt 13°
i nt r odupg ishefdble opaiit @as!ie iRpDIRd Mt PiasthPehanibe, | TyplaaPsbiec e« har ge
build up on wafers as theg are inplanted within the inplanation chanber 18.

Up and elemends anaigagepusifiorides of pprew dB).dohosplieno oand ageenic GAsjot or

To i o pRoBran P ARSI ER t 1hR iizaRt BopankbaR Ry ifRicichs Wihig Wae patn
of the plasnkeenamberNBeridiallypasitivelisne Nt deirrafE alitfosh s phégent! n

this manner, the angle of ion inplantation mai/| be slightly nodified froma
90 degris¥entipndatapplisable tnsypiesms mhergiienegative dang ese gevecataskhy theh a

o 11 chriRe HibERlye s Ard o R ebbRap bR IR aMIARERI T 7 (ne

spirit ghambepbyin idicer@asiorastembly. whichlinbiide 8GR uPaliyadfdleétrotiesi on
i mplanter (10) having an ion source (12) for emtting ions and an

i npl ant Uxat @fe changed witlsnegativie dotentiabveltapessiineransing in maguitude @sce;

e A OB S8 o B AT

i on beagndeatdlebfrodesextitiions 1046AA thedbddi 1407t e eRfdtpodedardeser for
deflecting ions by a deflection anmount at a controlled scan angle with

r espect a¢eelaraterthegxdeactedions intp the magnetisydeflactpbASbeam as the beam (14)

t the b ' ' '
corpr i si ng:  ToCEEGEm 46 b SHbiordBr AFESRP B e Inteer o
nount edpieserts abh fmplantatidnanfemaanign dnoadiser s plagrorddondsleldERnThat h; and
i) one or nore current carrying coils (110, 112) carried by the support

(120) feentrpbaysiein S0als0 ds respensiirforcconephbearndqse by eantsobeyerct i on of

it or oot ToP #0ult aid i FemERE oY baoithio o maltiR h A By BBV Efiphher. “ana

b) a congr @dawh scafhify REaioGEéfsredPbgdhé @ ontbl FYatem BPagjusting e

carrying coils that controllably energizes the current carrying coils to

creat e Magnptin fieldisteengthheneated by theampgnstic deflectec it e path while

wor kpi cce ¢ Barretsrel dieafh sRRRRLSTES righrk ) Hofigbls the bEaRTta REDIARLT 0o ¢
def i nesagimuthadsehyniiys ofthe Brebeam. SPhisascariidgub &imilar tdehe e aphing' e
current carrying coils extend along the inwardly facing interior surface of

t he suppehieved byrgeeatigmetian elegtrestatia fieldiadthei '6ﬁé|nateabtq)89§vﬁgiség-

canni ngNe RN Herfepbi 18 RTA el DEamSRTA] ot A BRI 2 m and
t he wor gpfleetod diredtiendnPan ahsut aisd &6 & direétiore tiiaf éeh belddjasted basedet
sets up a static magnetic field for deflecting di verglgqg. ions. 5. The

appar at Uposrenergization gueest passing thnough two ceijs| 140 tinraccpadanag
with an exemplary embodiment of the invention the two coils 110, 112 are
supported by a steel yoke 120. The coils 110, 112 are wound lengthwise to
extend along inside, generally planar surfaces S of the yoke 120. The yoke 120

extends a distance D (Figure 1) along the beam path so that each strand of the



coil energization schenme for scanning diverging ions in an arcuate path.

21 June 2002 10 6. Apparatus conprising: a) an ion source (12) 5?Juﬁ§§édﬂ ng
ions along a controlled initial trajectory for ion treatnent of

wor kpi ece(13); b) structure defining an inplantation chanber nDunted in
spaced relation to the ion source and $5ncl udi ng a workpi ece support (190)
for positioning the workpiece for treatnment by ions exiting the ion source

bet weeIREBERF GRG0 B Sdbiestsn ARPhas RSTRIAS BLaIbRD FENRARLS 1,

a defl pathon amount with respect to an entrance trajectory followed by the
I on beam (1_') as the beam enters the beam scanni ng structure, said beam

scanni ng st Mie eeids d3Rpl 12 arg waoynd se thpb current sarted &y theesils mepves
ferr 0”?19%6&&&@ %rengkalryﬂg}fﬁiel t8 Jrf"lemrjaﬂ@ettfaﬁg% ‘39%@?01?% i@goﬁ 1&%‘3 rtion

of the beam pa one Or nore current ‘carr ng COl

carri eghéy lédve tHepseuicd P2 t6 ePrér thp defleéiorcts. Mpheweoiietare woahd Bduk
intercepts the ion beamin a deflection regi on bounded by the sup&?‘rt and

