;e3eGG' 6T[ " 15 August 2003 t CONTI NOUSLY VARI ABLE APERTURE BORidds@DJINERGY
| ON | MPLANTER Field of the Invention The present invention relates
generally to high-energy ion inplantation systens and nore particularly to
a continuously variable aperture for use in such systens. Background of the
I nvention lon inplantati on has becone the technol ogy preferred by industry
to dope sem conductors with inpurities in the | arge-scal e manufacture of
integrated circuits. Hi ghenergy ion inplanters are used for deep inplants
into a substrate. Such deep inplants are required to create, for exanple,

retrograde welts. Eat qn &P R @RS IBDU Y ABLEMRPERESRW e exanpl es of
such HI gh-energy inplaﬂgr i Ji r ONG i on beans at
energy levels up to 5 érigrﬂ fﬁi%ﬁ&@%ﬁbﬁﬁ@gyﬁ@(ﬁ at ent No.

4,GG7, 111, assigned to the assignee of the present invention, Eaton

Cor por ation, and descri bi ng suchFeldiogithedengptiam i npl anter, is
incorporated by reference herein as if fully set forth. Typically, inplants

are perforned on_sem conductor substrates in prescribed series of processes
or recipes. Eachil$dyFseal IngSRUPH EFlade seially 4P bredicsnsEsy 108 ARALaBRUGIS SIS 1 es
a particul i I j usting the

i on bean1c§%¥éﬁ¥ﬁkgrﬁlf??gggﬂgkgggwgggﬂf%%%ﬁgggngﬁépﬁﬁgpg Sl?ﬂéﬁing of the

i on beam source for a particular |evel of beamcurrent, and their re-tuning
t he source for any subsequenthbkge@@ﬂa(ﬂﬁﬁeunﬁedﬁ@m1current. Such a

met hod, however, can be tinme consum ng and is nost detrinmental when beam
reci pes involving a common species (e.g.) boron or phosphorous) are
connected in a deniewplataion. hThdecome tbavtechnojogyuprifemged dyi peustiy ito séopees

is offset by the tinme required to retune the source between recipes...

15 August SPoseeneusErBReE et 1 S e Al radiyadfis el mipaRed FERR Highon

i mpl anter kel i;pg ihRlafklsOfe 08 BF dEBiBIpINAINANSsurahRPSWeh dBeiBfIsRs alon
to pass throﬁgklthQIQSerfure and bé&?ﬁpﬁanteg in?o a substratgﬁﬁghch gn
aperture i seghmanto oredde Sfor Raxmpte, Metrogade3@ b6 2 Eatdne CSIWHEh&dapE DY VHE ginze
IS predetetniped for eachliog igglént pracess and Eq%UStﬁg accordingly. It
is not knowwP aﬁ’(’)%@'@re,"mPB_ebP.%C TR (ko T3 EDPST 1P bet‘rg‘éaﬁé’lr%‘f} clon

i pl ant at i QaaS¥ Sk 8MrgMvelsuplth KRV nliflioRrMekd] BIEPNTIPIpatdhl R & 669l 13UCh
an aperture using ion beam current feedback to permt dynam c adjustment

t her eof . | tassignahtodbs assignes off the ppaserstemtentiom, diatdroGorpohaion, ard desaibiveswwh a

i nproved aq{ stabl e.aperture for use in tﬁﬁ.bean1ine of. G@ iog.i | ant ati on
system |t TEYENTEY {MPH Sl RORHRLeH By EHPTEBHF ROl By stidRtin _
adj ust abl e aper twﬁcafu?,r ingﬁfnté Bredelofe BOLLMY chRId cloTRhBafk D PreSotieB Tbrild 1S
yet a further object fo provide a nmethod of controlling such an adjustable
aperture, weredassisonrdvgran Caclr egriesinzayusdudasevaral eastiesckach o whichtroquines a
control system .S ry. of the lInvention A variabl erture assenbly is

o ovi ded” | QT GUEET PHSHEREm g, CrenoReBs oy e titlot pfgT Sifbent of

t her et hr ougfiffieren@ PeciR8 idvaRlca ah Fiti@Ntubdhgiof Mhe 1A eaRSIJutdefon s Pmﬂaﬁm LRBP6T Ses
an aperture defined by opposing first and second aperture plates through
whi ch an i dirabeawrpusadsther ontunog Hrensouessrine ene dubseaugns ¢ ffarentylevel ofipam
first and secon rtur | at es; and .an. aperture driye mechani sm.f.or

si nul t aneous} e“?‘nggﬁl? Hﬁﬁ}?@v@ ERECT (@"tbr?g“%oﬁ?r}sgpméﬁ ﬁ%a,i'sn"18§pipcgcgr}'?eemal when

di recti ons Béanplclet irvoBdk: PESHMRRA shhkesqPL!, bdfdh ¢t piiogphdréus) BRIBANetaNiy o

t he anmount of current passing through the aperture. Each of the opposite

di recti ons Senicephaim Thrtimosaved by spnmngnrscines 1§ sefagsds affhst bydirejimelfeauired totrg- an
axi s al ong (‘{‘1’@1-&?& stor[l?ccib%&v@ﬁ%ni& sses. A closed | oop control systemis also
provi ded for receiving a I'r 8t i'hput signal froman ion beam current
detection device representing actual ion beam current passing through the

i npl anter; a second input for receivind a second input r i a
desired ion beamcurrent; a third input for receiving aJ@ﬂ@@E@U“MHﬂMsignal
froman aperture position feedback nechani smrepresenti

position; an output for outputting control signals to the ag&¥¥&ire drive

uuuuu

mechani smto control the ion beam current passing therethroughi“and control

| ogic for determ ning said output control signals based o ' '
ifmain

second, and third inputs.




According to a second aspect of the invention, there is pﬁéfi“&%ﬁ@ﬂ?’

i npl:anter beanml i ne assenbly, as defined in the clainms. According to a third
raspect of the invention, there is provided a closed | oop control system as
defined in the clainms. Brief Decription of the Drawings Figure 1 is a cross
sectional plan yiigkhoah 3Bl 8 vhh AN bl BEORRAT .tahgrqm@r&mnéeﬁow§&e£003
continuously variabl e aperture co structed according to the principles of

t he pr esenmorathamenedsetopFplpmesirgl ips togpapsethropaltthe gpertuieand be intpleated anie & suboaté.y
vari abl e apgqt.ur 5 ROV 4 [ j L QLU o Flgure 3
is a plan g?‘%‘wﬁcﬁ eﬁigg@rﬁﬁ 'Euédsla{;/entv%(ir??ﬁ_?’25%%%’?@&@?&%&;%‘5g?e&?élergllﬁl%g 2;
Fi gure 4 i forgadhiipwimplansprieasnaridadpitodargrdingtyort is odt Knowm howeteane prvithsuch pg
used to co - . LN . yard abl ' ) ’
Frgure 5. i oo haRiehRRkEP KN Sl ForPRIito loviat SUbR) Acbr et

al gori t hm an apertzeedising rontbgam pgranhedack fogamitdympmivtadpbtmiettghdrand. i r npl ant er of
Figure 1, basedqQ seld.be e I: r ters, . whi LnGludes .t h

apert ur e cont r ot LRI & REte 2GR B PN ey b dyIEE R o
represent auscon thé bdamine efianii@nitnptasmpensysteto Itdislp Osthemubjecodf theieventon to ptovideop
”?Cha”' sm Qt];chlzln 94 Lﬁab?é pglqgrggor%ge a afhli rh%ne%ry%nq;nr Elgtagc?nnt Etgrln. ﬁ":ist he?g '{url%Qrd
Figure 7 is a grdp ical represen%atl n~of” beant curren respon’ée 0

