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(54) Title: IN-PROCESS WAFER CHARGE MONITOR 'AND CONTROL SYSTEM FOR ION IMPLANTER

— (57) Abstract: An in-process charge inonitor and
control system (32) for an jon implanter is provided,
. comprising:. (i) wafer support (22) upon which
i a plurality . of wafers (W) may be positioned for
i implantation by an fon beam (18), the support having
i portions thereof disposed intermediate adjacent wafers
] that are more or less electrically conductive than
! surfaces of the wafers, the wafer support (22) further
t having a center (31) from which each of the plurality
! { of wafers is substantially equidistant, the wafer support
: further provided with first and second apertures (1_54,
i 66) disposed substantially equidistant from the center
i (31); (ii) first and second electrical charge monitors
i (40, 38) for receiving first and second portions of
| the jon beam (18a, 18b) through the first and second
] apertures (64, 66) respectively, and for outputting
]
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first and second output signals (44, 42), respectively,
jndicative of an amount of ion beam current received;
and (iif) a comparator (46) for comparing the first and
second output signals (44, 42) and for outputting a third
output signal (48) indicative of a difference in jon beam
current received by first and second elecirical charge
monitors (40, 38), wherein the third outpat signal (48)
is used as an input to a charge neutralization system
(33) of the ion implanter to control the sapply of low
energy electrons produced thereby. '
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sem conductors, typically include an ion source that ionizes a desired
dopant el ement which is then accelerated to forman ion bean1of prescri bed
energy. The ion beamis chsd . ;

i mpl ant .
positive) ions of the ion bean1penetrate t he surface of t he morkplece SO

t hat t replishe&r e enbedded into the crystal Fdrﬂt@—létt&bddbs@ﬁiaﬂzﬁrabdﬂ@mmﬁéjprlteme(}mak
materi at vl avematondl egicioerog bnddelirpeldished o prdueAe apiCodgs andApéreiianpls @iprearing @ fhe begin-
process i &t fPEArFyFEerformed in a hi ghrieesehireypotesste KRGRBEr  whi ch
prevents di spersion of the ion beamby collisions with residual gas

nol ecul es and which mnimzes the risk of contam nation of the workpiece
by airborne particul ates. A problem encountered in the use of such an ion
~inplantation systemis that of wafer charging. As the positively charged

i on beam continues to inpinge upon the target wafer, the surface of the
~waf er may accunul ate an undesirabl e excessive residual positive charge. In
the case of wafers covered by an insulating material such as photoresist,

t he wafer charging phenomenon is particularly problematic because the
~charge is isolated fromthe sem conductive wafer substrate and the
pedestal upon which is resides, and cannot therefore be dissipated through
t he waf er and/ or the wafer pedestal. Excessive charge accumul ati on can
cause resulting electric fields at the wafer surface that can damage
mcrocircuitry on the wafer. The probl em of accumul ated surface charge
becones nore pronounced as inplanted circuit el enments becone smaller,
because snmaller -1 21 June 2005 circuit elenents are nore susceptible to
damage caused by the resultant electric fields. A known solution to the _
- waf er chargi-ng phenonenon is the use of a charge neutralization, or charge
control, system Such a systemtypically includes a plasma shower that
provi des a source of |ow energy electrons that are drawn into the
positively charged ion beam passing thereby. Specifically, the plasma
shower includes an arc chanber in which an inert gas is ionized to produce
a plasma conprised at |east partially of low energy el ectrons,




and. a pl asma chanber into which the plasma is extracted f.Pg%%ngﬁrc
chanber and through which the ion beam passes. The pl as s a
filament that is electrically heated so that it thermonically emts high
energy electrons into the plasma chanber. The high energy electrons '
collide with the inert gas nol ecules to create the plasma which includes

| ow energy electrons capable of being trapped wthin the ion beam The
trapped | ow energy electrons neutralize the net charge of the ion beam and

are transporte f b i ‘beam__The trapped | ow
energy el ectroﬁ%&ﬁ%éﬁwrﬁ&ﬁm&me char ge
Tons. as the 1 or oV ROT/SYSTERFFORIOIEIMERARNTER ! postitive
neut’ral | zation systens or plasma showers typically include a charge _
neutralization.nonitor for mnjg'{liolrzgng t he charge neutralization systemto
hel'p control the charge neutr &i¢¥aP @Pgﬂ%’é@@ﬂ Such a systemis shown in
U S. Patent No. 5,959,305 to Mack et at, which di-scl oses a charge
neutralizatio ' . (i | i a.suitable voltage to. t ar get

el ectr ode pos|“§6|Eolngsté”§{lfﬁc’)@®&nl(rg%¥e§%§ TR0 SO RIEETS 3 g’&%ﬁﬁ‘ﬁ’r‘}ﬁ%ﬂﬁ (ii)
det er m nefi-frbeess SRRt tiRleemoARORARY dntroPHS&a fof bikh RhSmplRkgUr rent that may
be produced by the charge neutralization systemby nonitoring the current
flowi ng through the target electrode. It is difficult to determ ne the

ef fectiveness of known charBackgnound ofythechnvention ion inplantation is

occurring. |If the charge control systemis not providing adequate

neutralization_ of the wafer surface, the residual charge accumul ation"
generates a neEsRYPRiAnal 1%I‘P§g®t%ﬂ?nt RYstesqss fused for dopingayarkpieeest sushsasat