d) a c@mtﬂrﬂealqrm)}h%p!anarmq sufagps &ise dh ewrm flowadn ORRAS

carryi i a n arryin

coils ,?Jgrec?ioﬁs Sé%&%@ %“% ?Fﬁ}%h%%'bcghgt eﬁﬁt %&?fgﬁéu'% A g‘uatg °
pat h whigperipdrition mowoﬁtmabnmloeﬁla%mmarwtg ¢urrght fritoahle plahect i ons
to inter cept different portions of a workpiece treatnment zone. The

appar atafgheffigurgianda lawermaten 1/1%%1"?% FRY 14 Okas strands) carsyingve t he

1o P SR APag o Plr A EngB ol o0 Dock and forth paLh Lo couge the

addi ti onal | Whensnergike by @ Voltage soupem that forms a part of the control 50,
the current in the two coils 110, 112 produces mutually orthogonal magnetic
dipole fields By, By (Figure 2) in a region occupied by the ion beam. A
resultant magnetic field B, is the vectoral sum of the two fields B,, By. A
charged particle (such as one of the ions in the ion beam passing through the
magnetic field) will experience a force at right angles to a magnetic field
through which the charged particle is moving. The strength of the force is
proportional to the magnetic field strength. A vector V4 in Figure 2 illustrates a
direction of beam deflection based upon coil energization that creates the field
B,.

By adjusting the coil energization, the voltage sources of the control 50
adjust the direction of beam deflection. The resultant magnetic field is the
vectoral sum of the two generally dipole fields oriented perpendicularly to
each other. The orientation of the magetic field vector B, resulting from the
sum of these two generally perpendicular dipole fields is made to scan back
and forth along a continuously changing arc by appropriate co-ordinated
control of coil energization. Scanning of the magetic field vector in turn
results in the deflection direction changing with time. This results in a
diverging beam fanning out at a constant angle with respect to the initial
trajectory of the beam 14. By controlled coil energization that changes the

magnetic field direction the beam is made to follow one of many different



receiving ions follow ng diverging paths fromthe ion beam scanni ng
structure (15) to deflect said ions to follow controlled pathsT%pgag
parallel to each other before striking the workpiece (13) e appar at us
of claim8, wherein the collimator nmagnet sets up a static magnetic field.
10. A nethod of ion beamtreatnment of g workpiece (13) conprising the steps
of: a) emtting ions froman ion source (12) and accel erating the ions away
fromt S e & 2

ser ] ndath ARgHfib &rs SbHdenf RIBFATSEASY o Conel b he Bidinthelt

exi ti ngeffeetivnudtcen hpexaif&hblccﬁie/adafdeqsanduhg erﬂfe nﬁgmuw@elurmobeam away
froman initial trajectory in an arcuate scanning nmotion by the steps of i)
pl aci ndowardthe celimaterimaanetnt carrying coils (110, 112) al ong an i nner

surface (S) Al aRoRABUhobUARbnRBY HdardHeRIocYSt 15 %0 9ERicieRInlbld Be

first and the se current carr s 1n a coor er to

def | ectin thds kerbbodinaent 4 g@hﬁat‘@lly aylindhchreie@tyoky 150 suppotts dWicecoidsrount i n
a tinme varying_manner to _cause beamto sweep through an arcuateE&ath

whi | e efudibiy Golls 180017 6 xtenh i &he beantRatiia RtUBAIEDIA
wher el o e (BEAR bhEhabR BPHR LBKS 98087 AL dd 1iesc ABLE b, SHRRSMUALSH an

arcuat e path cause t 0 i npact p| cce &t a on | 'ed

angl e. Figuré\a th@rt:dits’:\mﬂeml &oh Stmtmmcpsathmﬁd ebhgt&u/rréneabtmmta ther kpi ece
(13) conprisin source nmeans (12) for providing ions to treat the

wor kpi eR!é"?iQ?H 1§Pamf ke Haare dpepictionaaid oub of the plaie teeil A§0bhef
vvorkpl e(ﬁ%tﬁE itdy oet pl ane relative the source neans; c) beam form ng
means for caBS| ng ions emtted by the source nmeans to forman ion beam

ITDVI ng in a Thexoil canfigliration d)epi?cﬁedllﬁcﬂlgumgrmbv(d@ afourreief dexssitynin i ons
in said ion beamaway fromsaid first traj ect or a controlled deflection

angl e t h&tCQi[ﬁa%GQroV thatguoduicega okl Séé“Pl“?F'Gzﬂ‘%ﬁ indhe coMteHL| neans
coupl eqelyfofh 3% RS gflfig’l?éarﬁ% 8 {1¥id2e9 aCQHlta'iloéedé-ﬂleﬁ?g?ﬁé gﬁﬁ Qg' ze the
el ectron&Egnet to caus béam

