. e3ezpzm | @64TGQ 5 WD 02/ 052612 PCT/ GBO1/ 05625 | N- PROCESS WAFER CHARGE !’
MONI TOR AND CONTROL SYSTEM FOR | ON | MPLANTER Fiel d of the Invention The
present iwoepniwm2rel ates generally to ion inplanters, andGRfsBI1/05625
specifically to an in-process wafer charge nonitor and control systemfor
such ion inplanters. 5 Background ofwwmwm gon Conventional ion

i npl antation systens, used for dopin Wsuch as sem conductors,
typically include an ion source that ionsggs a desired dopant el enent which
is then accelerated to forman ion beam of prescribed energy. The ion beam
is directed at the surface of the workpiece to inplant the workpiece with

beam ponet r at o TRPRECISS WAFER EHARGE MONTQRANIdeq | nto
the crystalline | @ONTROLNS YSTEMCFOR $ON IMPIoANTERyi on of

desired conductivity. The inplantation process is typically perfornmed in a
*hi gh- vacuum process chanber which prevents dispersion of the ion beam by

collisions with residual gas ecyl and which mnimzes the risk of
cont am nation of the workpi ecgnigwiéi(ﬁsb@e:&wmﬁ’ﬁul ates. 15 A problem
encountered in the use of such an ion inplantation systemis that of wafer
charging. As t LLd: A I . J sl t he
Carget wafor. ORSERarh il EntioR PALEE Berchdl AR SRk e Al dhbrk ERTIRENY RP
excessi ve jfi-psicdssalafeodiatdeviosifiragd cohttoltsystepafde swh ivafmpaneaver ed by an
insulating material such as photoresist, the wafer charging phenonenon is
particularly problematic because the charge is isolated fromthe 20

sem cofductive waf er subst r aBackgnound of: nyentbon which is resides, and

cannot therefore be dissipated through the wafer and/or the wafer pedestal.
Excessi ve char accurrua_{jati Qn can cause resulting electric 1tﬂiH.eI ds at the
waf er surface tHPRYERIANAY M JEP 198; SYSERMS 160 R ARS8 Y OTKIECES iSRS of
accumul at ggd sid ; : : K : : od t I+ Kxfbld

ol oot o B SabREts AR EE TR o R RS B RN S I o
circuit elietentsekraedwiforns as oaybenin of ptescribadegergyaThe tbnheamiiediresed dt st
electric fields.. A known solution to the wafer chad' gi ng . phenopenon i s, the

use of a CHHRGOTARG WPEIPIeSs Lo BRPlaRY the prorkpieceskith the dopguticdement, dhe snergelicem

ol ot f0n (REFEFRsvR| BAIBE 56 ifbeakl BincBA YA 1:Be SPHE SFpRhicc il ERSASY
t her eby. Spesambddded inyo the beystllaritaitist ofvke worglierdaesaterialas formhaegier of desidd ch

an inert gas is ionized to Pr,oduce a plasm _conprised at | east partially of
| ow ener gyoBfusEivitpnd he imalagtagion Preccsh sniyBIcaily, Perioumedhingdaigh1vagyHim process

e A A O ] SO AT

pI asnma contal ns a anen eated so t

t her mi oni cad mhidiinmiveg theaivkr ¥ oflafthdtivnsof ity woikipéecp lbaairbomb pahiiulatethe
hi gh energy 10 electrons collide with the inert gas npolecules to create the

pl asmdSwhi ch i fePighlesn ensauriareddy theuse of ¥i6B ap igndpipbandationaysigmas dapefavaler hi n
the ion b . Th . | . - f
S e S R

trapped | Quifeiatehe wifeEhipasuiildid1gnh brlesibaadr caskiveresifudl pokitia chagre! I ehe
positive charge accunul ation on the wafer surface, caused by the )
i mpl ant at icase @ffwgfg& qqveredjhynan ingylating material such as photoresist, the wafer charging

phenomenon is particularly problematic because the charge is isolated from the

20  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 fields 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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15 ion beam strikes the wafer surface. Such charge neutralization systens
or plasma showers typically include a charge neutralization nonitor for

moni t or i NYOWRES26ar ge neutralization systemto hel p cont r ACHGRIIPKERSge
neutralization process. Such a systemis shown in U S. Patent No. 5,959, 305
to Mack et al., which discloses a charge neutralization nonitor that (i)
applies a suitable voltage to a 20 target el ectrode positioned to collect

| ow energy neutralizing electrons and (ii) determ nes the avail able | ow
ener gy necireul ¢lemergs eteandreanseeptiblend damage canyedisy the ocbubtant disctiihfieldbar ge
neutralization systemby nonitoring.the current flow ng through the target .
el ectrode. It fs Wiseﬁat&ontt@ thst %‘gﬁf rig‘mfg’i‘ég SRERAMSIR Hid sthe g#se kKoo tuf rge

control . . . e o (rol
cyot em | ohensfalzadkl bR RO "Sudtts BEEH bhRey tokyddeCa GRSHE GG,
the resi diat prokiiege saaceioflbaidneipygiocabas that e deaalinedahe pusitivelg ehaped ioa

surface of the wafer that has at |east two detrinental effects. First, the
vol t age dbsamepassingaherehst \WpesificHly, thedlaymashowsr weludes ansare chambarive wiishan

backsi de ' - I t i ]| ' i f abri cat on.
Che wat or et geh Rod Bado iRl s Mlsmlcomap REF AL KRSy BRofbab YGRS "
cause t heanddplagBathnbe? ift6 3 thOBRCmA s dxirasRad fiont MeRrd'EHaibet thd\@fRich For

exanple, wafers in some ion inplantation -2 WD 02] 052612 PCT/ G BO f_ / 05C
25 syst enwhiopgheignbpam passee Thp plsmatentajns addamens thahiselogtisallpheatadse that it

i ph f hnni duct i i di sk. the, di sk
Dot o narrmPui AR SR SHER sy oot dacortng RABER e ThechiEh $ate: ve
al um rum giestkorebllRie Wil the [HERGhAnB1e8aTes fooretd tHepPashiasiHiah {néRideNB WAL gy

surface of a particular wafer "being inplanted, and back across conductive
di sk 5 poelectoens dapdtie of baing hiaprpdawithiojtizeciontbearmf difie thpped/loin enpegypelestennts on

A
can CausepéhnilOfthél B‘aﬁﬁéﬁ%ﬁv@%@t&&n@% £ BEiOF Bedr) fedRLABRRe ML ARR n;{?;sgfvge

wafer, resulting inthe well-knowm "bull's-eye” pattern of inpla osage.

