; tue3eoYpoVd6Tp>N#25 March 2003 Dosi nmetry Cup Charge Col |#cmben do03Pl asma
| mrersion lon Inplantation Field of the Invention The present invention

vvvvv

concerns a charge dosage nonitoring systemfor use with a workpiece
treatment syste harged ions for treating a workpi ece. One such
system i mrer sesﬂ[mmg%mmmﬂmmrm licon wafers in an ion pl ing a high
density of posi harged i1ons that are then accel eﬂﬁ%mjﬁﬁﬂ’u@m t he
surface of the wafef§t6 inplant a controlled concentra ons
into the wafers. Background Art Uni tedl States Patent 4,764,39xt o Conrad
entitled "Method and Apparatus for Plasma Source lon |nplantation”
di scl oses an jon i nplantation s for treatjng a target, b ans of
Coni ¢ bombar GBHHISERS CRAtheR Cenbton if Paadnd HALAE Y JBRATS, O

. . : Implafitatl >
target is achieved by form ng an nrzed plasma about the target within an
encl osing chanber. Once the plasma is set up in a region surrounding the
target, FbaBd faforahieh@énpéasivn are driven into the target object fromall
si des without need to mani pulate the target. This inplantation is
acconpl i shed Bie @pgieaht forefioegencerve puthargeofiohpgh voitaydnat ypi cal |y
ten kilovolts or less, that cause.the ions to be drivep into the exposed
sur f aces®¥F Fhed Far§et Y- A 12 IHIGUE ST SETRERT Y FYERE™ 38a° pii%ht for
setting I |-S i d : tr s into
he. rogi SR b1 RS Tar g6 onl hon Mol Bs0Ehy ame aerR PERrSFigTeEsE o
The syst ene dbsSGlarzedilicbhevaBtd [dat ant ibn Eynad haseagad hivh SmsGeyt o
create an ion plasma in a region surrounding a workpi ece and then
sel ect i vef yppuil tsiere lan chheged odma datsappokhen tansederrpedcagainatelype

attractin he positive ions in th | asna towar.d the workpiece. United
States PANEFACS UokPEs9ofErHen WPLARE 8] GoP G SoReEPEPETITHT 1 eat | ng

a workpi ere saud agR P¥neaystHg ions to inpact the workpiece surface. A gas
is injected into an inplantation chanber so that an ionizable gas occupies
aregion in close proximty to the workpi ece surface. A plasma of
inplantation material is created within the interior region of the

i npl ant aBagkaxeunddrthy repeatedly rel atively biasing conductive el ectrodes

with a sequence, of . pul ses fhat both ionize th as. nol ecul es injected into
t he chanber gwtaecdcété‘?ﬁfseg?ﬁ%m? o%pﬁédgﬁgst%(?%rgiﬁdefqté&g‘?‘g tl\f’ﬁ;y'hc’c1t

i mpl ant ab,aaSEAGRS 8 bRSsRN S Qlr BV REEPLACRS onPh a1 dLBS Qs W Of the
'043 patent to Shao et al. iIs incorporated herein by reference. A paper
enti t| ediobosmpednta theas dyetent £ dreathinpl ant &gt~ byopganhghdf 198H Dy

Dougl as M Janbs discl oses the use of a dosinetry cup to collect charges

i npact i n§erPardRRIRt duliong 1B haBeatd IpPIngRt BvFBRCesT @fﬁﬁr &hgeeurat el y neasure

the charge actual ly .inpacting the t et . a biasing el.ectrode |ocate
botween SIS MTSoEper  arBrata e FeRFPARCE Asmiteec BESrnd HY,

sSuppr ess gLeehIQaS idhinedat bNE1 bONSy [didnpRLe toNddIGHD plasma is set

o]
=

up in a region surrounding the target, ions from the plasma are
driven into the target object from all sides without need to
manipulate the target. This implantation is accomplished by
application of repetitive pulses of high voltage, typically ten
kilovolts or less, that cause the ions to be driven into the
exposed surfaces of the target. A technique discussed in the

1394 patent for setting up the plasma is to introduce a neutral



25 March 2003 3 | eave the cup. The biasing el ectrode al so sWINESE2903

el ectrons generated on the defining aperture that are trying to enter the
cup, and repels electrons that are carried with the i on beam A paper
entitled "H gh Current Dosinetry Techni ques” copyright 1979 by C M MKenna
di scl oses use of one or nore dosinetry cups |ocated adjacent to the target
for in-situ neasurenents of the charge bonbardi ng the target during ion

