| N- PROCESS WAFER CHARGE MONI TOR AND CONTROL SYSTEM FOR | C%H NP%%O ER
Abstract: An in-process charge nonitor and control syst Yg or an ion
implanter is provided, conprising:, (i) wafer support (22) upon which a
plurality of wafers (W may be positioned for inplantation by an ion beam
(18), the support having portions thereof disposed internmedi ate adj acent
wafers that are nore or less electrically conductive than surfaces of the
waf ers, the wafer support (22) further having a center (31) from which

each of the pl |4 ' b i yL-equi di nt, the wafer
suppor t furthﬁ'&ﬁb&ﬁ%&wmgﬁﬁ&k ﬁérﬁ&ﬂi@i ) di sposed
substantially eq INERO rm ' mp]p f"NsI' d second .

el ectrical chargLng)Dnltors% 0, 3 ; ¥om§:(el$%ﬁlg |rIs'€&an Second portions
of the ion beam (18a, 18b) through the first and second apertures (64, 66)
respectively, and for outputtin ist and second output signals (44, 42),
respectively, indicative of an%gﬁdjﬂfi@ fﬂWBﬁﬂm current received; and

(i) a conparator (46) for conparing the first and second output signals
44 42 df 1.1.nq. ird. o t signal. (48),.1indicati f a
(it 22, 20, okt s Ben o B o
charge niirbedss whaftd chade mowher fidconb8l syblehlfo Yhdiion HuPRaterd. 48) s used as

an input. to a charge neutralization system (33) of the"ion inplanter to
control the supply of | ow energy el ectrons produced thereby. 21 June 2005
| N- PROCESS WAFER CHARGE MONBackgroondadNbeAnwiien FOR | ON | MPLANTER
Field of the Invention The present invention relates generally to ion

i npl anters, and nore specifically,to an in-process wafer charge nonitor
and control sﬁqr’é’ﬁﬁﬁmﬂoé%ﬁm 14N systeanss usedfok gaping wirkpipees| sigBnds on

Convent i s rggb,gi ] SR : L r kpi h as
sem condlcj)%tm(lﬁdé1 Blrl"':Eté))/ pi P@ #lg@flgééi an %c%ﬁgdgbgruéﬂéﬁtq %%%lpﬁl%o#l%f‘@gc ﬁﬁﬁ%gé‘ﬁ%?%‘d
dopant - elisthentacosteraéd toifsrmh hefontean dpadseibddent GRS idnbtafHadirédfteddt €%Cr | bed
energy. The ion beamis directed at the surface of the workpiece to

impl ant  tSEfagRovidhs weskpigce o implaptdpe worknieosewith theidepantelerpentc The energetic
' (gencrally positive) ions of the ion beam i:enetiate the surface of the workpiece so that thej
are embedded into the crystalline latticé of the workpiece material to form aregion of desired
' conductivity. The implantation process is typically performed in a high-vacuum process
* chamber which prevents dispersion of the ion beam by collisions with residual gas mdlecules

and which minimizes the risk of contamination of the workpiece by airborne particulates,
A problem encountered in the use of such an ion implantation system is that of wafer
charging, Asthe positively charged ion beam continues to impinge upon the target wafer, the
surface of the wafer may accumulate an undesirable excessive residual positive charge. In the
case of wafers covered by an insulating material such as photoresist, the wafer charging
- 'phehomenon is particularly problematic because the charge is isolated from the
. semiconductive wafer substrate and the pedestal upon which is resides, and cannot therefore

- be dissipated through the wafer and/or-the wafer pedestal. |

Excessive charge accumulation can cause resulting electric ﬁélds at the wafer surface
that can damage microcircuitry on the wafer. The problem of accumulated surface charge

‘becomes more pronounced as implanted circuit elements become smaller, because smaller
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(general I'y positive) ions of the ion beam penetrate the ZH‘QP ) B t he

wor kpi ece so that they are embedded into the crystalline'|'20Fi 085 of the
wor kpi ece material to forma region of desired conductivity. The

i npl antation process is typically perfornmed in a high-vacuum process
chanber which prevents dispersi.on of the ion beamby collisions with
residual gas nolecules and which mnimzes the risk of contam nation of

t he wor k peiessit eb;menw aromse gasceptihle mdaasnagA cpwssd by theresditant elee@ciﬁﬁldShe use of

h [ nt at h
p05i 11 vel y chabalb b ‘*ﬁ”}siﬁeiﬁ%. b, ShagBing, Piegemsfioh i (B B3 96,7 SIFES ¢
surface OfentddBzMdNSsr R fh, FucH RGPSV IRARSs\WD4spd shoder
positive charge. In- the case of wafers covere by an insulating materi al

such as pitetprovidesa sourdeeofilaf energh alaegtmrg thattaendrawn dnto ithe pesitivielyiharge ion
' problematlc beca.us thegar e.ls |s | ated fram.t sem.conduct i v wafer
FlE ey Sl

subst r at B Tyt Ry e Blesma S %‘g?rd@u&éﬁa A GRBOT RST UL

di ssi pat f aﬁl?iﬁ&m?' YR rge
accunul al?iﬂ (e)&n gﬁg@%ﬁoﬁdﬁ&? ?ﬁﬂé lgégglgﬁ?yé@fa?!eﬁ ds at %lﬁ% lger%gjeur?tgime t hat
can damagdra plasnd chamiber iptcowhich dla/gﬂama is ‘éhnaqiccbfnbmnh@arc ghaoberlaad gosgh f ace

nal fer, be“ﬁﬁ@éogiﬁuféq‘%?e%%ﬁ SRR RO ErFRbE GO bares P
suscept i %@rnheni@\;i\llygﬁt&%} &f&@tr&ﬁsﬁilté ;ﬁi&t lﬁé?fchhﬁ ﬂ e h%)gﬁ SREH
solution to the fer cha |n phenonenon is use o ar ge

neut r al i z2d¢dtmins c@ihd@hﬁhg:mmmgasmholcaﬂesttemeaﬁuhéplasmaywhmhmdmdes & gnerpyc| udes
a plasma shower that provides a source, of | ow energy | ectrons that are

drawn i ntedeatioas gansple of deipedrappe Withisithe fpubsagh ks AR J@wnerspse PRl |y,

t he pl as E'Qﬂ%’éﬁf: ﬁgﬁeg a5y ©oni zed

to producr% ap as?r}é&%g#%fg?fsglgl a§ aﬁ%s@ﬁ%g# tbo'?lg égv&:‘c’%r gy etpgcdtrons

~and a pl dsam. Chankpped Rivendn ﬂeémsphmwt&amﬁdmmdeﬁmmetﬂmpmme
chamber and through which the ion beam passes, The plasma contains a

filament ohaege acenmailationrondbe wefensurfase, cagsedrhuthe impleniation ofiFosisivg jonsrastle hi gh

~.energy el; echrons JntﬁlFt h)g?p asa chanber. The high energy electrons

. col I ide WER® WBf®tul es to create the pl asma whi ch i ncl udes

| ow energy el ﬁjbhfdhﬂz%e%ﬁﬁ\ﬂiz%n&i s?ﬁézﬂﬂ of pRERRGhBIWER tPpibAly ieMdecehargehe

trapped | ow energy -el'ectrons neutralize the net charge of the ion beam and

- ar e-t r ansyeutralizativn mdwitonéo enorstoring ¢he ¢hargenueuitralization system to help control the

charge neutralization process. Such a system is shown in U.S. Patent No. 5, 959,305 to Mack

et al., which discloses a charge neutralization monitor that (i) applies a suitable voltage to a

target electrode positioned to collect low energy neutx'a]izing electrons and (ii) determines the

available low energy peutralizing electron current that may be produced by the charge
~ neutralization system by monitoring the current flowing through the target electrode.