the | mpl SR as miefly BESg b Pl R S Benfid dth g LT "

that  wi |-lis demageletayd RdEsmb & Itg Heabi ofpadseibednti2e. Wak &n beaniodrkctdd e theo! t age
present on the surface of the wafer can cause the ion beamto change shape

as it sc éy%fa?er Srihepeipiece tqimplant the w askpigns| veith thefdepent elemente The anergetic
! @I ant athQﬂEraﬂy%ogi{ivg)Liggs 82100 béa:_n penetrate the surface of the workpiece so that they

are embedded into the crystalline lattice of the workpiece material to form a region 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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systens typically reside upon wafer pedestal s that populg%e th 0ﬁgriphery
of a spinning conductive (e.g., alunminun) disk. As the s&msgl , the

fi xed-position ion beam passes from portions of the conductive al um num

di sk surface internediate wafers, to the insulative charged surface of a
particul ar wafer being inplanted, and back across conductive disk portions
before reaching an adjacent wafer. The voltage present on the surface of a
waf er carcircuitislemerteare arord suseeptible ivadaprags icapssd by the repaltane slectrisfieddse of

ons an; For o o G BB 6 e S, i Resln K hC e gy~ °
resul ti nopdufralifionSord chlit%@\‘i@cltt;&l}’dykt'cﬁ SiRh aRdteR piSfily indthddita lasRRowkp St

ion inplanter charge control systems utilize one or "nmore charge nonitor
pi ck- - upsthatprovides asnurce of lag ehergy electnensvbittasydrawe intb shapasitively chargedéon

' f f f.er .bei | npl ant ed. . Such, char, it i Ck- . ft
Feferred puEslip tery; Sacn ol lasna shewct peloi 2 B ERBE RIS B cic-up
moni € Or ( Sheft 3as Reori Ao bodAECAbBLmIGRARSed IR b Gartidlly W lov) BlrkF BlbRthsar © | N

.
danger of being danmaged by excessi.ve charge accumu n. Exanples of such
char ge piald-ayjasmnéhantbsr iatcewhich tire plasms iS exPadtehfromNdhe e eb@mbaand carogh | i ng,
et al., ich.is hereby incorpqorated by reference as.if .fully set forth
" herein, V%ﬁﬂ%l?ﬂ PRATRERSA @r-rgéi@%nw %ftqeaﬁlerl i%?%?ﬂﬂyih%ﬁe‘iﬁht&@%t

cont r ol ical i LEGsORES e plbcss RARBA e pROSRADS,
currentl ;S/t}ﬂ%?%\g:ﬁlgaeﬂggﬂgﬂgw e%%cgg%?ﬂglﬁgﬂnsgegﬂﬁ\ plbeamcsﬂgpe as tﬁ% beanégasses
bet ween cxieutitont coltidpwith theiterogas uislecyidsno cregtedhasplasmatwhich indludes lew eneogy
portions of the wafers residing thereon, Enbodi nents of the pre

i nvent i orflestrons gapaglept being; tEapPer, WiRinthe iombriBt The tranprd Ao ep % git#ags be

determn , Is ' | al} ' ts of

' the. pres iR AGE BULhage bPlhe'ich A A dERAAMORA MRS S Rusmb AL TR

~uniform ibmmanrm:@@s@lmém%y élberdilsdn dlie fonHeam@ediceidd fel@ilpe thaipbsitiveat t he

i npl anted wafer does not exhibit the well-known "bull's-eye" pattern of

inpl ant cherggacomnyatinnanthe wafer surfase manspdrhy thedmplentationof pesigixe igns; agthcoved

| n-proce harg .rmﬁligt“(f)r and. control system for an ion inplanter, wherein
gﬁ:ﬁ c

- <o
“the ef f oabF Vet g

ArgE%feut ral i zati on nechani sm may
Such charge neutralization systems or plasma showers typically include a charge

neutralization monitor for monitoring the charge neutralization systern 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 néutra]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 détrimental{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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be verified in real time and adjusted if necessary. -3 Zl%ﬂyne\?éﬁgS
Summary of the Invention According to a first aspect of the il I on,
there is provided in-process charge nonitor and control systemfor an ion
i mpl anter, conprising: (i.) a wafer support upon which a plurality of
wafers may be positioned for inplantation by an ion beam said support
havi ng portions thereof disposed internediate adjacent wafers that are

nore or | a¥stems) pically geside yipore wafgieadpsiads thptaierdlafe thereurhsry & WiiiBer s, sai d

vaf er  supREductdve (dd Glumidddy 19 AR e ARk Sfins hOMRAPb&bnGE R bastd&oml Ur al i ty of
wafers is substantially equidistant, said wafer support further provided

wi th firswortigntofdbeeonductiprpiumings digkspdace dntermsdiptavefess. fothe igplgivst ant from
the said cﬁeggéggsﬁafaée'o%%aﬁaﬂm%@ﬁﬁggmg lri]rﬁ%lﬁl{tétf hd GRRLGEss Wikt ReStidor T ecei ving

first and s portions of t | eam passing through said first and
second apertionsibefore reaglyngantailipeshtywafeside velrageorrespaion tha gurfare of @ wafedcasecond out put

si gnal s, rcSﬁQﬁ%Hn %LrX to (!h .e% {e)}rfsq]{ ge{ssegﬁ'orﬂméj&{thégg 5 éﬂ?}ls pc?tﬂml&'t' rAsent