adj ust ment objctitdproidnt method oipontrelliingsucks an sfjusfablpupetuds, whersndorobeam capenisd
preferred Sg)erata;rz\glfeegﬁtcpglgn l%%ﬁg{:olnﬁ'gl sgription of a Preferred Enbodi ment of
the I nvention cross: SB¢t iona pran“view of a high-energy ion inplanter 10
is shown in Figure 1. The inplanter 10 conprises five sections or
subsystens: an injector 12 incl udSumynary dfole leentive 14 for produci ng an ion
beam and a nmass anal ysis magnet 16 for mass anal yzing the ion beam a radio
frequency (RF) |, (. ac al (L Lnel udi rali f
resonat or nodul eA sﬂggbl? ?f?eﬁg%géﬁe'élrg[gtlls k]'lé)v‘?%%afoggor? 'tnglggnq}eg %3%}% :85 %3 r%&’é&nélrrr %‘f/t
final ener gyssimggheethréughhd arlidn fmplanpgioh oystenm gTle apetturerassantinainpsiss aohpdrtoe:
accel erat ed 4 . [ | ver .h ing.23,for, fi.nal .resol ution

condi ¢ ont SR of FBR R nfsEaRsYeg AR Bl L Pen R Rl 20 B arms
rotating dceme@éd, capactivaly tawhe @irss and/ second epértupd platese andoan apéreiré dnive lmealmnism for
Posi ti oned . ' t > . | i nac
T8 1 s a cofiiflsch\irfine AR & APAREL: i Alorhife BB adluch b

cont rol t héetanenthe apsfturie plates éatirersby ¢antrol thhamdunp e suarent passingtthroughetbsaparvatey si s
magnet 16 t | 1.nae . i](glrgg i t. L .
vari abl e agg?ht%?fee dg@@sﬁg &gecltlgyr%g?%ﬂgé aﬁ%ﬂ%&%’&wﬁﬁl %e#&?fs?y ﬁeg‘gekhhl? %gﬁg%ﬁlse

t he beam calongwhichthe iafbeppassesarA clpsed I®panutral systent is alse provided foheeceivinga first

anal ysi s magiedionhBerd! B foh 884in LibreRBfitectioh dedfee Riprdsttiff actfhl RAl barh BirehOfSsinds

through the implanter; a second input for receiving a second input representing a desired ion beam

current; a third input for receiving a third input signal from an aperture position feedback mechanism
representing aperture position; an output for outputting control signals to the aperture drive
mechanism to control the ion beam current passing therethrough; and control logic for determining
said output control signals based on said first, second, and third inputs.

According to a second aspect of the invention, there is provided an implanter beamline
assembly, as defined in the claims.

According to a third aspect of the invention, there is provided a closed loop control system,

as defined in the claims.
Brief Decription of the Drawings

Figure 1 is a cross sectional plan view of an ion implanter incorporating a



15 August 2003 generated by the ion source 14 |eaving an appAogust2083
¢harge-to-nmass ratio. The nmass analysis nmagnet is required because the ion
source 14, in addition to generating ions of appropriate charge-to-nass
ratio, also generates ions of greater or |esser charge-to-mass ratio than
t hat desi regtinh@s abRGapefapRbANICRdecCsdingao tite pragdplewdfl the p@sent not
suitable for inplantation into the wafer. The ion beam that passes through
t he mass an¥nions nagnet 16 is typically conprised of a single i sotope and
enters the RF |jinac ;18 which inmparts ggditlonal qperg% to,.the io lbeam
passing t her et Y SHGH 1SARSTIRECHYIARY BF Bis GoRUMORSY; Variablt apafly 435emY % i el ds
whi ch var ysyB@ml iR@hEah lidaphintd? of Figare £:he phase of which nmay be adjusted to
accomodat e di fferent aponic nunber particles as well as particles having
di fferent speedBiguiakis aqflan viewplfihedantipuafsly eaiabbet apertmsdasessbly of Figutehds RF

linac 18 functigns to. further accel efate ions, beyond the.energies the
alchi eve fr gm aI }g’rgéfﬁ ‘gﬁsau%b‘l}lséhe @.SL%‘§Wl?eqﬁnH8E'>éPﬂ&e§gan§ﬁlfgis ‘H;Sévﬁ%%/r eam
o f the |igafrolthe hAfiniRIE) i ia6RAbaIE ofFRAFRNardlrg Faraday 3 5 for

measuring the current o f the ion beamprior to inplanting into the wafer.
The conti nuousl Figuer§ &ld sshempetid flowe cBEt thpsgsesterg the bwerelh cotteol mipositlanal ysi s

magnet 16 and the RF lipac 18 is sho in greater detail [n Figure 2. The
aperture 36‘3&9 Py té‘_é’s“géﬁe rcé‘”%"\é&ég%}?g‘l 1V1pga?}erpg§;%lirq1b,q§§ﬁg9ré| |y
Interior Oéreécrm&l%hﬁﬂng Safheffs, wHih ABUARSHE Up&E LoRrdTRIAMiST 0P Rigure
residing generally exterfor of the nmounting plate 34. The nounting plate 34

defines thé interface between the interior of the inplanter beamine, which
oper at es under iéacuum condi tions, and the Exteri or of the inplanter

bean i ne, whi chF188%5 @i GrPhifalARRIPIGRIAtoR R BEATR FRECNS Fespeniedo aBNemMELAL i ng
plate is cgql : j i } WS
carried byﬂ?ﬁ?ggﬁgPHEﬂgﬁgﬁﬁgﬂ8?g@#ﬁ?gPq%g‘gﬁ%ﬁ§ﬂ@Fgﬁﬁggﬁhﬁﬁ%ngggﬁpﬁge
subassenbly 32 Egupes 7 sesgraphicapbpreseentatioad dedm oument agspohserte adistaedmit ofi whi ch
resides a graphite variaple aperture 44 conprised, of .aperture plate 44A and
44B. The apertonte! lgppmeshanismy ’élgaw,iaagda&q w3958 prsfasted anelshedad,

control arns 46A and 46B, respectively, by neans of fasteners such as

3 aofinos a Spemied DUSLUBT REaTATEH AL BefibRunBR BIne ventiyf” 001 °

beam may pass dunng operation of the ion inplanter of Figure 1. As

expl ai ned furthe( clagy Rchdredl plin vidveoPPRighlerey don ingplameNENis Show® i Bigas 1. he
control arnms 46A and 46B toward and away from each other in a direction

par al | el tdhgimplaptertl§ cpmprisehEvesertianspr subsyHerps:5m ipieciosdR inpludingan ignat es

44A and 44 Sl i ener.al ndi Lo 1 i 5
Aguot - 2005 WRS 4 hbeb RS B0 blarb SHEF Gl afadlfs G il Bl rE°
t he apert uigh Bedrvea FRdib ArdBnSO(RI)Clinede accldratse dlinme) 18i inglublingCk phizalithalf i s
fixedly spaced fromthe mounting plate 34 by nmeans of |inear shafts or ways
54 and 56. roRBatpr medwlesy for gacelgriingdheion bgarh s abigherenergy; aBualenergy praghe 34
by nmeans of i iLyel } . 56
provi de meélr:gﬂi?% g%%%ﬁ%ﬁiengﬁ%l\%%ﬁgﬁgg??@S%C%ey?ﬁﬁ%b%ﬁ%\%rg%n%%ﬂ@nﬁ @nhlgls i des
to permt agdjforsfiripisolation &l @agitidinp of e ésh bdam; andir endatdbion e svhdehAoataths44B.
Control arm 46A (to which aperture plate 44A is attached) is connected to
bl ock assefsPiating disc@s capgingyafern W to beinplaoted by thejion heany. Bpgtignadiatisnthenay