. beam i npl antati on. Measurenents made by such dosinmetry cups are used to
control the. ion beam being used for inplantation. MKenna further

dirscl oses a negatively biased cup col Ifct or surface used in conjunction
with | ess negatively biased cup walls To repel unwanted el ectrons from
entering the cup. However, MKenna's experinents showed that this type of
el ectrical biasing caused eruptions on the silicon target due to electrical
di schar ggssajgravidhe d-dgioncofntbe \tatgett rodsthempixsd zen thhegamgniathi ¢ fiel d
lines within the dosinmetry cup.collecor surface used D sclosure of the

| nvent i oACThBIPY e5¥M254RFent i on concerns a device for neasuring the
gquantity of igns which i,mpacting.a I,k pi [l i.on inplantation.
Speci fically, Qgﬁes sr%%"én ieslcrji\rc/%ﬁ i%)rﬁq;chc?n\ggrgﬁspgg%%g%r?e@?rgapu% p%réd for
use in aiphagfBrtENES Sdr¥hteOBnl 10 G Anl=0AnS YSEEH SO Ta GFahAIng ONS Lo

i npact a workpi ece inplantation surface. Cenerally, the ion "inplantation
system | womwkgéeup ahd alpnoeedectheelepulies ahi eheomody timateswopdaiseces
can be inserted for ion treatnent and an energy source faor 25 March 2003
4 settingbGpWaRkPoRCH| HgReRN AEFRaEREND e £95L hAKB etonm IR0 FRBI BEFS®RIppor t
position l.e \ iece within the process chanber so that an

i mpl ant at%‘lo(%lrgur%ﬁ%c‘g&g’f #éeo'v\or kpiece is located within the ion plasma. A
pul se generat onhiapal sest&d addtdneal, psd sES 1td BRACVEE K@l £GA sSUBBRELrh &
attract ions to the support. To neasure the concentration of ions which are
i npact i n@ tshystwor fpreteedtnipiamt arbpiece fandacenbyoranwding dosentbry cups
are di sposed near the workpiece. Each dosinetry cup has, an electrically

bi ased | oPEGY &bei HErEpt ¢ SWERCEol | B F3hd S IR eTgFS‘lin M ffasma as ot her

I ons Tr(”ﬁﬁﬂrsd@a%igﬁ gﬁ&mﬁégﬂégnéﬂgtiQﬁ015£§§éﬁ¥ékgggcgccupies a region
in close proximity to the workpiece surface. A plasma of
implantation material is created within the interior region of
the implantation chamber by repeatedly relatively biasing
conductive electrodes with a sequence of pulses that both ionize
the gas molecules injected into the chamber and accelerate the
ionized'gas molecules toward the implantation surfaces of the one
or more workpieces. The disclosure of the '043 patent to Shao et
al. is incorporated herein by reference.

A paper entitled "Dosimetry Measurement in Ion Implanters!
copyright 1981 by Douglas M. Jamba discloses the use of a
dosimetry cup to collect charges impacting a target.during ion
beam implantation. To more accurately measure the charge
actually impacting the target, a biasing electrode located
between a beam defining aperture and the entrance to the cup is

used to suppress electrons and negative ions that are trying to



An el ectrical bias on the ion collecting surface prevents i288aphe2d08t in
the plasma fromnoving into the dosinetry cup during a tinme interval in
bet ween the el ectrical pulses which accelerate ions into the workpiece

i npl antation surface. By preventing ions fromnoving into the dosinetry cup
at tinmes when ions are not being accelerated into the workpiece, the
accuracy of the dosinetry neasurenent is inproved. Another feature of the
present invention is the use of an electrically biased el ectrode which
defines an entrance aperture through which ions enter the dosinetry cup.
The electrically biased electrode repels electrons created at the ion
collecting surface. The aperture located in the electrode is sized:"
accordin the plasma.sheath_thickness the electrically, biased
electrodg?SQGZgh$ké€§1 28%% ﬁaﬁf%%ﬁn%%%g%SPg%naikﬂﬂﬁﬂﬁﬁﬁﬁsse o%ﬁ?ﬁﬁﬁoqﬁ: t he
present LHEMERLELD SN QiHdS d@'f&ﬁiﬁg'aYbéiCt%%enEﬁ%”@fB?rﬁryqﬂﬁség Oy di spleacenent
current. This displacenent current is generated when the workpi ece support
i's char gedpbyanderdpejls edetagenputise. atkeecenriettvrtiplthteios hedxedded in

t he wor kpi ece_support and_current neasured by the collector plate is
returned to thePIRA% IS IsdppBieh GiBregtobAgimetradgichrdguest gnal s are

extracted fromith si.metry c b ns.of high band-w dth fiber optics,
protecti ﬁﬁp 6%1??1%?1%% (%)’ céigac#&é%%neaw:aﬁ‘fsgrl?ﬁﬁst e n%afglé)&teeﬁﬁn?o%?rcui t. By

'50|at'PQob@ﬁeQP?'éﬁﬁé)ld&&@eﬁrQH?&&EhﬁMﬁbkﬂh@C€a Ydr iR-Lhis manner,
errors introduced by this current are elimnated. ' Brief Description of
t he Dr awmegsuFegentes ofi $he sbhegatbonigepiinti dhe ofaxgetd duringl dob abeaom
system constructed in accordance with the present invention; Figure la is
an el evatlfBRapFabiet - a MesEerengppsriaderikyusechpdPeing iy CHPENRYTE P} t he

wafer SUpRoLL,fER Cé1?$ 'iaoinn b'éiagl%gi%@éus!%iﬂ%%% Zm}gfasr?tr%(%g Wﬁ;i«&%ﬁé ction of

p!’ ocesses_ occurri n_g a ( wat e sur e en |1 on . ( S!.II’ ace, .
Figure 3 fustBebCqli@IbdLY Segatirébfayi {dda £ap BEBEIUHIY shieBab8PhadY ati on

current: in conjunction with less negatively biased cup walls to repel
unwanted electrons from entering the cup. However, McKenna's
experiments showed that this type of electrical biasing caused
eruptiong on the silicon target due to electrical discharges

aggravated by secondary electrons trapped on the magnetic £ield

lines within the dosimetry cup.