recei ved; and a conpara conpari ng sal rst and second out put
si gnal s amuchf the volage puthe ivafyr centchise d nonttuptorm shglarddd doseicems the plandr a

di fference j.n i beam current receive / o fe el ectri cal
char ge mon(ss 4 RERLTenTEF e neP SR RuBY et Rk APy Bl 701
rot at es about Most &miisplirhaichgpgeseateo] systems uglive ancemioes chpee penitirpigkarly to a

o ane 1 4 G 0 00, IO SO PR Bl ot
i mpl ant er impatal dudhichu@e MohRGqikk-1)S pRCHienfreferdie! toray editk BaadaysieTle i s provi ded
ron inpl a?e;[a :El,!g grrc]wided by the charge pick-up monitor(s) can be vsed to predict whether devices
under fabrication are in danger of being damaged by excessive charge accumulation.
Examples of such charge pick-up monitors are shown in U.S. Patent No. 5,998,798 to
Hailing, et al., which is hereby incorporated by reference as if fully set forth herein.
However, no known charge monitors in ion implantation charge control systems, including
that disclosed in U.S. Patent No. 5,998,798, currently provide any evidence of changes in
beam shape as the beam passes between conductive 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.




system conprising: (i.) an source for outputting a generg| Ltively
charged ion beam (ii.) a charge neutralization systemf 'M‘Smlﬁng a
supply of low energy electrons for neutralizing the net positive charge of
the ion beam and (iii.) an in-process charge nonitor and control system
conprising: (a) a wafer support upon which a plurality of wafers may be

positioned for inplantati OnSQMngﬁeoﬂtmnp&?iHﬁ sai d support having portions
t hereof disposed internedi ate adj'acent waters that are nore or |ess

electrically conductive than surfaces of said wafers, said wafer support

further havingacay, %fﬁrﬁtragﬂ&m tﬁ@in@é}ﬁbn,%eré ﬂ%_r&/kdé& @d-fn%&’es@t:h fers is
substantially -3a 2T June 2005 equidistant, said wafer support further

provi ded wanHorfand sentighsysig@den s iompipwianter. ssmplisigosed substantial |y

equi di stant frgm saj ' dwihid $CaRRd, & RGLEHGRY fghar ge
nonitors for rg?ei v%l %SEF%E{Sn %é]cﬁ “é%%%f\%uégtgroti ons o%] t&g 1i]lon b%gm passi ng
through said first wpantasionrbe apimnt bgams said rsupgyeic hdvingl portiensdthereef out put ti ng
first and second ou: ' . Vel L.ndi j " amount of
ion beam current r e%‘%&%ﬁggﬁéﬁ?ecﬁéﬁgagga%%ﬁg a&? h@ggr&g%)érsr%%ﬁﬂ%aggai d first
and second out put se¢aquedtise thandsuffaces of isaidutvefiersgsad twhafer dupparpfirthei gnal

.indicative of a dif zg}gﬂengeceine ifgoqn b‘ghq(r:ﬂ SYrrent rece it&’eoq vaXeIsi kst and
second el ectrical charge nonitors, sard$hird od pu{ S|gnaﬁ used as an
i nput to the char gesustitially eqadistan, sidsvafon fupporciorthar provided vathpfokty of | ow

oner oy, elect ons b ogucet ! e b ASEPLALIRO S SERCET 1 e
a waf er being i npl agdned firg afddecGidrlecirias] chiirgpmonifors for feedivihglfingar general |y
positively charged ;eggndbpe()?tggnlsj %)}‘ trlllg i(?nnbgal%npags?rllg t%reo;ugh said first and second
apertures, respectively, and for outputting first and second output
signals, respectively, indicative of an amount of ion beam current
_ received; and
- (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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(ii.) providing a charge neutralization systemfor neut raﬂ }dn@gzogge
generally positively charged ion beamas it is being transported to the
surface of a wafer being inplanted, by providing a supply of |ow energy
electrons for neutralizing the net positive charge of the ion beam (iii.)
positioning a plurality of wafers about the periphery of and equidi stant
fromthe center of a rotating support, said support having portions

t her eof di sposed ioAtidistantisaid ovaier) sippert fuxthpie providpd twithr Brstyndesegend ess

el ectrically condugihVe didaiRdaSishacss eQfidisit froeh i Sntesal d Waf er support
further provided w?t h fi r%t and Ssecogat(iﬁ:;t|c>lerturoes Qi s?)géed substantial ly

equi di st ant fr ofh) Suitdnd esrond elegtiical phangerinendtorsnigr feceiving diend arbesoend porti ons of
t he i on beam passing: - ' Wy d < (V.)
outputting first a{’ﬁﬂ“’éié@ﬁ%%‘ﬁ%?’ agss|ln§f\dte'arlo{si‘é,il Sr"‘gf%g‘g |d\alsg<[%5§l uﬁeﬁ%ﬁ%’at ive of an
amount of ion beanespentivelpt addt &ct edpittings diret fand ssecendd ospoorsiknpler t i ons of

