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CYLI NDRI CAL WORKPI ECE SUPPORT SURFACES FOR AN | ON BEAM | MPLANTER Fi el d of
the Invention The present invention relates generally to an ion beam

i npl anter and, nore particularly, to an ion beaminplanter including a
rot at abl e wor kpi ece support having cylindrically shaped workpi ece support
surfaces to mnimze the variation in the angle of incidence of the ion
beam across the sem conduct or wafer moﬁkpieces Background of the Invention
lon inplantati on has beconme the technol'ogy preferred by industry to dope
sem conductor wafers with inpurities in the |arge scal e nanufacture of

i ntegrated circuits ROZATAREL YQRKIHESTSYDP INCLURNfst i nport ant

vari abl es used to JdEYIINDRIGALVEORICRIECE SURPORE SUREAGESt 0 t he
concentration of inplantedPORAN IONBRAMAMBEANTERuct or materi al .
Typically, high current inplanters (generally greater than 10 mllianps
(M) i opjeRrefMueUhvaition are used for high dose inplants, while nedi um
currentTnplranters (generally capable of up to about 1 mA beam current) are

used for lo j i I i t i i on
dopth i n somte Py BRRLGELAR Sed AL NB1HY voelh KRS LR ot hartitiii, OF
t he i ontduawrion dedm impheatet meludimgtaroatablawebikpicat supporithaving cylimdrically shdpbé waf er

wor kpi ces. h ener%}/faprocess,es such as, those used to .formretrograde

Hi .0,
well's iwoél@ﬁ?cgéHERRﬁ RSP BURITHZGGF varigtiog in feangle qf;anléenaepé S AT PSagh

el ect rogeual the sdRMduct Wafer Sk JiQWs | unctions may only demand energi es
bel ow 1 thousand electron volts (1 KeV). The continuing trend to smaller

and snal | er sem conductor devices requires a ion beam beam i ne

construgtion whic ef ves . to deliver high beamcurrents at | ow energies.
The hi g&—&%%ﬁ%&»ﬂ?ma U : es the necessary dosage |evels, while the |ow
energy | evel $oP@igThdtatidlal B¥%oIIRh@RERnoIEWrERHEN B thdubtFtd ®Jpe stiliconductor
sem conduct or devices, for exanple, require such a high current, |ow energy

appl i catagars with imipghtiesun therlarganehlhingnufaeturepf integrated cireifs. demidessrraddomr
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the concentration of implanted ions for a given semiconductor material. Typically, high current
implanters (generally greater than 10 milliamps (mA) ion beam current) are used for high dose
implants, while medium current implanters (generally capable of up to about 1 mA beam current)
are used for lower dose applications.

Ion energy is used to control junction depth in semiconductor devices. The energy levels
of the ions comprising the ion beam determine the depth of implantation of the ions into the
wafer workpieces. High energy processes such as those used to form retrograde wells in
semiconductor devices require implants of up to a few million electron volts (MeV), while
shallow junctions may only demand energies below 1 thousand electron volts (1 KeV).

The continuing trend to smaller and smaller semiconductor devices requires a ion beam
beam line construction which serves to deliver high beam currents at low energies. The high
beam current provides the necessary dosage levels, while the low energy levels permit shallow
implants. Source/drain junctions in semiconductor devices, for example, require such a high
current, low energy application.

In high current and high energy implanters, semiconductor wafer workpieces are mounted

near the periphery of a rotatable workpiece support. As the support rotates, the workpieces pass
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2 through the ion beamand are inplanted with ions. When i mpl'AM¥RP%Rat ers,
i'f the angle of incidence of the ion beam (inplantation angle) is

per pendi cular or nornmal to the surface of the workpiece, an effect called
"channel i ng" has been found to occur. When channeling occurs, the ions of
the ion beam pass into the crystal lattice structure of the sem conductor
waf ers and achi eve greater penetration depth than is normally the case. The
effective tilt angle (ETA) is defined as the angle between the ion beam and
a ray extendi ng perpendicularly fromthe surface of the wafer workpieces.
An ETA = 0 degrees defines a channelinginplantation. If channeling not

desi r edthrdupB tBE foRWehvi@nd atel inMait& VElidnS. WiehampReting Wakdd, Y theanaé by i n the
range of 1-10 degr_ees so that the ion beam beam|ine is not exactl