Most ion chgearcemubatian ge theovfersiurfags; taused by theiimglantatiooof posigvecions, gethe

m)nitﬁ{ pick 10 u&gqstgat ttenpt to estinmate the voltage | evels present on
f RS d

t he st fat®® © WaChE'14H1 ant ed. Such charge nonitor pick-ups are

often referred ol W%% T&EQ Eggg i : ge
pi ck-up noni torsggh @%g‘%gaﬁrsa@gétto rtggjlsct l et hg%eg%/i é%ﬁg'r{gglpa gbc(rﬁl ation
ar e i n dangeralieftidnemonitatdfongedittyngeihe ehaige meatrdimgdomsystem tahelpreontrshiipl es
of such charge pick-up nonitors are shown in U S  Patent ...5.998,798 to
15 Hal | i ngflargs neyfralizafjon Prpcess- ﬁ@?%ﬁ%%&saewaﬂ%ﬁ-%}?a%ﬂfﬂ? Q035 tpMack) | y
set forth r el . r : Lt OR S iflhc QO o) t.Lon
char go. cottrol M TRRECE chfige MMM AAHG IR ) Syt YR Bl 4

5, 9982(¥ 98targat eleetnddeypopitiovedi callyct oy ensrgenaftralifiap glestrons ahé diydefeapmeathet he
beam passes bet ween conductive portions of the spinning disk and the

i nsul at i navaable; lowsensreyt Rentipdizingselerangeyent that gBsy bo @reduced by thewhage of

t he prese i i tlt]% £ Q. Pr.oyi 'Iﬂ?ﬁxi i es in ion
beam shapgéurtr%aayﬁemnds& gxrnm neamgo(r%l a@%%@%@é Hsor I'n Q?{%lr’%{?é%}egﬁgg ion
system It is & i giffingr toaliasiing the pffestivdfies ofkaban icharg® ool Ghstene whas
prevent non-uniforminplanted dose across the _planar surface of the wafer
such t hat ionhianplagiption isdocafring. d Hetherdiargexemial systemyis| not revidingpdequate ey e

or ot Pos PR SRR Ger e Tt ShioaEhe S0P lonibpaeSh bR bR o

wher 19! ndt mta%%fs @l’%d: SUEAESST 1R wafe £IhAL U8 alRB: tRb HE@imearhl BRENSFifs) thaolBRe
verified in real tine
differential between the implanted 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

30  change shape as it scans from wafer to wafer. For example, wafers in some ion implantation
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and adjusted if necessary. -3 WO 112/052G | 2 Sunmary of the Invention
PCT/ (BOL/ OS&5 An i n-process charge nonitor and control systemfor an ion

i mpl ant e'WP82/p3%614 ded. The nonitor and control system i nclPGédésBU/ 3G at i ng
waf er support upon which a plurality of wafers may be positioned for

i npl antation by an ion beam, the support having portions 5 thereof

di sposed i nternedi ate adj acent wafers that are nore or less electrically
conductive than surfaces of the wafers. Each of the plurality of wafers is"
posi t i onedystapiss tyRivallsireside Ynen e pedpstalm thacpapaiate theoperimsrtips k spinaéngdi sk

cqut d: ot agaEEt e Ml 3R, PESANGREThS Ut FRRRR forReB AR B
proxi m ty pbiods VRS cdddastitd BlugLean idPairfdss SnteAhd A8 aVANMA] W tHehasflhtivt 10

and second apertures may each -be | ocated equidistant froma wafer but
sur r oundedhdsgedopinfaceed aopartipariivefer fhaingnignplartéd randt bask excrass cahdusting wiski vi ty

Port1 oh: oPSERES PHIGR TERRHNE & AT A S oS UUETTO 96 PG oFy s oo
provi ded ifsd tRAbh bBAntib harlgs shhpd £ANpAEEL 86k ofik b8 theBd ShirBREORANE hEEL rAdscal

charge nonitors positioned behind the disk receive first 15 and secon
portions edchi the voltagdennhe afenghn chesefa not-ur fumsieupaded Jese acrass the planar -

respectivel y. The first and. second charge npnjtors output first and second
out put Zi gﬂécﬁ,(’? ﬁ@s‘?ﬁ?g{’if‘?ﬁé‘ Hpg g WSH&O&WBPBBIIA S:'fﬁ‘ﬁudlj"_f“%? of grplaw Sé&ﬁrtentt
receive y . I QgL pu
signal s and Ou%dﬁ?naﬁ{pﬁnf%%@%@%&?ﬁ%lg%%{%?% ;ﬁzceta(%}{%vé H(E)(?&gﬁ%g? gjﬁgnc 19llyn i on
beam t@ir r epd thaeagempdtdystimats theanoltapecloves prasettr o aie airfacg ef rWiafed ting20

The third output signal is used as an input to a charge neutralization

syst em of Hpantedn SuEh chage mamtog gigkrens are oftep sefepred fo ppudisk Earpdayy e ckhieons
pr oduced B | LAt L0 : i i i .St em

G agr am of g povilitd B (B3HarERER Rortidfis FRANIIE] B B hefP dBUE:

char ge noohdeprfabrichtioandre Gh dangteot dkinfghdarpiged bt ekdvesing ichRtge 2ecimnglition2 i s
a plan view of a wafer inplanted by an ion inmplanter in which the inventive
i n- proces&xaimples of Huelyehargmibick-up mpnéter a6 sheyatiantiSs Patent iNep IS MBai%8dto .
show neNLuni formty.in.igplant d e.s e of. t waf er;
and FIgur S eEly bohid s, RBEBY W pa R REa 3 B3 ehcl R G R i et o

of Fi gur e Hbwevét, no Wdwd 2h4¥be nbaitb¥sTh (Rlidnb £Xdeein dhafde cohir6isywehs! mchdinge
i npl anted resjde, constructed according to the principles of the present
i nvent i onthat giselapedein s Eriiept Non5.898.39hrcarrentlearomidsoanyravidenss of ehanges/iant i on

beam shape as the beam passes between conductive portions of the spinning disk and the

insulating portions of the wafers residing thereon.

20 It is an object of the present invention, then, to provide a mechanism by which
changes in ion beam shape may be determined and accounted for in an ion implantation
system. Itis a further object to 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 doéage. It is yet a further object to

25 provide in 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. -



Referring now to Figure 1 of the draw ngs, an ion beaminplanter is shown 5
generally at 10. The ion inplanter includes an ion source 12, for producing
a gener alwQ opo¥613 vel y charged i on beam 14 that is ext r acPEd/GHUENE2 om by
known means, for exanple, an extraction el ectrode. A nass anal ysis magnet
16 nass anal yzes the extracted ion beam 14 and outputs a mass anal yzed ion
beam 18 whi ch includes only those ions having a charge-to-nass ratio that
falls within a prescribed range. The mass anal yzed ion beam 18 10 passes

t hrough a resol ving aperture SﬁmmhnySofﬂNIaneﬂtmntO waf ers W situat ed
upon pedestal s situated about the periphery of a rotating support or disk
22. The rotating disk in the disclosed enbodi nent is made of al um num

«al though it nayAmm-moaese@haugcmwwoay@d c@rftrod systerp nfor pm ianhignpdanter is proyided.