0 scah I n an cuate 2) while

mai nt alhu\ilggtdlﬂ’rmamdcsii\taﬁba|Fﬂanéfofdhé|FEgt|'reDB dd;iidatmﬁsrrms sbgniehet first
trajectory; f) a downstream beam deflector (16) for redeflecting the ion

beam déﬁl%féﬁ%tcfr@m a h@par@m @ftﬁl}hé@llt130tbhéaﬂé\*w|abam%mtedth@9 cygeaNtheans
the 1 ortel i€ braRe e SRlF By FaRane ST et BB T B R e Anere =
wor kpi egg ﬁcmfc%%; where dl is the incremental current passing through a small
segment of the coil 170 in the region of d¢. The field in the center of the yoke
in the region of the ion beam 14 can be adjusted based on changes of the
cur,rent carried by the two coils 160, 170. '
When the bearﬁ 14 leaves the maghetic deflecter 15 the beam follows
one of many possible diverging beam paths. The path the ion beam 14 follows
at any instant as it leaves the deflector 15 is dictated by the control electronics
50 and depends on the magnetic field set up by coil energization when the ion
beam passes through the deflector 15. Since the ion beam 14 follows a set of
diverging ion beam paths as it exits the magnetic deflector, if the beam were
to be allowed to strike a semiconductor wafer without addition deflection by
the collimator magnet 16 it would strike a wafer placed in its path at many
different angles (assuming the wafer has a generally planar surface).
Figure 5 schematically depicts a workpiece such as a silicon wafer 13

and a desired scan path 182 the beam 14 follows across a planar surface of
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the control 50 has completed one implant, robotic arms (not shown) remove a
treated wafer from the implantation chamber and insert a next subsequent
wafer for beam treatment.

The collimator magnet 16 interposed between the magnetic deflector
15 and the implantation chamber 18, receives the beam deflected by the
deflector 15 from the original extraction trajectory. The collimator magnet
16 further deflects the beam until the total angle of deflection is 180
degrees, thus parallel to the original extraction trajectory. The angle at
which the beam impacts the target plane is thus constant, independently of
the rotational scan position. Within the useful region where the beam is
transported, the coils 186,188 and yoke (nhot shown) structure of the
magnet is symmetrical about the original extraction axis. The coil currents
flow in planes that include the original extraction axis or axis of symmetry,
producing a magnetic field perpendicular to the median plane of the beam
trajectory, through all rotational scan positions. At each rotational scan
position, the beam propagates along a different median plane, the original
extraction axis or axis of symmetry being common to all these planes. An
arcuate slit 17 is interposed between the exit of the collimator and the
target to intercept unwanted species that may be extracted from the ion
source. (The trajectories through magnetic fields depend on the particle
momentum ).

The magnet 16 interposed between the magnetic deflector 15 and the
implantation chamber 18 receives the deflected, diverging beam and further
deflects the beam to make the diverging beams created by the magnetic
deflector follow 'parallel' paths so that the ions strike the wafer 13 within

the ion implantation chamber 18 at a controlled, uniform angle at all points
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energized to redirect the uniformly scanned ion beam 14 along a travel path
through the magnet 16 that causes the beams that are deflected through
diverging paths by the deflector 15 to exit the magnet 16 moving along
generally parallel paths. When redirected the ions in the beam strike the
workpiece at a controlled angle that is uniform across the extent of the ion
beam arc 182 shown in Figure 5.

The ion beam line from the source to the implantation station is
evacuated by a vacuum pump. Although not shown in the drawings, a
beam neutralizer may be interposed between the magnet and the wafer 13
to introduce electrons into the beam for avoiding potentially damaging
charge build up on wafers as they are implanted within the implanation
chamber 18.

Up and down scanning motion is supplied to a wafer support 190 by
a motor 192 coupled to the wafer support 190 by a transmission 194. The
end station 16 is pivotable along an axis which is generally perpendicular
to the path of the ion beam so that the target plane of the wafer is
adjustable. In this manner, the angle of ion implantation may be slightly
modified from a 90 degree implant.