per pendingideage afdhe iva bramKmplataten dnghe) is papendiailaes sagmal shthg spsfageidfitherg t he

wor kpi ece .support with.respect .to,the ion beam i ne.direction. |n some
ool ant SOTRRIRR AR ¢t PR "Rty b8 o B Io oS RD h fon e o, e
channel jopg o Rlibik BédnPpsss intb Me dr§stalEdtficestAictleg bEd® semiharttwaasdgdt h is
very sensitive to inplantation angle variation across the workpi ece. As the

i mpl ant aehieye gierierepenelrdtion dapthdhan is nermabidhe ease, TheeffertivemiliomgledFTA) is
penetr afj i.nto the .sem caopduct.or f,er i d f
ol ant S Ao drdfe SRS it e e BLERBE RSP ARG, 0 Whicktnct |
must nobf tisander worpictdsc aai EPA Ve degdrés defindsacchaahelingdmpibeition! N sone
applications, for exanple, in channeling inplants the maxi num al |l owabl e

variation i niidhenishine aat desiresd thngffestive R apelg & eisdncrepsd skightlye pually in et

i mpl ant e L S5 eo e HPRRRL 1 kRl aces lie
flat on?a([;ln%]53 }Ugl? 1\?0@%%%6@%@%0” pad, a l&%@%g%%ﬁwpﬁgm%g%?%ﬂ on angl e
of over wbrkiseressarfacd. Tas BROcomplishedbetiltinging wokpiccensyppoirtanitt espastifocthe ion

wor kpi e%e at an .ET?. = 0 degrees (channeling inplant) is usual. Wat is
needed i°§*& bam dine SEEHINt appar at us t hat mnimzes the variation of

i npl ant at i on 1R8%hEimyetadord é}%ﬁ@atﬁi‘ns,@h%ﬁ?élihﬁs hdelill. ®RVQ8r, RIch CRAMELIFEIr ees
(channeling inplantation) and greater (non channeling inplantation).

Sunmar y appliaieny, tivat i, E§A = 0 ddgrives, iraplagtagorT teptip iseesensensitive  implardginpesngle an
ion beam i.npl anter for treating.a.plurality of sem conductor , wafer

wor kpi ecRURTR T S BSKerkPIFRE Mofiei TBratieh Anile  ARES e o P RET G 4P | on
def i ni NGfagh perRirAdrAihiodNe SEMTBRIucRR WalfetvdiRpict R ChbiiRS nditkddp source for
generating the ion beam and beam form ng and directing apparatus defining
an interior rémplantatiorodepkh e beagayeately gonfealedpthis dmplantation angle myat ibur ce to
the inplantation.station..A St i [ . sHki.zi,ng and
depr essuc?llaxtigaenSI 1ﬁ§an?1xto§?ri tg? s‘ﬁg“g@? 8?\&1‘3?12%%% %Fé‘ﬁ?%?ﬁ?“%éﬁsdg%%g 1 of\?é#n

r ot at ablchasuihipg fitplhs pis@aximunt Hidowahhd eaiasibn dmtheimphatatibn angle 2 Hegrgesa
plurality of wafer workpieces. The rotatahle support incl ut;aes a&fhub :f\dapt ed
to be rJtAVEEAYGER Ahimplaniers whersinthe SYPripisca SYRPY Fetgtepandiing dforkpiecgs lie

directi i j s : ' (R s he
ot at abl et s APGRERTUARRDd, BFafilichih At ipfark ARALR JraR et AeE R il
adapt ed 309 rhdlimtteaGhmd (80 cinbaelidmdter walehworkpeace sUppPBT A @ degreesd dspnelihg o
support at .| east one of the wafer workpieces. Each wafer support nenber
incIude§"HHm5}FéEWﬁent structure for affixing the support menber to the hub
and a wafer swhREiheRRM X WaRM SR HPhialiR tRdt hAGIARE the VAR oF iBPRnRESST Ng
t hrough the beamline as the hub rotates. The wafer support pad has a wafer
support angld ewse atrenge of afftuediltangtes Fefrpord degneds deingneoedmpéantatioghaie. | n
one preferred embodi nent, the concave portion is cylindrical and a central
axi s of ﬁaghgéPﬁngw 9$VW%@$a%3ﬂresponding to the cylindrically shaped
concave portion passes substantially through an axis of rotation of the
hub. Each wafer support nenber further includes a clanp for rel easably
securing a wafer workpiece to the wafer support pad. Upon rotation of the
hub at asRﬁﬁﬂﬁ-%ﬁ 'Qﬁgm gylar vel ocity, the workpiece conforms to a shape
of the contave&pogﬁron—sﬁe-to a conmponent of centrifugal force nornmal to a
surface of the wafer support surface. These and ot her objects, features and
advant ages of the invention wilt becone better understood fromthe detailed
description of the preferred enbodi nents of the invention which are
described in conjunction with the acconpanyi ng drawi ngs. Brief Description
of the Draw ngs 14 May 2003 4 Figure 1 is a schematic plan view of an ion
beam i npl anter including a rotatable wafer workpi ece support of the present
i nvention;