Disclosure of the Invention

The present invention concerns a device for measuring the
quantity of ions which are impacting a workpiece during ion
implantation. Specifically, the present invention concerns a
dosimetry cup adapted for use in a plasma immersion ion
implantation system for causing ions to impact a workpiece
implantation surface. Generally, the ion implantation system is
made up of a process chamber into which one or more workpieces

can be inserted for ion treatment and an energy source for



Figure 4 is a elevation view of a structure supporting a |i2&Karchr200g3 of
dosinetry cups for nonitoring ion dose; and Figure 5 is a section view of
the Figure 4 structure as seen 25 March 2003 6 fromthe plane 5-5 of
figure 4. Best Mode for Practicing the Invention Figures 1, la, and 1b
depict an ion inplantation system 10 which incorporates the present

i nvention. The inplantation system 10 includes a generally cylindrical

pl asma chanmber 12 into which one or nore generally planar workpi eces 14 are
inserted for ion treatnment of those warkpieces. The inplantation system 10
includes a | oadl ock 20 for inserting workpieces into the plasnma chanber 12.
The | oadl ock 20 allows the plasma chanber 12 to be maintained at a reduced

pressure_(Jjn relation,to mospherj ¢ _pr.essure) as rkpieces are noved into
Bnd wi t RS P BniOR EHITR 15 e O B FarTocbimeRar s “GpRa8 and

closed. AYRGUUPRYERCRS LR NIRINSnk NGo AHANREY WiRhehi Ofe Yrdtdduced
pressure that is regulated by a val ve 23 1ocated between the chanber 12 and
t he punpciZihberh@opkhatbag hanmflemti? idepsat Bbd mfFtgdar eodkpioscd rer wal | s
that define a chanber interior 24 into which the workpieces 14. are

i nser t edtoHEeWIikpiBcERe 140 R agPac e dd PRI R MEEERDIERPR RS general |y

pl anar conduct.i v |.aten or .support 30. The platen 30 _nay_ have an uitable
di mensi oér?i;e%kerplecr?gtl E’Bﬁgﬁst%% tgr}egg'og PHRE® wor pc?rg:cgoi tagtr:ﬁ]ast t s O%IOY tgiﬁ

ener gy sg%gﬁg%tQO is located at one end of the generally cylindrical process
chanber 12." The energy source 40 injects energy into the chanber 12 to
produce an i dfv pleasnmei hBé deoridemtirhason chaider whichnaae r bgpant 4iy heleween
the energy source 40 and 25 March 2003 7 the wafer support 30. One

exanpl e BPripigne dppdasheki9n SorEase400ne e BIrec SOPiBPEF Bt FURE @re13. 5
Megahert .érwge rans 'Ls rfrﬁner t%rngg a.qﬁgrtz glﬁte 43 that bounds
one end Ot°KHE pl"asima CRafiperP s~ o AP corTHe é?bf? t 1'9R ??equencies are
possi bl ec pagkr{119XdTRLEa £ IshbitRekYHE EhLAENGHRS cBl1880Mg 2 dhe
Megahertz. Rf energy entering the chanber 12 produces an ion plasma from
gas nol eCudbesthdgilamme penpelder nifcmst Heopl ebap Hmmberef Loplamtektiertral gas
supply 44, The gas pressure in the chanber 12 is maintained in the range of
.2 to 5. Bh#i YPTkR)&Ce-As an exanple, Nitrogen gas can be routed into the
chanmber and ipni ze I ner tering hanber fromihe rf coil.

Appl i cation o&‘]t %eSCtg‘ﬁSngE%%%?‘%/%g éoaaggir)rg '“g%lﬁ}rg;%}lr&aggré %‘(’:%r%ﬁsques know
for prodyehBgpAdkdiN iRl @BEBpL Asth & @ ®BR i fHaMES tGRUGEsRRetE) | dded While
practicing the present invention. Once the 1on plasna is set up in the

regi on 4g2ubdhgeert idee isgppoal B9 letveehe thaaelectptiated $81lsehewhiels are

accelerated into contact with the wrkpiece 14. In a preferred enbodi nent

of the pPRESBRETFTR AR tPhERGOYRITRICES dMRI_NFI AT R¥FERCegen®¥ al Iy round
i n shape i ! t Upport 3 I rkpi ece I Ois
construc g%b%%ﬁ%ﬁl%figtr?’ﬁcg H}?%gln uctt?lﬁegﬁg%lg%%.d@hggi 8?}%{92%&;{3

posi ti veliynehargefbts bdimat aapplésatddimb @Reekbtkpidrd,i ¢hd abcsbadpbl e
magni tude and direction in the region of the plasma will cause the i1ons in
the pl ased tbeadesingtaye meowardnemt ispawrovhe.surface of the silicon

waf ers. As seen in Fﬁgure 1, a npdul ator 5Q sugglies_volta e pulses 52

(typical |y | e88otReh featute 8foF e )PEaRant dPYeptipy is the Use of an

electrically biased electrode which defines an entrance aperture
through which ions enter the dogsimetry cup. The electrically
biased electrode repels electrons created at the ion collecting
surface. The aperture located in the electrode is sized
according to the plasma sheath thickness at the electrically

biased electrode.



