27 August 2003 METHOD AND SYSTEM FOR OPERATI NG A VARl ABEZRAUARERBIBE | N AN
| ON | MPLANTER Rel ated Application The followng U S. patent application is
i ncorporated by reference herein as if it had been fully set forth: U S
Pat ent Nunber: 6,207,964, filed on 27 March 2001, entitled Continuously
Vari abl e Aperture for Hi gh-Energy lon Inplanter. 5 Field of the Invention

The present inventi S l.on_inplantation systens and
nore particularly mf@]ﬁdﬁﬁiﬂg ﬁmﬁbﬁi QB&'R@H@IQAMH abl e aperture
for use in such syMARIABIEIAPBRIUBE INANKON IMPLLANTER! ant ati on has
beconme the technol ogy preferred by industry to dope to sem conductors with
inpurities in the |arge-scal e nikeldtedt ApplieatibAt egrated circuits. High
energy ion inplanters are used for deep Inplants into a substrate. Such
deep inplants aﬁy}ﬁ-ﬁf ﬁle Ui r to create, for exanple, retrograde wells. Eaton
GSD/ HE and GSD/ VHEHERE ‘I PAlRiarslicatian isdnspppasatedby wlastnch hephinan diighad

i mpl ant er s been fliREREfOHAAY 8NER, P | o) ns. at _energy |levels up
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to the assFififled Gomtinypasly\asiabie Apasren fordfigh-Eatgp I@dnpdantdri on, and descri bi ng
such a high-energy ion inplanter, is tncorporated by reference herein as

if fully set forth. Typi-cally g %5 tscare performed on sem conduct or
substrates in prescribed seri esF%mD fﬂ&%@%@ reci pes. Each series may -
i ncl ude several recipes, each of which requires a particular |evel of ion

beam current. Clihe presenteibvencion eélatdljguiidrali0ict ¥R inflaPRRN GHehE Ynd( Rbre 20
di fferent rg@i@gef involét\f/?ﬁs (?n initial tuning of the ion beam source for a
P % &

particul ar a $YEfsm fopeperating A variable ppige fosassingndesydtems.any
subsequent different |evel of beam current. Such a nethod, however, can be

time consuming and is nost gkl 'ﬁ‘nﬁo nven§fyy ' €ci pes involving a
osphor ous

comon species (e.g., boron or are connected in a series
chain. The.tinme_saved by running recipes in series is offset by the tine
required to re-lopsimplggationehasobecomenthewselmolanyi preferret t by snduseyviotdopet i | i ze

2 vari abl y shitafiuaBR it ph il R Tarb B A L aRBRAIL AR e By bl AUOUS!

' ~ energy ion implanters are used for deep implants info a substrate. Such deep implénts are
required to create, for éxample, retrograde wells. Eaton GSD/HE and GSD/VHE jon
implanters are examples of such high-energy implanters.” These implanters can provide ion
beams at energy levels up to 5 MeV (million electron volts). U.S. Patent No. 4,667,111,
15  assigned to the assignee of the present invention, Eaton Corporation, and describing such a

high-energy ion implanter, is incorporated by reference herein as if fully set forth.
Typically, implants are performed on semiconductor substrates in prescribed series
of processes or recipes. Each series may include several recipes, each of which requires a
| particular level of ion beam current. Current methods of adjusting the ion beam current for-
20  different recipes involves an initial tuﬂing of the ioh beam source for a particular level of
beam current, and then re-tuning the source for any subsequent different level of beam
current. Such a method, however, can be time consuming and is most detrimental when
beam recipes involving a common species (e.g., boron or phosphorous) are connected in a
series chain. The time saved by running recipes in series is offset by the time required to re-

25  tune the source between recipes.

It is known to utilize a variably sized aperture in an jon implanter beamline to allow
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one or nore than one isotope of a desired ion to pass through the aperture
and be inplanted into a substrate. Such an aperture is shpmwaugust 063

Pat ent No. 5, 130,552, wherein the aperture size is predeterm ned for each
ion inplant process and adjusted accordingly. It is not known, however, to
provi de such an aperture in a high-energy inplantation system Nor is it
known 5 to provide a control circuit for such an aperture using ion beam
current feedback to rmt .dynamic.adjustoent theregf. 1t is an . object of
Che present 1 Q6Rton B ines <olge B SuRak 3 Wik et By etup i beiRelitte
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aperture for add' ustiﬁﬁ t he am)funt of ion beam current passing therethrough
in an ion i npl’XRtEf FORSEGEL B The system 15 and method conprise means or
steps for (i) neashrisng dbfudt bﬁﬁmpﬁﬁéﬂtﬂﬂ\t’enﬁbnﬁﬂeﬂ,@@Bﬂﬂid@ran ihfpesVel QRjuEHIRY A
current detector; (ii) conparing the measured ion beam current vm'.tjh a
desired ion BBEHTE i uemn:thy bsamying of wyien faRjarationystem. &iign firthenehiert efthehe
conpari son of ; : ' ] . . gesi | d
curront  and (1o e il sl JEATUL Rl 1 10 ih HRARERHER o AEbERTL
and whi ch 10s deftémedt lsyyebp patiengbikétrte providt s excthod of genttalling pich tie sidjud@blin

response to t .sigral to control th unt j on _beam current
paseing. t her APAROGNRrerRloH IR SRR 51 HrBOTk T e e CF BN

f eedback, and a position sensor may be utilized to provide aperture

posi tion feedback. The system anSumehhodoptloyIweergiomui ck, direct, and
preci se mechani smfor effecting significant changes in ion beam current
wi t hout requiring re-tuning of the source. The .gap of the aperture is

adj ustabl e in i ncr Sn¥EER mgﬁlegpd&‘fﬁd’ﬂ‘i“dfdrﬁ’r&%ﬁgn&ﬂ@nawiaEeff“lE‘}’e@é?Cb?ﬁﬁPbﬂileof
the Drawi ngs Riihtdfiontead chfr@f Pasti me&aeéugpliﬁ&l%hﬁwgla{mﬁm Y@n, ﬁgsg&&ﬁr
i ncorporating a continuously variable aperture cons ruct ed’ accor di gto
t he princilgl eqmémethod qomprisnmenns 27 stepyios (i) 20¢@wiing/ien beasm current at an implanter

location using a current detector; (ii) comparing the measured ion beam current with a desired

ion beam current; (iii) outputting a control signal based on the comparison of the measured
ion beam current with the desired ion beam current; and (iv) adjusting a gap, through which
through ion beam passes and which is defined by opposing first and second aﬁex’cure plates,
20  in response to the control signal to control the amount of ion beam current passing
therethrough. The current detector provides ion beam current feedback, and a position sensor
may be utilized to provide aperture position feedback. The system and method provide a
quick, direct, and precise mechanism for effecting significant changes in ion beam current
without requiring re-tuning of the source. The gap of the aperture is adjustable in increments

25  of about 5 microns (um).