Figure 2 is a front elevation view of the rotatable wafer moﬂﬁﬂ%%%%ogﬁpport
of the present invention; Figure 3 is a sectional view of the rotatable
support of Figure 2 as seen froma plane indicated by the line 3-3 in
Figure 2; Figure 4 is a schematic depiction of a portion of a cooling
structure for the rotatable support of Figure 2; Figure 5 is a front

el evation view of a wafer support nenber of the rotatable support of Figure
2; Figure 6 is a sectional view of the wafer support nenber of Figure 5 as
seen froma plane indicated by the line 6-6 in Figure 5; Figure 6Ais a
section view of the wafer support nmenbeg of Figure 5 as seen froma plane

| ndi cated by 1hBBresirnRAiGH\corRoft dH idh Ranfinfpierfod FealiphpraBeGi Onal vi ew

of the wafer support nenb Figure 5 as seen froma plane i ndi cated by
the |i neerﬁmandumtdilvgﬁcremﬁkpuéc@us disgosegl. Ths mtanmlmtatmdndeslae\nmpiantdmenmlen
support

nber of [Figure s se rom.a,pl ane 'nd'c ted b
PR ABEERE bn Splgn G Ectinier B REbE RS B R Ens g 1 i HeaRor
of Fi gukgd Eean'ffcﬁﬂﬁxg afd dn&cﬁn%gsﬂwmsl defifiing@nghieN e feSidn heugPivhicAeha b er
support nenber of Figure S ure 11 A i's a schematic depiction of an ion

beam be&pahpasses frpmrtgtr wg sapmn tcaﬁneurpphntapgm statien. oA pampesiyetemvie piqyided dor
supported on.a c r}/ urved support; Figure 11B is a two di nension
i Pres Rt e i b

schemat Pf:es?uerbzr"é%e %rbolrcf? i of Fi gure 11B; Figure 11 Cis a

two di mensi ok ispharRinctideshewd Rdtatable Rusforadispoled Reaeihsiatatiomehamber
for supporting a plurality of wafer workpieces. Th;: rotatable support includes a hub adapted to
be rotated about an axis of rotation substantially parallel to a direction of an ion beam beam line
entering the implantation chamber. The rotatable support further includes a plurality of wafer
support members adapted to be attached to the hub, each wafer support member adapted to
support at least one of the wafer workpieces. Each wafer support member includes an
attachment structure for affixing the support member to the hub and a wafer support pad
extending from the attachment structure and passing through the beam line as the hub rotates.

The wafer support pad has a wafer support surface that includes a concave portion being

concave in shape. In one preferred embodiment, the concave portion is cylindrical and a central
axis of an imaginary cylinder corresponding to the cylindrically shaped concave portion passes
substantially through an axis of rotation of the hub. Each wafer support member further includes
a clamp for releasably securing a wafer workpiece to the wafer support pad. Upon rotation of the
hub at a predetermined angular velocity, the workpiece conforms to a shape of the concave

portion due to a component of centrifugal force normal to a surface of the wafer support surface.
These and other objects, features and advantages of the invention will become better

understood from the detailed description of the preferred embodiments of the invention which

are described in conjunction with the accompanying drawings.