56. The co I LS A C . . j
ixedly acuenanfidd figny oA ikttt ARE ke Rleaonhimoltl Al dpfrue
Accor di ngl ysselyblyBy whichfucors Go tohteol the @edund 6f Rarbzhinadurient wbich pasbes from
novenent is inparted to block 64 which slides along |inear way 56, thereby

i nparting dbe mesp¥Rdysigmagned |16 e thakinae 8o Lncated impmedintely gler bigtooptinygquslysc A,
Thus, th N , , ' ' i t
i 51 AVAIESIE B SRR Ko Rarablyy ER KTRA B Befeil bl PRIG GR |0

control ar wffietapendrd 3Eakingy thelingd. t he nounting plate 34 to maintain
vacuum conditions on the interior side of the nmountin |ate, while |
pernitting the cBitmass analysisomagnst 16\ funetions g passie thﬁg%rfllw b% qnly the ions
Simlarly, control arm46B (to which aperture plate 44B is attached) is
connected to bl ock assenbly, 72, 74, 76, which slides bi-directionally
along linear way 54. The control arm 46B3 s fixedly attached to bl ock 72;
block 72 is fixedly attached to block 74; and block 74 is fixedly attached
to block 76. Accordingly, by noving block 76 in a direction parallel to
axis S 1, novenent is inparted to block 74 which slides along |inear way
54, thereby inparting correspondi ng axial novenent to block 72 and the
control arm 46B. Thus, the entire bl ock assenmbly 72, 74, 76 noves in a
direction parallel to axis 51. An expansible steel bellows 80 is provided

o, M o 4 a1 o e o ~ I T o M Y T



The bl'ock assenblies 61, 64, 66 and 72, 74, 76 are moved t d9Audustr2@0away
“from'each other in opposite directions parallel to axis S| by a notorized
t hreaded shaft assenbly including a DC notor 82 and a threaded shaft 84.
The threaded shaft 84 is provided with a first threaded portion 84A having
an end t hatndrale€bNRGbIEsbut MNRvITgUAabRgpid©cthar@etolasd rétio. The nfsgaslysR003
bearing mount 8G The threaded shaft 84 Is provided with a second

opposi t el ynagheldadehifsdbesanse d¥Bonsvirag [ 4nin efdition i gensratimgrens ddppwpmdient i ng
plate 34 by an.internal bearin not shown) . suc the threaded shaft 84
P secur e qHa@SoBEnGa, Bo0 RETBER TG BBk BB FRreti mAt e A Ut 34
whi | e bei ngsip&f Mohd ﬁéi/iﬁ%)irfaﬁfn%bﬁa@chgigrefiﬁlxﬁz@@@dtio}é a8d ARGuRXbIS flimpBlrRston/6 1S
provided with internal tThreads that match those of the first threaded
portion 84#po theevafdrock G6 is provided with internal threads that natch

t hose of the segcond ogsitely threaded portion, 84B. motqr 82 i s .coupl ed
o the t hr cadect 161 PERH ) PirieniBrogRn Livabies BUBIA HEEnSBI0 Pawarelb SougHR e
to the motgr, iR RAGRN Hers Bre RPMYE 19 “Qﬁcﬂpﬂﬁa%dsﬁdﬁitﬁﬁﬁlden}éiﬁgtégﬁé id? the
DC notor, the threaded shaft 84 may be rotated i'n opposite diréections.
Because t _heatlfni pasar;]ing ﬂreeﬁhh@dgknoff_hé B l]fmA ﬁmwﬁem(géﬁe aﬁ@]}drktir@ﬁhﬂdis ‘ﬁbicgivarykMB
are oppositely. threaded, rotatio . .the threaded shaft ves. t he bl o¢
assenbl y @PO%@?IIWHRH%@W e N ERAP BN (g ppeomamodaiedifisiratatomie
bllock ass rticléy as/@ell s ParRBORAife diff?GHt! PR BhdELS i Fifiafiry2ds The
bl ock asse ?/eéé)%a;ce c%snngct gzﬁto t hei rlggr espectis\?ee contrc})ﬁ ar rrslﬁ4§Ayznd
46B. Thus,refonaselmedulesy2@ rethedRF dintic 81 fandtions of further uodelargte iopebaondghd he
DC nmotor 82, the width of the aperture a;% 50 be made snaller or |arger
by novi ng TRESIEIRRY Rphievp fRmea PN IRUS Apdulk The fesPyehhousingy  Srpdirs dawnsBiastr .
In this indc® Wb EHaiRes Siddfq B

adj ust ed. hgé glpl)%cr{ku?g@pl aﬁ% 44?61\ and C§4B n%?%?%yﬁ%fog\%e?flﬁléggﬁy ?a utntngach
ot her in tthe i@l bsadppadhdtimplantiog ime tireewdflat no beam current passes

t herethrough. In the preferred enbodi nent, the tilt angle a. defined bg/ t he
axis 49 of aper thf eoninuonsly wagirklegperiure f9 disposse betieer Higdnass pnalysis mpgnet 1

alternative, i uolRe & ] f. I j I i s 2
and 5 s e RITUIR i Rinh i BRARS SR h FRRRETY TheBR bR dohlsBhe
rotary novareente ssibasepbly 3 rdsoliag gehetebly\isterioreofpansurtihg péak 3hangd amayerhee used

to inpart opposing novepent, to the rack bars, By connecti ng each of the
rack bars fevemegayis Poudetidinggsnealexteppnei heRoumting phte 2he The MIYAURY t he
not or may J I : i ent
passi ng. & HPasaR (et @GSl AR ndPBr o PRAAAE: b8 RERBbaM 20
arnms 46A amted GEciaime caaliti@d, byd theraxtiriomos dehmpdantatteamlicenvhioh raides4Gan i s
provided with a coaxial. constru {i on utilizing ap i.nner sheath 92 into

whi ch wat efMPE; HMOIRNEHC PrEssyThi obe BEUBHRS Riffe Sfoaredyantats 9h2 toBEIF-MHR ch
vater exit g&.wh 8 QutebRhnieBis calhidd 6y in¥ernARRLRls B TIACR drd RigVigied with a
coaxial construction utilizing an 6 15 August 2003 inner sheath 100 into
whi ch wat er i s Thfepdrede subassembdyt 321 Ginaisds agraphitefix ahkedinngbp2rtdra 4@ bghindhi ch

water exits, via qutlet 106. The positign of th ontrol ar 46 d _46B
may be monigEs! %Si«"{réaaié}l@x‘iaﬂﬁfe'ﬁ SRR AR SOTOHSS0 7 ST RS BT R JdSt o
mounting b, ééfﬂatéii 25A hhd @@dax%%acl'%gut?tlgﬂnfeﬁ’s Ql'eg%?nrl%;f; aﬁ‘ﬁ's‘m;]tl@g’and 46B,

respectively, activate swtches 108 an , respectively, en they are in
cl ose pr oxraspeativehe bgnocany\bé fassametsciuchi @8 screwadBi Vidteeghp SOhieetwpar haraperdurei s

inits nost, closed i.tion,. and en switch 110 is activated, the aperture
49 15 in ) PESTOLA BRLRIM SR FigHe o) QEHig spaes heving Sdijetudmehitinpdrior
embodi ment lvhiéh%ﬁgﬁlb&du?ﬁyﬂgaés'd" i gopafa@m H@Eoﬁrim? HRFbPFiggrgg. %{ﬁ?%ﬁne&lﬁ

and a receiving portion may ncl uded wth e thre
assenbl y f durthpr bwicdibalpwa thd apditotdrive nodchahan 36 steves chelvehiseleanmb K6Alkand 46B

assenblies 62, 64, 66 and 72, 74, 76, thereby providing an indication of
PheC okl o1 st andevayaoin ad officrin 4 drtan prEIoh o aKIS o1 1 Ky oAl (i gsns o,

Alternativ e R : t t he
e S R e i R R

schematic show ng a closed loop circuit or control mechani sm 120
4



that i's used to control the continuously variabl e aperture 16fAUgugl2t®s 2 and
3. The mechani sm 120 may be inplenented in either software or hardware.
Inputs to the circuit 120 are the desired ion beam current as defined by
the particul ar recipe being run, an ion beam current measurenent provided
by second flag Faraday 35, and an aperture position indication provided by
t he |i nearwheh®M icamehfraldie, 118. The output of the circuit 120 is a
control signal or signals provided to the DC notor 82 to control novenent
of the control Witsretenehce buBigutes 2gag 35teaperture depemednanist 36 inchidepafiatdr
122 conpares the desir ion_beam current with the neas d beam current