25 March 2003 8 bias the conductive support 30 with respect2stiarchdogti ve
inner walls of the chanber 12 to set up an appropriate electric field in
the region 42. Figure 2 schematically illustrates reactions occurring at a
treatnment surface 14a of a workpiece 14 as ions fromthe ion plasm region
42 strike the surface 14a. O particular note in this figure, ions striking
the surface 14a create secondary electrons. in aregion in front of the

wor kpi ece 14 . Once the wafers 14 are treated, they are renoved fromthe

pl asma chanber 12 and taken to other frocessing stations where the treated
wafers are further fabricated to formintegrated circuits. Such ion

treat nent has been conducted on eight inch dianeter silicon wafers with
good uniform fy. lon inplantation using . structure simlar to that shown in
Figure 1 has %gg%Fﬁﬂﬁﬁw s&8% FEQW&EEP'F&P@gl@ﬁ??é§%§hFoPrFﬁ%n?abrication of
flat pan i Y.Sire i G a; i dugti ve workpi ece
support %évggégﬁ?éﬁnﬁgggEgg%rgdéggﬂgégg%gkHggégﬂgf%?gggpgg60 of the present
i nvent i oaisPbhatenatny durreeart . of TRUPSAiGDIMayrmbRt USethertOlE gegesioyd. The
cups 60 are placed so that a top plate 66 is even with the inplantation
surface whenrheheovkpiriese syppoutcts atgragdt bwatke thighi Nplhagatpwissur f ace

enter an apertu 62 to be neasured, The close proximty of the cups 60 to
the wor kplBeecahlectpn P1Ats Iommbedsted ds thA| KRS FHEPEEDSERD to be

represen I o} SN f .l i el ‘ﬁﬁﬁ i wor kpi ece.
The dosi%gkréﬁgu%e%%ﬁﬁrovid%ggacggggﬁren%ﬁ?eéfléng% %ghkgogggg t he total
current wdekgeate as@SddRCH iNd@ SohACe afn BAAidosh MEdighadepatshown as 69 in
Fig. 3). This current value is then mani pulated by the control unit 195 to
det er m nexgrepbegdefper Hiuslosimehry neurebywvimepna ehevigdsibaadryidth and
correspondingly on the syrface of the workpiece 14, Use of four cups 60
spaced ardRRd PRELFRr | BFRHSFLIRSt AGR LR BT 230 CoPRF HeARfEs SRIAFAREL Chour

di f fer entyel,acabions . QW 35S 1 8o SRl Lked: fenletddn sobmac fosi metry
cup 60 shown 1 n cross section. The dos| try cup has "a g neraPIy

cyl i ndri eairkpliape aappdie!iidahikhRahidr platr@®rebintrdédprdanydanisl ect r ode
63, an insulator 64, and a bottom Faraday collecting plate 65. Dosinetry
cups haviawrrenkeprshabisinafed.as sectors (not shown) di sposed around the
circunference of the inplantation surface may al so be used. The top plate
66 of the dosinetry cup is located at the sanme | evel as the inplantation

surface ofyjtdye pWRELKRHESEH 142 H0haMesi N Fig. .3). The top plate 66 is

el ectricalTy connecte 0 € pul'se generator 50 which is used to

accel erate i oFdiguntolit he ansdpmetdc &epic;idrheft ap pbatiandGantatdoas
electrically biased when the workpi ece support 30 is biased by the pul se
gener at or8YEuesy eopsarvehed i Hy sicasdanrenel th dhe ReepeRt o ERbighe t he

dosi nmetry cup _&0. Thg tog Farqpa el ectrode 63 i%fkepg nqgg;ively bi ased
relative to tRe85 pfat? B BY S6aP8eVrD” Bn B opr PR hegati ve bias is
-200 V. The negafur¥e1B0igNLi@p RAlWeeRel Nor LR Rlake BEppdt (d® ileralar aday
el ectrode 631 prevents secondary el ectrons caused by ions striking the

pl ate 65 fu aidweavilag t he

Figure 2 is a schematic depiction of processes occurring at
a wafer surface when ions strike that surface;

Figure 3 is a section view of a Faraday Cup for measuring
ion implantation current;

Figure 4 is a elevation view of a structure supporting a
linear array of dosimetry cups for monitoring ion dose; and