Brief Description of the Drawings

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

continuously variable aperture constructed according to the principles of the present



Figure 2 is a perspective view of the continuously variable aperture
assenbly shown in the ion inplanter of Figure 1; Figure 327 sugugtbans vi ew
of the continuously variable aperture assenbly of Figure 2; 5 Figure 4 is
a circuit schematic showing a control | oop nechanismthat is used to
control the continuously variable aperture of Figures 2 and 3; Figure 5 is
a schematic flow chart representing the overall control algorithm utilized
for tuning theyjepiopeam current of the ion inplanter of Figure 1, based on
prescri bed operating paraneters, which includes the aperture control
mechani sm of Fi gur Eigute® 4 a peisgentizre Bieivof shegponihiously varepleeperdratisemblyf beam
current. response totsdir ust nfant off . th?_ control |oop nechani smof Figure 4t
based on a fi rs?wrb?le eeopélapgﬁtﬁ?oqlg[% hod; and Figure 7 is a graphi cal
representation of PRAR TULPERviEw SPBB SentinGoRyd) wEhe Bfer@fe asﬁéﬁm%@mg@le 2l oop
mechani sm of Figure 4, based on a second preferred control nmethod. 15

Det ai | ed Déscri pti SHUET4 i apitgyibschepaticahayingsronigt! leapangchemism thehisased toss
sectional pla ' oIl e68% j .ﬂ@nf"é O is shown in Figure 1.
The i npl ant er Qﬁ%&cg\glﬁﬁofl%é@ugpye se%%ﬁieg%saegr suggéfsl(tlé’rrs: an injector 12

i ncluding an ion &tgureceishéchapratip flovhehin gepeasentiog threavaraliwdnteol mlyesthanal ysi s

magnet 16 for S nal yzi.ng the ion be .a.radio f ue RF) |inear
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accel erating tphsciited dpeating sardmdtegNeliicleMerngys th@adettir comfs ¥h MG 6L FigerEEM
22 for performng final mass analysis of the accelerated ion beam a
resol ver H8u5i4ng 23 for final resolution and conditioning of the ion beam
and an-end stat i on pghr sl brsMitableBRserfatioR bAbdaRtoutHeRiGepBn &b bajL iRt s W
to be inplanted by the ion beam Positioned after the "nass ana ysi's magnet
16 at the ent rtagenatrefloehmethianism ofFiguse 4 bessdtonrafostpirsferveairdontydlenetipet, bud e 25
assenbly 30 which i QNS . J unt of. ion beam.current. which
passes from the nfé’?%f %%{a%{lﬁ%pguc%g%h%?é a#&ﬁg {;r%len(%uinr?%tcm?g’seﬁ%(%fl% ent of
i mredi at el y afthecontthElospniecirusnsdi\Figwad,ibatddenapesdnd heef@tedi cnteol mietisdd. f | ag
Faraday 31 which is used to neasure the beam current out of the aperture
30 and intq the I.in e mass anal ysi s. magnet 16 functiops_to pass to the
RF linac 18 only l?ﬁ@'ﬁeéﬁe%“ﬁ%%gg&ﬁ@%@ﬁm% Oﬁﬁﬁe HB¥eRdonce 14
havi ng an appropriate charge-to-mass ratio. The mass anal ysi s

A cross sectional plan view of a high-energy ion implanter 10 is shown in Figure 1.

The implanter 10 comprises five sections or subsystems: an injector 12 including an ion
souxce 14 for producing an ion beam and a mass analysis magnet 16 for mass analyzing the
ion beam; a radio frequency (RF) linear accelerator (linac) 18 including a plurality of
20 resoné.tor modules 20 for accelerating the ion beam to a higher energy; a final energy magnet
{(FEM) 22 for performing final mass analysis of the accelerated ion beam; a resolver housing
23 for final resolution and conditioning of the ion beam; and an end station 24 which contains
a rotating disc 26 carrying wafers W to be implanted by the ion beam. Positioned after the
mass analysis magnet 16 at the entrance of the linac 18 is a continuously variable aperture
25  assembly 30 which functions to control the amount of ion beam current which passes from
the mass analysis magnet 16 to the linac 18. Located immediately after the continuously
variable aperture 30 is a first flag Faraday 31 which is used to measure the beam current out
_ of the aperture 30 and into the linac.

The mass analysis magnet 16 functions to pass to the RF linac 18 only the jons



magnet is required because the ion source 14, in addition to generating
ions of appropriate charge-to-mass ratio, also generates »pAGg@t 200%at er
or | esser charge-to-mass ratio than that desired. |ons having

I nappropriate charge-to-nmass ratios are not suitable for inplantation 5
into the wafer. The ion beam that passes through the nmass anal ysis magnet
16 is typically conprised of a single isotope and enters the RF linac 18

whi ch inparts o1 4 . . i . m passi ng t.heret hr ough.. The
RF |inac prod &%%gdt%fa}j%c@&g%%gﬁtehrg‘é@? aﬁngal;’foJ &Bpgg&ﬁ% c H'Wg’ﬂ?}m‘p B THasF arapfsis
with tine, thenaghetsereqiiradttieciuserthy iftesoatticus}addiidoreconpmdad Rnsbf Hpproprbte
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Each of the plPOF8F{¥gasrals é@%ﬁ%ﬁe&tesdﬁ‘&ﬂf&ea%q Wssleh"ehamﬁ_'tﬁ%émi@ thagrtbati ons
to further aceeliRualcsihanse REYABFHHD Enar QB8 SarlolG) AF BLisKE ffn; Mfifhtation
previ ous nodul e. The resol ver 'housi ng resi des downstream of the i nac
18. The hoasi mgohsrwaféms a second flag Faraday 35 for neasuring the current

of the ion beam pri ' ant i | nt.o the fer. 1 he_conti nuousl.y
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exterior of thersmeny wit titledhe pifte o WRHRHbA Rfustddh@h@omthodRE b i
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by neans of a cooli'ng nmedium (such as wa I's carried by nal
channel s vi a ientrgies 88y suhibve tibinat préhGous Hivelukep @ht teselvaboasisgelilesid3doeastirams €S

vari abl e aper ot 15t Bk RBGPas s ctiond Bre b S epruhethe mnCor
aperture pl ataﬁei@ﬂ&@mgﬁﬁai@m@tﬁgtmhm@f@r_stai nl ess steel control arns
46A and 46B, respectively, by nmeans of fasteners such as screws 48. The gap

50 bet weertdt he aperibf@tinyuglyvariahloapsigre 20 gispasadbativenny the 1Byss @pflysicanagetddiace,
havi ng a | ongi | A1 1% G | on during
operation of taﬁg%}eg? F?%I %H?%O%E%%r%ﬁﬁ%ép?aﬁ%% gur?’toﬁcgjrﬁﬁmgéé an

her ei nbel ow, tahertaparbassembly3Ryresiding lgeneradinideriorod e monhiingydate B4land nmepeftd and

46B 30 toward d a Ir each other in a direction.parallel to axis 51
to vary the vvi(%?ﬁ r%e\flz\g%lhsgl gé;ﬁc“ o2 %%’tefﬁilg ﬁXtﬁﬂ%rr?{Jﬁ%mBP&F‘gé’l%ﬁhgaﬁhe HRBng, i 5
51 is general Ipjat@®s ddinel e interfabObdtReenand BitcfibOsfdhdimplanter beamline, which operates

20  under vacuum conditions, and the exterior of the implanter beamline, which resides at an

ambient atmospheric pressure. The mounting plate is cooled by means of a cooling medium

(such as water) which is carried by internal channels via inlet 38 and outlet 40.
The aperture subassembly 32 comprises a graphite fixed defining aperture 42 behind
which resides a graphite variable aperture 44 comprised of aperture plate 44A and 44B. The
25  aperture plates 44A and 44B are attached to stainless steel confrol arms 46A and 46B,
respectively, by means of fasteners such as screws 48. The gap 50 between the aperture
plates 44A and 44B (see Figure 3) defines a space, having a longitudinal axis 49, through
which an ion beam may pass during operation of the ion implanter of Figure 1. As explained
further hereinbelow, the aperture drive mechanism 36 moves the control arms 46A and 46B
30  toward and away from each other in a direction parallel to axis 51 to vary the width of the gap
50 between aperture plates 44A and 44B. Axis 51 is generally perpendicular to the axis along