£ om t o SERBHIE bISEK Eaaldy T30 pRited SR ha IPUTIE PAGr ot BROFITISON ded
every 50 ikl seGandss afiflsd. STisd Micilvifs St SR 46RE SulHaRoRR molAfn@hRiA4 OF
the conparator 1s Ifnput into a notor controller 124 1ncluding control |ogic
t hat cont r by metimeofimdwnting? 5§ asd 60,aespattétehe rThenmeaewvayr BHandaio revide eeanent

is greater than or Less than the desiyed i on heam.current. |f the neasured
i on beam calppéwﬁnqhsth@n@a%@? POHIRR ‘{ﬂé@imeé ama*ﬁgb@%ﬁwﬁwwwstmﬁet Hohor

controller 5 SVESw {hr% ntoli] mé 431@/39 44826 to the DC notor to rotate in a
first di re%tplson to ?r[gvg Pﬁe a%)ertsure pl'ates 44A and 44B cl oser toget her.
Thus, the apert Goeatrgagpnbd6A Stonahichwperturamdaté ddA is artadiednisceonnemndd tosblock
delivered to the lLinac 18. ust ﬁOOS However, if the nmeasured ion

.7 .15 .
beam cur r efﬁse‘inglyb @& $4 %W“M‘éhé%%l?@g‘%cq%ﬁ Yalgng Hugar 8y 56+ ke ¢apirgl arm 46A _
control | er ;J SRS 2@ HEE A BIoEL B! 91|focl§ Bﬂwhxéﬁffg%hﬁeﬁ% BockR40hnd 910?1?%%? In

a second direction (opposite the first direc to nove the aperture

pl at es 44Afiaedly 4d43hed to bleck 66 akdcordihgly, bytrhevimpelotk 66 irgadir&fion parullel enexis and
nore ion beamcurrent is delivered to the linac 18. Additionally, the notor
cont rol | er S1omoyensst isimpagtediiq plogh 64 hioh stidespiang liagar ey 6 albrrely HRARAtIRG om
the |inear i . tQl Gl [ £ .

oper at es. 1 SOLCEPREE Emdvcnert ihiol > il cLFISHAER. BL M dnitehogk
4 is part afsemblysxcd)d6 monisink datgdhipatiiicliviakiszad Aexpansiblagetlteliowsn7deam
current of 'the jon inplanter of Figure 1 based on desired operatin

par anet er s ispfavidedhatehe sieface of frecopEpiayi9A mdthe ergRerofthpowrngplate 34

representi i fd%% i j , rg%: > ed
i n hardwar gcggl%ms%%l&ég{@ L(l) S'S 1{3\(/2\)'/1%1 tﬁ%g%dé)tﬁlrg{e@eé?% %?@p@éﬁ% 0 E@gé
syst em t unitigeot@bhaxth 464 té Moot dasugh he niv@ntiheplatg. st fl ag Faraday 31 by
positioning the flag in the path of the io e as is known in the art,

. f , n beam as i .
at the | ocati on Simiady, gerirgl agn 4o5: (ewhich pperhie plafa 44R isaitached hisicappested to
aperture 3 ' t . - df0 4 et,
whi ch co rrpg’lios&eys?'l gék‘éﬁl?’n%’ ? Jr?l’e7]63 g"é’ lﬁ%ﬁg P Qﬁ‘h‘iéh’gg‘é‘?{“a;r%&ﬁ@‘g# gﬁ? F?rp?g‘?\ f@tﬁ)gast
oper at i onalarhi46Bds Yixed@ dftached teblegk 1B MblockiV ik finedly dfladhed v bisek 74; andibRick ed
operating paraneters. Decisjion 138 invglves nmeasuring the ion beam current

with the fi’/fdé ixedy attaghsd ig blagk 76 1 Acepadipglynby moving:blpdk 6 g direghionparaliflapl e
range, suc teqf | i i - yar i e il
result in g%taggcsgb%eé% eg%n@fﬁt%&;ﬁ% G%ZE?‘g‘g&{d%l\ﬁnegta?%%nﬁnaetaptaﬁtgébtgg%gm | ag
Far aday 35,impheinkicosiesfondimgrexid daoveditni ® blpdn?2 and tist coptrbUmedEB. tTims) the
beamis permtted to travel .through the aperture 30 and into the |inac 18.

h
If, howeverentiterhlogkassaneily Vorit, AeBONesR arestinn maralisl toraxisy Ir dynfarmgnstple steel
out si de of ent . i ] h i . i.abl e
aper ture. adeupF CRAG AR B B inkfile oF e Lol hel s ARk (B BUBY ol
downst r eammouriting pete 3 tb rhhiagrir-eacadaycotditionden thp drtetisresiddlofleahbuming plesé, be
adjusted (i.e,, coarsely tuned) in step 142. After coarsely tuning the

aperture 44Vilsparmying the contrgbarms Qi toymave theough e BoupdRg PldSasur ed by t he
first flag Fara i e | e, }

Far aday 31 1o opiikabjotk peblict €, SAFGEGRERS ¥, B s Hibucd ul 48 phifom,
fl ag Far adasackdthesinsdppbbiteoditestions pansllehtcaid Sibbya haigiizedithreaded shdfeasserablyr ce
14 nust be re-tuned in step |46. After re-tuning the source_ 14, if at

deci si on 14eclvﬁ@g@é%m?rr&ﬂn%t§wﬁ%ﬂ@§l 8dn él‘hpgh@@dqdi shaft 84 is pravidedywith 22003
Faraday is ay.f i i ﬁg‘?%/ i
opened. |If mﬁ%{\%}e{/&gwﬁ?ﬁ%ﬁ?&gﬁvﬁﬁ gfg‘%rrtggggrcggﬁ%%ed{ tlﬁgﬂ? F?’rélt ‘?a‘ééiﬁg? géaay 31
is still outside the acceptable range, the ion beam source 14 nust again be
re-tuned in step 14G The | oop provided by steps 146 and 148 i s not
infinite in nature as a time-out nmechanismis provi ded should the source 14
prove to be not tunable to the desired current output.



Next, 'in step 150, the injector 12 is tuned for ali grirrent db Augastesad | nt o
the l'inac 18. Decision 152 involves neasuring the ion beamcurrent wth the
second flag Faraday 35. If the beamcurrent is within an acceptabl e range,
systemtuning is conplete at step 154 and second flag Faraday 35 may be
opened. I|f, however, t ea urr is nat within the acceptable range,
Che. aper (EragngapoeH Hudfe BEERean dais ot eh Vet SPorATBRT TGt HeeKrbecd

| oop ci rcw&ioﬁmswmghn BREMANs ROAR(:d98 nE)h&%g[epléte FBaRAMS Rl Gdatihg &) 1S
cl osed | oop, the aperture position wll be continuously adjusted until the
measur ed Heawm)cuysrsanl, tia theeaded sh4fl 3dyisBacwachyt iB5%enids tavhiemounting blck Sptaabl e
range. At this point, stemtuning jis . conplete at ste 54 and_second flag
Far aday nH\¢ ‘B%mﬁ’é’ér?i%‘? féyy&uﬁg foﬁ'@gtpﬁg“‘r“?fl rptale Fii'é‘iﬁt‘é’nﬁﬁ)y éf’%?"f‘? égn_gﬁ’(?ganges
|0 the 1006 REABYfadf Wil inflRal BRAU Gl AF AOEPOA B Hs e BRA pof ot 41, Nq! he

i on source, ich would otherw se be a nuch nore tinme consum ng process. In
addi ti on, bidck opriegenided with mitemnl threads thasmatchntioise nbthe seliond oppaitely plireadede

met hod of changing the beamcurrent. To the contrary, re-tuning the ion
source ispaﬁ}?&?%ﬁ‘ re reactive, indirect process that requires an anal ysis
of the effect j t 434 Adee and
whi ch cannot p%%ﬁ?g&t%isﬁggﬁgemEg%%ﬁ%gwé%}?t%u% r%gééé‘gﬁ’gtﬁgﬁﬁ%‘g‘p{ﬁﬂg%& esent
i nvent i on Poker isesuppliddeto thexmatqardef da teads 80bBgiapplying dppesipag biasalvalfagéde
aperture 44 may be controlled to a fineness, of abqut mcraons (u