Brief Description of the Drawings




i mpi ngi ng upon a central portion of the cylindrically cur vedH&MaWp?oQ@e of
Figure 11 A, Figure 11 Dis a tw dinensional schematic representation of
an i on beam beam |ine inpinging upon a |l ower portion of the cylindrically
curved wor kpi ece of Figure 11 A; Figure 12 is a graph show ng i on beam

i npl ant angl e variation as a function of a distance 14 May 2003 fromthe
wafer center for five different radii of curvature; Figure 13 is a graph
showi ng maxi nrumion beaminplant angle variation as a function of tilt
angle for a flat wafer support pad surface and a cylindrically curved wafer
support pad surface having a radius of gurvature of 7 neters; Figure 14A is
a schematic t.atlon. t i icece
mount ed on {HET oaar T yraticiar {6 SRR Rl oo AR ERNUEL Rt SRl
ef f ect i werkipidce sapi@ireofitid presemofivbaionel i ng i npl antation; and Figure 14B is a
schematic representation of the support and a sem cgonductor workpi ece

mount ed on t @u%mfrwslewtrqms\ﬂ%pgtheﬁ@ta@bwf@r Voukpiegs $ippor 9f thepaesent
effectiye télt angle for a channeling inplantation. Detailed Description
Referring now’to the drawi ngs, an ion inplanter is shown generally at 10 in
Fi gure 1. ThPigapetisfa sectional eietverf tishovatabilssuppbr ol Bigeregd/ad sean fropl aplbes , but
it shoul%&%e ndﬁr tood t %at the present invention is useful and applicable
to both? t t Fgﬂe HR§EY DR i npl anters, that is, ion inplanters having
ener gi es anywheres idh dchemb\@piddbn Of 2 pkitloA S 8 ebsI1RY VRbiufe fof (HRGY¥REMBIe M | i 0N
volts. The ion inplanter 10 includes an ion source 12, a mass anal yzi ng
magnet Suppartdbfdiigure®] ant ati on or end station 16. The inplantation station

16 defines an.i antation chanber 17. The ion, source rates an don
boam 18 whi oRLA S o Ay BHAT R ot Aavln SobRRLFEbE 106 SN EheR
rotati ngigmgl2t ransl ati ng di sk-shaped workpi ece support 110 in the

i npl antation _chanber 17. In a low energy ion inplanter, to mninze the
tendency of Xiguseb éneseglionadvieveefithd g afes sutipbrtusembar oé Figured asseap frpmaasplane
traver ses,.t he, di st anc etween .t he ion source 12 and the inplantation
stati on?rzddf)aﬁ%drﬁy%fglfle?héén il%‘frggte fromthe ion source 12 is kept to a

m ni mum ( apprrgireBAdS ¥ settidh veiwsof thd afedr elppoaititienbel 2 FizufsiBd &@n fidonddplane
L-shaped franme, 19 and includes a housing 21 defining an interior region.
The houdndigptedbythsdise 04-6A in Bighte Gr c chanber 20. The plasma arc chanber 20

defines an i gt:erLer 1 I i I gﬁra]c;l@' Q] :

source 14 N%a@rggd%@neg{g %drt{ag?ls%éryagpﬁh%%lﬁﬁgu |%h@%§bﬂﬁ§g§jsggg€%p%ﬁged
sour ce midrerindicate®bythedinedt2in BEipures; sol id formis deposited into a

vapori zer which is then ipjected intqQ the plasm chanber 28. If an type
extrinsi c waffdBurEiep side eleyaipsYipw gf thsorader eRyort 515111%? gy 56 SF%‘?‘HW(I n)
Wil | be(ﬁ!érﬁqndigﬁleﬁb%'fﬁeq{?ﬂ -9 wign@re solid source materials, while boron is
injected into the plasma chanber as’a gas, typically boron trifluoride
(BF3) or di bdrigure 9(iB2H6Jk clatian yewbalthe Wafev sypportpnesisanoé Figurd 5o | ow t o

It i bl by. siply heat i lid b _Lf t
extrinsi o matiEs NS PrepBtE FasERaen e o e St curml Bembr st Rt s
source gases FipsleNg Alif\s seheatiiclabpiciti ofan(ibls Biand Behny HROTFIAEInS ApbrtlardifgerONY

(Sb) Energy is applied to the source materials to generate positively
char ged pastien pha Water ploskpiecc shpiapied on@. cylmedricety PWC‘gWPﬁVe ions are

generat ed, al. h tol i i i I : ein
negat [ve | onsl BEE 0B R PR TREH R AR R erriscBRRE P Aeb Ryt BB B
the plasma chiigher! 120is ahwo dithersional dchphitiadepeentationtofian idn le@ueteapl e

overlying an open side of the plasma, chanber 20, The ion_beam hbeam|ine 18

i s for nePRINENGFPELE ezl Pesan P BF sYiRfrcAlly eHry ey prgiece of Figure T1A;