! |
i SOt 2o 08 LGRS e SLATLLLERN
'si |'i con- cogtypedinply b%%osﬁﬁﬁe@f&ﬂm%kﬂxoﬁ%%ﬂbﬁ Bedif Ufé%ﬁpﬁér@ﬁﬁﬁh Bbiténs

conductive than thé wafers situated thereon (dependent upon wh er or not
a pattér neﬂemuﬁdlkmlscdlgltsmeﬂmt@adgmt wafeas thiabare meare of lqsselapqmlcalbdcqnductﬁ@

waf ers) . ner a en n w.ed at the e rica
condup%i V|G§ %afl%/feoﬁﬁg @’Irag"\é%mg ME @F%H%gg?"a{eﬁ%lscﬁo%(’?‘ﬁg’fu §TIL?PP?)[lYnd t hem
are di Tfere\%ﬁfdlﬁgrg b tcheq:'e;l{??ﬁﬁ Qi) Bl G mffreﬂﬂewm'ﬁr Y ﬁaxéeﬁﬁdused to
det erm ne et her or not t er charge accu ation i s adverse

af f ect i ng dpbeuiee disppsed Subgartidlyequisistant fiwnditslce@r,i vehevein thechist gpdﬂlum‘lsl at ed
al ong an axis Y by neans_ of a notor 24 and | eadscrew 26. The disk 22 is

r ot at ed b)lO‘FPé%%lo%?F IpoFimiy to ?Wagf’r(ﬂli’q“etb? sesAnd ARerRure g Al MRRVeY, e firhout  an
axis 8%@ g@:@g&g B%Ec ﬁé‘fo%gte lﬁﬂfs PebGHA @/&fe}‘ bhe Hbﬂn{i’é of the
5 e vva er ar

di sk. osIt1one e peri phery o t he k 22 at
| ocat i ons gof@dnsaf ehesdibis havihg diffe}ter&@lﬂcd‘i@l &Fﬂduf:ui'ﬂt‘p ¢Haeacehiriskice &ot examp'ﬂs],e full

surface area of the wafers Ware inplanted as they rotate in a circular
path (in tthefirsxapaiye maybeprovdsd WrapgHan obtheidisk thyt is plymipgmedpditheny the v

3
scan O ¢ eChLoDl dehSEOLS, A0S LIAAGn OB IRl QRLBER MG | o0 dosage -5 WO

02/(152612S recerve he waf ers I'S determ ned by

rotational vel omist ¥nd§stohd ele¥Richl @ﬁkgetmamd@pbm@hed\&hﬁ@ thy didk rédedveSibnni ng
di sk 22, both of which are determ ned bg the notor control 30. Char

neut r diSi z sandoacondpoginmedfitke ionderadhrongh theelirst and sepengd Qmétu}iﬁésﬁeﬁﬁﬂﬁévgﬁar ge
t hat | | t th t th
goner ar 'y HESE] P aiictSnlls bt Bsthly Qopd il JerE rRetyely 1"

whi ch di sGh@i@svetorlan Avibuln BEioRfbesaiugenietdived by feinidhi®y S AedBmpasatber eby
incorporated by reference as if fully set forth herein. The present

i nvent i on dompardsshe Bt and sasond opiputsigeale tnd Qupws Bithisd output Hgw indlicatiye oEm

32. The sys 32 incl des nmeans to nt .of charge

accumul at ,30‘$~}? ST EHE BB 8?@ CWFEGFFC%&%&I@’SEW‘J;&CP B(étgﬁ?lt arézﬁg%g%toésnape as
the dizgk rplahfa oupabisichdl i§ b&dth@@mﬂ&ntt@a%h&g@ﬁéxtya@ﬂzyu@ﬁ%@te&rm&m waf er s
to the internedi ate portions of the conductive al um nu sk surface. In
response timpldntsrdo netsal tiessipply, oft low amprgyaiéctions pradueedctherehy neutral i zati on
system 33 may be adjusted or tuned, as further explained bel ow
Alternatively, the output Qf.,Ks ﬁtemS manPl? ﬁed as and input to a dose

cont rol rief Descrip rawings
Figure 1 is a system diagram of an ion implanter into which is incorporated the in-
process charge monitor and control system of the present invention;
25 Figure 2 is a plan view of a wafer implanted by an ion implanter in which the
inventive in-process wafer charge monitor and control system is not implemented,
. showing non-uniformity in implanted dose across the surface of the wafer; and

Figure 3 is a plan view of the wafer support disk of the ion implanter of Figure 1,
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system 35 to control the rotation and translation of the spinning disk 22
to insure a uniform 15 inplant dose across the entire surface of the wafers
W bei ng iwploamsziz The dose control system 35 includes kndfT/@BHMERASs such
as a Faraday cage 34 providing an output signal 36. The output 36 fromthe
Faraday cage 34 and an output 41 froma pressure nonitor disposed within
the i nplantation chanber, such as an ion gauge 43, are input to the control
circuitry 50. The circuitry 50 uses these inputs to determ ne an

appr opr i auporXwhichrwaderd torbs tmaplasted eckide) carfstbted wedoeding o firequincigfles ¢fehe on
beam 18, as is known in the art. Specifically, the Faraday cage 34 is
nmount ed - bBFFSFRY MYFBUSHI nni ng di sk 22 and is used to measure the ion beam
«current that passes through slot 62 in the disk. The length of the slot 62

is at |east j i } e.g.,
200mMm or 300%'!32%9[ ﬁgFé{lﬁsﬂiﬁ gf%\%ﬁ W%F{ééc}g %Bﬁgwgéggc@meﬁ&ﬁ?éughout
the entire 25 range of the Y-scan of the wafers (see also Figure 3). The
dose control CiRefdMihg How Qo PbuRdt %f&fara&éwih§§,laﬂri@ﬁbéanlrﬂp1me9rs s&@@hr ol 30
based on the outputs of the Faraday cage 34 and the ion gauge 43. Mot or

controf 3@enemaltyuatr Oo thp dorsimplanter makidescamionsburse dAafor Sroducingwtgener2By and

vertical translatjonal. signal, 56 t.o nbtor. 24, .in order to maiptain

Unt { or m i RPNATRLAEFERCLioR S8R Habays Bt ol Bek oMBID LR T cxrmals: | n

this manngy exdfiof ¥ieBttbde. 3R ntfss Eﬁﬂ?ﬁ@%a?@éﬁ6%s§%ﬁ§ thOSk A8 oS Bef ©

used by the control circuitry 50 to thefeby -b | 12/ OS2G12

PCT/ GBI | 110202 sutpetsevmassantlyecdlioadeath li8ovsch molues enlyithése ibischavédigea s. The

control circuitry alsq i nclades, rr_enor%ssfygggnd a _user consol e or _interface
6 §