Figure 5 is a sgection view of the Figure 4 structure as seen



25 March 2003 10 dosinetry cup 60 and al so repels plasnma el2éharh2008om
enteri'ng the dosinetry cup 60, both of which may conprom se the accuracy of
the dosinmetry cup neasurement. The insulator 64 electrically isolates the
top Faraday el ectrode 63 fromthe bottom Faraday coll ecting plate 65. In
this enbodi nent, the bottom Faraday collecting plate 65 is positively

bi ased to 20V relative to the top plate 66 by a voltage source 61. This
positive bias prevents plasnma ions fromdrifting into the collecting plate
65 in between pul ses from pul se generatoé 50 and causing fal se
registrations of ions by the dosinmetry cup 60. \Wen the pul se generator 50
applies a negative pulse to the workpiece support 30 and the top plate 66,
the collecting dlata b also,peceues pegative, in this enbodi nent the
collecting plate 1s 20 volts noré positive than the negative voltage
(typically less than ten kilovolts) applied by the pul se generator. Another
enbodi nent of the present invention is depicted in figures 4 and 5. In this
enbodi nent Beglp\Mo rBragt bedng dhegdaventieijed in an array as shown in
Fig. 4. All of the dosinetry cups. are used for caligration and set up
procedures, whiT¥HRY lantdutEt I§BLF et y* Bl "BOARF_E LUy LERF e 10

i npl ant ati gn: guri C i a; j ece i.hg now to
Figure 5, gﬂéggﬁ?gggﬁgﬁag%gegﬁé 0 ﬁ%&ﬁtéﬁgééégﬁgonﬁﬁgt?@%f%§%%%%%be 93 is
used (rathegpstéamanmpesesr& ¢eaialogerysendeiscas plhengnéhamped nit2 fiefko
ions. In this enbodinent, the screen holes are .04 cmin dianeter and the
screen haswhith aprsparemoyeofene sl ivhipd An200Boukp ifsest 14naraal iseytesblficect or

95 is insulated fromthe morkgiede sypport 30 by an insulator 91. The

dosi metry &8P BOCREGHTs FEatBESE MARKPHECRSr kpt BT et PEI]D BYSESR 1%t or
97. The cu Q LS h 128K 9 sw(g,géﬁtei Rl h |.ece
support 3098§i§&%%ﬁ£ﬁ£%§%%?§ ggéﬂgaén%gfle%%or |§%%eﬁgtgteﬁﬁfg%o‘§%

rel ati ve tehhiiBeMOIkpi aee SURRDEdK 3D R 1paveths UlilamaB3habedr 12Nto MBI t Or
84 measures the current fromthe collector 95 using a 100 ohmresistor 81
The currenmapassimed tdir Gughduped rregssuge §inr e latieon dot REneePhpice
support 30. A high band-w dth fiberoptic _.pi,ckup 85 transmts_the current
Gafn to +hETEBRLTE) ADFELROARCT s Qiedh LFERrass o (B AR B8 e
invention i.§aiBef o gl ld Lhe. PFoRar wfukat kog,oed QNd BRLARKAt i pn of each
wor kpi ece f4at§eﬁefé&%#25@gd. T%etﬂorkpiece dog% é%lculated %y control unit
195 i s conthBuquShyms AP gt hont hehalesiamdd rddseefior @itt BOkretiitédi . 95. The
control unit 185 is coupled to the nodulator 50 and also to a current
moni t or 19@repanegrBrdthg sovesul peednity igpvélyal 3es1993md hetwsanl Bhor yi el ds

the total charge and dividing b e area of the opening 62 yields the
char ge percgﬁg 65r1%6?3¥t%ﬁbguPﬁe£%bse | evel is satisfactory for a given

wafer, the ion igpl aMdatd UhaRbecess despiitsRendediwid & aewnwabenal s
pl aced into the chanber. Heretofore, dosinetry cups were not sufficiently
accur at e | nhpltagpdihan®erdisamberofintepl@ntealt iimtodwbitlo tohe forkgpipkasnad. ons

entering the dosinmetry cups and causing fal se readings. The
are inserted. The workpieces 14 are placed onto and removed from

a generally planar conductive platen or support 30. The platen
30 may have any suitéblé"dimensions depending on the size of the
workpiece it must support.

An energy source 40 is located at one end of the generally
cylindrical process chamber 12. The energy source 40 injects

energy into the chamber 12 to produce an ion plasma inside the

plasma chamber 12 in a region 42 between the energy source 40 and



25 March 2003 12 present invention nakes it possible to taki drchr208ge of
dosinmetry cups in plasma i nmersion technol ogy. Wile the present invention
has been described with a degree of particularity, it is the intent that
the invention include all nodifications and alterations fromthe di scl osed
design falling within the spirit or scope of the appended cl ai ns. 25
March 2003 13 Cains W claim 1. A nethod for use in inplanting ions into

a workpi ece (14) conprising the steps of: a) producing a concentration of
ions by setting up an ion plasma in a ptocess chanber (12); b) nounting a
wor kpi ece (14) in the process chanber (12) ; c) applying electrical pulses
(50) to the workpiece

the wafer support 30. One example of a suitable energy source 40

ig an rf coil operating at 13.5 Megahertz that transmitg rf

energy through a quartz plate 43 that bounds one end of the

plasma chamber 12. Other coil energization frequencies are

possible and, for example, could include frequencies of about 2.0

Megahertz. Rf enexrgy entering the chamber 12 produces an ion

plasma from gas molecules that are pumped into the plasma chamber

from an external gas supply 44. The gas pressure in the chamber

12 is maintained in the range of .2 to 5.0 millitorr. As an

example, Nitrogen gas can be routed into the chamber and ionized

by rf energy entering the chamber from the rf coil. Application

of this energy ionizes the gas molecules. Other techniques know

for producing an ion plasma in the plasma chamber could be

utilized while practicing the present invention.