.5 m (i. e.,
each cont i Darmetepvhsigreaded shagtdmaedbaioiaied inopppaitedlizectons; Beepyse E}]ﬁr‘érft,
whi ch may ] 9 i : T .S,
assum g’ (apSERAIG 4h Tnd e Socohd (ueaIRrldh AP u e PRI iocse. fflid?
aperture gdphtfreadaibshaft aovex theblleck assentbl62,iod] 68 inseheaiivertdon paedilell @Gixis 51
m croanps (RA) with the aperture 44 fully open, éihe beam ilurrent may_be
cont r ol | ecdnddUPNGEtRe blacksasspablys?a, i7f T InAn oppRsits gissrbiopdrrally! toaxspdr athéon,
usi ng the i i J A (G Ut L i c
measur ed bdekg% %Sﬁ%gﬁésg%g r%%rﬁqeg Eeég otﬁgh%lf %%S Bﬁééfr?'g agaé%@aﬁﬁgggcg%%r gr h%lg’g% %ion
(from ei t helectig thd tveret pelakyt o foire tveltage opepdtargythe MO aetdr. 87 hie: widthafitkon of

nmeasured and desired 9 15 August 2003 beam current is made at | east once
each secorPCrtHre gap Yormetde radggaalesor lsgsr by maving-the apedure plates 47 Agpnd 44B

gr aphi cal te f a : r - adj ]ﬁém‘? t he
aperture ptggﬁcfgﬁﬁ%a iﬂnoglji]?%gl ﬂﬂgegi (Ii:ﬁ 0 I guerr’e1 ﬁggﬁgﬂlﬁ%tégﬁﬁgg%égﬁg a %i rst
preferred obmay bt adjaittddThe ffesturegslateo44ve ad MBimaly kithersyveridpodn abuneach other
Figure 7 is based on a, secand preferred control nethod, referred to as_ the
bi - sect i oninriBe Rloged positigndoaguipihst ne bewp KBECRtMAgtes dhsssthronghy iyibeprefamed o
signal is &ﬁﬂ&c{iﬁu%ﬁtdgmiu%g%&& f?n’eﬁ b&%ﬁee&ié% &haﬁne q{?f rEA%%isBE YRR duftfe
desired beam current versHS actual Beam current. e present aperture
position ig&rddebessvi ned based on potentioneter or encoder feedback. If
measured current is greater than desired current (not shown), control

signal 126 is gémeligmative o themogarized dhrgpsted shaf agsambbprayidedindtigyrgs 2 aad Aot or

(Figure ) © LBV cRBal b5 BEGRNLGE Bl THEXIobRAR G BPL-f S 1,

rotating tBeinioh Rcafed befwdefi@ plhdiTadk baS a9 be vAREId iiRrRPPbiih® hovendinaok
may be used so that the control circuit 120 can determ ne the present
aperture pds ¥ackrbagndBY veneestingeagh) of dbgirack dbashta o gewephed eondie] amp, Fotay t 2,
appr oxi mat - I ot t.1, signal is
qencr at od SisyRf: SEERMA oy B3 utbh Sy bt Wed aaReBRE AR REL. 21807

wi den the apert BeeagapthdOon!teafri @ufrentSpasking whelslighi thirahpeerg a4 i raay genérate
desired versus_neasured current are nade éat tines t3 and t4), and

cor r espondisiggifiganbheat, tha gpntrol armsiiid andrAOB ase sealed by acwedinmuBish 38 Water he

measured b f. Wt Dt . T t. ich
tho mot or SanigY Bt BoA 8 bicy iR 3\ cQRRERAACE 1ARR an MferRERY oF it
narrowed, dejieindatedis infetedngiinleries aiid hbeuter slpgatis94) tabughneihich evagrekitsi via
position. Thus, in Figure 6 at t 1, when the first (greatest magnjtude)
error si gn@Ues9edimilarlygcontind appdB s previdedewith@ coaxiakeqnstugiion utidzing an
subsequent tinmes (t2 - t4), the magnitude of the error signal becones
progressively smaller, and the notor is driven slower. Also, as the error
si gnal magni t ude approaches zero, the notr is prematurely instructed to
stop to acconmopdate nmonmentumwi thin the system As such, the neasured
current shown in Figure 6 does not overshoot its desired beam current
target but instead asynptotically approaches the beamcurrent target. In
the bi-section nethod (Figure 7), at tine t1l a conparison is nade by
circuit 120 of desired beam current versus actual beam current. The present
aperture position is determ ned based on potentioneter or encoder feedback.

o [ — oy



15 August 2003 than desired current (not shown), control si@gnRlgul£003s
generated to narrow the aperture gap 50 by rotating the notor 82 in one
direction, and if measured current is |less than desired current (Figure 7),
control signal 128 is generated to wi den the aperture gap 50 by rotating
the notor 82 in the other direction. In the bi-section nethod, the notor 82
is instruc . £ i Al i L tjion at
2 whi ch riapeshuIOR P SHRERLALE £ ibER iR R i Bhudrsnb ety TR EROCT ©
di rect i on. wiioH svatérfexttbeiannitientgsonet er or encoder indicates that the
aperture is at %osi tion 20 (with position O indicating fully closed and
posi tion 100 i ndhepasitap d¢fithe gondied ayms 4d and46 may bb szomiteradrusing preximitys t han

desired b t t 82 i,s instr iti 20
(near Ly orgtisay L6 it (A8 el Sn bl bR Ag. PR 1460 LR vl

wi deni ng of, YidksT2Rn e OFBsRRELEIL ORti¢kte kRitBIRSI 10B AR 999, regﬁe&@e@ﬂt\ﬁléﬂaﬁ«%y of
the difference between the present position 20 and the fully open position

100. At tiare in elosaprosioitythemtpaihsnswitch @il dotivated, ¢hd apettd® 4f isdedts modt beam
(60) “T's detiarymation; snd watstaleRoioas B Bros e RReiige v Rl AR Bt “has
been exce ( F] arf’(}f&%%\ﬁoﬁlb”@.ﬁ@ chl) 45 the Pee fBREPEMBdiment) NBE 4ddsti R allRes! OSE tO

position 4 € di stance between the present "position 60 and the
ori gi nal ppstesticanet@0ompiising aplungr 146 ahd a decevimgpdrsom 1 1 $mapbe imnheledpattt ur e

osition 0).is,determ ne As sho in, F.gure t he desired am current
Do boon \igrieRutl Rk Tibaty FE pRotere apindhing of tetdiietts PEpEtrRothog 1| on

SO (hal f t [ WRED r@&q;;,t iyl i JFUS
posi tion G%?qutﬁéﬁpﬁg“{)% a féz?’tew’)gorrp rpirgf)lﬁmlks?g %ﬁ%@ﬁ&fﬁlﬁ@%&@eﬂ&n‘éasm ed

beam cur r etlte apsrtwrevdant lthus the wadth epthetaperturagge 50t Adtenyativelyy Eropargichcodlar
remai ns fixed, at sition 50. In practice, i} .has en found that .by using
e cont 1 nirgueRyolEd lahe kpmotdr B G bF Bhrmaded B0 B ¢ mroRHisut PosiOeam
current nmayhgndiisped for a particular recipe within a very short time, on
the order of 20 seconds. This tine is contrasted to that required to

re-tune the souFcgre 4 it hechematic showisg y cloaed labp eiraptort control mectanisns £2) whi ch

has been fqund to_ be on e order of two to three jjnutes. As such, the
present in EsilﬁﬁdH’r‘Eﬂﬁt"&w‘c&ﬂmé‘?”ﬂué]iyé’ﬁf‘?bllaéb?rﬂlrﬁ@% Tcéﬁ'ualnér:"t ng the ion

beam curr eﬂ{echﬁxiérHQFb Bl%gﬁ&g@?ﬂel&nteﬁ% thﬁe%r%gh%are?or@lfaf‘cfv@{r&eﬂlgﬁﬁ%ﬂie”@?f&hitOf an

i nproved conti nuously v e aperture for an ion I nplanter has been
descri bed. 1%9 ate thédesired égrobeagn dersnt apddfmed by thd paditicutawesipe being rurs an ion

T I UK AV TV ENE e RRTRCTIE T R
bt Ut o B e b S et P2 on
wi t hout depaotirolgignabor $ipealspopiledto thed T motort§2dan castralahovesbnbyf thhe
Fol Tow 19 ¢l ol 15,004 S5 InS 4y S b 4, 18 AugUST 2003
A comparator 122 compares the desired ion beam current with the measured beam

current from the second flag Faraday 35. This beam current information is provided every

50 milliseconds and is stored in a software database. The output of the comparator is

input into a motor controller 124 including control logic that controls the motor 82 based

on whether the measured ion beam current is greater than or less than the desired ion

beam current. If the measured ion beam current is greater than the desired ion beam

current, the motor controller issues a first control signal 126 to the DC motor to rotate in a

first direction to move the aperture plates 44A and 44B closer together. Thus, the

aperture gap 50 is narrowed, and less ion beam current is delivered to the linac 18.