27 August 2003 which the ion beamtravels. Wth reference to Figures 2 and
3, the aperture drive nmechanism 36 includes a fixed nountd7mgigakz10352 t hat
is fixedly spaced fromthe nounting plate 34 by nmeans of linear shafts or
ways 54 and 56. The |inear ways 54 and 56 are attached to the nounting
plate 34 5 by neans of nmountings 58 and 60, respectively. The |inear ways
54 and 56 provide neans along which the novable portion of the drive
mechani sm sl i%ﬁ&htﬂgigggggtrﬁgjspst ment of the gap 50 between the aperture
pl ates 44A and 44B. Control arm 46A (to which aperture plate 44A is
attached) is conneWitbdeferendslioEiguread sndrb)the apRure @dye Bi6chankinct indliddes fixed

bi -di rectionally al | d r. 56. The control .arm46A, .10 is fixedly
ot tached t o brskitEd ok 3IERs ARty Fract God AR iR IelF 84 oY dneat e iRL
64 is fixedlysakachegd suandbeCRidAfhearAoSQ5daA@b are BitadkBy toBe Bboglng®ftd 1 a
direction parallel to axis 5 novenment is inparted to block 64 which

slides al ohg PYRe#s qimﬂusté}gsﬁiﬁéﬁa%@&/ resppsaivelynghe Ersar BapoYdind go asavide meghenent
to bl ock 62 agﬂn%tagicﬁ%%&Jam@gmuf&f}éfmlme mbBEnERlliE& b aﬁmgﬁxgﬁxgegggymél

64, 66 noves In I rection para to axis 5 1. An expansi
bel |l ows 70 15gasS{retwéetdht aperturhplatestddAfandd4Bf t he control arm 46A and the

exterior of the nountin I 34.. 10 i nt.aj acuym,condi ti ons.on e
interior side of t %ﬂ%%ﬁ?ﬁﬁé%‘g‘?&h a@ﬁ?ﬁlfeeplgtg%lfiaﬁﬁche 18081&?{;?%?0‘5#9%(46A .
to nove thlr ougerhbig, Gﬂpﬁmﬁﬁﬁﬁﬁcgﬂ sﬁa@.bi&:mﬁbﬁangwongﬁﬂéarl Qty 56. FTI'HrlTab@:Bnt(dl va\lmz iLh
aperture plate 44B is attache s .connected to ck. asse V.. 172, 14,
e i on AT Geicogly atarisd o Bioak 63 bIbOHE? B RaEH S aghgS iy PIogh GiBbIOek 6438 ar m

46B is fixedl yiyaii} 606 b Qloal&?‘%&gﬁdi:@lﬁﬁ#ﬂmzain%ﬁlof:i 5 ViRt iRdGaadele afk 0ck
74; and block 74 1s fixedly attached to block 76. Accordi ngltép by novi ng
N

bl ock 76 in aSHimessricotis papagted td blogkSdawhish gides alopg beganway 8 ehytimgatiog

bl ock 74 which._sl.i ' r | r i : di ng
il movenentorspfiiedal el bl R cina WITOARN arh IR hilBeC UGERRGD
bl ock assenbl ysséibly 62, 64766 moveesn b directidh paelldl mraxisilal Andxpimibdedte] bellbws A
expansi bl steel 25 bell o 80_.i.s proyi de t e interface of .the cqntrol
o Al | Horeuio) o B igpaeaar s Bl e Ao i B8 exfficrof e dpmitg e oA
condi ti ons ond AGintdM Plch@h cEdkfordlon hEnERYNidd ¢ thY xﬁ&ﬁlﬁngxghmté, &hie E&iﬂi&ihgg

the control arm 46B to nove through the nounti n? pl ate. e bl oc
assenbl i es 61 thegantrglgum$§Ato moyq thrqghdhemawiiag platfaar d and away from each

oLmer 25ROl < SRR T gt b FBLBBLS ot et
t hr eaded shaf blk asssmplyp¥2, déd7opwhirhalides bi-directionally along linear way 54. The control
20  arm 46B is fixedly attached to block 72; block 72 is fixedly attached to block 74; and block
74 is fixedly attached to block 76. Accordingly, by moving block 76 in a direction parallel
to axis 51, movement is imparted to block 74 which slides along linear way 54, théreby
imparting corresponding axial movement to block 72 and the control arm 46B. Thus, the
entire block assembly 72, 74, 76 moves in a direction paralle] to axis 51. An expansible steel
25  bellows 80 is provided at the interface of the control arm 46B and the exterior of the
mounting plate 34 to maintain vacuum conditions on the interior side of the mounting plate,
while permitting the control arm 46B to move through the mounting plate.
The block assemblies 61, 64, 66 and 72, 74, 76 are moved toward and away from
each other in opposite directions parallel to axis 51 by a motorized threaded shaft assembly
30  including a DC motor 82 and a threaded shaft 84. The threaded shaft 84 is provided with a
first threaded portion 84A having an end that is connected to the mounting block 52 by a



first threaded portion 84A having an end that is connected to the nounting
bl ock 52 by a 5 27 August 2003 bearing nount 86. The t hr eagleduglzabooB4 is
provided with a second oppositely threaded portion 84B having an end that
is connected to nmounting plate 34 by an internal bearing (not shown). As
such, the threaded shaft 84 is secured at its ends to the nounting bl ock 52
and the nounting plate 34 while being permtted to rotate bi-directionally

along axis 5 1. Bl ock 6. S..praqvi de ith internal threads that nat

thoss of the merBiEBpEARoRHE uRR 155 2 & bt MR o508 BhntrtBk R
i nternal threadgidn/$aB hawihe n ddab isdontidiRd $emonding pRASJAS ay itbhadeethg (not
portion 84B. DC notor 82 is coupled to the threaded shaft 84 by neans of
shaft coupl i nghe8w)- Asciteh thetheeadndishaf}i®4 is seqeedb ity pndg so Yip mouatigsblogk S2zpd

appl yi ng opposj fé&)?ﬁﬁcﬂ.g3)?&?93Wﬁﬁiaﬁﬂ%tﬂeﬂnitt%)totIjaﬁtel%@dﬁgct,tﬂ?alﬁpéa@cﬁztgtams gg‘ijocihaft

84 may be rotate posite directions. Because the t threa
portion 84A& arif it heviled el inttmeltbieeadsghat mageh tBaB ofithe fiogp Plosided pyrtivh BéAcad,

i act i onpar TOCToPaRe ST iRl st G B R T s pessteneadig T

an opposite digogtidr sam. parallel to axis 5 1. The block assenblies are
connected to their respective control arns_ 46A and 46B. Thus

, by 15
sel ecting the corr & MeHrSeiis goupleditn dhe Breadesesha St byimgsng ﬁ%slaé%mimg &2,
the width of tdger fABHHINIR0 BRANAG B2 Q@dmﬁ%ﬁﬁ?iy&@ro g& iﬂegfaé's%d OY1FBVoN 9
way romgcsh t In“this

the aperture plates 44A and 44B toward or awdy ach Ot her.

manner, i ol betheDEumoten thefarsaried ghaft fdouaytbeapieted ur eppodits diregtions Betpuss tedirstThe
aperture pl at eit \V: ea t her, _i.n.the
ol osed posi t1 aareAadd R SR R e ShisT e BBl ARofbast B bR Bely B o e
preferred 20 esfhindhreeded shifh@otes ke biollassemblyal] 61 d6 tyonk lidectivh pardi®:] af axis 51
aperture 44 and ,axi s |ternatjve_to

1.is fixed o he .order of 450,. An
the notori zed %ﬂﬁ%ﬁfa_@@e%ﬁﬂg@@r@k I&Qﬁd{}?ﬂ@@%ﬂ TtipreRarallel s 51 sThe
not ori zed rackygdkdasnbiIRE aRSH8ARA th MRhr RHRMNe colli61 4Rt A6AZRE 468t Afhs, b
novenent of PI nion |ocated between a pair of rack bars may be used fo
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i npart oppbsi nglestugke serrees pelrityref thewltage pperatig the RAfcwpion §2.cthe widh of e
rack bars to ' r j AN

ho motor mmy BeaSEep o0 afBEkAR, sl of I8eB o0 mSTRHERE Bhrfite s By
current passi ngwhtircoaghy frive eaghartticnr By thi4 mayergion deat eurreni gussifg theouih yesatre t he

control arms 41?46\ mgynlge ?u%teﬁ.r %hg a%%lt&rg pPa¥es %4‘[{9 agtl'l HE% %nlélxg gﬂ%? ox\rle\nﬂ%g {)r' abut each other
in the closed position to insure that no beam current passes therethrough. In the preferred
20  embodiment, the tilt angle o« defined by the axis 49 of aperture 44 and axis 51 is fixed on the

order of 45°. : _

An alternative to the motorized threaded shaft assembly provided in Figures 2 and 3
is a motorized rack and pinion assembly (not shown). The motorized rotary movement of
a pinion located between a pair of rack bars may be used to impart opposing movement to

25  the rack bars. By connecting each of the rack bars to a respective control arm, rotary
movement of the pinion by the motor may be used to adjust the aperture gap.