It is difficult to de'termine the effectiveness of known charge control systéms while
ion implantation is occurring. If the charge control system is not providing adequate
neutralization of the wafer surface, the resid_ual.charge accumulation generates a measurable
voltage on the surface of the wafer that has at least two detrimental,effccts.‘ First, the voltage
differential between the impla;ited wafer Surface and.' the wafer backside may rise to a level

. that will damage devices being fabricated on the wafer.
- Second, the voltage present on the surface of the wafer can cause the ion beam to

change shape as it scans from wafer to wafer. For example, wafers in some ion implantz{tion
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beam The trapped | ow energy electrons in the ion beam rgl;'ﬁ geutral ize
the positive charge accumul ation on the wafer surface, %%9 t he

i mpl'antation of positive ions, as the ion beamstrikes the wafer surface.
Such charge neutralization systens or plasnma showers typically include a
charge neutralization nonitor for nonitoring the charge neutralization
systemto help control the charge neutralization process. Such a systemis
shown i n Sysmspypieally regile ugomwafersppdestals thefcnepulae therperiphencef 4iPdwf"8ses a char ge
neutral i ZablQaiveRIY, aRimidub@bisil. 1Ak aRRRk b, de Al ihUeld BRsd Gom T ar get

el ectr ode positioned to collect |owenergy neutralizing electrons and (ii)
det er ni negortines ofdhegondustive wwinanisypuicainemedipe gvabre it o inselgiveent that may
P& ProauUC Qe b duftfe SR AT 88eu oMl Aoing RhpiRfled ¥t GOk Rbo BB e Cur rent
flow ng throtugh the target electrode. Tt is difficult to determ ne the

ef f ect i vemerignsdEfotenenpingAnadigeentoiir bk veliaees pressntwi hie surfapend ajwafsr et at i on i s

occurring. ] . e, ol fdequat e

neutrali 25?43%%%2‘% bt%ﬂgb\?\%?@?%agg a‘?:%a?&t Egﬁlr%)él%&(}ﬁegf &X%%LF; g%eJth §ccunu| ation

gener at es sechniha soltaghbrethe wofet cegpeawsn anbreurgfonh dopantdd dobeeacyess e plahart has at

| east two _det riment effects. Fhrst. ., V.oh ' i al between
the i mpl ant e bRyt R s el B bRER of e Pighe =, PoLe

that w || danegest de\npleserlokirgegohtat systak atlize ond dranomaéherge nSeitwpitk- t he vol t age
present on the surface of the fer can cayse the ion beamtpo. change shape
as it scal® &‘?to X tf8r65?15at$\/g‘?é’\fl’\ﬁagﬁd7vegfé?‘?ﬁ#é’fl t(’/\ff%l?“éf ARt ‘g%?ﬁ%gelm

i mpl ant at iifplanted? Sdch chaige ndAd&r pickyifk arsoftey peferddd ty ak edisidBaradags. Winf er

pedestal s that populate the peripher) a spinning, canductive (e.g.,
al umi num) "AMEK P‘%)ﬁ@ec{ Wégﬂ?}?{g"é’ﬁi"ﬂg ,‘“"PK‘E@ F%?é’a-“b%\é? Pﬁgglﬁt "l‘%}?ﬂ‘e %%fﬁ‘?spasses from
portions @hdek MbricAdE Wed inVen@dr WHbBHENdainSded Hyr dxasivé Bliadfeneinallgional ers, to

the insulative charged surface of a particul ar_wafer beig %{Ellnant ed, and
back acr oS¥RRIFFIRI SHFH thagge rck-up granitem rgpdhopp dt ek FReHN A m-? 817 t wafer.

The vol t aggilRLest@N! whith i Rersby ih@defdrddd By Wiir@ice GAM fullRus ForltthReréian beam to
change shape as it passes fromaone of these surfaces to the next. As such,
the vol t alewersrmR&nqyar dprze BRnitos 8 dondmplapiatinRichaehionkR) SuFrmsdreliiee across 't he
pl anar s ?H'af @iSosed intthE. PARHEG0. 51088408t bidRndlyprbiie M5! cliakROWNchatidh In S- eye”
pattern of |nplant dosage. Most i'on inplanter charge control systens
utilize oheanpshaprasdhecheamn gesserdisivieon cqpidudtive portions of the spinning disk and the

insulating portions of the wafers residing thereon.

Embodiments of the present invention provide a mechanism by which changes in
ion beam shape may be determined and accounted for in an ion implantation system.
Embodiments of the present invention provide a mechanism by which one can prevent non-
uniform implanted dose across the planar surface of the wafer such that the implanted wafer
does not exhibit the well-known "bull's-eye" pattern of implant dosage. Embodiments of
the present invention provide an improved in-process charge monitor and control system

- for an ion implanter, wherein the effectiveness of a charge neutralization mechanism may

be verified in real time and adjusted if necessary.




ups that attenpt to estimate the voltage | evel s present o%lf{ @é face of a
waf er being inplanted. Such charge nonitor pick-ups are erred to
as "di sk Faradays". The reading provided by the charge pick-up nonitor(s)
can be used to predict whether devices under fabrication are in danger of
bei ng damaged by excessive charge accunul ation. Exanples of such charge

pi ck-up monitors are shown iR, SthEtention 5, 998,798 to Hailing, et

al ., which is hereby incorporat lengryb eeI?eernence as if fully set forth
herein. However, no known charge nonitors in ion inplantation charge
control syst enﬁccokd?l‘fé Q! 16 asfedRdr i ﬁa@érﬁgﬁ%érﬁlslﬂnﬁideg)@ﬂ fdtesiNBhargy: 998, 798,
currently provide any evidence of changes in beam shape as the beam passes
bet ween cmu@maﬂdeomlwfsméor@mlwwpéeprehﬁpmgrlwgsk and the insulating
portions of thg,wafgrse 1 Eﬁ‘qﬁ A RS R nokiigne eSS ENt

i nvention pr ovi8 e a rregﬁs’%ksm y%‘? ?ﬁﬂ cha gesafgi-ralS a?on FSeam shape may be
det ermi ned and accoimplanthtiborbyi an &n beom, ispip| saptcett hayingspatiens theBofbodi ment s of
the present inventi [ o) nt non-