While the present invention has been described with a degree of
particularity, it is the intent that the invention include all modifications and
alterations from the disclosed design falling within the spirit or scope of

the pending claims.
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implantation chamber (18) mounted in spaced relation to the ion source; apparatus
defining an ion beam path from the ion source to the implantation chamber comprising:
a) beam scanning (15) structure positioned along the ion beam path between the
ion source and the implantation chamber for deflecting ions by a deflection amount at a
controlled scan angle with respect to an entrance trajectory followed by the ion beam as
the beam (14) enters the beam scanning structure, said beam scanning structure
comprising:
i) a support (120) constructed from a ferromagnetic material mounted in
relation to and extending along a portion of the beam path; and
ii) one or more current carrying coils (110, 112) carried by the support
(120) for creating a deflecting magnetic field transverse to a direction of current through
the current carrying coils, such that said magnetic field intercepts the ion beam in a
deflection region bounded by the support; and
b) a controller (50) electrically coupied to the one or more current carrying coils
that controllably energizes the current carrying coils to create a magnetic field that scans
the beam in an arcuate path while maintaining the controlled scan angle to intercept
different portions of a workpiece treatment zone.

2. The apparatus of claim 1, wherein the support defines an inwardly facing
interior surface and wherein the one or more current carrying coils extend along the
inwardly facing interior surface of the support.

3. The apparatus of claim 1, additionally comprising a collimator magnet
downstream along the beam path from the beam (14) scanning structure for controlling
an angle of impact between the beam and the workpiece.

4. The apparatus of claim 3 wherein the collimator magnet sets up a static
magnetic field for deflecting diverging ions.

5. The apparatus of claim 3, wherein the controller regulates a time varying
coil energization scheme for scanning diverging ions in an arcuate path.
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treatment of a workpiece(13);

b) structure defining an implantation chamber mounted in spaced relation to the
ion source and including a workpiece support (190) for positioning the workpiece for
treatment by ions exiting the ion source (12);

¢) beam scanning structure (15) positioned along an ion beam path between the
ion source and the implantation chamber for deflecting ions by a deflection amount with
respect to an entrance trajectory followed by the ion beam (14) as the beam enters the
beam scanning structure, said beam scanning structure comprising:

i) a support constructed (120) from a ferromagnetic material mounted in
relation to and extending along a portion of the beam path; and

ii) one or more current carrying coils (110, 112) carried by the support for
creating a deflecting magnetic field that intercepts the ion beam in a deflection region
bounded by the support; and

d) a controller (50) electrically coupled to the one or more current carrying coils
(110, 112) that controllably energizes the current carrying coils to create a magnetic field
that scans the beam (14) in an arcuate path while maintaining a controlled scan angle
but in different directions to intercept different portions of a workpiece treatment zone.

7. The apparatus of claim 6, additionally comprising a means (192) to move the
workpiece support (190) along a controlled back and forth path to cause the ions to treat

an entire workpiece surface.

8. The apparatus of claim 6, additionally comprising a collimator magnet for
receiving ions following diverging paths from the ion beam scanning structure (15) to
deflect said ions to follow controlled paths generally parallel to each other before striking
the workpiece (13).

9. The apparatus of claim 8, wherein the collimator magnet sets up a static
magnetic field.

10. A method of ion beam treatment of a workpiece (13) comprising the steps of:
a) emitting ions from an ion source (12) and accelerating the ions away from the
ion source to form an ion beam (14); and
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in an arcuate scanning motion by the steps of i) placing first and second current carrying
coils (110, 112) along an inner surface (S) of a support (120) and ii) selectively
energizing both the first and the second current carrying coils in a coordinated manner to
deflect the beam away from the initial trajectory by a controlled amount in a time varying
manner to cause the beam to sweep through an arcuate path while maintaining a
controlled scan angle.

11. The method of claim 10, wherein the beam (14) is redeflected after it is made
to sweep through an arcuate path to cause the ions to impact the workpiece at a
controlled angle.

12. An ion beam implant system for controllably treating a workpiece (13)
comprising:

a) source means (12) for providing ions to treat the workpiece (13);

b) workpiece support means (190) for orienting the workpiece at a target plane
relative the source means;

c) beam forming means for causing ions emitted by the source means to form an
ion beam moving in a first trajectory;

d) an electromagnet (15) for deflecting ions in said ion beam away from said first
trajectory by a controlled deflection angle that does not change as the workpiece is
treated,

e) control means coupled to the electromagnet for applying control voltages to
energize the electromagnet to cause the ion beam to scan in an arcuate path (182) while
maintaining the controlled angular of deflection with respect to the first trajectory;

f) a downstream beam deflector (16) for redeflecting the ion beam deflected by
the electromagnet to the target plane; and

g) scan means (192) for translating the workpiece support means (190) and
thereby cause the ion beam to strike the workpiece (13) at controlled regions on the

workpiece surface.