Clainms: A variable aperture (30) for controlling the anount5gugugtirzobgam
current passing therethrough in an ion inplantation system (10),
conprising: (i) an aperture (44) defined by opposing first and second
aperture plates (44A, 44B) through which an ion beam passes; (ii) control
arnms (46A, 46B) connected, respectively, to said first and second aperture

pl ates (44A, 4 X 1), an a tur drlveme 6

si mul t aneousl yﬁ%‘rﬁ%‘é ‘r%h tlo? g“é‘éf‘&“d‘é F?fl l‘%ﬁ%%ﬁ %1‘ %@’88%?‘8

di recti ons,yrRAE ml%oe@cen@mﬁsh@s DekSitd ¢RI Qghﬂngws{eajeyn&e{ﬁa%m&ul ar
to an axis al ong which the ion beam passes, to adjust a gap (50) between

sai d aper tinrasepbrat disec(idd foppédiB) the dirsthiereetinn) combr othet dpertaregates 44A end r ent
P o L RaA T e 0 e R e > "
mechani sm §3R)redG0 MY s, (Addifo A‘Iallgl Sthe hﬁ&gtcoflﬂilléérq@@ h¥hRgidd MiftSin 1 nput

signal froman ion beam current detection device representi ng actual
i on beam capettand pqmrm ﬁegdliahk siggl ftdre thentpleanpaentiopteteral 16t d(Asryndt, ther

receiving a s@iond ut Qrese tIH a desired ion beamcurrent; (c) a
third i nputomt C‘F%‘HH ?Ef“’é 05138 QAP WAYE) from an aperture position

f eedback mechanipfgy ec&&&m RURSRBE ERArAPRIHSE aRO3kil QB Hlgdifinfit Pt

for outputting control signals (126, 128) to t aperture r|ve ani sm
to contr ol utilizedifontubgthe wnream asst oight inelnmpltammgiﬁ Figunel1 begedaondesived | ogi ¢
(122, 124) for determ ning said outpyt control gnal s.bgsed on said first,

second, anﬂp?rh‘i’rfﬁqulﬁﬁﬁtteés SCWQOV P%F‘é‘dét&g‘tst@r% erahic Hewehatm 1, wherein

sai d apert ﬁéﬁ)ﬁ i ven
by a notor Hﬁ% gefgﬁﬁ sal r ea d’g is%? a{/%oflgﬁlg%p%g t rﬁ?@%%‘e E%th{eons
(84A, 84B) ocsufpard,is slecwpxent Figede\5. A firs ate;i 16@ of thelsystemstufiAg hetd@i) 30 such

that rotation of by said lLmparts sjmyltaneqgus _ novenent of
sai d contra}wé\qureqswgdﬁﬁﬁestﬂég&ﬁaéexgﬁ posifidnypgt apfhe pafeptthedon 30) of

claim 2, whens] & ispholuf Aol ANEPIAR im0y @ G URNADL Lol Mo ABRGRI By

di recti ons y said aperture drive nec In 1ncrements about 2.5
m crons ( ewvagiabld 3pertutS 3GuFhat, 1?63 134, tHdysosutaoni cﬁ“hhcea@pmrdtt#is &), wificlcl ai m
1, wherein said feedbac ' rises a linear

mechanj sm (116, 118)
pot ent i ormeCeMPHERsFELWEthe g8an 2 eﬂﬁ? RRATtUES h@éeg %Anp Bisy past oquﬁeowamsawe
116, 118
aperture ( 3@k 9h stehdhg] eh\’i’ﬁ@f@‘ g)ééseuaéegﬁ %gﬁ@g?%&gps( )

conprises a rotary enco coup to sald a ve nmechani sm ( 36).
Decision 138 involves measuring the ion beam current with the first flag Faraday

31. If the beam current is within an acceptable range, such that fine tuning of the
continuously variable aperture 30 will result in an acceptable beam current measured
downstream at the second flag Faraday 35, the first flag Faraday 31 is opened in step 140
and the ion beam is permitted to travel through the aperture 30 and into the linac 18. If,
however, the beam current measured by the first flag Faraday 31 is outside of the
acceptable range, such that tuning the continuously variable aperture 30 will not result in
an acceptable beam current measured downstream at the second flag Faraday 35, the
aperture 44 position must be adjusted (i.e., coarsely tuned) in step 142.

After coarsely tuning the aperture 44 position, if at decision 144 the beam current
measured by the first flag Faraday 31 is within the acceptable range, the first flag Faraday
31is opened. If, however, the beam current measured by the first flag Faraday 31 is still
outside the acceptable range, the ion beam source 14 must be re-tuned in step 146. After

re-tuning the source 14, if at decision 148 the beam current measured by the first flag



6. The variable aperture (30) of claiml, wherein said aperlbuugupl 2008s
(44A, 44B) are constructed fromgraphite. 7. The vari able aperture (30) of
claim1l1, wherein said control arns (44A, 44B) are water-cooled. 8. The
vari abl e aperture (30) of claim1, wherein the angle (a) between an axis
(51 ) parallel to which the control arns nove, and an axis (49) of the gap

(50) bet ween,j3heiap@tih H{eeacgélﬁﬁtﬁé ranig€, tﬂé ﬁ%@l ﬂQQ Eﬁ%a}oﬁpﬁropgﬁecﬂQf Rwehlr,
s Fat

i npl anter beanline assenbly a high energy 1on

I npl ant er {lidYeancammnt memglrec(bwhaﬁrst(ﬂrags?amdapﬂ istrilf outsideethe raatdpedplean i on
beam (ii) a mass analysis magnet (16) for mass analyzing the ion _beam
gener at ed Bingenbeinbedgysquese 14 mpst againbgaentuned dnstep 4#6r Ttgl e logp proyided by

accel er at | Nt he LODLRERTLAARNE Behbirels (TRSS ARGISLR, IFBANRL: ABda () @

vari abl e ape ure asse | Sspose etween sard ana ysr's ‘rmagnet

(16) and sabgkct il dpadveac beher ahable (oliB} degriddument algpe. aperture conprising an
aperture (44) through which the ion beam passes, said aperture (44) having

a gap (50) whi cfiNexs 10atepddOpie Hriccierek i twned fpraligneen bl erbemw jnte éhq:lmcr ol
(e, arunt 51 I RSP USSR b A 1R GCH DSUR ol b aggpgt | ooP
aperture drisydf (ReGRanicatfedt3S withioddceititde Gﬁbgeasytsﬂefrﬁthnin@nyéorﬁﬂmera@§t@pVI ng a
first npUtIS%A;md second flag Faraday 35 may be opened. If, however, the beam current is not
within the acceptable range, the aperture gap 50 must be fine-tuned at step 156 by
invoking the closed loop circuit or control mechanism 120 of Figure 4. Because circuit
120 is closed loop, the aperture position will be continuously adjusted until the measured
beam current at second flag Faraday 35 is within the acceptable range. At this point,
system tuning is complete at step 154 and second flag Faraday may be opened.
By using the method of Figure 5, significant changes in the ion beam current may
be quickly accomplished without re-tuning the ion source, which would otherwise be a
much more time consuming process. In addition, the present invention provides a much
more direct and precise method of changing the beam current. To the contrary, re-tuning
the ion source is a much more reactive, indirect process that requires an analysis of the
effect of each adjustment before further adjustments are made, and which cannot provide
the precise beam current tuning offered by the present invention. For example, ina
preferred embodiment, the position of the aperture 44 may be controlled to a fineness of
about 5 microns (pm) (i.e., each control arm moving it respective aperture plate 2.5
microns (pm)), which may correspond to a mere .1% change in the beam current. That is,
assuming that the beam current is homogenous across the width of the aperture gap 50,
and, for example, with an injected current of 100 microamps (jLA) with the aperture 44
fully open, the beam current may be controlled downward in steps as little as 1 microamp
(HA).
In operation, using the logic of Figure 4, circuit 120 looks at desired beam current,
measured beam current (from second flag Faraday 35), and aperture position (from either

the linear potentiometer or rotary encoder). The comparison of measured and desired