Because the ion beam current passing through the aperture 44 may generate
significant heat, the control arms 46A. and 46B are cooled by a medium such as water.
Control arm 46A is provided with a coaxial construction utilizing an inner sheath 92 into

30  which water is injected via inlet 96 and an outer sheath 94 through which water exits via

outlet 98. Similarly, control arm 46B is provided with a coaxial construction utilizing an



Control arm 46A is provided with a coaxial construction utilizing an inner
sheath 92 into 30 which water is injected via inlet 96 and2aaugust ecosheat h
94 through which water exits 'via outlet 98. Simlarly, control arm46B is
provided with a coaxial construction utilizing an 6 27 August 2003 i nner
sheath 100 into which water is injected via inlet 104 and an outer sheath
102 through which water exits via outlet 106. The position of the control

arnms 46A and NI | 4 I switches.1 11
fhat are mounih PathobOERA RS ARATH Tt toe ;R SOEEHARE 10 BrhlR

bl ocks 72 and v@ich watsj=xiit videluilct 1861 i vate swi tches 108 and 110, ‘
respectively, when are in close proximt hereto. When switch 108 is

hey . t . .
activated, the apeFﬁ"ﬁPé’ltM qfdhg ‘f?an’]s"’rﬁﬁ‘f)é?A a’é"r%@%ﬂ‘%%m@?‘%ﬂ’i‘?‘i R BRPIERE Wi t ch
110 is acti Vats%‘i’tchéﬁg@S aﬂlfentottﬁﬁ afém%l_téﬁolrﬁo%nwﬁlo&pﬁ? Fima}aflggg{, TRuaak Y

16" (.41 cm int preferred embodinent). I'n addition, a

pot ent i onefer teblepkd Bl ang 63, winengely, adtyarswitahasd 6@ and hig), popectivaly, Wi8n ttmy be
the di stance BE e BRGERN AeRRT RSB s s U PIDS sP B ud i Eneds
p_rg;/ihdi pgt ﬁn icﬁtdbt%:prbsﬁtm, mfdxtéltm spaftﬁlhli({)i aalfvatetlhﬁeaﬁbeﬂhft dmlasf}gitsaﬂﬁbtbﬁaﬁ; t he
Wi 0 e aperture gap. 5 ernatively rotary encqoder _nmay be

coupl ed to_thé’oﬂéo?rg’%&%éﬂgf ('4@:"‘“1‘%1”[?{?‘;’56‘13@“ _ gat @P@dlb?lbﬁihﬂ’éarsuch
position i nf gobgRtib@er &e&p%sm%ragmﬂlg 5118 aA& § 8Bl i pRARW 179 nfy B BRERA AR
circuit or control nmechanism I20 that is used to control the conti nuously
vari abl e dfer tthe dregfledghgli aessmblyfarpravidingen inficafiempfthe dis@needgtviren bimok enent ed
in either soft ; oo G | Lo 0 e the desired
i on beam curr en% aélggd(se%%&fmg 7? h@r?géfr%i'%r%ﬁ%?v@é%%g{e“%bcg%%ngo%en?osglﬁn iogn
beam current rikasmertersetdtang ttos itteboriidthyof siecapadurt lpan 50 akladativaly, a @iy aitoder

aperture position 20 indjcation provi ded by the linear potentiqQneter 116,
118. The out pJ?ayoe‘ioH}éle(g#ortEﬁbﬁ r&‘gtﬁr%{]@ oéﬂ'éﬁﬁﬁar%ﬁsgq?b@éf’ PEYVICS;s &Hj(oé““ﬁflovi ded
to the DC npt gafo@hatiod. control novenent of the control arns and thus the

gap 50 of the aperture 44. A conparator 122 conpares the desired ion beam .
current wikh the méigie & archematic shewng arlosw lpproitwion eonttohmeshanisaah2035

Thi s beam cur ights 44§ (Bl Al bepbolth ARK Y Blokurt ¥l drli32Gqg0s and 1

stored in a software database. The out’put o conparator is’input into a
mot or cont r ol ImeechadismilRA¢ inag begnemente] inledhprcofiliat oclhardwatk sInphis torht oircii2
based 120 are the desired ion beam current as defined by the particular recipe being run, an ion
beam current measurement provided by second flag Faraday 35, and an aperture position
20  indication provided by the linear potentiometer 116, 118, The outpuf of the circuit 120 is
a control signal or signals provided to the DC motor 82 to control movement of the
control arms and thus the gap 50 of the aperture 44.
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
25 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

30 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.



on whether the neasured ion beamcurrent is greater than or less than the
desired ion beamcurrent. |If the nmeasured i on beam curreng7 Asggstead@r than
the desired ion beam current, the notor controller issues a first control
signal 126 to the DC notor to rotate in a 30 first direction to nove the
aperture plates 44A and 44B cl oser together. Thus, the aperture gap 50 is
narrowed, and |l ess ion beamcurrent is delivered to the linac 18. 7 27
August 2003 Howevetioweler! e TRASHES thal 6olm REAM: GHELG N the alsRSSichRRLy t he
desired ion beam current, the notor controller 1ssues a second control
signal 128 t o cupentpbe pwtascontrpllenissites a s¢oond carmbsighallil 2 otthoDC(mapos irdtatet he

first directi ve. .t he apertur .at es .44A an 44B furth apart.
Thus, the ape?{%rs %%agg‘\{%g? OPRPHE edt?rsg(hﬁ’cﬁ?ﬂ)éo 8we %‘833’?%‘?&%%? E{%mﬁia
del i vered to t44B fhitiaapdB. ThEdhé aefatd pap 50 Rewiaeldal ardqndre M ambefedtSs

provi ded wi_th d%g adll)erlglur_e position feedback signal fromthe |inear
pot ent i ometer Sffeerecitpdhe linkg 18, Additippally, e motesicortrolien i34 is poovidsdvdthes i n a
cl osed | 00p MBRBSIe hoslikR BRBLIKY Shaf BB Aéaﬁé;@éy | 9Y¢ €4 rt of
an overall con rolreg?sgorithm utlﬁalgzg%t?éolg t |nééﬁ?fe&|1@ﬁqg§e’a%%§h§}’@jﬁet of
t he ion i npl arfeeirolsirci Lsrapermtds s e dlosad ldepsinaexr.) 10 oper ati ng paranmeters and
sensed operating c Ltions chemati c_fl ow char epresentin hi .
overal |l control al gglfg:a{’ﬁlhm 1@8‘,%1\?%7’0 AR T Biguie e 8 ﬂ{ R AR ERE e
software, is gftitived fontuRingulieiob beafn Eiirfeit oSthefonidpladfer &mgsysmwm%ﬂﬂzd

y

met hod 13?11 I nvol ves cl osi ngmi)he first flag Faraday 31 by positioning the
flag i n t e pAPRraEee pHamstes andsensad operating gonditions-nAsehemafie flowichahe | ocati on
i medi at el y doggedeh@aimmiovtR c&aR hi3ieHs FhieR en,
in step 134, tﬁﬁg ositi or?vof_ tc_he eg?eg?tur ewd?%f Psﬁgaggg??a\gﬁ&rgﬁaﬁc%%&a%es
setting the g&ssvase, is howape Figyred. bA fied ston 13l the systenpasing opthadti3onal

history. NeXtid | | S..pres 0 .desired erating

par anet ers. DeH%Ydé\{(kgﬁio%% Jd%ﬁﬁvxgtl[@gg a}rf*ggiﬁlrl?%%"%%tﬁ’&& gltrlle {l)aegéﬁ]%}e &e?#ﬁ)woflh t he
first flag FarwemyasiSknoviintheeard)etthe heaticrimmediavdly ddwhstreank 6£BP bafingousaNge,
such that fine tuning of fhe 20.continuously, variable aperture 30 wll