.the ion beam (vi.) conpar. sald first, and,second out put, si,gnal s and
outputting a thi rJESP?)‘%'?%&T'n&s}?gaélﬁ%?éjﬁnnaa}oggto?\lloé' bg?m 3“%“? egérq‘éeﬁit%ndt er ebet ween;
and -3b 21 June 2Q@0omphrator for domparirigisaij fistiafld sévondl ompitpighalsi apdddr t o t he

charge neutralization systemto control. the supply.of |ow.energy electrons
produced- t her eby. °“BHffi %fadﬁgﬂﬂu}m Sﬁ"agf'n#%ﬁvwg&%&wﬁ?é’hl’oéln%a s a system
di agram of an i on cufigt adtkived b fist il sedond Sletthical lcp@pametlitdrd) 8aill fthirdpr ocess

charge nonitor and control system qof theﬂ{ér sent invention; Figure 2 is a

pl an vi ew of a waf8P¥ Fighal st ahgn vt & ALEg R lzaten BN i nventi ve
i n-process waf er GbafdheRBblY 6o BibrGUNctrOils phodatthdrébynot i npl enent ed,

According to a third aspect of the invention, there is provided method of

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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showi ng non-uniformty in inplanted dose across the surfaﬁe of 02:965 waf er;
and Figure 3 is a plan view of the wafer support disk of ‘g""ie npl ant er
of Figure 1, -4 21 June 2005 wupon which wafers to be inplanted reside,
constructed according to the principles of the present invention. Detailed
Description of a Preferred Enbodi nent of the Invention Referring nowto
Figure 1 of the drawings, an ion beaminplanter is shown generally at 10.
The ion inpl anvdy iinpltundesidahird owtpg cignaleto 1R, chige nputedeatiomgystengoner al | y
positively charged | m.14 that | XLr refrom by known neans,
for exanple, an ex Og{a%?:l? ﬁegsr‘fpé?' 8%? ‘r%c?ﬁeer.gy %ectr?ﬁgsgﬁrgguﬁ%@tglfrgbyﬁagnet 16 mass

anal yzes the extracted ion beam 14 and outputs a mass anal yzed i on beam 18
whi ch includes only those ions having a charge-to-mass ratio that falls
within a prescribed range.BJ%émgﬁoquwg?n beam 18 passes through a
resolving aperture 20 and 1s inplanted into ers Wsituated upon

pedestal s situated about the periphery of a rotating support or disk 22.
The rotating dfigwe 1jsp sysen dipgram ekandoncipplssieripterwhich iniaepeogttedghaifi num

al t hough i 1 LLi£an. I n the case of an

al um num P%)(Jtcggt@?l}lagg%ﬁg&%gd X}ﬂtnhg Sgﬁtégﬁa{%eﬁr%&gyv%@g’ el ectrically conductive
t han the waf erBigwe 2 it ah tidveofaorater implatte hyzgdongfmphntsi ihivdwshtheoat ed di sk 22,
the disk. . | . trical c ' an the wafers
Si'tuat ed (HEHS IPEPEEE Yk Bfrec TR 8ol ot B e nle ™ UF ot g
surface suldwiggsnoa-upifiaity ésmphnteddosagpdss thel siurfacd dfehewafeerasd . General |y, the

i nvention acknow edges.that the el ectrical nduct i vi t f the wafers and
the portions ’g‘lrﬁg%d’ipéﬁ?vfe}‘\va%f%we(m‘ﬁ’@m?%@Wﬁﬁ%‘oﬁlrﬁﬁlaé’?eéﬁﬁgmer is difference
in electrical conductivity nmay be used to determ ne whether or not the

waf er charge accunul ation 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 disk 22 is rotated by neans of notor 28, in g direction
indicted by arrow 29, about an axis that passes through i 4peclPer 31
perpendi cularly to the plane of the disk. The wafers Ware positioned
about the periphery of the disk 22 at |ocations that are substantially
equi distant fromthe disk center. The full surface area of the wafers Ware .
ol ant echyg, ey w Rk lobelfhofhuid o468 cohBkliadd dbobidtng o S pitciflef BFibOT) and
are vertic@?l y t‘r”ans atg Pfainn tl%'g %Cgcan éel(dr ec%iliaglr%' t%%?%}%ﬁ%eﬂ?]%xed
posi ti on presenbimzenti®. | on dosage S 21 June 2005 received by the wafers
Wis determ ned by rotational velocity and the vertical translational

vel ocity of jhe spigning, disk 22, _both of i.ch ,are deternined hy the notor
control - 30. he&a@%&i%mmtmra &Pwéqrsﬁdﬂﬁb@ﬁsm o Inyentipm | o ng
the positive charge that would otherw se accunmul ate on the wafers as they
are inplanted th eral | v.pesitivel charged i.on. beam 18. U.'S. Patent
No. 5. 556, 305, ARG Hran e 1R ok s, SPh FRdp 4BRRERE devy on
-system i gnbRIeRY10. TER iBR inpRetep nchRfes bR Mifsoafcel 172, fdﬂlrl])koﬁu%ﬁig d géﬂeﬁubegel n.