15 August 2003 signal froman ion beamcurrent detection dégirugugtIBp3
representing actual ion beam current passing through the inplanter; (b) a
second input for receiving a second input representing a desired ion beam
current; (c) a third input for receiving a third input signal from an
aperture position feedback nechanism (116, 118) representing aperture

posi tion; §&hin &lriidHhdd RNeRtbRielechéNébcsRNMNMRE pRf Rl Hodel@@petiBh. t 0 the
aperture drive nmechanismto control the ion beam current passing

t heret hr ouljjnlgurea iochndé) are graphichl deprpisent{ticddia of by ctﬁnm:nt despensei tnithreadgestnientut put

control | s based an sai.d first, cond jrd inputs.

Cmpl ant er SelAPFBIrs adHet ysipa the logit of Bty A isrhaéedn SRt fretered”
aperture (4 Rek: 0 I tes (44A,
44B) thr oug%r&l?nce%ﬁ{%e |o%ytgg§%9%g£§leegkyrﬁéfowmﬁlgrﬁ§?n L?(Ej)q\}%tr’%lrsa Iméaaperture
assenbl y {&2pnd preféresd cwanpl msihed cefenredlto ay ths b(mpnzhﬁﬂoctonnect ed,
respectively, to said first and second aperture plates (44A, 44 sai d

aperture drive ﬁ‘k@ﬁé‘ﬁﬁglﬁpt‘%wtl&dr@}&u%@oﬁ%weflr?Bélr‘iOFﬁ'@l §éﬁ‘i§ﬁ%te‘%®'sal d
control ar Eﬁcdﬁ%ﬂ?a@? 4 b }Q'cﬁﬁgx‘teh% £aHe ém%ﬁ'bﬁarﬂ%ﬁﬂ@ tt\%rs%'s%&ﬁal'% bei ng
general |y perpendic o an axl s ong e ion eam passes,

adj ust sai eurgan. (Iﬁ@))relaedt\@mmrs@bduapwdewﬁumaiaeai dripdientibhidtert o ehb’tﬁi’eeby
control the anmount of current Easm ng through said aperture (44). 11. The

i mpl ant er  ERedhackndf Bsawingsd qprrenyyis grepterthan degired eureqns (3At shoWin eenifoh sigaply
|
GO oo T2 A% o5 TR A By AR Bl SERELRBS ingheger o e

i npl ant er bﬂc&{ﬂmmmasz&ﬁ&htys leddthan Qesided, cudent (Bigued 6), Borittbl sighar Bi8issai d
aperture (44) is _disposed inside the beanline assenbly and operates under
vacuum con&FRaraad to y&iea ﬂaep@eﬂufeega@rﬁw Teteding thesipion é? ] Qledaﬂaeﬁégé%rl%ut si de

condi £ ona. ARhir AR AER ot SRFLELEH Wi T A AL TEAPAR R BLEIRN T, o

forns the lprs@ﬂiﬁa’p@ﬁuﬂéQfo\tﬁ@ﬂ ahdﬂfhele@ﬁhﬁ&d&ﬂﬁuﬁeﬁ%pﬁtﬁr&lpdﬁtl@xﬁ the beani i ne
assenbly. 13. The inplanter beanline assenbly (14, 16, 18, 30) of, cl a| m 12,
further conpri sifdireshaapproximatelieenc sseondrdess aer Goy ti, 8 segond ehror sigpal is

interface %E?%{Qt%d r%g@'%éa((?% 2@{({72 @al 1[2185coAH1%Je§rTO 5895’ (51(341(? or t%G\@del?ﬂ% a'%)gﬁure

exterior o aln vacuum con I'ons 1 nsrde

bean i ne a%&Tﬁlsbl ¥n Fighitd & tR6 additibhdlEoliperisoms bf 8ésit Versu9measieed durtsnghiret he
pl at e. Ianter beam i ne assenbly ( 14, 16, 18, 30) of claim 12,
wher ei n salf’éﬁd&[{étrttll}?seta énd b ane eprapAPSRYIng et)rorcssmﬂls yeshows. hTé‘écPé?PCQPF&f t (84)
driven by t hr eaded
portions (32&&%3[5&'??&1% e%sa‘,ﬁeégéag@g "fij?/rlZI%l %ﬁ}égﬂ%&gﬁ?ﬁ%% )réms (46B, 46A),
such that rotatiThe spedsativehicthehbtmdiyr szais(ﬂnlvem @ind ihepe 4t vitichht pdrace &
novenent of said control arnms in opposite directions, 15. The inplanter
beam i ne adddsmsdyormanrgwed glepamgls oydge Brseifudef e erygrsigarhandthe apgiRNe ur e

| at 44 beamn i
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device (116, 118) representing aperture positiaon;
of desired beam current versus actual beam current. The present aperture position is

determined based on potentiometer or encoder feedback. If measured current is greater
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(iv) an output for outputting control signals (126, 128) t ®5Abgusi2008ure
‘nmovernrent mechanismto control the ion beam current passing therethrough,;
and (v) control logic (122,124) for determ ning said output control signals
based on said first, second, and third inputs. 16 15 August 2003 18. The
control system (120) of claim 17, wherein said aperture novenent nechani sm
conprises a notor (82) driving a a ertur drive nmechanism (36), said
aperture %ap 9@51??5(9"}%1“5(1%&)%10%‘)’680 Pbﬂg‘i @éils(jg"éﬁ'é‘F@Ldt}Pé‘a(fQW)th%W%‘é%s of
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(84A, 84B) coupled, respectively, to said control arns (46B, 46A) such
that rot atdtaingghe sater Eniafthe plhesdirestiont or i nparts sinul taneous movenent of
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(pm. 17 AfHY AL. AYn . A33. Al 3. AnF. AYY. AY3. A
_Al 3. AFe. Ag@ty cAggct,adlmghomequﬂwe potentiometer or encoder indicates that the aperture is
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ca ca] ca] cal Ca][(x:tat]“g? % Cz? ]sé:c%Lc? %%&algs%;)l'ﬁ%ic}: L} ?:é]mﬁtr 1>2\6 of desired beam current
2 p M
versus actual beam current. Again the present aperture position (60) is determined. In the
case of Figure 7, the desired beam current has been exceeded (overshot) and thus the
motor 82 is instructed to close to position 40 (half the distance between the present
position 60 and the original position 20). At time t3, a third comparison is made and
aperture position (40) is determined. As shown in Figure 7, the desired beam current has
been undershot and thus the motor 82 is instructed to open to position 50 (half the
distance between the present position 40 and the previous position 60). At time t4, a
fourth comparison is made and, because measured beam current is now within an
acceptable range, the aperture position remains fixed at position 50.

In practice, it has been found that by using the continuously variable aperture 30 of
the present invention, the beam current may be tuned for a particular recipe within a very
short time, on the order of 20 seconds. This time is contrasted to that required to re-tune
the source if the continuously variable aperture is not used, which has been found to be on
the order of two to three minutes. As such, the present invention provides an efficient,
rapid mechanism for tuning the ion beam current in the implanter 10.