60. The uSbarge-ia-Fesoighipdhat balls wikhipams yass A hedpess gRalyzadden bgamds
contr r i I g MV nt of the
i on b(ie)dz)am %&%@‘E‘ﬁj&ﬁ%iﬂ@%k’%ﬁg?%{m %n y tl eésdefn%g afrrfgprr%wr?%églj é)gult in
non- uni f opedesad s¥itubtep laboitchd periplrey dferotaningsapporcor diskn22 NEhs totstingdisk

provi ded by Faraday_ cage_ 34 does not take into account chanq?es or

di st ur banékdedisclased prRodiEent isreade of aanippmyalthough it Bay boFeateshvithe 13yee
conduct i v%fgh%g num di sk surface internediate wafers, to the insulative
charged surtace 'of a particular wafer being inplanted. For exanple, the ion
beam may " bl owinifhe caselofGin Ah@Gmien tdfihgQik 22) keadibly wholdusatloreielectrically
exposed to a sufficiently positive charg{g accunul atjion over the wafer being
i npl ah® ed comyctve than shenwpfersituateshthgisey Ipiks ease ofgilisen-spated disk 22mthgure 2
shows one .exanpl e of h .a..nen- unif orm i 1 : : f to as a
"bul 1 o of B BN after B IR AR RE AR} BRbsef SRRt B R i gure 2

the areas é&fpeﬁdb%t ipat wREREL Walob b pafeeri@d Hedlathd $urfate shdhdisGagiRtaEaass Of
overdose (|l ow sheet resistivi ;ﬁ)’ and the areas marked with "-" indicate

areas of appleddoshe viferph Sheerally.dbe mventianackneylgdges thatrthe glegtaigali r om

i mpl ant i 200- f ith.b B) .l | f 2
T or el cctrBiehurEl P8 e had et R ot 1003 by flolBRiibm S i,
addi t ponalrhisHiffiendd iﬁ%d’é:ﬁ*i&lf%ﬂduaﬁvima?% §£8dLtH detetrakRSvivdiihe? oRa6OMBL

changes or disturbances in ion beamprofile, in order to inprove dose
uni f or mi t yafarcbarge ateunmiaticacie adversdly afiedting theredagy paspiggliherkoved Fi gures 1 and

3, the in-process ch e noni tor an ontrol syst 32 includes el.ectri cal
charge pi ck-up:‘[%f)rdlsllﬁa)#ﬁg fsoY?‘%%l%’atﬁ%‘ngf%f%Pn%ﬁ? tf% r_geraé'ﬁ&fé'l IRSOL 75 angd
respecti Velafscré 96 ATROURR 22 KotA& bPfe&RHI MNP [1ea St dhBh Indide@BF atGw
Apertures 64 and 66 are provided in the disk 22 to 25 receive portions of
t he i on b@9mboutarexis thhrasses tirasgiedisk benterdiqrerpeadicslaoiyrio the prinpuriehd disk.

portiQps the i beam are shown i.n phant om ref erence numerals 18a and
Dob. 285, ndhe avsters Bt e ROSHHAOER ST 1o BREDIERPY Figt Gk 122 Halocatias dgihare

aperture Ggand.60 Eﬂ%g%%ﬂgtfﬂokgl% divh @%ﬁ&]; 2‘89 Il sgl%acreo%gé 88 tHe! Wil W are

position shown 1 n erture aperture are |l ocated the
same di st anplandd fas aheydictste ¢ atadrculit path (in the “X scan” direction) and are vertically

translated (“in the Y scan direction”) before thé fixed position ion beam 18. Ion dosage
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30 As the disk 22 rotates, a first portion 18a of the ion beam current
passes through aperture WO 02/052( 12 PCT/ G BO1 /0S125 64 and is
measur ed W@ 0eh&6te pi ck-up or nonitor 40, which produces SGTHERIONGHal 44,
As the disk 22 continues to rotate, a second portion 18b of the ion beam
current passes through aperture 66 and is neasured by charge pick-up or
noni tor 38, which produces output signal 42. Aperture 64 is selected at a

| ocation where the ion beamis unaffected 5 by the charge accunul ation on

t he waf er receinctddnyehe wafersdV isdeterimendddhy ratatianal oehicity and/ither vertidad trapsiatinnah i s
affected by the charge acc tiaon on the wafer.. In other word erture
56 1< | ocablaaiE pbUE PR Sk & boRtha Waich ge eithiner bne ot ey 367 e
first and seco it %y RaRn3heplomRl Bs reanhiiag aRtbolitigatRaryedar but
surrounded by %at?éég{r?s %ﬁéattﬁg élﬁgﬁ haﬁ)ng di fferent elléectﬁpi clal con%ﬁcti vity
10 char actwauls bthesvisdaocuadang be theawpefers as ehe§ drentenpldigedobypthie gexktrally posgorely on
of the disk that is alum num_and_aperture 66 nmay, be provided in ortion
Uhat 18 sichwigehicreeeyiS. - GiRatat NeasesS eBimthish Biscloakpnsyiypt REHEEDUL
signal s of Ltor. ] t: leheifgny., that
t he char gengﬁtlr;%ézgﬁg |52/§£ér§’d§1h g%ggﬂ%f) ﬁ)t(?)ﬁéet&\i/\gflée?é éak\e/aes 1?%15{%:??6&? eeea{m profile.
For exanpl e, i mMHehgesdhsialanio issnitudiotns tn if proéggsicieargs mohitdkand detwbsystenat or
46 detects no neasurable difference in the first and second portions of the
beam cur r 3t  Thetsystam Freinglides meaRsiLor ReAsUEeBE amountof chavgsracsuapger oB4l%i ng

b " bl Li gi bl i ] Bem
char ge. nediieie™ B S5 ept ieof BEPRIARhgl Hahs 8 A Hoh bl g B
ef f ectjgvelpy sinpdsivaly gads Ao 66 Vafkes REEHtdrkediar poRtidn of e tenducavdalp@idtnt a

uni formy dosed inplant. 20 However, if the conparator 46 detects a .
nmeasur abi alisk fuffacenipaesponshio thesegneaswrgmsatsothd operatipn ALthgchange nptsalization ent |

it can be deteryined that there is a dver se. ef t causing beam

"bl ow up" .SYEEM gﬂ%peegtﬁmte?%tugg@rﬁs?@esp pﬁ%i—’;&%’y he peak ion beam
current measur egiahaAREY, kK Sudft MOENDS2 hi§DetRad aé BAd inpanss 4 88seddontrol
aperture 64. Alternatively, one can neasure the tinme distribution of the
beam as i tsygems¥soapetrolithe sot@dorpmddraasiadon of the fpinbingdisks22tetiesred upifermy

| onger, period of tinme at aperture 66, it indigates a beam." Rl ow up"

condi tiPon. IMPIAML ApYFACTRSSLRe CRiHE S &t 2 ga@a%%?%pﬁlﬂ{?tﬁﬁt lﬁ%%ﬁ%‘f%‘éﬁ%s
that the g ét&ﬂl%fsriﬁaaa&'wné%'e%alyssguéﬁhéémﬁdémge MpioVRliASEsuth & siahl 36.
operating to effectively neutralize any charge accunul ation on the wafers
and per m tThe antput 36 ftoym thesiatadappageritd andsinsutput 41 frenpppressuromoniton dispasedir ge
control system (33) may, be adjusted or tuned, usjng .30 conparator .output
48, 1o pr VR the EmaRtEHOnGHRBILGT SHEl 8, 4uRR Ealac % A BRY 1P g GoBlrp] diihg
_9_ W i B hbdel il el fate XheiDmdeg SEmypatd on.
Al ternati \%?ﬁﬁﬁﬁéﬁ%t 48é§0e:c1h %ﬁ%}ar ator 46 pﬁe eused I nst ead tggadj ust
the d@de csinhe whiee i fromttaf\thddn bedm 1Shaswis knowRiigtheaartl, conpar at or out put 48
is shown in phantom