Cesul t 1 Yn SEHANY ARG Rt S Lte AR RSSOn b U Sbs Rl o Presel WhiSBnd
flag Faraday Fmptils sétingthelgh@80 bothadprudlbake GPEREAtd Bat bER i@gg, the
i on beamis per mpt_tec? to§tfagylgl t hrough the apertur et?r,g ang ?t%g“%lﬂgg,finac

18. If,  howe W& i ffep bifatheding? bhis mesatladetired ppemhiéng parasetétsag Far aday 31 is
out si de of the acceRiARha3E ARERes HUErhg Rk ibHUaAubDS FBIth: BHPHS, Kark ' 2! ©
aperture 30 will not result 1n

31. If the beam current is within an acceptable range, such that fine tuning of the

20 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

25  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
31 is opened. If, however, the beam current measured by the first flag Faraday 31 is still

30 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



25 an acceptabl e beam current neasured downstream at the second fl ag
Faraday 35, the aperture 44 position nust be adjusted (i .@;Au?_g@@@y
tuned) in step 142. After coarsely tuning the aperture 44 position, if at
deci sion 144 the beam current neasured by the first flag Faraday 31 is

wi thin the acceptable range, the first flag Faraday 31 is opened. If,
however, the beam current nmeasured by the first flag Faraday 31 is still 30

out si de the ag:cegt abl e range, the ion beam source 14 nust be re-tuned in
step 146. Aft éFradmels ihinge peceptabitirange, fhe fiskflagFagday 31 wwpeurg. dhbovegm

current measurgchehy ct.xpr@ntfnilera%tlacg !g,atgea Brst flad¥ E@ag 34 qutllﬁﬁ{tﬁ?l?pﬂ{% g&:e@{%ﬁlgi n the

g
acceptabl e range, the first raday 31 1S opened. wever, the
beam current muwsuhewnlbgarn henréd rsmustlagagn Paresidasd 18 btepd 46t Thd looppivided bhe

t abl he i b 14 t in be re-tul '
Ta6. "The | oop hPouIAR 145 O BRRRS L eh SRt o TR e i R AR el D

time-out mschacirsd 4 sropd RWedthugineloths faired aetehcQutgyt. prove to be not
tunable to the desired, current output. Next, in step 150, the injector 12
1§

xt
i's tuned for ali gnhiie Mo¥eping. He ivaiertls it facd fonalisnnegt of$he pagrpintortBe linac
i nvol ves neasygi !‘.‘ﬂci&i!aﬁ‘IS?ﬁwQﬁ@é%Edéﬁﬁﬁg‘&w‘gntﬂéthﬁn&ﬁ%&%é LR AR ay 3°-
If the beamcurrent is wthin an acceptable range, systemtuning is
conpl ete at st3éplf theheaanehmehids witbiorea akteptpblearegtasys@6 treing ecoopbatied stepf |

however, the rrent . kS ROL wi thin the ceptahl e range, .the
aperture gap gggﬁ%u(g?xeﬁeeco ?ﬂ%‘ifaﬁ%dga%gtmagtbgﬁp%@ B";ﬁ?“ﬁ%k???}eﬁlﬁéﬁﬁf’%é%b"H oop
circuit orl0comithir theacdepiabls tanke Ghefpekin@iyap 56 muBEafitfeeufdd 4 Wep 15480 1S

cl osed | oop, the apg{ﬁ% Lire Eositiqn will be continuously adjusted until the
measur ed bearﬁ‘%ﬂg cloed AP AR Pyl merRnias 124 obfigried- tegause elspttabl e
range. At thi 920 ddsed IcopSthe Meruft fifditios wiR B@L&kﬁu&khsatd]ﬁ_me&%ﬁﬁﬁﬂg mel@reecond
fl ag Faraday may be opened. 15 I%y using the nethod of Figure 5, significant
changes i n t héeqm suise g secanddlee Faepgay Beis qthirkthy acceptoblp Iringhe At this rodnit
re-tuning the j Qur C ' | h re time
consuni ng proé sg?ﬁaﬁﬁggga?%gﬁ?t%ﬁé’ei%r%ggﬁe{%l%%@en i%\ad%%‘ﬂ%%o eggdr'ruch nor e
di rect anddpr eci se Byesingtheohethdtboliiguye 6 uigribfaant changes i the Ten Heam onerabitmadyy

re-tuning the ion source.j mmuch nore reactive, ipdjrec rocess that
requires ‘an a%&lq%’ aB‘f‘mEH]l’éﬁ Eﬁmﬁpgg‘idﬂ“%'f‘i?sw&éhfmﬁ cg‘Peéw’fSE tRer

adj ust ment s angudBte til doNedl; 18ER InRBANbS The FrBRnPRO&HHDE pRARIE: § HiubE Nt
tuning offered by the present invention. For exanple, in a preferred

embodi nent, t HeerpEBeat prshprgsise methedyek changingthe hegm preabnTe Biejcarirary refiingenes s
of

the ion source is a much more reactive, indirect process that requires an analysis of the
20  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 (um) (i.e., each control arm moving it respective aperture plate 2.5
microns (um)), which may correspond to a mere .1% change in the bearn current. That is,
25  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 (nA) with the aperture 44
fully open, the beam current may be controlled downward in steps as little as 1 microamp
(nA). |
In operation, using the logic of Figure 4, circuit 120 looks at desired beam current,
30 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



about 5 mcrons (pm (i.e., each control armnoving it respective aperture
plate 2.5 mcrons (gm), which may correspond to a nmere .J%7 Apgikepgss i n the
beam current. That is, 25 assuming that the beam current i s honbgenous
across the width of the aperture gap 50, and, for exanple, with an

i njected current of 100 m croanps (A) with the aperture 44 fully open, the
beam current nmaybe controlled dowward in steps as little as |I m croanp
(A). In operabipieurital Rehadb s kRO e Qs Il Pl at
desired beam cur r@eunt, 30a nmeasur e E:becar% %}&??%ﬂltepf %rge%né%%égaf’%%é Far aday
35), and aper Fignes gesd ¥iamrgréhicahnepictdnéations dftbehmmeaent paperst kot béust@ent ot ary
encoder). The arison of neasyred.and .desired 9 27 August 2003 beam
current is naagt%glfqpﬁ esffosg%}gmg%@ﬁ? COMAETR 4t Rigups Gis dpsedgn sdue peiferred

operation. Ftgitfobmethodeferedotheftirtdithe adymipRRiL SRERHAFIRRST RbaRAIMaCUr I ent
response to the adjustnent of the afgerture position using the |ogic of