uni form i npl ant ed dggﬁ%@%&%ﬁﬁ?ﬁ&gﬁﬁ%#ﬁ%ﬁ@ﬁ @ﬁeesg\%% Hicd uch that the
i npl ant ed waf er doemdumtive ehdm sorfaces o saiel| Wafkerspwaid w;tfﬂlrls'uspoelyﬁll'thgattern of

i npl ant dosage. Enblgdt mentgen fd he 1Ehese§'f1t okq tiura(ap prfoyvlag an i nproved

i n-process charge moni oi @nd cont ro Ny on I'npl-anter, wherein
the effectiveness oﬁubaaltthuy g@mhﬁattt,rald \zﬁbn mppomfuhmlmwdeahUirswerl fied in

real tinme and adj ust d i f .necessar. f the

I nventi on Accor di ng®™90™5°"; 4Pg r%?s?)lé’é’feg?“%%tﬂémﬁh%%?ggﬁ%% Sai%s provi ded
i n-process charge dseimt gt aﬂdlsicﬁﬂrﬂdc@ical&yagembﬁlmfs fanrebaiving fipt afdt er
conprising: (i.) a wafer sup 0 on which a ra of . waf rs may be
posi tioned for i mpfeSodaR EB{/&’ﬁ ‘P‘ig‘“ﬁ ‘?& é‘%ﬂﬁ)béﬁ f‘“dn%? g portions
t hereof di sposed laﬁe&ﬁr@pweqieawam a6E Mbr \bafpetifig that andl GcoMl Quiplt | ess
el ectrically conductive than surfaces of said vvafers sai d waf er support

further having a cEgRaly respesHyshn iadicalive 1of gp amquat Aty ion; lfe?mo‘f‘m'ifb%.tf ers is
substantially equi djegdifat angsai d wafer support further provided with first

- (i)  a comparator for comparing said first and second output signals and for
outputting a third output signal indicative of a difference in ion beam
current received by first and second electrical charge monitors, wherein
said wafer support is a rotating disk that rotates about an axis that passes
through a center perpendicularly to a plane in which the disk resides,
and further wherein said third output signal is used as an input fo a
charge neutralization system of the ion implanter.

According to a second aspect of the invention, there is provided ion‘ implantation
system, comprising:
(i.) an source for outputting a generally positively charged ion beam;
(ii.) a charge neutralization system for producing a supply of low energy
electrons for neutralizing the net positive charge of the ion beam; and
(iii.) an in-process charge monitor and control system, comprising:

(a) a wafer support upon which a plurality of wafers may be positioned for
implantation by the ion beam, said support having portions thereof
disposed intermediate adjacent wafers that are more or less electrically

_conductive than surfaces of said wafers, said wafer support further having

* a center from which each of the plurality of wafers is substantially
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and second apertures disposed substantially equidistant fi_lomnterb%ogai d
center, first and second el ectrical charge nonitors for recerving first and
second portions of the ion beam passing through said first and second
apertures, respectively, and for outputting first and second out put
signals, respectively, indicative of an anobunt of ion beam current

received; and (ii.) a conparator for conparing said first and second out put
signals and for cqvigistant sejd avafer sugpest fysther piogided Withdfirsendyeecerid g

difference in ion Bgams cﬁéﬁ&sreﬁg&bs{a%%%&gdimn flohhigdagesecond el ectri cal

t
charge nonitors, erein “said wafer”support is a rotating disk that
rotates about afP)duitsind lseroneleeieenl changeongtitors foerecdving dirppendtsecendar |y to a

prane in whi ch { hoofionkof @8 idiaRam gg{aggléft%aggﬁ{ag B laeal okl OUL PUL

signal is used as "an 1nput to a e neut at1on systemof the ion
i mpl ant er. Accor direspedtively, sedofid agpetig dirstt laed | seeadt icotput tsigeele, i s provi ded

ion implantation system, SOMRLLSEAGmobheokidbeiRiles: Lok QuLRYLLing a
general Iy positivel'y charged 1T oh bearm ||.()n a charge neuttali‘Zati on system
for producing a suppimpaafor fewompeing)saiddirgcind etend ontputesignalal andiferg t he net

osi ti h f the i b d (i.ij..) I N- . it
Bnd control - syst ot GAbA LFRguneCent iealvS pBHRUTRE Y i Ba ol oral i 1y

of wafers may be pRosédtr@e@ed bfirst afdpeant aletoital RYarkd Mohiedds, Beamirdsai d support
havi ng portions thereof. disposed internediate g%’ acent wafers that are

more or |ess el ectPiPEGFBIAl Usthatiat iRput {h e digree Reutalgptiotsgefaider s, sai d

waf er support fur th@fol BR%isily offow eitk@ cldctromapibiiucdd Raedy. of the plurality of
wafers is substantially -3a 21 June 2005 equidistant, said wafer support

further provided with first and second apertures disposed substantially
equi di stant froMm&@iedioCE MRl asped) off thE Shveafish, RGO pRIVRIE itiRla ghar ge
nmonitors for receiving first and second

: neutralizing charge accumulation on a wafer being implanted, comprising the steps:

(i) providing a generally positively charged ion beam using an ion source;

(ii.)  providing a charge neutralization system for neutralizing the generally
positively charged ion beam as it is being transported to the surface of a
wafer being implanted, by providing a supply of low energy electrons
_for neutralizing the net positive charge of the ion beam;

(iii.)  positioning a plurality of wafers about the periphery of and equidistant
from the center of a rotating support, said support having portions
thereof disposed intermediate adjacent wafers that are more or less
electrically conductive than surfaces of said wafers, said wafer support
further provided with first and second apertures disposed substantially
equidistant from said center;

(iv.)  monitoring first and second portions of the ion beam passing through
said first and second apertures;

(v.)  outputting first and second output signals, respectively, indicative of an
amount of ion beam current deteﬁted in said first and second portions of
the ion beam;

(vi)  comparing said first and second output signals and outputting a third

output signal indicative of a difference therebetween; and
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portions of the ion beam passing through said first and §§c ndzgﬁgrtures,
respectively, and for outputting first and second out put '{%?

respectively, indicative of an anmount of ion beam current received; and (c)
a conparator for conparing said first and second out put signals, and for
outputting a third output signal indicative of a difference in ion beam
current received by first and second el ectrical charge nonitors, said third
out put signal @8ed iaputdmg saimphird dwputsgneltatigecharge mewtalizaivn eysteay®t em t o
control the supply of I reby. According to a
third aspect of t he’ |tﬁ(\)/lghet3%8'$1iy g{lﬁ‘% eﬁ&éy 860%85? }%gﬁmg&itth%g% neutrali zing
charge accunul ati on on a wafer being |nplanted, conprising the steps: (i.)
provi ding a generally positively charged i on beam usi ng an ion source;