mas an alternatiye. input dose control .circuitty 50.)
Fo[ e?azgl e, ttﬁi’eﬁlﬂcﬁb-th‘f/gmgg%‘iatgé:éﬁ l%moztﬁ‘igéhlﬁgﬁiays%‘g“%?’rsiéfgtaﬁﬁgo thg
out pu : ‘%&.E ﬁ;,ﬁgg ioui may be
progr amdg[e%gog%jp%@?é%é&gpg@zﬁ an ﬂ@?é\sgn spe 3(5%)%& ? g%d(i{lgﬁ iléléllreegtlh tinme
to correctoffthe slbh62 Bnt lcastationt sithadmnesteraf she WaferssfHetrng impliedi@sage control
circuitry 50 uses conparator output_48, in addition to the OUtIE)Ut s. of the

i on gauge 209minar 30Rmm) sa ey thelet vl reqeivergaipeamcpaeny thigyeheu the itirg gnal
52 to tor co 0 b hi 6y : I, Byention
may beiglr)mrrg“%ﬁ &tet ?:Yigﬁg%%glr?ﬁ%%}é?geg %gorrfgglr]\%%t) 'oﬁ] gﬁéﬁﬁ‘}e“ﬂ%‘ﬁmﬁdof t he
char ge neuuigits daitid?Bighilss 260 Betor 86ntebe SO basednahe verpuicfahiciFaraday, cage 34

preferred enbodi nent of an in-process charge nonitor and contr o]
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 maintain a uniform
implantation across the surface of the wafers being implanted. In this manner, the outputs

30  of Faraday cage 34 and the ion gauge 43 are used by the control circuitry 50 to thereby
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system has been described. Wth the foregoing description in mnd, however,
it is understood that this description is nmade only by way of exanple, that
the i nverwoooisinot 15 limited to the particul ar enbodi n@P¢TLCRMAS2AS hed
herein, and that various rearrangenents, nodifications, and substitutions
may be inplenented with respect to the foregoing description w thout
departing fromthe scope of the invention as defined by the follow ng
clainms and their equivalents. -9 WO |12/ 0s2G 12 d ai nms: PCT/ G B0l / OSG
25 1. An deepnine gssdasbaf gmsimplanced iawdhe onaferal Thy sdrerol cB2Yitrf alsoanclidas

i nplanter, conprising: (i) a wafer suppgrt (22) upon which a plurality of
waf ers (V\}nem?})’Q%%éﬂlﬁ"rrdﬁéﬁpl?ﬂmt‘ﬂfﬂcaﬁgati on by an ion beam ( 18), said
support 5 havi ! f, i { r-nedi at.e j t f ers
that are more o B! BPSulELERe 1Sk RpRaR SOk R AP RGO oMER o .

sai d waf eand tipddtion(1A@Yenteiit bh efe Wiateis W) im froansfahe (Ghlheatt t8risinoom. each of the
plurality of wafers is substantially equidistant, said wafer support
furthed pHowWeyew using enkyi these raerrasisEs MpYZpBHE men-uiformsvafgsimpliysos ed

substantially egui.distant fr i d . ol

el ectri cal%e"b%lﬁef @‘8 l%bﬁ?%?%H?@%C%g@fmggﬁrgglgé?\w rll:aI afdlt‘ifé?g%gjr%d& ggggﬁt&k ?)orti ons
of the i omhassBubildmingdSh)difafmnos tb Hedus Besaipiofile s it paRsks $REOPsHiapest ur es
(64, 66), respectively, and for outputting first and second output signals
(44, 42), theempdudttivealyminus disk surfadeveicrediaie arabaratto dhe ingwlatiecarhargedr ent
received; and (i.i) a,conparator (46) fo onpari said.first and second
out put si éﬂ‘gﬁ‘@ of &?@ﬂme‘?ﬁ%ﬂné)’lﬂ%ﬂftﬁ' n%ora xtamp?eg tt&dPBBFa“Ei%albﬂtvﬁ‘é‘? ’

i ndi cagi ver Béco%e‘ibisf&h?rﬂﬂ%l%/ RoduREd, RER TS é(%&é%ﬂb o eRiiMal positfvelchhrgand second
electrical charge nonitors (40, 38). 2. The in-process charge nonitor and
control systummlftBd)owef thel wifler beingdreplentadsai d first aperture (64) is |ocated

| | RN than. sai d t 3 _Th

e pr oceas charGo b ABy PHRTTCKRET DYDY SRR SARNER- EIRTTT HOR el n sai d
first aper oS fhiforse Locat

slubgt anlto [ g#ﬁﬁg%&éﬂdﬁ stgonrt?a?l?%m a @/ag?tér (ﬁﬁ@rﬁ%@kd%@sﬁ%@ﬁ%@ fifern of

PCT/ GBt | | hbBluaforn ickhimplamtati@rc eAs shwivar igeFigmmi2t the aend of dhret imgllarggds wefer ( 32)  of

claim1l, wherein said wafer support (22) is a rotating disk that rotates
about 1an aarked Wilh “paindicat ‘HPMPPVEE&‘F‘“ezlot"ssf?etﬁ%ﬁ‘ﬁ@’ﬁﬁg’@ﬁpé 4 4FeIYLEF ane i n

whi ch the »\q{hs‘k-” (fefdalESreas of underdose (high sheet resistivity). Figure 2 resulted from
implanting a 200-mm wafer with boron (B) ions at an energy level of 2 kilo-electron-volts
(keV).
As such, the present invention provides an additional ion beam measurement
20 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
25  receive portions of the ion beam current when it passes thereover. As shown in Figure 1,
portions of the ion beam are shown in phantom as reference numerals 182 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.

30  As the disk 22 rotates, a first portion 18a of the ion beam current passes through aperture
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5. The in-process charge nonitor and control system (32) of claimd4,
wherein said disk (22) is constructed of alum num and wherein the wafers
(W to bewowpbsiizd have an insul ative |ayer thereon. 6. PEI/GBMISPSess
charge nonitor and control system (32) of claim4, wherein said third

out put signal (48) is used as an input to a charge neutralization system
(33) of the ion inplanter. 7. The in-process charge nonitor and control
system {32) of claim4, wherein said third output signal (48) is used as an

input to 84 dnse MmeRtfed bysehatePidk3dy oviohiter 40 whichoprathes output Sigsalidd; pr ocess
charge nmonitor and control system (32) of claim4, wherein said disk (22)
i s silicoAsshmdisk 22 gonties gniotdie) aseeend prrtien d B af theioy bearp s Passes (i) an

source (1 fQr__out i N ene I jtive rged. | e 18);
(e enbra bR deshafUpL Ry phaBe Bl e R 38 whiEeloR o &
ener gy el g6iphPaignd a0, PeetthAl d42is Relektb® aNelocROGH Wh¥e thhRndRak is bh&ffdceid beam
«and (iii) an in-process charge nonitor and control system (32), conpri sing:

(a) a Waf by theughargetac¢anilatipmnn viei wafern apd aperture $6 a§ selestask at a(lygationywhsee
posi ti oned f.or . inplantatian he ion beam (18), said.support -11 WO
Uo7 Usz 2 s st < aseind BB shetee At BRe ot oS BBEEH oK or wdi ac o
adj acent RIS 66 MAbc AL TR0 Awaf§Shatls@pbfiedsl y conductive than surfaces
of said wafers, said wafer support (22) further having a center (31) from

whi ch each of wWienptivelyl theyfirstfandatemd apsrteigh stayeackabeé locatgdieqiidistant frosai d
waf er support further provided with fifst, and ond aperturesg 15.(64, 66)
G sposed SatSer Suroued by @ptiolh of meclifich e SREEN pRRTCA todndtRy and .
secongl, el ' :ch ' : i el Ui fi : cond -
or (1 e CirioiERice" POOBL uphdpe St malle plidEREFh Poftin i aid0RatR 0N
aper t ur es alufdinuiSand dpestpects may pe proviledan aguottnrt thatnig silicos co@ed] second

out put signals_(44, 42), respectively, 20 indicatjve of an anmount of ion

begm current r S eithesgases pmPprpios 46 SHRRATSE Hhe QUBYE siegals b spaies MRS i r st
. a0 : ! .
anad secon 3’5“? %f(t% g%’%%ﬁ-rgg@g? e(aflf%gtl ];t?%}r,ethﬁpﬁm cﬂﬁrgg&' LrﬁHfah'v@ GurPack'bf fe %tf%%y

signal (4 nce ini eam current receive

first andhaeconthedbiebdant paifile hPorgxaniply, irothe distihsed 8mbodiatent dbfFigdred)tifout
signal (48) 25 used as an input to the charge neutralization system{33) to

cont r %t Hie commaraionA6 dieetene mepsusntle ditfirendsin theciergt adeseepnd poronsiefhs on
|l ant at b 0y ST barl Bd a8Erfih@d aPmetd R8I Ry gffédt%%ﬁsi%&{a}rp‘ulﬁ O 1 s
Imty to a warer t arture?

| ocated cl'0seér i n prox an sald secon 6). 11.

The ion i rapi’.amh@ﬁégmgitﬂya@mﬁmﬁtolaﬁupaf 48 i, thahg ehiadgesswautirafizdiivn sggremt ur e
(64) and said second aperture (66) are each | ocated substanti all

equi di st adB of therion implpster {sgperating tqpEeqtiely wrahz%mymhag;%@mla{i@} OB f

o™ o WL A o Syl FRS, 7 Lo 0 2k L ot

whi chaghe di sk HR®VEES$E the 8mpard¥ar Y8/deteddsla?measurable difference in the first and
second portions of the beam current, it can be determined 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 aperture 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

25 and 66. If the beam is detécted for a longer period of time at aperture 66, it indicates a

beam “blow-up” condition. In either case, the measurable comparator output 48 indicates
that the charge neutralization system 33 of the ion implanter is not operating to effectively
neutralize any charge accumulation on the wafers and permit a uniformly dosed implant.
As such, the operation of the charge control system (33) may be adjusted or tuned, using

30 comparator output 48, to provide a greater supply of low energy electrons for neutralizing
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PCT/ GBI | 1/USI 2S 13. The ion inplantation system ( 10) of claim 12, wherein
said disk (22) is constructed of alum num and wherein the wafers (W to be
i npl ant eVQAYBS2412 i nsul ative | ayer thereon. 14. The ion i METLHBESSPY system
( 10) of claim12, wherein said disk (22) is silicon-coated. 15. A nethod
of neutralizing charge accunul ation on a wafer being inplanted, conprising
the steps of: (i) providing a generally positively charged i on beam (18)
using an ion source (12); 5 (ii) providing a charge neutralization system
(33) for tesexcatd wafbgchiaig: speamnbdtion. positively char ged ion beamas it is

being transported to the surface of a wafer bein npl ant ed, b&; providing a
supply of |ow SHEmalively dhe PBipYt ?%Pfﬁ%ﬁ!ﬂq{%‘m ﬁ@ gyt é‘s%tmﬁ%@ﬂil ustéhar ge of
the ion b e

por | phor y S0P cghof oS (ASRORR, R TR P colbafon gl Bttd S o

(22), sai phai@nas bn éﬂéihatﬁl@\/ihp@ to @okd @mtsrol B@me@iz 50)) S erempl| gemrdl aér
-adj acent wafers that are nore or |less electrically conductive than surfaces
of said wadtears of Eignee Jvamag be sofspleted to metqvéputﬁﬁoxf icamgasatari46f iAsstuchiribie 15

Ce O Rt T r By R B A e A
18a, 18b) tHeafisd iGedl Hinft@toseétdof tHentidipated %6%@ cRRRY H reﬁ'éct( Gt doShde: ( v)
outputting first and second output signals (45, 42), respectively,

i ndi cat i veordfol gircuitrp GAtusesfcompardsenontputrdBeint addéticactodhe pwtpstaiod the ios 1gar@ged
second po the io eam_ (Vi ompar | ng saidfirst and s nd

out put sréé] ‘gi\eij ad@yaggﬁiép&mgffy '%18 EE”FH?“F 9T signy tgl”@‘?{ﬁTc‘tnﬁ@T%
indicgyiv [ rebet ween;
and 20 (VoY ey i IR e e Y B R

neut r al i zeeamato'tueythe eperaG3) of the chage abuttdizaerppisiennd3,|aswesmibedybateect r ons

produced t herehy. The th f . .cl al 15, wherein said rotating dj sk
(22) is const rgef%rém@%y:ar ?fﬁ?m WH’I’\RH%‘? AN Receis Fharee ’(W"?’oangé’opﬁﬁll ant ed

have an i %ﬁgﬁéﬁ%%s ehﬂ)f?c.rnlble@e“ﬂﬂf‘the%%rega_ Hgd Bﬁgnﬂflgﬁld?hgfvé\%r yerein said

rotating I's silicon-coate e met al 15, wherein

sai d fir stndepsoddithat tﬂ]&éldescmptiomaah&lde ohlyssrwaynoffuxamiply, that tie iaveraioaris horan
said second aperture 19. The nethod of claim 15, wherein said first
apertin e {matsd émalegaamfu?éembadla}f@% drserifesdierein and Ahat viariowy warrangsseath i al | y

g qtjbglcaf\/g%{i%%% f \é\@{Aﬁ‘i\ gg}éﬁ%}%}* bel %lemfﬂted with respect to the foregoing

Al . Al U_. description™uithd\it.départidg &oﬁAt_hcAhb_peA!ﬂ ) theAinvénfion as&iefibyd bylthe following

claims and their equivalents.




g
: =gzupkf a\ W ca] ca] ca] ca] ca] ca] ca] cal] ca] cal] ca] c<a] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca]wapeajzss] ca] caj ca]c aUc PCT/GB01/05625
a] c<a] ca! gLcs~<t $+8KXp{{vqgl gb] X] ] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] caU] ca
U]$ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal u+tFMwWOM I "V'"" M
#
Wy W&b&& U \'j'z'' | wnmhb\ W caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]caU] calcalca]calca]jcal"' """’ (q( (" *~**1+=+
++D---;  Claims:

. N/ / 0\ 0cOf 0q0006111@| w mhc”~Y] ] ca] ca] ca] ca] ca] ca] caU] ca] ca] ca] ca] ca] ca] ca
] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]c d] caj ca] ca] ca)] ca! @22C33324443557W
778X889k: : ::: Els: An in-process charge monitor and control system (32) for an ion implanter,