Once the ion plasma is set up in the region 42 between the
support 30 and the quartz plate 43, the ions are accelerated into
contact with the workpiece 14. 1In a preferred embodiment of the
present invention, the workpiece is a silicon wafer, generally
round in shape, that is placed onto the support 30. The
workpiece support 30 is constructed from an electrically
conductive material. The ions are positively charged so that
application of an electric field of suitable magnitude and
direction in the region of the plasma will cause the ions in the
plasma to accelerate toward and impact the surface of the silicon

wafers. As seen in Figure 1, a modulator 50 supplies voltage

pulses 52 (typically less than ten kilovolts) that relatively



mounting (30) to cause ions in the plasma to accel erate tovef Matdhe2003

wor kpi‘ece (14); d) collecting ions accelerating toward the workpi ece (14)
in a dosinetry cup (60); and e) determ ning inplantation dosage data based
on data fromthe dosinetry cup (60). 2. The nethod of claim1 further
conprising the step of electrically biasing an ion collecting surface (69)
of the dosinetry cup (60). 3. The nethod of claim2 wherein the step of
electrically biasing an ion collecting surface (69) of the dosinetry cup
(60) further conprises the step of eledrically biasing an el ectrode (63)

| ocated at the opening of the dosinetry cup (60). 25 March 2003 14 4. The
nmet hod of claim1 further conprising the step of controlling a paraneter of

the inplantation prqcess based on the jon dosage data. 5. The met hod of
clai m 4 YT dif CRBIPGF AR tBIPROG Chd O cBhth d195PE s EPhECIF Sty Yon 1oper

|l ant ag o, of; the WALIRLEce (hLecOy, The Ji5thad: ol cLal A sarsin the

par anet er be contro i's a gas concent n“Irn the 1on chanber (12).

7. The nghhot alegabai A4 i 2t Benpasef@iial Gantbekhess iSddie oarer gy
| evel in the ion chanber (12). 8. An ion inplantation system (10) for

causi ng ¢onsrting mpaet taeaimpitamuattron e fate Wotdpicoapt4 ssangion®) a
process chanber (12) defining a chanber interior (42) into which one or
nor e wor kpPRdeE (PR) PLARAMR e SHABY ted SE5HKE I REERERL 14B) £ energy source

(20) Torpsetiliauincen Lanchl Ay ol W masesschambercd 1) O a

support OX positioni ng one ~or re wor _ hin an interior
regi on (423ad dRnaegesseshdsiiein( 42 e§oh il MRnitnBEaphatud¥kiddeace
(14a) of the one or nore workpieces (14) is positioned within the ion

pl asma; #3.a pul se generator (50) in electrical comunication with the

wor kpi ece suggort 30 for applzing el ectrical pul ses for
nce the wafers 14 are treated, they are removed from the

plasma chamber 12 and taken to other processing stations where
the treated wafers are further fabricated to form integrated
circuits. Such ion treatment has been conducted on eight inch
diameter silicon wafers with good uniformity. Ion implantation
using structure similar to that shown in Figure 1 has also been
used to treat large surfaces for the fabrication of flat panel
displays.

Figures la and 1b illustrate a conductive workpiece support
30 to which has been added several dosimetry cups 60 of the
present invention. While any number of cups 60 may be used, four
are shown. The cups 60 are placed so that a top plate 66 is even
with the implantation surface of the workpiece. Ions
accelerated towatrd the implantation surface enter an aperture 62
to be measured. The close proximity of the cups 60 to the
workpiece 14 causes the amount of ions which enter the cups 60 to
be representative of the amount of ions which are implanted in

the workpiece. The dosimetry cup 60 provides a measurement of
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dosi nmetry cups (60) including an electrically biased ion collecting surface
(69) parallel to the inplantation surface (14a); and f) an inplantation
controller (185) for nonitoring signals fromthe one or nore dosinetry cups
to control ion inplantation of the one or nore workpieces (14). 9. The ion
I npl antation system (10) of claim8 wherein the dosinetry cup (60) further

i ncludes: a) a negatively biased electroq§ (63) to repel secondary

el ectrons fromthe collecting surface and el ectrons fromthe plasm; and b)
a positively biased ion collecting (69) surface to repel plasma ions. 10.

The ion i Hancatlorusyshem{didensf aCtélTedt ke EQirfatd o PNEhDIAdMKR t ry
dosinmetry cup {60) have generally circular apertures (62) . 11. The ion
i npl ant at i Bp shedioem @80%9 ofn Hisi-m38 - f uThirercumrehgdivatuend s iyem dosi netry

cups (60) with per%ures %6%%Tfprqin ,a sector ring shape. 12. The ion
i nplantallTﬁP¥R£;ﬁ§ﬁl(Eﬁ)t F QT 9“&%%r%ﬁ§1991€ete mine 'a charge per
' square centimeter within the dosimetry cup and correspondingly on
the surface of the workpiece 14. Use of four cups 60 spaced
around the periphery of the support 30 yields dose data at four
different locations.