Accordingly, a preferred embodiment of an improved continuously variable
aperture for an ion implanter has been described. With the foregoing description in mind,

however, it is understood that this description is made only by way of example, that the
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foregoing description without departing from the scope of the invention as defined by the

following claims and their equivalents.
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Q) an aperture (44) defined by opposing first and second aperture plates (44A,
44B) through which an ion beam passes;

(i)  control arms (46A, 46B) connected, respectively, to said first and second
aperture plates (44A, 44B);

(iii)  an aperture drive mechanism (36) for simultaneously imparting movement
to said control arms in opposite directions, each of said opposite directions being generally
perpendicular to an axis along which the ion beam passes, to adjust a gap (50) between
said aperture plates (44A, 44B) to thereby control the amount of current passing through
said aperture (44); and

(iv)  aclosed loop control system (120) for adjusting said gap (50) by controlling
said aperture drive mechanism (36), comprising (a) a first input for receiving a first input
signal from an ion beam current detection device (35) representing actual ion beam current
passing through the implanter; (b) a second input for receiving a second input representing
a desired ion beam current; (c) a third input for receiving a third input signal from an
aperture position feedback mechanism (116, 118) representing aperture position; (d) an
output for outputting control signals (126, 128) to the aperture drive mechanism to control
the ion beam current passing therethrough; and (e) control logic (122, 124) for determining

said output control signals based on said first, second, and third inputs.

2. The variable aperture (30) of claim 1, wherein said aperture drive
mechanism (36) comprises a threaded shaft (84) driven by a motor (82), said threaded shaft
having oppositely threaded portions (84A, 84B) coupled, respectively, to said control arms
(46B, 46A), such that rotation of said shaft by said motor imparts simultaneous movement

of said control arms in opposite directions.

3. The variable aperture (30) of claim 2, wherein said control arms (46A, 46B)
are movable in opposite directions by said aperture drive mechanism (36) in increments of

about 2.5 microns (pm).
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(116, 118) comprises a linear potentiometer coupled to said control arms (46A, 46B).

5. The variable aperture (30) of claim 1, wherein said feedback mechanism

(116, 118) comprises a rotary encoder coupled to said aperture drive mechanism (36).

6. The variable aperture (30) of claim 1, wherein said aperture plates (44A,
44B) are constructed from graphite.

7. The variable aperture (30) of claith 1, wherein said control arms (44A, 44B)

are water-cooled.

8. The variable aperture (30) of claim 1, wherein the angle (o) between an axis
(51) parallel to which the control arms move, and an axis (49) of the gap (50) between the
aperture plates, is fixed on the order of 45°.

9. An implanter beamline assembly (14, 16, 18, 30) for a high energy ion
implanter (10), comprising:

@) an ion source (14) for generating an ion beam;

(ii)  amass analysis magnet (16) for mass analyzing the ion beam generated by
the ion source;

(iii)  alinear accelerator (18) for accelerating the ion beam analyzed by the mass
analysis magnet; and

(iv)  avariable aperture assembly (30) disposed between said mass analysis
magnet (16) and said linear accelerator (18), said variable aperture comprising an aperture
(44) through which the ion beam passes, said aperture (44) having a gap (50) which is
varied by an aperture drive mechanism (36) to control the amount of ion beam current
passing therethrough; and

(v)  aclosed loop control system (120) for adjusting said gap (50) by controlling

said aperture drive mechanism (36), comprising (a) a first input for receiving a first input

14



10@ 10%&' ()-!" "10%& ()-ffliillno}"r<~_= 15 August 2003

10!, F"10%b& ()-s, F'10%& ()-s!!Fl "10% b; b& () -Fl "10%& ()- 19 "10%-& ()-s9
"109%h& 0 - soooooopppppb\/\LAI 10 10 10L; 109&' ()-s3"10%& ()-1"310%& ()- 10b
10b 10b; 10%& () - pggqPgqrw a?bW.AI!T 110%& ()-! !10%<& () -

110% & ()-10%& ()- 10%& ()-"310%& ()-wrs=twxHy}[ 9bW.A!l 34F" 10%<& () - F!

01225 AT AR o Tt o v o

10%7& () - lpadsdP@mbirduih tH implétter] 0 alsebot ibputHez &t &b g {abebsAdliAbit representing
a desired ion beam current; (c) a third input for receiving a third input signal from an
aperture position feedback mechanism (116, 118) representing aperture position; (d) an
output for outputting control signals (126, 128) to the aperture drive mechanism to control
the ion beam current passing therethrough; and (€) control logic (122, 124) for determining

said output control signals based on said first, second, and third inputs.

10. The implanter beamline assembly (14, 16, 18, 30) of claim 9, wherein said
aperture (44) is defined by opposing first and second aperture plates (44A, 44B) through
which the ion beam passes, and wherein said variable aperture assembly (30) further
comprises control arms (46A, 46B) connected, respectively, to said first and second
aperture plates (44A, 44B), said aperture drive mechanism (36) simultaneously imparting
movement to said control arms in opposite directions, each of said opposite directions
being generally perpendicular to an axis along which the ion beam passes, to adjust said
gap (50) between said aperture plates (44A, 44B) to thereby control the amount of current
passing through said aperture (44).

11. The implanter beamline assembly (14, 16, 18, 30) of claim 10, wherein said
control arms (46A, 46B) are movable in opposite directions by said aperture drive

mechanism (36) in increments of about 2.5 microns (pum).

12.  The implanter beamline assembly (14, 16, 18, 30) of claim 10, wherein said
aperture (44) is disposed inside the beamline assembly and operates under vacuum
conditions, said aperture drive mechanism (36) is disposed outside of the beamline
assembly and operates under ambient atmospheric pressure conditions, and said control
arms (44A, 44B) pass through a plate (34) that forms the interface between the inside and

the outside of the beamline assembly.

13. The implanter beamline assembly (14, 16, 18, 30) of claim 12, further

comprising expansible steel bellows (70, 80) located at the interface of the control arms
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14.  The implanter beamline assembly (14, 16, 18, 30) of claim 12, wherein said
aperture drive mechanism (36) comprises a threaded shaft (84) driven by a motor (82), said
threaded shaft having oppositely threaded portions (84A, 84B) coupled, respectively, to
said control arms (46B, 46A), such that rotation of said shaft by said motor imparts

simultaneous movement of said control arms in opposite directions.

15. The implanter beamline assembly (14, 16, 18, 30) of claim 12, wherein said
aperture plates (44A, 44B) are constructed from graphite.

16. The implanter beamline assembly (14, 16, 18, 30) of claim 12, wherein said

control arms (44A, 44B) are water-cooled.

17. A closed loop control system (120) for adjusting the width (50) of an
aperture (44) through which an ion beam passes in an ion implanter (10) in order to control
the ion beam current, the implanter including a beam current detection device (35), an
aperture position detection device (116, 118), and an aperture movement mechanism for
imparting movement to the aperture (44) to adjust the width (50) thereof, the control
system comprising:

() a first input for receiving a first input signal from said current detection
device (35) representing actual ion beam current passing through the implanter;

(i)  asecond input for receiving a second input representing a desired ion beam
current;

(ili)  athird input for receiving a third signal from said position detection device
(116, 118) representing aperture position;

(iv)  an output for outputting control signals (126, 128) to the aperture movement
mechanism to control the ion beam current passing therethrough; and

(v)  control logic (122,124) for determining said output control signals based on
said first, second, and third inputs.
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19.  The control system (120) of claim 17, wherein said aperture drive
mechanism (36) comprises a threaded shaft (84) driven by a motor (82), said threaded shaft
having oppositely threaded portions (84A, 84B) coupled, respectively, to said control arms
(46B, 46A), such that rotation of said shaft by said motor imparts simultaneous movement

of said control arms in opposite directions.
20.  The control system (120) of claim 19, wherein said aperture drive

mechanism (36) moves said control arms (46A, 46B) in opposite directions in increments

of about 2.5 microns (im).
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