P =>F>>>=272?| wr rmc’\ gl]n ]i ca] cal] ca] ca] ca] ca] ca] ca] ca] cal] ca] ca] ca] ca] ca] ca
'] ca] ca] ca] ca] ca] ca] B ] ca] ca] ca] ca] ca] ca! ?I @@ BBC CCC\ D DoDDESFFFGp
GGHITHHI } I IKaLL YNNI y; l?l gb]amfaaamp?bﬁ@iz) alpeaaadicap R@Jlﬁ?‘bﬁ@hfe@d GR] ca ca
] ca] ca] calU] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal NNNO OOAPQQ RRR7SSS?T
] TdTt T| TTTT- U UUWKHXXXY pesitiphébiorimplaotilion by ah ¢er b@]mél]&),as]asi%]upa])lta] ca] cal
cal cakcal caj cal cal cal cal cal col e Beelraleal Ak Rkl oAbl iR 772

cMWdd{ val gb] X] ] ca] ca] Cabgf%%ﬁ&%ﬁ%&%‘:ﬂﬁglc%ﬁ&m%le&%%]:&%f%aihca] cacajc

a] ca] ca] ca] ca] cal] ca]ca] ¢ ajcalca]caldd"eqeeffIfTfff
ggggh*hwhhh/iijljjk nenhrwafmﬂsmxﬂwpfeds@p]octa(]za}aﬁmmm] beazhi]g:a]:mﬂéxf](éa] frafnca] caj c

al cal cal ca cal cal cal cal cgl cq] call o'y Gal ¢a) Sal Al saloal Skl eahiahe ! ey

ggggh*hwhhh/iijljjk’ nenhg?@‘?gfg{uj‘@ £gr]'rﬂ &TM ]calc

a] caj ca] ca] ca] ca] ca] ca] caJcalca gt’f ?’}&]ﬂa ca ttjﬁ)i t%g]lg Kbg]ﬁkérﬂrgiby} NP
109280 () - (64, 66) disposed substantially equidistant from said center (31),

10%& ()-! "210%& ()-'ss!10%s& ()-ys! 10%& ()-yOF+10%Z& (3)- >AdEG' 10%Z& () -G

"1092& () - &G 109Z¢& () - 109@8 anylseeangd @lgcjucal charge monitors (40, 38) for receiving

stovae o g 7 (o TR sty poet g rhd rop ba (e, ki) pasib S -

109 () - @G'10%Z& () - 54" 1R¥dgh ééld(ﬁ’rﬂsﬁhﬁ&@é’éohhla ertured@ﬂ;(@)lecspectwely, and
F" 109%& ()-yY"10%& ()-109&' ()- 10%& ()-"109%&' ()-&L0%& ()-=
10&! mLO%&' () - s109& () - F" fongutpytiing figsi@and peqo Petm‘t §1)3n@i$i &Zk )reapé%m(@ 10

10%&: -y) Fr 100 () -1 $188EFFve of9n AERRY SLIGR P ABSRTEILFEEHAPY ) - s~<t dEVK@

10, 5109%&' () - 3F" 109& (%) - 151 clﬁ?z{tér@@ for comparing said first and second output
| &0$10%& ()-. F" 10%&' () - . mLOY%E () -t $()* +8KbC 1" 109%& () - 109%. (
51gnals (44, 42) and for outputting a thir

output 51gnal (48)
indicative of a difference in ion beam current received by first and

second electrical charge monitors (40, 38).

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).
3. The in-process charge monitor and control system (32) of claim 1, wherein
said first aperture (64) and said second aperture (66) are each located

substantially equidistant from a wafer (W).
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10 10 10: 10%& ()-18$10%& () - 6mLO%& () - KXaBbC

Ynt 1098 () - MB10%& () -t 109& ()-!p@ 109%& () - nt 109%&' () - mt 10%& () - p{ dEbC

| 7" 1098 (WOYBOB®2 () - 2" 10%&' () - $10%& ()-  109& ()-s! 10%&' ()PAHEBKIGRS 10
10, : 109& () - 310%&' ()- 1F" 109&' ()-0$10%& ()-S) nt 109&' ()-' $10%& ()- LM'WOXY: /
103@" 10%4| & ()- ! 10%4| & ()- 10%| & ()-"10%| & ()-10%}| & ()- 910%t| & () -
10M ! " V" "dE: / 1033Sml0%}| & ()-310%}| & ()-3s! 10%| & ()-L"10%4| & () -3

10%| & ()- @10%| & ()- """ Mi$ %WMy%aE: / 103YL- 10%1| & ()- 3*10%| & () -
("10%}| & ()-3F"ni 10%| & ()- #10%!| & ()- GLO%| & ()-y9%@&b&& U dE:/ 103
8109%!| & () - 3610%)| & ().- 3531004 & () - 3" 100 & () - 311094] & () -

%410%4} & 8 Uz |[ ‘hejin-procegychapaempnitor.and conpel(systerm(@dgof glaign boghersin 104|

104| 104 :10%!t| & () <nig el E3.
 obe () - 1006, () - o1 Bske %"‘( Supsg )i% i %8‘32%’/%1& g rotes syt JREs 1k
10%& ()-! SH10%& ()phasa%&arbl):gw%ﬁz (8)) perpedUfculartysb hQReac(ih Waich the-did¥ dEbC
10@$109%&' () -03"10%& () -

CF' 109 ()-9-110%& F§sideg1oo’’ ()-)"10%& ()- N /0\ 0" 0a0b0c0qOxnbC 10910%
h& ()- 10 10 10,:109%& ()-F7F"109& ()-5F"10%& ()-3F"10%& ()-q0006111@dEnbC
10@$10% h&' ()- Y'"10% h& ()-S10% h& ()- !'10% h& () -

5. The in-process charge monitor and control system (32) of claim 4, wherein

said disk (22) is constructed of aluminum, and wherein the wafers (W) to

be implanted have an insulative layer thereon.

6. The in-process charge monitor and control system (32) of claim 4, wherein
said third output signal (48) is used as an input to a charge neutralization

system (33) of the ion implanter.

7. The in-process charge monitor and control system (32) of claim 4,
wherein said third output signal (48) is used as an input to a dose control

system (35) of the ion implanter.

8. The in-process charge monitor and control system (32) of claim 4, wherein

said disk (22) is silicon-coated.