Figure 3 is a more detailed depiction of a dosimetry cup 60
shown in cross section. The dosimetry cup has a generally
cylindrical shape and includes the top plate 66, a top Faraday
electrode 63, an insulator 64, and a bottom Faraday collecting
plate 65. Dosimetry cups having other shapes such as sectors
{(not shown) disposed around the circumference of the implantation
surface may also be used. The top plate 66 of the dosimetry cup
is located at the same level as the implantation surface of the
workpiece 14a (not shown in Fig. 3). The top plate 66 is
electrically connected to the pulse generator 50 which is used to
accelerate ions into the workpiece. Hence, the top plate 66
becomes electrically biased when the workpiece support 30 is
biased by the pulse generator, thereby attracting plasma ions
from the region 42 into the dosimetry cup 60.

The top Faraday electrode 63 is kept negatively biased
relative to the top plate 66 by source 70. BAn appropriate
negative bilas is -200 V. The negative potential between the top
plate 66 and the top Faraday electrode 63‘prevents secondary

electrons caused by ions striking the plate 65 from leaving the



negatively biased el ectrode (63) includes an aperture with &5Mashi@08h
2003 16 di aneter based on a plasma paraneter. 13. The ion inplantation
system (10) of claim 12 wherein the plasma paraneter is plasnma sheath

t hi ckness at the negatively biased el ectrode surface (67). 14. The ion

I mpl antation system (10) of claim 12 wherein the aperture of the negatively
bi ased el ectrode (63) is less than twice the plasnma sheath thickness. 15.

- The ion inplantation system (10) of claim9 wherein the negatively biased
el ectrode (63) is biased to approximatey - 200 V relative to the workpiece

support (30). 16. The ion inplantation system (10) of claim9 wherein the
positively biased ion coIIecting surface (69) is biased to approxi mtely +

20 Vrela |ue o the 0 17. The ion inplantation
aystem ( FBJ° P EVariP Ry i neBo REPrLT (R o FAP ELPUL ERDFRGTHIG ol es
to allow ﬂt?an%fots‘lm%% F oG HOHTRL b¥ Giish (n‘%g/) comBron{ e 'tg% LR, anLation
system (10 clai er'ein the screen le stze I's . centineters and
t he screesE tm%@&ﬁéﬁyyl@gﬁb@ﬂsuﬁ?éﬁeﬂmf.The insulator 64 electrically
isolates the top Faraday electrode 63 from the bottom Faraday
collecting plate 65.
In this embodiment, the bottom Faraday collecting plate 65
is positively biased to 20V relative to the top plate 66 by a
voltage source 61. This positive bias prevents plasma ions from
drifting into the collecting plate 65 in between pulses from
pulse generator 50 and causing false registrations of ions by the
dosimetry cup 60. When the pulse generator 50 applies a negative
pulse to the workpiece support 30 and the top plate 66, the
collecting plate 6% also becomes negative, in this embodiment the
collecting plate is 20 volts more positive than the negative
voltage (typically less than ten kilovolts) applied by the pulse
generator,
Another embodiment of the present invention ig depicted in
figures 4 and 5. In this embodiment, seven dosimetry cups 60
are arranged in an array as shown in Fig. 4. All of the
dosimetry cups are used for calibration and set up procedures,
while only an outermost dosimetry cup 60a is exposed to
implantation during the processing of a workpiece 14. Referring
now to Figure §, a suppression screen 90 mounted to a conductive
electrode 93 is used (rather than an aperture electrode) serves
as the entry point for ions. In this embodiment, the screen

holes are .04 cm in diameter and the screen has a transparency of



25 March 2003 17 19. The ion inplantation system (10) of cl28 khadich 2808r ei n
the negatively biased electrode (63) is biased to approximately 50 V
relative to the workpi ece support (30). 20. The ion inplantation system
(10) of claim 17 wherein the positively biased ion collecting surface (69)
IS biased to approximately + 10 V relative to the workpi ece support (30).
21. The ion inplantation system (10) of claim8 wherein signals fromthe
dosinmetry cup (60) that are used by the controller (185) are derived from
el ectric current through the collecting surface (69) of the dosinetry cup
(60). 22. The ion inplantation system (110) of claim$S wherein the
paraneter of the ion inplantation process controlled is the duration of the
i npl antation of the_workpiece (14). 23. The ion inplantation system (10) of
cl ai m 8 Rtteione B8ldosi netry cups (60) are inbedded in the workpi ece

Support (30) i RcShif0g! o 514 B SARBEHTAAGE it GLOKRLL LD LSl Y i 0L00

di spl acement current errors. on 1 nplanta n- sy claim
8 wher eidh sirghalat okl om. t hens asddiriek Y yCoip (AD)iAliasaxbt agt @bbyeeans of a

hi gh band-wi dth fiber optic transmtter (85) to prevent stray capacitance
whi ch cowrkiaese suppeopt adermntinsudaeor %71 orThe. ABpAtDECtASRTe .9A3Y s
held at -50 volts relative to the workpiece support 30 by a power
supply 82. The collector 95 is held at +10 volts relative to the
workpiece support 30 by power supply 83. A current monitor 84
measures the current from the collector 95 using a 100 ohm
resistor 81. The current passing through the resistor 81 returns
to the workpiece support 30. A high band-width fiberoptic pickup
85 transmits the current data to the control 195 (shown in figure
1.)