(ii.) providing a charge qyg lhﬁ%mﬁﬁ§ for neutralizing the
generally positively charge |on eam as |t I's being transported to the
surface of a wafer being inplanted, by providing a supply of |ow energy

el ectrons forFigaed FSa‘IW%?fﬁ@lagfﬁéOf"@tlomlaﬂ‘i%’étodﬁlﬁgg%m@wofwﬂi“‘dﬁ' beam (iii.)
post t 1 0ni Rehogks Blablicdhdnlid o odtfBEIRf Sttt prdci iRHcophery of and equi di stant
fromthe Center of a rotating support, sald support having portions

t her eof di sposEgure Atiser placiien e“aaqumeﬂantmdfy@msomhmamam whishdheor | ess

el ectri cal. es .of i i fer support
Further prsorArbkeY Feleb Ao horl Sy ST sl oL At L T BTy
equi di st ankoviigyonaaifetmire inimplant¢d dosg achmshe eurfacepfitiervafer;andl second por tions of

the i on beam passi t hr ou first an econd . ape res

outputting fir Wﬁﬂ%@&%’r‘? ‘isf}}eﬂi‘?erg?pﬁﬁ%fiakor %‘B‘éﬁﬂlﬂ?geﬂ}wﬁﬁ%l catl ve of an
amount of ion beamcurrent detected in said first and second portions of
the ion beam (vi.) conparing said first and second out put signals and
outputting a third output signal indicative of a difference therebetween;
and -3b




21 June 2005 (vii.) inputting said Ihird out put signal to the charge
neutralization systemto control the supply of |ow energyz"eh@@tzrogﬁs
produced thereby. Brief Description of the Drawings Figure 1 is a system
di agram of an ion inplanter into which is incorporated the in- process
charge nmonitor and control system of the present invention; Figure 2 is a
plan i eWagh vihidaferd leRoRaldo8Be, RsthBR b Siidg o n%ﬁ@ dyent i ve
in-processﬁ)fv[\l/a@ejr C e?nge r?oqﬁl#)tor arr?g %’ont?o sys1?§rmg;0\r%%§llqn e?rg%t ed,
showi ng- nesenhinventiint y i n i npl ant ed dose across the surface of the wafer;
and Figure 3 is a plan view of the wafer support disk of the ion inplanter
of Figure 1,_ -4_21 _June, 2005 _up né/vhic fers to be inplanted reside,
const r uct ed B@M@&mema@r %egfﬁglmdﬁmmth% ¥endpn Det aj | ed
Description of a Preferred Enbodi nent of the Invention Referring nowto
Figure 1 of t raw n n_ion am | opl ant.er ,i s sho eperal I'y at 10.
The T on i mpl arter R RaRTdR e o RSl oA Bh bt SRR At 1 |y

-posi ti vel genefany sETd, | THe 168 AtipTafitel Btludes af 1dd RakRA 2L fip pROTURIAZW gdridpiy Means,

for exanple, an extraction electrode. A nass anal ysi's magnet 16 mass
anal yzes Rosiivelytchargeé ibn heambathat B 4xaacted thepfitom by meahs, ferexampldeam 18

W thi n o B R ekdcA HS ave’ Do p e e et ugh

resol vi nq4ap@iohipuls 2eladMalysed 190! RS WHICR MRS SniYVtdde iBhEIhvARDA

pedestal s situated about the periphery of a rotating support or disk 22.
The. r ot atchaggedd-miass ratiotthas fallsswithinepresciibed range. The masd enalfyzed ionibeann18

al t hough it be coated with a_layer . of siljcon. |l he case of an-
al uni -numpra%gﬁgﬁf‘{?@  1gpolying aP%“‘HiQQI?% lﬁgeérﬂ‘%wéfe&nﬁ $IERQAMPORonduct i ve
t han t he S : M@angasg ' Sl b4 CON edq:dl sk 22,
the dis msﬁsés%fg%eé‘%ﬁﬁytﬁ%@éifesgy %ﬁctrl a|f§ c%ﬁ%%%th?'vgﬂ?ﬁgﬁﬁfﬁ- eg&wafers
Si t uat ed in therdisziosed dmpedident isupade offabihienm) althvmigh & may becowe] with allater ng

surface sych as a photoresist is
of silicon. :

In the case of an aluminum rotating disk 22, the disk would be more electrically
conductive than the wafers situated thereon. In the case of a silicon-coated disk 22, the
disk would generally be less electrically conductive than the wafers situated tﬁereon
(dependent upon whether or not a patterned insulating surface such as a photoresist is
applied to the wafers). Generally, the invention acknowledges that the electrical

~ conductivity of the wafers and the portions of the disk that surround them are different.
This difference in electrical conductivity may be used to determine whether or not the
wafer charge accumulation is adversely affecting the beam passing thereover.

The disk 22 is vertically translated along an axis Y by means of a motor 24 and
leadscrew 26. The disk 22 is rotated by means of motor 28, in'a direction indicted by atrow
29, about an axis that passes through disk center 31 perpendicularly to the plane of the disk.

. The wafers W are positioned about the periphery of the disk 22 at iocation_s that are
| substantially equidistant from the disk center. The full surface area of the Wafers W are
implanted as they rotate in a circular path (in the “X scan” direction) and are vertically
translated (“in the Y scan direction™) before thé fixed position ion beam 18. Ion dos_age
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applied to the wafers). Cenerally, the invention acknow e Oﬁl,pﬁs t%%;g_ t he
el ectrical conductivity of the wafers and the portions k that
surround themare different. This difference in electrical conductivity
may be used to determ ne whether or not the wafer charge accunmulation is
adversely affecting the beam passing thereover. The disk 22 is vertically
translated along an axis Y by neans of a notor 24 and |eadscrew 26. The
di sk 22 i'seqebiedbgmd)wafmaﬁéxs@fetemmimd b# 8otational vellority dndthe hraﬂhca]ttm:hslaplomlr ow

29, about t hat passes thr h di.sk center 31 perpendi cul to the
pl ane- of t?i@’ %ﬁi‘h R‘H@B\Kéﬁ% “@@W@ﬁ@&mﬁﬁgwmﬁ@o ‘grfspyof t he
disk 22 at loc

~center. The fule?lh{gg?l? gt?:glzg.rﬁ Be]gsygfé&? %jg%a?‘gééng%m%n%%i tgﬁg ey rotate

inacir cwloald qﬂhﬁrlm{el acctinelatoomsthe wafets 4sahéy aeimpludtediby theegeneradlly ippsitively

transl ated, (" t Y scan _dj rectlon before the fixed_position jon beam
18. lon d&E%rg ion Gearpy 33 1S Befout 92309, mhichlisclpses 2 knowp dyRef égﬁﬁgﬁed by

- rot atio.na ' . | he.

e g e OB B S &é&a‘g@?&%ﬁ%ﬁﬁ% i s BlleE

. Charge neut r al Thepiesentdyvehtion 8 3mbedied &\indepricess dhatgehﬁiniténa:ﬂcbhteommml ve
charge that would otherw se accunulate on the wafers as they are inplanted

by the geﬁ%f ahe yysmg |3?-|%111§es TRORR G ENCRBEC gsmlq@t oec@rg@aﬁ@mulmn on the
5, 959, 305,
S hereby | ncor pora %ﬁgg%% e%%ééégﬁlg?s]ﬁﬁ@%ﬁﬁe?ﬁ&b%% 'Rere gr%ﬂe%%ﬁem

_present i m/ﬁa&dsﬂﬂelypa@rmﬁﬂﬂﬁdvﬁ&s &ithé MrtdthRaRtSpsiasyT tiFRohdwtivaaldmifih r ol
- system 32, The system 32 includes nmeans to nmeasure the anount of charge

.accunul at fisk sefaceh I regpgnse o thpsmcasummem,uﬁ@ qpieeation of Beakargs nentadligatiomape
as the di tes us e m., to_successively pass fromthe wafers
~ to the m?yé %%f%&“ﬁ&ﬁl“ﬁ%ﬁg %)"}ne %B%l?ﬁ’j'l?é?f%%} Wnum di sk surface. In

- response to t hAREmARASY! @ERRIpRt of HR1eAPSS Mdyde Bedtad And il S0 AL @it i ON
system 33 nay be adjusted or 't une as further expl ai ned bel ow.