Figure 4. F¥i gdfcenerreiernsdeeyrobmethod.irpisiredioess gherhigectionmetlold. met hod, ref erred
to herein as the aguPiokhes Z on.a 5 second
preferred control ne%?ﬁosg%nbtrﬁoggg%re ?@g (ltzlg{“gls& 5’??1%““%?‘-%%%%?801%“ na}réstﬁgﬁf?teﬁﬁyt he
asynpt oti ¢ netinedt (2P bgsed on @) difftrenderbetwetn &ie desiredbeah gmadnt versgeifbbaan by
circuit 120 bagsed the difference.between .the desired beam current versus
actual beam %ﬁﬁ%ﬁﬁ.‘e PHEFS ISP ﬁPosétb%?ﬁgtMB%qean@Prﬁ@t%P@PW HesdetsEed on
pot enti omet er feedba2RCIdgsasuréEaRAGK grebfer fHRR84kiIre8 cilattnt @0t sHoSmfceRtdt kighhan '
desired cgéregéﬁj&not shown), control signal 10 126 is generated to narrow
e

the apert BRI STRETPY dher IPErtyES Bar SBby Tointig thednqtercy? isene disgstion,§
measur ed cur r gi ifhiadueSSoutB@n ' %"gége ..Si gnal
128 is generat eld to wden th%ﬂgsg%%%sgé%%%ﬁ%%& rgtﬁgl}rﬂlgﬁ%ﬁle[%olfor 82 in
the ot her di r gencratad to wighertheapsripregap FOhy foketigdlekmotay 8in thsetersiirettivmt  t he

control circui : rm.ne it he resent apert.ur ition and the
esti mat ed r-eqﬁ%?é%gg%%ﬂr?%ngtgéed%ﬁ%srflﬂ %enl}squo tif'tetﬂ? ﬁ%%f’g"“c&gd?@%“n‘ﬁ eg]i‘Fe
second or | espreadnt egerturemosition 2 the einhtal requirediaffifire pésitiogener at ed and again

control sg nal 128, continues to %%i ve the notor to wden the aperture gap

50. Jn FidUre 6, tWbilak IPEaRately epasscemher e aferdimets assrandermionsienal isd

current are  pEfdeutddnd labdIR Sodtrd1 APk Tiﬁi? corftilflesGo Hﬁ@e;th B’%l\xﬁ'% fldeR ﬁle%i?gﬁla'ﬁs s are

shown. This procedure continues until the measur am current
within the ac8®&pttadnFigugfydéwo adlitiunel enpanatisens ofiflésrbd véresmataared@urient ate i ven,

and hence at WARCH: ilEs ARSI L/ b &o?responding error signals are shown. This procedure

continues until the measured beam current falls within the acceptable range.

20 The speed at which the motor 82 is driven, and hence at which the aperture is
widened or narrowed, depends on the magnitude of the error signal and the aperture
position. Thus, in Figure 6 at t;, when the first (greatest magnitude) error signal is
generated, the motor is driven at a faster rate. At subsequent tirﬁes (t2 — t4), the magnitude
of the error signal bgcomes progressively smaller, and the motor is driven slower. Also,

25  asthe error signal magnitude approaches zero, the motor is prematurely instructed to stop
o accommodate momenfum within the system. As such, the measured current shown in
Figure 6 does not overshoot its desired beam cuﬁent target but instead asymptotically
approaches the beam current target.

In the bi-section method (Figure 7), at time t| a comparison is made by circuit 120

30 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

10



wi dened or narrowed, depends on the magnitude of the error signal and the
aperture position. Thus, in Figure 6 at ti, when the firs27 Aggearesd
magni tude) error signal is generated, the notor is driven at a faster
rate. At subsequent times (t2 -- t4), the magnitude of the error signal
beconmes progressively smaller, and the notor is driven slower. Al so, 25 as
the error signal nagnitude approaches zero, the notor is prematurely

instructed t 0 gednQRsirddQuBACHIHITREMS, CRIBINHA Y!éib%é}#a'ﬂ% t;é%égxtr 4 he’%g%fﬁggh’ the

measured current shown in Figure 6 does not overshoot si'r eam
current targetgabd® by rdatimgdheasgtnplbiniona Hirsctionmpd dotvewed ardneiiess tranent

tar el by e P ohsee et
made by o rcute 3t (et ghepute ST afs eeorali e e G Be a5 QU ent

The present apemnting te pR%r B2 dithe Stheflgittiéd. ned based on potentioneter or
encoder feedback. b{ r‘rﬁasur,ed current is greater 10 27 August 2003 than
desired current (ndttheRbsGstion Behed.die mptghdd is 1asrurtsd tpanevedheebertyreftom dw t he
aperture  gap paiiby at'tPlod 8o B, WRIcR tepBdehtd nAPGe kGl ﬁﬁtm@g Alﬁ %%935 ur ed
current is less than desired current (pFI gure 7), contro S|gnaf % 'S
gener at ed to W thegorrert diagrsionFhasghthe Hotemjometarton bhavgertihdicatest that tBapiertuse e

th di ti 2. | Nt | = | method, . t tor 82 i.s..inst ted t
move the aper PUPSTI RN PR PORRETT Rl o8 vo' TR o oginsstpadly * 1

represent s halopert)hadmasesurodrbehinsduriRasis loss thaw i ekirs®bem dufreht) heGRitEETtis
direction.,.Thus, if . the pofentiooneter or. encoder indicates that the

aperture i'Y atBSHYSEe FOROSHRPLHFIPAD Prashy cipspdid? BesitiwdOr(at Ipast halbensa). and
position 100 imndis0atdr i %Wr 3 '

than desired beam cur%ﬁ?ﬁ%ﬁggﬁgtﬁﬂg?&%_ I's 10 1 r@?‘?g%ﬂb@;ﬁ%@t ngﬁﬁ
posi tion 20 (’eadiffyrensedtnen thy nresshiriopifion20 gust the Edlytopbrapdsitiopd)..  The 40

I ncrement w deni ng 40f: e NQSi 1] .t sktion,.60) represents
hal f of the diffef*gfh“c’{gq’ﬁétga'g%%t‘%’ﬁ@“g?’glétéljém"’t%%%glf‘i“i%&%{%fga%fﬁ&dE‘“ﬁ’zé“‘f“&%% open
position 100. vAtsus 2amel b@&ym aurset oghircthapasdns aperiuse pusition 050) 6§ dedinined 26 @
desired beam curr versus act.ual beam,current. Again the present
apertur.e glgsi tcfl%r?%%t%‘fe ’Féﬁeo%f"é eﬁxg&urprﬁ]}% enfB“E%‘%Z"‘fFFShPF)dﬂiiémﬂhet he
desired beam eatéiealis REuNGER cR6 RAMEIHIOA 2V SRS distBRtd tehbbin iRGrdbRiOr 82 i's

instructed to close to position 40 (half the distance between 'the present
position 60 aﬁBSIP%GQ)N‘gtP‘PﬂFg%§P%111Q#12020)°¢tlﬂ?tab p thirdic@mparigon iy ma ari son

| heoe, and | ABEHLPGIRASHY) i erbifihed hodEbGE H Efle 7/the SRR b BN fas”
been undershot and thus the motor 82 is instructed to open to position 50 (half the
20  distance between the present position 40 and the previous position 60). At time ty, 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
25  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 jon beam current in the implanter 10.
Accordingly, a preferred embodiment of a method and system for operating a
30 variable aperture in an ion implanter has been described. With the foregoing description .

1

in mind, however, it is understood that this description is made only by way of example,

11



been undershot and thus the notor 82 is instructed to open to position 50
(half the 20 distance between the present position 40 and 2heugise200s!s
position 60). At time t4, a fourth conparison is nade and, because neasured
beam current is nowwithin 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 begal D i ' it hi - . i me,
on the or der o S0 FRcht S nORARHD B daRRARe bt g XEfe PRI AR Bl
re-tune the s@trae régrangemestspinpdificaiming, aud sutatifutomsrat herimplementet withed, whi ch

has been foun 0,be.o the order. of .two to three m nutes.. As such, the
present i nvengelséenCt B)rtgt\al?oaee%’m%n(%éﬂﬁuﬂl 3"1#‘?“ depgsiing ﬁ%‘EIrt?ErﬁC%l?ﬁ FEdhe IPYRTHAY S he

i on beam cur r defineid by tiecfoil6ing Blaghs & thACERiAG Y, a preferred enbodi ment
of a method and system for operating a 30 variable aperture in an ion

i npl anter has been described. Wth the foregoing description in mnd,
however, it is understood that this description is nade only by way of
exanpl e, 11 27 August 2003 that the invention is not limted to the
particul ar enbodi nents descri bed herein, and that various rearrangenents,
nodi fi cations, and substitutions nay be inplenented with respect to the
foregoi ng description without departing fromthe scope of the invention as
defined by the following clains and their equivalents. 12 27 August 2003
Clainms: 1. A method of operating a variablé aperture (30) for adjusting the
amount of ion beam current passing therethrough in an ion inplantation
system (10), conprising the steps of (i) measuring ion beamcurrent at an
i npl anter location using a current detector 5 (35); (ii) comparing said
measured ion beamcurrent with a desired ion beamcurrent; (iii)
outputting a control signal (126, 128) based on the conparison of said
nmeasured i on beamcurrent with said desired ion beamcurrent; and (iv)
adjusting a gap (50), through which through i on beam passes and which is

12



10 defined by opposing first and second aperture plates (44A, 44B), in
response to said control signal to control the anmount of ?DAufeAEDTIIrrent
passi ng therethrough. 2. The nethod of claim1, further conprising the step
of determning the position of said aperture plates (44A, 44B), and
wherein said step of outputting said control signal (126, 128) is
additionally based on said determ nation of aperture plate position. 15 3.
The nethod of claim 2, wherein said step of determ ning the position of
said aperture plates (44a, 44B) includes the step of providing a position
sensor (116, 118), and wherein said control signal (126, 128) is output to
a motor (82) tHatmsontrols novenent of an aperture drive mechani sm (36).