One use of the present invention is in controlling the
proper duration of ion implantation of each workpiece 14 to be
implanted. The workpiece dose calculated by control unit 195 is
continuously compared to the desired dose by control unit 195.
The control unit 185 is coupled to the modulator 50 and also to a
current monitor 196. Integrating over the multiple pulses from
the modulator yields the total charge and dividing by the area of
the opening 62 yields the charge per area or dose. Once the dose
level is satisfactory for a given wafer, the ion implantation
process is suspended while a new wafer is placed into the
chamber,

Heretofore, dosimetry cups were not sufficiently accurate in
plasma immersion ion implantation due to drifting plasma ions

entering the dogsimetry cups and causing false readings. The
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of particularity, it is the intent that the invention include all

modifications and alterations from the disclosed design falling

within the spirit or scope of the appended claims.
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d) collecting ions accelerating toward the workpiece
(14) in a dosimetry cup (60); and
e) determining implantation dosage data based on data

from the dosimetry cup (60).

2. The method of claim 1 further comprising the step of
electrically biasing an ion collecting surface (69) of the

dosimetxry cup (60).

3. The method of claim 2 wherein the step of electrically
biasing an ion collecting surface (69) of the dosimetry cup (60)
further comprises the step of electrically biasing an electrode

(63) located at the opening of the dosimetry cup (60).
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4. The method of claim 1 further comprising the step of

controlling a parameter of the implantation process based on the

ion dosage data.

5. The method of claim 4 wherein the parameter to be

controlled is the duration of implantation of the workpiece (14).

6. The method of claim 4 wherein the parameter to be

controlled is a gas concentration in the ion chamber (12).

7. The method of claim 4 wherein the parameter controlled

is the energy level in the ion chamber (12).

8. An ion implantation system (10) for causing ions to
impact an implantation surface (14a) comprising:

a) a process chamber (12) defining a chamber interior
(42) into which one or more workpieces (14) can be inserted for
ion treatment;

b) an energy source (40) for setting up an ion plasma
within the process chamber (12);

c) a support (30) for positioning one or more
workpieces (14) within an interior region (42) of the process
chamber (12) so that an implantation surface (14a) of the one or
more workpieces (14) is positioned within the ion plasma;

d) a pulse generator (50) in electrical communication

with the workpiece support 30 for applying electrical pulses for
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attracting ions to the support (30);

e) one or more dosimetry cups (60) including an
electrically biased ion collecting surface (69) parallel to the
implantation surface (14a); and

f) an implantation controller (185) for monitoring
signals from the one or more dosimetry cups to control ion

implantation of the one or more workpieces (14).

9. The ion implantation system (10) of claim 8 wherein the
dogimetry cup (60) further includes:
a) a negatively biased electrode (63) to repel
secondary electrons from the collecting surface and electrons

from the plasma; and

b) a positively biased ion collecting (69) surface to

repel plasma ions.

10. The ion implantation system (10) of claim 8 wherein the

one or more dosimetry cup (60) have generally circular apertures

(62) .

11. The ion implantation system (10) of claim 8 further
including multiple dosimetry cups (60) with apertures (62)

forming a sector ring shape.

12. The ion implantation system (10) of claim 9 wherein the

negatively biased electrode (63} includes an aperture with a
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diameter based on a plasma parameter.

13. The ion implantation system (10) of claim 12 wherein

the plasma parameter is plasma sheath thickness at the negatively

biased electrode surface (67).

14. The ion implantation system (10) of claim 12 wherein
the aperture of the negatively biased electrode (63) is less than

twice the plasma sheath thickness.

15. The ion implantation system (10) of claim 9 wherein the
negatively biased electrode (63) is biased to approximately - 200

V relative to the workpiece support (30).

16. The ion implantation system (10) of claim 9 wherein the
positively biased ion collecting surface (69) is biased to

approximately + 20 V relative to the workpiece support (30).

17. The ion implantation system (10) of claim 8 further
cowmprising a metal screen (90) having holes to allow ions to

enter the dosimetry cups (60).

18. The ion implantation system (10) of claim 17 wherein
the screen hole size is .04 centimeters and the screen

trangparency is about one half.
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signals from the dosimetry cup (60) that are used by the
controller (185) are derived from electric current through the

collecting surface (69) of the dosimetry cup (60).

22. The ion implantation system (10) of claim 8 wherein the
parameter of the ion implantation process controlled is the

duration of the implantation of the workpiece (14).

23. The ion implantation system (10) of claim 8 wherein the
dogsimetry cups (60) are imbedded in the workpiece support (30) to
eliminate stray capacitance to ground thereby avoiding

displacement current errors.

24. The ion implantation system (10) of claim 8 wherein
gsignals from the dosimetry cup (60) are extracted by means of a
high band-width fiber optic transmitter (85) to prevent stray

capacitance which could cause a displacement current error.