9. An ion implantation system (10), comprising:
@@ an source (12) for outputting a generally positively charged ion
beam (18);
(i)  acharge neutralization system (33) for producing a supply of low
5 energy electrons for neutralizing the net positive charge of the ion
beam; and

(iif)  an in-process charge monitor and control system (32), comprising:
(2) a wafer support (22) upon which a plurality of wafers (W) may

be positioned for implantation by the ion beam (18), said support
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Z"10% h& ()- "10% h&' ()- @22C333Z4dEnbC 10 Y"10% h& ()- $10% h& ()- " Y'10%
h& ()- Y'10% h& ()- 10% h& ()- Y10% h& ()- Z444J557TWdEnbC 10' 10% h&' () -

11" 10% h@VOW2NPBOD6 h&' () - 3F'10% h& ()- 10% h& ()- fL10% HFELTGBO1/05625

. 10% h&' ()-3, Y10%
h& ()-3*s!'10% h& ()- S)'10% h& ()- k::::::::E bC

W 78X889k: dEMbC 1031 "10% h&' () - 0! 10% h&' () - 3Y

10! 109%Z&' () -"10%Z& ()-910%Z& ()- 10 h 10 h 10 h:10% h& ()-f8#10% h& ()- E

S; ; =>F>>dEbC 10f 10%Z& () -g10%Z& ()- "10%Z& () -

i i ) oo

10%Z& () - 0&$10%Z& () - fire more or less electrically conductive than surfaces of said
"109%Z& ()-' $10%Z& () - &@O0%Z&' () -, CCf‘Q Dl DD D DoDxnbC 10910%r& () -
f%é%@é&v

10ZS: 109Z&' () - y8$10%Z& (Y

gL sugparh4ey: fprfher dppyng preaisE

10Z 10z

@d@ from

1010%&' ()-9310%&' () - 31@%%@&5%%]3 /t%fh?;@%ﬁﬁt&'of Ma}é}oﬁggéu()lthntially equidistant,
rthfdd

" 10%r& () - GOGGHTHHI dEnbC
10%1&’ () - S10%1&' () - 10%mRs4id waktQuppior( further,

prawitied ywith}fird
"10%1& () - 90- #10%m& ()-)!10%d & ()-' " 10%& g)-gl ! 109! 0

- $10%r&

) - %NNNNN

NNNOOG 1010%1& () - 10%1& (6% §6disprseq yubstantially equidistant from said center (31);
(b) 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

20

for outputting first and second output signals (44, 42), respectively,
indicative of an amount of ion beam current received; and (c) 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), said third output signal (48)

25 used as an input to the charge neutralization system (33) to control

the supply of low energy electrons produced thereby.

10. The ion implantation system (10) of claim 9, wherein said first aperture

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

(66).

11. The ion implantation system (10) of claim 9, wherein said first aperture

(64) and said second aperture (66) are cach located substantially

equidistaﬁt from a wafer (W).

12.  The ion implantation system (10) of claim 9, wherein said wafer support

(22) 1s arotating disk that rotates about an axis that passes through center

(31) perpendicularly to a plane in which the disk resides.
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10m 10m 10nS: 10%m& () - SM10%ME& () - Or OO%PQQ RAELC 10! 10%1& () -,

" 10%n&' () -t 10%r& ()- Y" 10%1& ()- ! 10%m8& ()-f10%m& ()-: RRR7SSS?TdEbC
10" ! 10%TAVQY2E52610%1E () - #10%1& () -! 10%1& ()-3 10%m& () -y PCT/GBO1/05625
10%&' () - ?T] TaTbTcTdTt T| TTbC 10" 10%&' () - &10%C&' () - 910%G& ()- 10m 10m
10m 10%m& ()-$ 10%m& () - TT- U UUWWIEbC

10@1096G& () - s@10%GI& () - #109%G& () - sf 109G& () -

1096G& () - YL0Y%G& () - WKHXXXY: YdEbC

10s) 310%% () - 33(3151%@&01{ hgmﬁsﬁ)ﬁ@l@/@&clﬁﬁn@i wherein said disk (22) is
100438 () - s10%C08 ( ZdEDC

10F7Z109%6G& () - 5@ocymm(tyuc@ﬁmmumxmmbm@mmmm (V)% ba DegBahe)l- 2227777
[[_@ 1010988 ()-!, Y109BB& ( @ ' 109B& () - &109%B& () - 10G 106G

10G 10938 () - [ ~\:]] PeXaan inSaqye layer thereon.

+109& () - ! 0&F109BBE&’ () - & 109B& ()- F109B& ()-! +Y109BB& () - F! 5&Y109BB&’ () - FAA
A$ k uAa? @10+, 5

1098B&’ () - Z 3109B& (I}le iGHi0gdfaton §BEAVAL) OF elalm 320MBdein) sald disk (22) is
+1098B& ()-A'F G H | V f" abC 10!'9 GLO%& ()-1S$10%& ()- "109%& ()-10%& ()-
10B 10B 10B: 1098& ( FHiaNCRRMAdddELC
10! &#109& () - F'! $10%&' ()-&109%& ()-Y"109%& ()-& 109 ()-| @10%& ()-d"eqeefflf
gg?g 10%&' () - L'16.@L0%inedhod. dVﬂ:@l%?al(z)ngélﬁBg& depum QIO of a-vi 430888 d Impladeed,f f f
9gbC 101" 10%n& () - &:cligror/ldgﬁﬁ(n)g the steps of:
(i)  providing a generally positively charged ion beam (18) using an ion
source (12);
5 (ii) providing a charge neutralization system (33) 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;
10 (iii)  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
15 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), respectiv‘ely,
20 ~ 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
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10 10: 10%& ()-L 7t109&' ()-Lf510%& ()- gggh*hwhhaBbC o
10! &10%18! () - YLO%TE' () - 10%m&: () - 10%n&' () - MLO%TE! () -1 WBLO%& ()-hh/iijl]]aBbC
10! $10%WO(RORBINL0%IE () -5 ! 10%I& () - SY3LO%IR () - Z- #10%TEPC/CBOHEEIVE, () -
kUkk, |1 meX6bC 10! ") &10909&' ()- !)&10%c& ()- | )&10% X X& ()- !

=) &L0%CCE () - ! ) &LOYUCCE' () - ~ S&L0%& () - nmenf ngmhnurmmm > 10!

"11,t' 1090U& ()-: ,t' 10%DD& ()-:Y"&10%!| & ()- &10%4| & ()- 10m 10m

10m 10%r€ () - m2nnn&ouoo}~?" > 10! "I FLO%H & ()-  S10%| & ()- ‘

@0%| & () - - 10%| &'()-'L3thé&%d\&eﬁ)addt 10% | : | & ()-: oEpMpupzp}~?° > 10!
"IF10%4| & ()-  S109|& ()- @ 10%| & ()-) 10%4 & gg S8L10%4| & ()-s!H

10% | &>()- Normal " "(uidi guttinp seid-thisd ahipgt @ngd( Hedkk chprS3jentralitsimdi ng

43] c" "Heading 53]c" "He n "Headi n C di ng
93] ¢"A "Defaul t Par agr apﬁ@s@:ﬂ) 6%5 ?o contro?ﬂxe s%ppl’";'l]o% low energy epectro S produce?i

Font *L[ $b- 7_AKc QM| cgj znThepesy~g' @?N: YdnzpGHI JKLMNOP
=Lst KL"y%J ' ~*D- N qO@Z4W'k: E; ] N
>P@ CoDA YNO R?TTW YZ[ "A" adl f ghj ~ mmsz?STUVV\XYZ[\]"_ abcdef ghi j kl mopqgrstu

vwxyz{| } ~6Ti nes omanAr i al. Cour i.er Ent W)r dDocunent
o )s{ ey q{&l % )%+, ]&\g g_é,od o% clat lg w erem s I%Orotatmg (22) 1s constructed of

<=>7? @\BCDEFGH' J KLMNGIRERREHY WY Glhelein tRBEABIGWY b la B HnTId AV ¥4 tshiative

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

18. The method of claim 15, wherein said first aperture (64) is located closer

in proximity to a wafer than said second aperture (66).

19. The method of claim 15, wherein said first aperture (64) and said second

aperture (66) are each located substantially equidistant from a wafer (W).
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