The present invention is enbodi ed- as an i n-process charge nmonitor an

control ppsitiyely charged fnn bepmt Bhihavisienacied therafronsby bnowsameans, forexampleat  of

h | at i - th f Wt hat t ' h
R RN e T e
vaf ers t 048 ofpuly IBddsHnglyRed fdnHRamOfs whith GRS bhlyhédeUBhy Welingla Sk

surface. In response to thése neasurenents, the operation of the charge
neut r al i zhaigeto-mags tatintizg fallsywithinadirescribed mange. Thednasa snélyredion beapll8i ned

bel ow. Alterngtively, the output aof system 32 may b d as and input to a
dose conth2¥FS ?}&‘f’eﬂ%{ew@g aeetﬁlfrr" apﬁé? Rz Rt Haters B SPAoOBT t he

sSpi nni n ?@H&'falszﬁ | =3 mﬂﬁ ' : S i:
sgrfaceg f the wa faérd saBé btg?ﬂ%ﬁtlmr?gf gfr;gflédé 2 osﬁ%?]?go?hé@%%nmgg

i ncl udes iktiewischdsedrembsdigeabisanade dfahmiayny; algeugh itnnaybel cogedwith allper

signal 36. _The output 36 fromthe Faraday cage 34 and an output 41 froma
pressurquﬁﬁli‘r’?lbr di sposed w thin the inplantation chanber, such as an ion

gauge 43, are 1h AR Yasd & dn bRk fgtatﬁigrcﬁéﬂ 37, Yhe disk would be more electricaily

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 thereon
(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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50. The circuitry 50 uses these inputs to determ ne an apg{‘?'.ggel%@o‘bg X-scan
and Y-scan speed of the wafer in front of the ion beam I known in
the art. Specifically, the Faraday cage 34 is nounted behind the spinning
disk 22 and is wused to neasure the ion beam current that passes through
slot 62 in the disk. The length of the slot 62 is at |least as long as the
di aneter of the wafers being inplanted (e.g., 200mm or 300mm so that the
slot wl I'rmb&dbg theo walera W stdeteanineﬂlbymtghmﬁl veloeiteadd the ventmagmmiaubhﬂ

~Y-scan of t rs (see ure 3).. The dose control ci rcwt
outputs cdf F’(SY tﬁ M£ @&hl?%mﬁet%%é%aﬁhqm S GPPIERIS O f the
Faraday cage 3¢y Qﬁri RAYeS
“rotational control” signa a§4 toi&ﬁ%f%pr%&&ff 9\9@% |C'éﬁ§q¥égo atlgi#gl Si gnal
56 to not munﬂqthemnma;tenmuhtem the siafersasithey are implanddytisd gemoratly Ipoaavélbre
surface of the wafers 2 |rrpl anted. In this manner, the outputs

“Faraday c &B@g@&‘)&r‘?& Bﬁtﬁ’éfé“ QK-? 303055 ?@M@%“e& 8 KpPYR tl’i?erq,fm

- to thereb

e 1 he dose
.of ions i rrp‘f ant edpnsrj(fsm%’ﬁs fered yelggo tedbgﬁ?e}? Ci réfu?f?&f o | n udes

- nenmory 58 and a'helpmemmt:mmmbamed ésaﬂen-?ﬁbceﬁmmm@ftoﬁd:ﬂcen&@uyst@h the
‘Faraday cage_34 and ion glau ge 43 to control rotatignal and transl atlon

movenent &% TReSYHATRAS ipolpdesiments tomeapae Mhsramemhof ghatge pergmRuationcthe

using only, EQ?WE']E* f r

because t}réllgfl on g\gc%hgg:gésr%emﬁﬁ %éﬁﬁén% Sﬁ%@'%@f@g o5 adﬁ"g‘/‘isé%; é%maoes
_not take td subeessloelpphds fEdIR RSP lErE tkhs Indrhraiaee ﬁorhﬁnstdfﬁ]elceﬂddbﬁ&emﬁﬁiudle as
it passes fromportions of the conductive al um num di sk surface

i nt er medi €isk syigacer In responsh &0 thasamaasum@ne@tsat@ezper@mfoé&@ chprgg qgumlu@uoar

| waf er bei ant ed. .Fo I on be "bl ow-up", or becone
~ l.ess cont’ f ng%} @8&&%‘8{“‘ %%dﬂ‘?f%%%?&l }1 gﬂaﬁf iciently positive
- charge aCCUWhﬂEﬂnﬁﬂvély,eﬂhc ohifpuraf §fsteRf B2 ghdy B el %6 and input to a dose control
system 35 to control the rotation and translation of the spinning disk 22 to insure a uniform

(4

implant dose across the entire surface of Ethe wafers W being implanted. The dose control
~ system 35 includes known elements sucﬁ as a Faraday cage 34 providing an output signal 36.
- 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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As such, ‘a non-uni formwafer inplant may be obtained. Fi 2 WS one
exanpl e of such a non-uniforminplant, comonly ref erredg#ll(r)‘?”gg 23168
“"bul'l's-eye" pattern of " non-uniformion inplantation. As shown in Figure
.2, the areas of the inplanted wafer marked with indicate areas of overdose
(I ow sheet resistivity), and the areas marked with ~ -" indicate areas of
under dos eddteingife theleke o£ivhs itplahted inthitlgw e, MRWohad] difciiiy dlspinaltiéng a
200-mm wafer with boron (B) ions at_an_energy |evel of 2

ki | 0- el ecEeBI9rY o8 fud a yses ggusolordpterfaca $b present i nvention provi des an

additional ion mg | : i : nges
or distur bancegﬁ‘?ﬁggz on ééuatﬁ?%é}g ??%?H%ag%%?ﬂéé&%%?ggggﬁ%%?% 00%?% ty
across t hendtaisheion afovehentei the waRet W i fichtbfdie b bEuUBESkdovad 3, the