4. The method of claim2, wherein an error signal is generated based on the

20 conparison of sagid neasuyred.on beamcurrent with said desired ion beam
current, and said ?ontr m £Ppe(rit§’§,a"ﬁ%’)‘°@§m§8@09f%ﬁ@l‘?@gg’&saélﬂm@r?f&m

magni t ude of S celé@passing MRkethBughh@n mti&%ﬁn@iio&éﬁiem a6, céﬂﬁfﬁsﬁigncgéﬁis&
error signal is generated and said gap (50) is repeatedly adjusted at

| east once peﬁféecond until said neasured ion beamcurrent asynptotically
approaches wthin @ spegifd.g I I i.r ion _beamcurrent. 13 27
August 2003 6. The et hg{é?géé‘?g%?égibﬁqﬁﬂ?ﬁ“mﬁg?tgaﬁﬁl%éfz‘al?tgglé)#lé’? “%‘P%ﬁﬁﬁ‘m?“gge‘e"t""
generated and 83 d gap (50) is repeatedly adjusted at regular intervals,
and wherein said cg%*roloshgﬁal. 126, 28% successi vel y adjusts said gap
at each interval s t FAPPEHE SHE TEHES 1D heapcinerliv it p Hesitgd iop brgm carra d
desired ion beam cuiij enbutpittihg aShfoNBASI(€Lh, i198) BARINAUNLS @8kl drhiafy @
5 specified value of, said des%red ion %?uéé_currg)nt. 7. The ma?hog oO%f c{aai m
4, wherein saiegHpd osdpam sumeyt with s desiredjionheameqirentpand about 5 mi crons
(m. 8. A nethod of;yfd] Yehd-ag al R, I t ur ce
(14) in an ion irrgllvgntg? (1g)a,gq%§§§gﬁjogg§ng tf@%&%@%ﬁlﬁg&%g&p‘gﬁ%%
(44) throudh wifintd byreppesing fietamd s&cOné epertaretplpes(des, 44B)/iprésping td dail ohepls

ol ostn) a2 ZQRARY bR WY haREAS G b cadhl Phodind bbRlardighoct o (31) by

2. The method of claim 1, further comprising the step of determining the
position of said aperture plates (44A, 44B), and wherein said step of outputting said control
signal (126, 128) is additionally based on said determination of aperture plate position.

15 3. The method of claim 2, wherein said step of determining the position of said
aperture plates (44a, 44B) includes th¢ step of providing a position sensor (116, 118), and
wherein said control signal (126, 128) is output to a motor (82) that controls movement of

an aperture drive mechanism (36).

4. The method of claim 2, wherein an error signal is generated based on the
20  comparison of said measured ion beam current with said desired ion beam current, and said

control signal (126, 128) is additionally based on a magnitude of said error signal.

5. The method of claim 4, wherein said error signal is generated and said gap
(50) is repeatedly adjusted at least once per second until said measured ion beam current

asymptotically approaches within a specified value of said desired ion beam current.
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(31) to block said ion beam (ii) determning if said neasured ion beam
current is within a specified range and either (a) openi gy sadqdtboost
detector (31) and allowing the ion beamto travel to a second detector
(35) if said current is within said specified range, and skipping to step
(iv) or (b) coarsely tuning the position of the aperture (44) if said
current is not within said specified range; (iii) subsequently determ ning
if said nmeasured ion beamcurrent is within said specified range and
either (a) opening said first detector (31) and allowi ng the ion beamto
travel to said secénd dBiegutthed ¢f3%imi4, whaicth eitrerensighd ingdneiatedsamil daid gap

specified ran .and ski ppi.n 0 ste i 0 b). tuni ng, sai.d i b

source (14), | ) &S ea(%:elﬂ1 l}f%fﬁ'fs%dsa : ﬁe(g’?fa&\fq%?'a\rig’ é'lgﬁli H%E%@cﬁaﬁ @gtrof%Lﬁagﬂﬁ%F]
said current ksccdsivBiynadpiisthaiiPgpi dticach madtga;suét What TRARHHRE ibiD BeddE Silfrent
current using said second detector (35) by closing said second detector

(35) to bl ock “¥grhpolssaidiissirad iombrapreurseht wilhsdd mepursd 1em beamnpuirantisivithima d

measured ien MeBYLTEBE saiBddMel ol b pd specified range and either
(a) opening sgll%c%i seecond dseat ect or ?35 or Eb) finely tuning the position of

the aperture (44) if said current is not wthin said specified range. 14 27
August 2003 9. The,nethpd of. claim8, further..co | Si dnitial step
of presetting the 'posi |‘=jorf:5‘3%?‘J %ﬁgﬁ%g&vﬁﬁ?]@ Sﬁlgffggsrgéésc?%gﬁ&p H’ﬁfewnﬁzi’i‘t
oper ati onal hiabdutymicsbfls (uide net hod of claim 8, wherein the step (v)(b) of
finely tuning the position of the aperture 44 conprises the steps of: (i)
nmeasuring ion beamcurrent at the |ocation of second detector (35); 5(ii)

conparing sai d meagur edainRhJd@aRjgHhE Ribeih thirdht G85uHHS b RERE G4y HhERAT
(iii)outputting a control signal J( 12%, _ .158) baseg&gn bs’he cghrtrgarl s@ﬁj% said
measured i on [admplagter €49, biviadistingitep pesision efian apartive &) Guersbrwhichaheliofibeim

adj usting gap t i t br ough i on beam passes and which is
10defi nedlgy gg%%ngp%lsgsesf P(Engéi%glﬁggése gr?g' aperture plates (44A, 44B), in

response to said c@htr omesingugabn bamomntitaking b €rsadaestir (31 by olosibesuid datdcteent
passing theretnough. caid ion beam:
' (ii)  determining if said measured ion beam current is within a specified range and
either (a) opening said first detector (31) and allowing the ion beam to travel to a second
15  detector (35) if said current is within said specified range, and skipping to step (iv) or (b)
coarsely tuning the position of the aperture (44) if said current is not within said specified
range; | '
(iii)  subsequently determining if said measured ion beam current is within said
speciﬁed range and either (a) opening said first detector (31) and allowing the ion beaﬁq to
20 travel to said second detector (35) if said current is within said specified range, and skipping
to step (iv) or (b) tuning said ion beam source (14), if said current is not within said specified
range, until said cnﬁent is within said specified range;
(iv)  measuring ion beam current using said second detector (35) by closing said
second detector (35) to block said ion beam; and
25 (v)  subsequently determining if said measured ion beam current is within a
second specified range and either (a) opening said second detector (35) or (b) finely tuning
the position of the aperture (44) if said current is not within said specified range.
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15 20 11. The nethod of claim 10, further conprising the step of
determning the position of said aperture plates (44A, A44B)Augr(29d®rein
said step of outputting said control signal (126, 128) is additionally
based on said determ nation of aperture plate position. 12. The net hod of
claim1l, wherein said step of determning the position of said aperture
pl ates (44a, 44B) includes the step of providing a position sensor (116,