Al ter n?t i Wstayn 35 teecontroptine rotfa?eg/&tdamnsmuonpf the spsmdngxlhsisazwq mfue ﬁmmfarmios e
35 '

.-_Sf’gtk'”z’z « SR s 36rE P PHe s i o wtess ROBEIng REPBRER, dTe dorasti t ho

ﬁeﬁ;?\t\s/vsuch aﬂsﬁgﬂuéggr agay cagémgﬁmgrgg%fﬁl nd %Lg%putdlﬁ? nalié%&gms'

- The output 36 from the Faraday cage 34 and an output 41 from a pressure monitor disposed

within the implantation chamber, such as an jon gauge 43, are input to the control circuitry
50, The circuitry 50 uses these inputs to determine an appropriate X-scan and Y-scan speed
'of the wafer in front of the ion beam 18, as is known in the art,
Spec1ﬁcally, the Faraday cage 34 is mounted bchmd the spinning disk 22 and is
used to measure the jon beam current that passes through slot 62 in the disk. The length
_ of the slot 62 is at least as long as the diameter of the wafers being implanted (e.g.,
200mm or 300mm) so that the slot will receive ion beam current throughout the entire
range of the Y-scan of the wafers (see also Figure 3). The dose control circuitry 50
'outputs control signal 52 to motor control 30 based on the outputs of the Faraday cage 34
- and the ion gauge 43. Motor control 30 in turn outputs rotational control signal 54 to
- motor 28 and vertical translational signal 56 to motor 24, in order to mamtam a uniform
- implantation across the surfaée of the wafers being implanted. In this manner, the outputs

of Faraday cage 34 and the ion gauge 43 are used by the control circuitry 50 to thereby
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The out put 36 fromthe Faraday cage 34 and an out put 41 f%f)j; %zgjhgssure
nmoni tor di sposed wthin the inplantation chanber, such & e gauge 43,
“are input to the control circuitry 50. The circuitry 50 uses these inputs
.to determi ne an appropriate X-scan and Y-scan speed of the wafer in front
of the ion beam 18, as is known in the art. Specifically, the Faraday cage
34 i s noudétedinihe therddsé bLiohp iplan@d Gies kheRafersd THe codGolcitoditiedsoinelutibe i on
beam current that passes through slot 62 in the disk. The length of the
sl ot 62 i BeHorY ehid yuser gorpolesonipteriacy®fet er of the wafers being inpl ant ed
(e.g.,  200mm hh e] i

t hr oughout the?é%ﬁélgr e ?gﬁg{é@m‘% Egra@{yg%%\@%]an é ﬁogl %\%Y]%%ﬁ'g@? g@%fﬁd@%ur e
3). The dasktraBhtiosmdveimeti éfitie HRferOW RSt ©f te ioh beigNalis kaowm not or
control 30 based on the outputs of the Faraday cage 34 and the ion gauge
43. Mot or Heweverowsimponly thege mesharisrs may raslt éhaen-saiferewakir gaplans4 to  not or

28 and veytj I ansl ational ._sianal 6.to t 2 in er t intain a
i form Padsfidh i AR bRt pphHihont ProvigeRyFashdhy, ol 34 Ao elR oo 1
t hi s manngjfo a&cbﬂm%h_igéb or dﬁﬁuﬁﬁicéﬂﬁ%h@ﬁﬁﬂ)e%ﬂl%ﬁlddﬁt b&@eﬁéﬂ@oﬂﬁn@bﬁ used
by the control circuitry 50 to thereby -6 - - --- ------ - --- ------- 21

June 2005the genductivealuntivun disk suffacointsrinagintenvafdrsi totthe idselafize ehasgedThe

SO AR b oat S AR, P e RS o BB M B
control 1 iRhR8 s coHiEblIbRTBERENOR i TPLAIRA 100 suthGiendy Boduld/difiger ont._of

the ion beam 18 is known. wever, using only these nmechani sns may result
i N non- uraccummniatiof everithpivafer beinghimplanted. t he i on beam current neasur ement

provi ded by Faraday cage 34 does_.not take jnto account changes or

B ot ur bancy: s BoSEhet oo pAsT rplantry bos8aBes; Hiws A R0 ¢ he
conducti v a&i@% | _ufih ' [HEQ, tQuiir R Q vd lsve
char ged éskur aceﬁg@ghggrtlcﬁgépj\?gﬁ'gé . e%ﬁfc‘fﬁ%ﬁiﬁtﬁ% -9!1':]%?-% xa%giugifdf;/he
i on beam mayunifdrmviow ptiplan@tioine As showeasFiguet2, td atdsyofftcimplahted vafet i s
exposed to a aufficiently positive charge _accunul ation over the fer

bei ng i mpPasked with g daiete arcasaf averdase FOVEshest TeHBIUIY, h Do ueRTRARHL o
Figure 2 Shovs: ;0fiEate areas of underdose (high sheet resistivity). Figure 2 resulted from

implanting 2 200-mm wafer with boron (B) jons at an energy level of 2 kilo-electron-volts

(keV).

As such, the present invention provides an additional jon beam measurement
mechanism that takes into account changes or disturbances in ion beam profile, in order to
improve dose uniformity across the surface of the wafer. Referring back to Figures 1 and

- 3,' the in-process charge monitor and control system 32 includes electrical charge pick-ups
or monitors 38 and 40 for outputting signals 42 and 44, respectively, and a comparator 46
for comparing the signals 42 and 44. Apertures 64 and 66 are provided in the disk 22 to

- receive porﬁons of the jon beam current when it passes thereover. As shown in Figure 1,
portions of the fon beam are shoWn in phantom as reference numerals 18a and 18b as

 indicative of the portions of the beam that will pass through aperture 64 and 66,
respectively, when the disk 22 rotates from the position shown in Figure 1.

- Aperture 64 and aperture 66 are located the same distance d from disk center 31.