I n-process charge _nonitor and control system 32 includes electrical charge

pi ck- ups Hewewngrnusing only these snegbarfigrns way pasultimpon-igiforms water implants

respecti vgl - Q.G arator 46 for _corpafl t he si l,s 42 d 44.
noer tur esbesussThe i EERRRAEYP s ot pr B By At B B a0t BBRS Toi (e
i on beam fks AcBintWhgipek or BRAFBSNCEN RS 1O Yo beafSprofRVMR it PaskesOdrS pstionPOf t | ONs
of  the ion beam are shown in phantom as reference nunerals 18a and 18b as

i ndi cat i viiespndustivpaluminm disk supfachintammediate witkrs, {oaths inshlasive phasgesk t ure 64
and 66,. respectivel. whe he dis otates.fromthe positiQn shown in
i qur e 1. SRS Bt s Bstichust Wae biiRe obled, EOF Slaint ' iondnB il e T om
di sk cent grheddme 1688 codtfolRbBAodised O ﬁti§§x_})0§cd io Séuffidiently posithRachafget he i on
beam current passes through aperture -7 ---------- - 21 June 2005 64
and i s neamsumshitiby ovérahe wafer bkinggmpiantedni t or 40, whi ch produces out put

signal 44. As,the. disk 22 _contipues to rotate, a second portion 18b of the
Con beam cur r oAt S5ksd Ban-IROTR e Yaplent mavke abialned: Figie s SIVR Oehar g

Pi CK-UP Gl 2N $10ciP % nodh B HBHIGE EBomRidhRHefeied 16 as 4 2bulfREYd Yaefifor S

sel ected at ocatl on where tlile I on %e,am I’s unagf ected
non-uniform ion implantation. As shown in Figure 2, the areas of the implanted wafer

marked with “+” indicate areas of overddée (low sheet resistivity), and the areas marked
with “-” indicate areas of underdose '(hiéh sheet resistivity). Figuré 2 resulted frdm
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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by the charge accunulation on the wafer, and aperture 66 %ﬁ e;ﬁ ed at a

| ocati on where the ion beamis affected by the charge ac n on the
wafer. In other words, aperture 66 is |ocated closer to a wafer than is
aperture 64. Alter natively, the first and second apertures may each be

| ocated equidistant from a wafer but surrounded by portions of the disk
having different electrical conductivity characteristics. For exanple,
aperture 64 antis rheaspred\iyiherge pick-woort momitf4Q, kdidh sdideabutipat sigalgdnum and
‘ aperturengﬁrr%a%‘ bg proyided in a portion that is_silicon coated. In either
_case & COUHSS LTofe asaEqRdpastio AR obthe dombesn SHITFRL BASEE33  and

40 to det . By Iﬂ?% Qﬁﬁt ;f aces of
't he V\/aferg{r ?1% gﬁegcﬁreﬁgﬁ%a&% féafam by# IBIEEPY’E% 0&9?,%@%%5%{150 osed
enbodi menvutpht sgpgl AR, Apeitiire 4He sawmtatleeatm \dlaéxechesmﬁmmm&ted
difference in {the first and second portjons of the beamcurrent, it can be

det er mi ned gsaraunalation @agb@rvg@eremcb@er@gm@@ ﬁgﬁel?étfﬁlaﬁ pilesation whereThe

.negl i gi bl : l.ization
system 3%%@?@%58{?1&&?{%%* ékdzl 8%@‘?’2@“??@%%‘0 ec't %}E“g%rﬁgr alize any
_charge acapumkaﬁ&ﬁﬂomdélbﬁ:rwi%&rmwﬁﬁéﬁdre64Uﬂl form y dosed i npl ant.
However, if the conparator 46 detects a.neasurable difference in the first

and second pofltEmA vely, the &irsh andriecond apartures may pachebedeeasedsavidistanifrom her e

is an adv b) eamis
51 e up® g b Eloun B8t B SRR A b Pine iR BRI bt BB e

~ less thancﬁamtemae@ Lmttxampﬁpgfe&weesmay bé\pisVided in\elatiioPRhe 8RRk MRasdir € the
‘time distribution of the beamas it passes apertures 64 and 66. If the

~ beam'i s d@lil@@tl’@@i angd apertyre §§ araydwimiroddest intd pestign thay és silican t@@ted4 t | ndi cates a

beam " bl ow up”"; condi tion N r case,,the asur,a co out put
ot U B Es ot S oSS el NP BHIER! SrRARE SR O P
~is not Opﬁ{datwtagleie?mﬁfeftﬁ%ffy&'ﬁ’ ani‘%&&ﬁdlﬁf‘geﬂ@ﬂsxﬁﬁ@e%ﬁﬁ%%e% on the

wafers and permt a uniformy doséd inplant such, the operation of the

" char ge cohaveon thyndeainsyfilen Fobexaatledn dik chsclbmdemh;badsnc:g of Bigups3.4f or
UL pUL A8 L. B OV U8 SR S RBR S RO B b BRioh bt the
| 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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- B 21 June 2005 this excess wafer charge

accunul ation. Alternatively, the, output 48 of conpar ator214‘5’"ﬁ1%905e used
instead to adjust the dose control circuitry 50. (As shown in Figure 1,
conparator output 48 is shown in phantomas an alternative input to dose
control circuitry 50.) For exanple, the bull's-eye pattern of Figure 2 may