118), and wher ei ngsai droREhd oﬁdlﬁﬁeﬂ, ﬂﬂ%@corx&ﬁ%}}n&iﬂtﬁ% %‘ﬁ&aggﬁep Bﬁgr_%séﬁﬁégqhe( 82)

that controls novenent of an aperture drive nmet hod
of claim 11, whstei of thhrapsripesr(44ibgsedioniimpeeepat gerdtmsadistoryt he conpari son
of said neasured ion beamcurrent with said desired ion beamcurrent, and
said control signal (126, 128) is additionally based on a magnitude of

said error signal.1d4. Themembdeftiah 8¢ ivatrinkBs styh@)®) 6f BRlytusink oo pokiabRl i S
generated and gai d gap éSO) IS repeatedly adjusted at |east once per
second until Shfhg epelsefberiRsieBa PR ent asynptotical |y approaches

wi thin a gpecifiedgyal - S i J August
2003 10 15 20 25 18 Tﬁge%et?ﬁ%%’gggﬁﬁ%%%g%%%%%ﬁg%gﬁd%%?%r%z%ignal i s

gener ated and sai d(igap cqnE@¥ing said wpasuted dinybeany custiavithta designdl iom béant @trenl; S,
and wherein said c rol. .si.gnal 26, .12 S ssively adjusts sajd.gap
at each interval sﬁgL t%zu% ﬂ%a%ﬁ@ﬁ@@a%ﬁg%ggﬁ%ﬂ 8’?1¥he ‘{Mﬁ%f’tﬁggi d
desired i on beasnured oebbanbirdnt #ith eidBattd Re Hef chgampurrent -is within a
speci fied value of .said desired ign beamcurrent. 16. The nmethod of claim

13, wherein said g8 (5 .“ﬁt@gééﬁgj AriPraughhwhish thapghtien byam passestand whickrisns
(m . 17 1y Sy bmibiglopAslisiirteiid QB RRAE AR LULBY I Rip AR Uy RRUT CO
(14) in an ion inplanter (10), by adjusting the position of an aperl%ure
(44) through wenaho eendrol e apwamof carrbeamicupert pessingdhergthiosging:

11.  The method of claim 10, further comprising the step of determining the
position of said aperture plates (44A, 44B), and wherein said step of outputting said control
signal (126, 128) is additionally based on said determination of aperture plate position.

15 12. The method of claim 11, wherein said step of determining the position of said
aperture plates (44a, 44B) includes the step of providing a position sensor (116, 118), and
wherein said control signal (126, 128) is output to a motor (82) that controls movement of

an aperture drive mechanism (36).

13. The method of claim 11, wherein an error signal is generated based on the
20 comparison of said measured ion beam current with said desired ion beam current, and said

control signal (126, 128} is additionally based on a magnitude of said error signal.
14 The method of claim 13, wherein said error signal is generated and said gap

(50) 1s repeatedly adjusted at least once per second until said measured ion beamn current

asymptotically approaches within a specified value of said desired ion beam current.
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(i) a first detector (31) for measuring ion beamcurrent when in a closed
position blocking said ion beam (ii) neans for determ niafgAuduss2008
measured ion beamcurrent is within a specified range and either (a)
opening said first detector (31) and allowing the ion beamto travel to a
second detector (35) if said current is wthin said specified range, and
skipping to step (iv) or (b) coarsely tuning the position of the aperture

(44) i1 said ourrent ispoloiiddiddh duntReChd LEd LANAE o dhlddarIBATSA] O
subsequent |y determning it sald reasured gam EUrrent s W Chr A ai d
speci fi ed rang®) w”l(dp@tetdl'yea’d_u(s&)i aofegtlianintesaly) ahd waéreﬂeshﬂaioﬁrrol(si’gh)al @and, 128)
allowing the ion beamto travel to second cl{atector i.f said current
is within sai &"SpécF |3§E8Wa§4§egapa%&a%bweﬂﬁl Alsh @agghgﬁne(aﬁxyy don PEsym EyERnhg

sai d ion beam,3QuosR shilidksirddfioBdath Giehiitil §3d PRbsuddtibh PeaSPbirenfREFIHE £d
range, until said current is within said specified range; (i1v) said second

det ect or (535) sfegificfwalyapf saif dasedienpausurent. when in a closed position

bl ocki ng said ion beam and (ii) means for subsequently determning if said
measured ion beamcurrent is wthin a second specified range and either
(a) opening said segondllidahadduf cladh ) 3,ohefeln) safd gapl(50) id ddfistblctif rcpfehtsiopn oOf
the aperture é @1_ i f, sai&]ﬁéurrent is not within said specified range. 16 27
August 2003 18POURINEIOBI @0t claim 17, wherein said aperture (44)
conprises a gap (50) defined by aperture plates (44A, 44B), and further
conprising nmeans for presetting the position of the aperture (44) based on
i npl ant er past opei’éh ohé}’Stﬁﬁf#@Féfilystmsgmb!?ﬁéCEW@‘#P@be@IGWmtEWG @rlelan

oa 9 e okl 10ROk AR et lfyRRBE A, 4
aperture 144) pmamipmemlcmm detector (35) provi des i on beam curr ent
i n i norements of . Bhout s BSHFBROL Bimtainne REbRot ok Shalinnries RPERAT) NG
A VARI ABLE ABHdREill rAf¥amaON | MPLANTER
(i)  means for determining if said measured ion beam current is within a specified
range and either (a) opening said first detector (31) and allowing the ion beam to travel to a
15 second detector (35) if said current is within said specified range, and skipping to step (iv)
or (b) coarsely tuning the position of the aperture (44) if said current is not within said
specified range;
(i) means for subsequently determining if said measured jon beam current is
within said specified range and either (a) opening said first detector (31) and allowing the ion
20 beam to travel to a second detector (35) if said current is within said specified range,‘ and
skipping to step (iv) or (b) tuning said ion beam source (14), if said current is not within said
specified range, until said current is within said specified range;
(iv)  said second detector (35) for meaéuring ion beam current when in a closed
position blocking said ion beam; and
25 (ii)  means for subsequently determining if said measured ion beam current is
within a second specified range and either (a) opening said second detector (35) or (b) finely
tuning the position of the aperture (44) if said current is not within said specified range.,
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Abstract A system and nethod are provided for operating a variable aperture
(30) for adjusting the amount of ion beam current passing2t hegethbogsigh in
an ion inplantation system (10). The system and net hod conpri se nmeans or
steps for (i) neasuring ion beamcurrent at an inplanter |ocation using a
current detector (35); (ii) conparing the nmeasured ion beamcurrent with a
desired ion beamcurrent; (iii) outputting a control signal (126, 128)

based on the conparis FRASUP i r x;]g ired
i on beam current; ggrid Oj(:}lle\%m%%foustl n&@q/élg%ﬂl(%g?@et feoﬁgif" |cﬁ§%‘§?—(}g§gh ion
beam passes adefinstiibyrapesurd elatese@d4 by 44B)p pud furthef comprisandnsas dndpragéidzuhe

pl ates (44A, 44B), in respon o the.control signal to. control the anount
bt 1 on beam c B TR SRGe LR Bt O gRR pRResL o BiepA i or (35)

provi des ion beam current feedback, and a position sensor (116, 118) may be

utilized to provide aperture plate (44A, 44B) position feedback. The
system and net hod pF-ovi Ehe systerg of elrim b, maerein saiddnggneler Beelyieeing paid pasition of

"e- tuni ng of  Phb 08k CATRRRR L. pRNSE MR [T MBS oo FMbh 8P g 1

i ncrements of apdrowd (48), and sabhsecéidedetdetoy (35) prayided ion beam current feedback.

20.  The system of claim 17, wherein said gap (50) is adjustable in increments of

about 5 microns (itm).
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