As the disk 22 rotates, a first portion 18a of the ion beam current passeé through aperture
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exanpl e of such a non-uniforminplant, comonly referred S
"bull's-eye" pattern of non-uniformion inplantation. Aség‘ﬁ%?qoﬁ Fi'gure

2, the areas of the inplanted wafer marked with indicate areas of overdose
(I ow sheet resistivity), and the areas marked wth =~ -" indicate areas of
underdose (high sheet resistivity). Figure 2 resulted from inplanting a
200-mm wafer with boron (B) ions at an energy |evel of 2.

ki | 0- el ectt# and isah¢surefke\dhargapickuahor thbmitqardds esich produics ontppr sigriaiidd. an

addi ti onal, ion .beﬁg}:rreasur enment nmechani smthat takes into account changes

Cor di st ur BStRedsk 2 continyies i Ttal. 3 second postion: 1 8 of the don bram GHSTERL PASSeSor mi t y

across th f f : | | : , the
‘i n-proces g“é‘ll!%lr%g&un%n?ét%rﬁ lgﬁ{(f%%:%% r O?Hag%/ g?r%@? IPJ%% %’ggg'%g?‘é%ﬁf}g‘é%% char ge
pi ck- ups ocotpungigndl 425 A3Briarech44 séledtedattalotiticiowhérg el ion baamm ichirddfected

respectivgl ﬁ] nd a conparator 46 for conparing the signals 42 and 44.
Aper t ur es %8 gsaoaaulation pritg wafer; ard apesturo0 isselected @t ¢ docpien Wheke of t he

.ion beam ﬁiériBEBéad["i})eisfﬁd &%‘Hﬁﬁﬁgﬁ%ﬁ%&%{iﬁ@%ﬁﬂg\”&f&n}'g‘{’@éﬂ‘g“as . portions

of the ion beam are 0 om as rererence nuie a and 18b as

~indi cati vepesfurd @isfiocatédelosepto 4 hafdp eamit Bpdrtusk 4. pass through aperture 64
and 66, respectively, when the_disk 22 rotates fromthe position shown in
Figure 1. Aperflipmagvelyfhe fips apd pesonbaparanesgoay é@hmoéﬁ?&%@&%@éﬂnf rom

57 L B S B o s BPALA BB."

.beam current passes t

~and i s neésrdcestistys. Gt @mpies kperra 54 ﬁaﬁbé?foﬁ&bdmlfdiﬁwmﬁ@gﬁkmwt
'signal 44. As the disk 22 continues to rotate, a second portion 18b of the

- ion beam uminim, 3pd speture hmeaydic papddedine petion that s siicongoaigdby char ge
Sel oot at 5 Tusades devineraeaat Sibsud oo haRbapts afenstl oolen & oo
UL e Ebeaamgs cuaatang e Ok At sathespeR) 1o o
' words, ahavetonithe ©@ tieaml mrofilee For exasmple, tin the disdlesedtembodiment pé Figure3,dé .
Aot At b e lec ) RSSO ELEHEEE s 350 s SR 5 o he
beam current, it can be determined that there is no adverse effect causing beam “blow-
up”. The negligible comparator output 48 indjcates that the charge neutralization system
33 of the ion implanter is operating to effectively neutralize any charge accumulation on
the wafers and permit a uniformly dosed implant.
However, if the comparator 46 detects a ineasurable difference in the first and
second portions of the beam current, it can be detérmined that there is an adverse effect
* causing beam “blow-up”. For example, if the beam is “blown-up”, the peak ion beam
'_ _current measured at‘apcrture 66 would be less than that measured at aperture 64.
Alternatively, one can measure the time distribution of the beam as it passes apertures 64
‘and 66. If the beam is detected for a longer period of time at aperture 66, it indicates a
“beam “blow-up” condition. In either cése, the measurable comparator output 48 indicates
that the charge neutralization sysfem 33 of the ion implanter is not operating to effectively
neuiralize any charge accumulation on the wafers and permit 2 uniformly dosed iraplant.
As such, the operation of the charge control system (33) may be adjusted or tuned, using

| comparator dutput 48, to provide a greater supply of low energy electrons for neutralizing
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a wafer but surrounded by portions of the disk having different electrical
conductivity characteristics. For exanple, aperture 64 r?avlﬁ‘ézﬁpﬁvi ded in
a portion of the disk that is alum num and aperture 66 may be provided in
a portion that is silicon coated. In either case, conparator 46 conpares
the output signals of charge nonitors 38 and 40 to determ ne the effect,
if any, t Dggl% 'aBﬁiﬁ'} surfaces of the wafers have on the ion
beam pr of | extcESr exa 'ﬁ ﬂéé/lgl scl osed enbodi nent of Figure 3, if the
conpar ator 46 Ahbmamaalm dhermﬁpﬂﬂéﬁhif@od:pﬁ:famraﬂcmay be tied ifsteagitto adjusisthe ond
portions of the beamcurrent, it can be determ ned that there i;s no

adverse ef958EPREYFULHYY 0 A8 mw m@gureﬁheorﬁwﬂ?ogpwpat%waPW@ out put 48
i ndi cates ﬂra!aﬁ;r?gﬁﬁl abar 5 i cfzﬁés%%ﬁt%l fﬁopéx e tﬁ)émq*gle ter is
QP € y I C

operatin ctl ve ne Ze any c arg unul at e waf ers

and per m patmrmuﬁmgmuynajdmmemnémme blaypew4s of ctdm;iak@ommpﬁs fich( thé6 detects
a neasurable difference in the first and. second portions of the beam

current, 9asagesrngel deuinnieay be prograamed fosadipst ks Brssan and ¥rscan speads oy beam

LDl e SR TR S kDB BEE el i M M. RS0 e S0

aperture dofitrol Atduiiy 60 useStdmpaMdr eaMuids Shadlitibed ﬂh%u@u&stdﬂtbwdncgaugﬁ the
beamas it passes apertures 64 and 66. If the beamis detected for

| onger péet3iand the Fupday cage ¥hde madifyds outmut conired signel 32 togpeler cmtmlﬁgp

conditi Ony i3 conpar out i hdi cat es
that the &h ‘g%geg’ n%%{“?cgﬁaﬁ dﬁhﬁp‘ﬁ‘ g@‘?ﬁ”ﬁﬂﬁ%@ (?F r?r’%s di"flrsﬁfy %ﬁ?‘g? P2 not

oper at i ngnéas € fiu6 tie\pkdation 8F tHehhre nBikYalAA6H Systas gmasafes&ibea@bbﬂe waf ers
and permt a unifornmy dosed inpl ant. As such, the operatl on of the charge

control systenhqcegiinglna p;efcadql embediment of acid-proedss gharg@marten and aontrplt 48,
t d | ect tral, 8 -
0PI SerBmaf Dokl oot v e toipend e b e BoBE erc il ot on.
Al t er nat insgbpiool At &ﬁyﬁée‘,%?tf& QmdR %ﬁﬂ?} Why G Wpid) Snaf %ﬁ‘éjinbéﬁtio%qg' nbt0

adj ust the dose control rcurtry 50. shown I'n Figure 1,7 conparator
out put 481m1$edsth(bha'parmulammmaﬁs dﬂcabec’elnanam argl thapuarionoredmangenmts; ol

t 5 the byll'
circuitr >fz:todolﬁgal:zjggsr, and su sututlons renay%e mplemented with respect to the foregoing

-!