be cor'relmcgég&gg% Ubafufiofconparator 46. As such, the dosage
control circurtry 50 maig be progranmed to adjust the X-scan and Y-scan
speeds of theAttemnktively, tieadutpith® dfcomparaemt46imay bdwsed hiisteidnatdpistths age

errors. In effect, the dgsage . confrgl circuitry 50 uses_ conparator output
48, in ad%QSPiCBWQI&HngYéﬁt &3% ghoyyn infagyrs . gemparaton QUK KsheWpdRay cage
34, to | ' DLk | . However,
01 o ant Pt e leRiivE Bt ) acE8Bor ekt S Fo B, el EBEVEC
means t o pateen dfEigap Qrady rcondeldidibiodh@ 6@PuidIbF cUnipasdtbnd6. Syshwsh) §d, as
descri bed,  above. Accordingly, a preferred enbpodi ment of an_in-process :
char ge nuoffsags confal %&W%f%b m3y be pragRmmed Kadiest dhe Resgan wd ¥-scaesresdeefoi ng
descripti bk =171 . [ el trd Soes r d to t I seription is
made onl y&ggis&a@}%&rgggg\m@)@ﬂ {qﬁgﬂé %hngiﬂ%ge@e%%?%neéo "n%nterﬁeﬁlt’%% %od;a % t he

par ti cul ajonavbeitiniBitusdssshplreds betpai 48, iR Adbitibato habhputs dfeRd foanaegent s,
nodi fications, and substitutions nay be inplenmented with respect to the

f or egoi ndt3 andsbe Fyadaycags 34 demagifydistoutnyut rewsral signakTbipametor comsral 30ent i on as

Grai o PP iifged fafRndRReh oy be TR RSRL G s ¥ o 2n T on

i mpl ant ermean$ @"Riné SHetperation of the charge neutralization system 33, as described above.

Accordingly, a preferred embodiment of an in-process charge monitor and control
system has been described. With the foregoing description in mind, however, it is
understood that this description is made only By way of example, that the invention is not
limited to the.'par’ticular embodiments described herein, and that‘va‘rious rearrangements,
modifications, and substitutions may be implemented 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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(1) a wafer support (22) upon which a plurality of wafers £¥¥ be
positioned for inplantation by an ion beam (18), said sup% ne i ng
portions thereof disposed internedi ate adjacent wafers that are nore or

| ess 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 fromsaid center (31), first and second electrical charge
nmonitors (40, 38) for receiving first and second portions of the ion beam
(18a, 18b) passing through said first and second apertures (64, 66),
respectivé? 1 and for outputting first and second output signals (44, 42),
respectively, indicative of an anount of ion beam current received; and
(ii) a conparadtor Adf)précess disrapmbiegariabaird bysein (37)dorsacarithpRukeput  signal s
- (44,42) and for outputting a third output signal (48) indicative of a
difference in ion BW8EH™®&irrent received by first and second electrica

charge nonitors (4@ 38)aw4r@rsa¢1ﬂan$@d)qpmmiﬂéh§plmamybf6v2faas (“?nﬁy'b@t ating disk
that rotates about an axis that passes through center (31) perpendicul ar
to a plane in which tResitnsk fereigippatationy By ap jpn feam Wy &5ich SR ¢ hi r d

out put signal (48) is wsagh g&a&ﬁ@me&@paisﬂo%dqntem%eeadja@df{;va#elismrtion systen—
(33) of the ion inplanter.” 2. The in-process charge nonitor and control
system (32) of clai m 1arenmeseephless aledriqally sondugtiet Gipre sprbeys pE stidcat ed cl oser

in proximty to a vaf er,fRat.s ki sRpGPR2) ARGEtitie @ 8dter 31 Fom
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),
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-




21 June 2005 3. The in-process charge nonitor and contrgé SEﬁﬁé(Bz) of
claim1l1, wherein said first aperture (64) and said secon 5%%?% (66) are
each |l ocated substantially equidistant froma wafer (W. 4. The in-process
charge nmonitor and control system (32) of claiml1, wherein said disk (22)
is constructed of alum num and wherein the wafers (W to be inplanted
have an insul ative_layer thereon. 5. The in-process charge noni t or and

control system (32ThegP-Prces Rhatge mogferaad rondrg) syste (32 obdtimut WBSTgRal (48) s

used as an input t@iafidoaReRNed)0nd ﬁiﬂsse@md(gpé&uref(edgmee ERN bdRlianter. 6.
The i n-process char%e noni tor and control system (32) of claim1l1, wherein

sai d disk (22) is ubstpntighy capidistapt from a wgferi(¥D. i npl ant ati on system (10),
conprising: (i) an source (12) for outputting a generally positively
charged ion beam (18); (ii) a charge neutralization system (33) for
produci ng a suppl yTof intpengess ehregegyondtbrrnd ceontrol system (80 of daiingli, whereine net
positive charge of _f.hg. . Wy e r.ge nonitor
and control systenﬁ%@g?%eg%ﬁgggﬂyﬁgﬂgfg§ﬁg%ha é%ﬂgﬁ%g%S%ﬁ?ggﬁtgpon whi ch a
plurality of wafer de{mjantedyhavelye inpolgiiteilgeettiertar. | npl antati on by the i on beam
(18), said support having portions thereof disposed internedi ate adj acent
wafers that are nore or less electrically conductive than surfaces of said
waf ers, said waf er Thaupppotes{ 2Rargefl motilveraniacontng syste@n3@y of Ikjmfl,om whi ch

h of th I [ f _waf. i S, i all i di id f
oo of Ehe B Rl S ST B a1 ¢ v

system (35) of the ion implanter.