description without departing from the scope of the invention as defined by the following

claims and their équivalcnts.
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pattern of Figure 2 may be correlated to the output 48 of ﬁﬁ) or 46. As
such, the dosage control circuitry 50 may be progran’med% % t he
X-scan and Y-scan speeds of the disk in real time to correct for the
antici pated dosage errors. In effect, the dosage control circuitry 50 uses
conparator output 48, in addition to the outputs of the ion gauge 43 and
the Faraday cage 34, to nodify its output control signal 52 to notor
control 30. However, it is anticipated that the invention may be nore
directly inplemented as a neans to tune the operation of the charge
neutralization system 33, as descri bed above. Accordingly, a preferred
enbodi nent_of an in-process charge nonitor and control system has been
descri bed. S8 h t he foregoi ng description in mnd, however, it is
understood that this description is made only by way of exanple, that the
invention is not A figrédsstcharkdBofiRf iideuhtal sysRMQSE) Tah SordapRithed her ein,
-and that various rearrangenents, nodifications, and substitutions may be
impl emented with r@SPE¥Sto0 the foregoing description wthout departing
fromthe scope of tifie iawgatsisparas)upd wach PYubig of hlcR\AM) thay Gk @i N5 and
their equivalents. -9_ 21 June 2005 dains: 1. An in-process charge

noni tor and control sy®pEtiRned sy mplantaton 1 anripn heame(18), saihpyreitng: (i) a
wafer support (22) upOomaWky Sdhidhs RlelbRlibioYedQhiteMRbiRl Sdfalbht WRtérsiRe POSI ti oned™
for inplantation by an ion beam (18), said support avi ng portions thereof
di sposed internedi ate &t Bewner (ke alegrieally ccondyeiévenibae swifacpsegE sid ectrical |y
conductive than surfac i ’ i {er t 2) further
having a center (31) fs\éﬁ%s\ﬁ?gﬁfereé\@h&g@% ﬁ@h%|ﬁ§?’g§iat°§“§ﬁ§&a?%?s is
substantial ly equi di st avhich eaghugfcdhevpliealityonfpyadars isfsubstantisllyquidistietld wi t h fir st
and second apertures I i ol t fromsaid
center (31), first anéﬁégg%%ﬁgﬁg@?é;g%wﬁ%g%gg%ﬁS?%Eggffe%@y%) for
receiving first and sé&t) dppesed outstaatially lequidistantbfesmms{id 8enterl(8h) passi ng

first and second electrical charge monitors (40, 38) for receiving

first and second portions of the ion beam (18a, 18b) passing
through said first and second apertures (64, 66), respectively, and
for outputting first and second output signals (44,42), respectively,
indicative of an amount of jon beam current received; and

(ii) a comparator (46) for comparing said first and second output
signals (44,42) and for outputting a third output signal (48)
indicative of a difference in ion beam current received by first and
second electrical charge monitors (40,38)
wherein said wafer support (22) is a rotating disk that rotates
about an axis that passes through center (31) perpendicular to a
plane in which the disk resides, and further

~ wherein said third output signal (48) is used as an input to a

charge neutralization system (33) of the ion implanter.
2 The in-process charge monitor and control system {32) of claim 1, wherein
said first aperture (64) is located closer in proximity to a wafer than said

second aperture (66).

-10-



through said first and second apertures (64, 66), respec;%v&bé, %gd for
outputting first and second output signals (44,42), resp 15 I%P

i ndicative of an anobunt of ion beamcurrent received; and (ii) a conparator
(46) for conparing said first and second output signals (44,42) and for
outputting a third output signal (48) indicative of a difference in ion
beam current received by first and, second electrical charge nonitors

(40, 38) whereih salbf Mfoé?ss ehipgsdngnitpreng conrobsystem £32) ﬁ@cfﬂmslkwt'ﬁatl rot at es

about an axis that sRABRE apdtifc¥PNardCiRidCiccdndlapeRBE REY HC cRModaRda Pl ane in
which the disk resides, and further wherein said third output signal (48)

is used as an |npu‘%Ub@t@tfaliyflﬂH'd}S@@ff?@!ﬁwﬁﬁ(%{| on system (33) of the ion

i nplanter. 2. The in-process charge nonitor and control system (32) of
claiml1l, wherein said first aperture (64) is located closer in proximty
to a wafer thah sailbe ingewessghagrananitpreand 6@¥rol systom £32) 9fwiemAQ@Bereis. The

| Brogess, char e SRBILRLa AL RN Al sRSBITLAERerdl 16, cho horel n said

first aperture (64) an second apert are eac at ed
substanti al | y equi & stpdantedtbpernanswaferlayeitheregh. The i n- process charge
‘moni tor and control system (32) of claiml1l, wherein said disk (22) is
constructed of alum num and wherein the wafers (W to be inplanted have
an insul ative j.ayellhd frepreass chargeT honitan- qndocmesd symamgézmﬁictaim land control
system (32) of clai er el ai d is used as

~an input to a dose @SYH?'PB%“M’ '%@%4 of "f H’W%%F‘?ﬂ%e P, The
i n-process charge gpni@F) dithd iddmplaabr. System (32) of claim 1, wherein said
disk (22) is silicon-coated. 7. An ion inplantation system (10),
conpri si ng:
6. The in-process charge monitor and control system (32) of claim 1, wherein

said disk (22) is silicon-coated.

1. An ion imﬁlantation system (10), comprising:

(i)  an source (12) for outputting a generally positively charged ion
beam (18);

(ii)  acharge neutralization system (33) for producing a supply of low
‘energy electrons for neutralizing the net positive charge of the ion

beam; and
(iii}  an in-process charge monitor and confrol system (32), comprising:

(a) a wafer support (22) upon which a plurality of wafers (W) may
be positioned for implantation by the ion beam (18), said support
having portions thereof disposed intermediate adjacent wafers that
are more or less electrically conductive than surfaces of said
wafers, said wafer support (22) further having a center (31) from
which each of the plurality of wafers is substantially equidistant,
said wafer support further provided with first and second apertures
(64,66) disposed substantially equidistant from said center (31);
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(1) an source (12) for outputting a generally positively ?ﬂ rr%e&?l beam
(18); (ii) a charge neutralization system (33) for produc 3 Sply of

| ow energy electrons for neutralizing the net positive charge of the ion’
- beam and (iii) an in-process charge nonitor and control system (32),
conprising: (a) a wafer support (22) upon which a plurality of wafers (W

may be positioned for | ant at i he ion be 8 sai.d support
havi ng portions ther eofb)gg sggcan‘?ﬂ?cé%/ﬁfsW&F o} a@@r?%) F&YE" hat are
more or |ess el ectri cakitsy afdBebusd lpMﬁoﬁshaﬂ'lthﬁublfl aees (0da, 38b)dpaseiier s, sai d

waf er support (22) further hayi.ng a center m  whi each of the
plurality of wafers is™Quglsaf s Ia'i“l/seé?ﬂﬁil?!’f* &%@4 68) éeislﬂfc\}\'ﬁpyeta“cgupport