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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(64, 66) disposed substantially equidistant fromsaid centg{ @%JQ -11 21
June 2005 (b) first and second el ectrical charge nonitor f Ggg) 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 out put signals (44,42), respectively,

i ndi cative of an anoun e current receiv conpar at or
(46) for conparing sai g’)?‘fs %’ﬁsﬁ"r‘i’a‘?@]‘é {10%8’15?5’8’6’“05@&?%&“{6&63“@) and for
outputting a third out pirt aﬁd givahd (é8ipnsi adtlﬁarbn\bem@f(ia, 1%)f ﬁeemgwce inion
beam current received and econd el ec g char nitors

(40, 38), said third out §?“é}ﬁ %ﬂfond@sﬁ“ass éﬁ ) Ff’ﬁlfff’t“fe char ge
neutralization system f&%ﬁtpﬁtﬁng:ﬁ}ﬂt;{nmsecoﬁd]@nﬁjﬂEj@ﬁ-ﬂs (qﬁ,4i)ows[ﬁ&a,@gy el ectrons
produced thereby. 8. The ion inplantation system (10) of claim7, wherein
said first aperture (&diative of g amapnt of daebeamncugerpdeived: and (Q daf er t han
sai d second aperture [(&faratc? 46Thﬁ cbﬁﬁhh@%@ﬂs%ﬂd%&oﬁ&&m%ﬁ of claim7,

wherein said first aperture 64) d sard second erture are each
| ocated substantially (“44de) andfonontputting i third gutnut signay (48hipdicatingof

inplantation system (1@}r.QfceClnaiom Eemn“’@tﬂ{e‘ﬁ{ Recabd bwaﬁrétr atURRBRd (22) is a
rotating disk that rotates about an axis that passes through center (31)

perpendicul arly to a ptlasidcal ghapgsi wpritore(4858k spid ghiglegutput signglh@8) on

i mpl antation system (100 Qf 4 Ghath 1B A0 chali6kGldlzi %QM (16 Banubf
constructed of al um num and \Aﬁér e'lilnc #@ Varers { @e H?ploant ed have
an insulative layer t htheeuwply of low energy electrons produced thereby

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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12. The ion inplantation system (10) of claim 10, wherein i d éﬂ? k (22) is
silicon-coated. -12 21 June 2005 13. A nethod of neutral?iﬁﬂ& grge
accurrul ati on on a wafer being inplanted, conprising the steps of (i)
providing a generally positively charged i on beam (18) using an ion source
(12); (ii) providing a charge neutralization system (33) for neutralizing

the generally positively.charged jion beamas it i ej ng transported to
the surface of b wAmeioRHT fIIAEE PSR gin o an Ry o Sior | ow

ener gy el ect r osvmptisifig thestépsaki zi ng the net positive charge of the ion beam
(ii1) positioning plurality of fers about th erjphery of and

equi di stant from t&e cRIRYidipe E‘ff’fm@?p"é“?’ﬁlﬁ’ﬁlﬁrﬁ?a I%%%BHSS)(‘G}%%“ &hid support
(22) having portions t&{eaieab)di sposed internedi ate adjacent wafers that

are nore or |less electrically conductive than surfaces of = sajid wafers,
sai d waf er suppor t (9 ur tHERfding & hasgedreyiyaligation systemy(dd) fos BugaliFingdhs « ur es

(64,66) di sposed subst aaiekal il HhieBh blahDaB it 8 8kily G8RpSHed (31) ; (i V)
nonitoring first and second portions of the ion beam (18a, 18b passi ng
t hrough said first andthscsedig ohperafasbese irsplantgl by prpyidwgrasyerly 85 first and

second out put signals ﬁ%en%@’eieﬁiﬂﬁn?%}tngﬁf@tgﬁnlég thk RAIp6@five\Rardd ot @amount  of

ion beamcurrent detected in said first second portions of the ion
beam (vi) conparing s#ndedir st and second out put signals (44,42) and

(ii))  positioning a plurality of wafers about the periphery of and
equidistant from the center (31) of a rotating 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 ﬂ;ird output signal (48) to the charge neutralization
system (33) to control the supply of low energy electrons produced

. thereby.
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outputting a third output signal (48) indicative of a dif{z,lerenc:&)[0
t herebetween; and (vii) inputting said third output signa f 8 t he
charge neutralization system (33) to control the supply of |ow energy

el ectrons produced thereby. -13 21 June 2005 14. The nmethod of claim 13,
wherein said rotating disk (22) is constructed of alum num and wherein the
wafers (W to be inplanted have an insulative |ayer thereon. 15. The

met hod of cl ai M. 13Thenneth@d of dairh d3,rwiesein 9yl diatilg diskAP2)iis caisticedof coat ed. 16.

The met hod of cIaiag%§9$1m@q&g&@dﬁgagaghszl%g%%%M%§%§$g%?%a#%9cated cl oser

in proximty to a an sard secon pertu e nmet hod of
claim 13, wherein kgirthefeonr.st aperture (64) and said second aperture (66)
are each | ocated substantially equidistant froma wafer (W. -14

15. The method of claim 13, wherein said rotating disk (22) is silicon-coated.

16.  The method of claim 13, wherein said first aperture (64) is located closer
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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