further provided with fdrfbﬁt? t&fgifr&%@@&oﬂcp@&wrs@ﬁals (@Mz)%}pe&;v@@osed
substantially equidistant fromsaid center (31); 21 June 2005 (hb)

first and second el ect WE%I""@I‘?&P@E‘oﬁﬁrﬁftl%]rgea(“4@m°‘§87°e¥vﬁ4 dQi%/i ng first

and second portions ofcn%at&m@gg%&m Sé@mstgﬁggdoﬂfgoutﬁd%w said first
and second apertures (64, 66), respectlve% for outputting first and

second output signals (4424gd fOY‘é%‘éﬁlgla\ﬂ@rd;PU‘fP“F fenab@s) idicaive alp anpunt  of

ion beam current recei ¥gden@ngl o) be%m E&HZHH@ &Ei%d b Bprsi§ Qd SQBRAT I NG said
first and second output signals (44,42), and for outputting a third output

signal (48) indicativeeclefirigl clirgef mpnitorse(4038), srid Khizhpuipnt rséznal “8Lei ved by
first and second el ecfLj %‘ﬁélg{otgtﬁe engﬁtﬁlhéa%gngg ?}'t&ic&rﬂ'ofd out put

signal (48) wused as an I nput arge neutr |za I'on system (33) to
control - the supply ofthbmbmébwnggledeqﬁon@rmumﬁﬂm@yt hereby. 8. The ion
i npl antation system (10) of claim7, wherein said first aperture (64) is
| ocated closer in proximty to a wafer than said second aperture

8. The ion implantation system (10} of claim 7, wherein said first aperture

(64) is located closer in proximity to a wafer than said second aperture

(66).

9. The ion implantation system (10) of claim 7, wherein said first aperture
{64) and said second aperture (66) are each located substantially
equidistant from a wafer (W).

10. The ion implantation system (10) of claim 7, wherein said wafer support
(22) is a rotating disk that rotates about an axis that passes through center
(31) perpendicularly to a plane in which the disk resides.

11.  The ion implantation system (10) of claim 10, wherein said disk (22) is
constructed of aluminum, and wherein the wafers (W) to be implanted

have an insulative layer thereon.

12.  The ion implantation system (10) 6f claim 10, wherein said disk (22) is

silicon-coated.
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(66). 9. The ion inplantation system (10) of claim?7, V\:he%fi n E@Sg first
aperture (64) and said second aperture (66) are each |oc l!JlH‘ tantially
equidistant froma wafer (W. 10. The ion inplantation system (10) of claim
7, wherein said wafer support (22) is a rotating disk that rotates about
an axis that passes through center (31) perpendicularly to a plane in

whi ch the dlskre3|d 1 | ant ati on system f cl aim 10,
wherein said di%sk f‘ﬁ?‘oﬁggneggﬂgwgﬁfgﬁr@gp iﬂt'ﬁ‘h‘?%‘i’%fsd’ﬁﬁg n the wafers
(W to be |rrpl<&rﬁipﬁ§ingﬂﬁastq:sauﬂ insul ative | ayer thereon. 12. The ion

i npl antation syste erein said disk '

f clai 2) IS
silicon-coated. -19 21P%Yjﬁ%8g 2808 1&805“5\2@%13%8 iQgb eﬁﬁlgltsl)éﬁ(‘?gz B char ge

accunul ation on a waf eouRe(ing i npl anted, conprising the steps of (i)
providing a generally positively charged ion beam (18) using an ion source

(12); (ii) providiHy a RpEtiER? H@{ﬁﬂrnartraila%troe,ﬁysgegrs@éh@( sealfralrzarg theutral i zi ng

the generally- positi V%Edéraﬁﬁﬂ%ﬁﬁ}ély'c@& &ﬁﬁﬁfb@aﬁl astit is befl€ rR8pércansported to
the surface of a wafer being inplant eg providing a supply of |ow

energy el ectrons for néstspecesf ﬁg"’aﬁ'ié’e‘ﬁétlmlfi@%th by eropdmegesupply ehe i on beam
(iii) positioning a plyabiet eﬁf:ﬁdﬁ‘@%cﬁrnéut@hﬂﬁgﬂléﬂé Q&ﬁ\’e%ﬁ' é’oiq;fle and

equi distant fromthe center (31) of a rotating support said support
(22) having portions tllFélrbé@F di sposed i nternedi ate adj acent waf ers t hat

are nore or |less e %i&%lhgoﬁ,ﬁ%ﬁ%%w ﬁm g&pthgg%%ﬁ&g%fm sai d wafers,

sai d waf er support Irst econd apertures
(64, 66) di sposed subst aqmldlsimt yrogyihe demeraft) dfraorotating support (22), said

support (22) having portions thereof disposed intermediate adjacent
wafers that are more or less electrically conductive than surfaces of
said wafers, said wafer support further provided with first and
second apertures (64,66) disposed substantially equidistant from
said center (31); -

(iv)  monitoring first and second portions of the ion beam (18a, 18b)
passing through said first and second apertures (64,66);

) outputting first and second output signals (44,42), respectively,
indicative of an-amount of ion beam current detected in said first
and second portions of the ion beam;

(vi) comparing said first and second output signals (44,42) and
outputting a third output signal (48) indicative of a difference
therebetween; and

(vii}  inputting said ﬂrird output signal (48) to the charge neutralization
system (33) to control the supply of low energy electrons produced

. thereby.
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said center (31); (iv) nonitoring first and second portiogiJof 4§§ i on beam
(18a, 18b) passing through said first and second apertur TQ?, ); (V)
outputting first and second output signals (44,42), respectively,

i ndi cative of an anobunt of ion beamcurrent detected in said first and
second portions of the ion beam (vi) conmparing said first and second

out put signals (44,42) and outputting a third output signal (48)

i ndi cative of  #.di Themehsleof ddirerldbeteminesid ratatihg(diski (22)i in ponstriicted ofai d t hird
out put signal (48) - the char e izati on m to control the
supply of IOM/energ@ggﬁgﬁ?ggﬁfgﬁﬁ%Hﬁ%%gbwf%@Fe 9@a¥€%S§T{%§%gh5005 14. The
nmet hod of cl ai m 13layesthereei.n said rotating disk (22) is constructed of

al umi num and wherein the wafers (W to be inplanted have an insulative

| ayer thereon. 15. _ The t hod | ai m 13, .wherein said rotating disk (22)
is siIicon-coaf%d.TTﬁmmgﬁQE%EPﬁ%agﬁFn5W§Pﬁ?%§FL%%H§?@PH“¥§#d first aperture
- (64) is located closer in proximty to a wafer than said second aperture
(66). 17. The nethod of claim 13, wherein said first aperture (64) and said

Segond aper 22[6.3 (PR mahdd éraddim [19.CeRsh &[Jlbﬁ%taeﬂ&rhﬁé d6¥) Btheld sbapt froma
war er .-
' (W in proximity to a wafer than said second aperture (66).

~ 17. The method of claim 13, wherein said first aperture (64) and said second
aperture (66) are each located substantially equidistant from a wafer (W).
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