Figure 11D is a two dimensional schematic representation of an ion beam beam line
impinging upon a lower portion of the cylindrically curved workpiece of Figure 11A;

Figure 12 is a graph showing ion beam implant angle variation as a function of a distance



structure 22. The beam form ng and directing structure 22 inémﬁaé’szoé)srrass
anal yzing or resol ving magnet 24 and a set of extraction el ectrodes 26. The
positive ions are extracted through a slit in the plasm chanber 20 by the
set of extraction electrodes 26. The el ectrodes 26 are charged with
negative potential voltages, increasing in magnitude as the distance from
the plasnma chanber slit increases. The plasma chanber ions are accel erated
by the set of el ectrodes 26 adjacent the plasm chanber 20 into a region
bounded by the mass anal yzi ng magnet 24. An ion beam path through the
magnet region is bounded by an al um nungbeam gui de 28. During production
runs,  afohPiEAL Gl AR 198 dHELLRS RN dfguhgam formi ng and directing
structure i's evacuated by a pressure regul’ation systemincluding a punp
31. lons thatfigmke3 iga griagh showinemaxihifinnivadeimampldne ange vadatiog @s 2 Zurictibo ofl
magnetic _field generated by the mass anal yzi ng magnet 24. The strength and
or i ent atiliRetsfof hélaw@ﬁéiqpemﬁ paq wrﬁacsa{ﬁ%ayzwnfﬁﬁv ey Y iRpSUPREY #pd g'if?%%
Contr°|hﬁgmgirkﬂﬁs89&&08&3%?9%%&8ﬁiCS 32 coupled to a nmagnet connector 33
for adjustifig a current through the nmagnet's field w ndings. The nass

anal yzi ng madiigire 24Adaa sdematit yeptdsestetioroofshdisuppog aad aappicopducdreverikpiecd 0

charge ratio fo reach the.ion inplantation station . .The ioni zation of
Sour oo RPEHeT e Supnges o i %trwgﬁezmgov “BI“&%‘&&“Q ﬁ%ﬁégeﬁt%ﬂbéﬂgﬁ fgrasng-
speci es QhniPink ihyehitichanhged ions having a desired atom c mass. However,
in addition to the desired species of ions, the ionization process wll

al so gener at &igunprldBas & sdwmefic representatiomef the suppottiand atsbmioondynter veerbpicee

mass. |ons._haying an atom.c mass. above or. bel ow,.the praper.,atom.c nass are
ot sut eaRRey o he Ao s AR E b ol Bl Y RS bR e T o™ S
pass onlghahfddmg@inpRitaBpRr Opri ate charge-to-mass ratio to a resol ving
housing 34. The magnetic field generated by the nmass anal yzi ng nagnet 24
causes the ions in the ion beam 18 to nove in a curved trajectory. The
magnet i j th i s established by the control electronics 32 is such

t hat onlcl)gda('ei‘lm'(ill lpich n atom c mass equal to the atom c mass of the
desired ion sRefeirig dowateahicdratvitesCan iddmpemeer pasHovwinogenbrally apl GintEguren.
chanber 17. lons .that do not, have the proper charge-to-mass ratios a

ns . > re
def | ect ebhutReyificABRanife shghis gde enerey ipn imwlanterebyitt fhojid hesundersiaed that dhy
gui de 28 : by "L i | ysi s
magnet 2911%??112 u eéaglskggegﬁﬁggggﬁ%agg%th%\?ﬂ lgﬁ’ al:hg h(‘*]%? %‘rﬁ%% ‘B?T‘?ﬁléﬁg Ug‘lﬁgﬁh% eam
gui de 28implhersdiavinganeriies atyveterpinahagagesf @R dilgelettran ydtsito seveeal irelitoad by
the magnetic field generated by the mass anpal ysis net 24. Parti al
f ocusi ngVais- (K IPBIFHENA Kompes s inh grigee aileasaeﬂnﬁg%a rjagigtd and an
" di sper sin{QlantRlis6r drddReatieh 26 TRE ichMEnGHEY Q&LROTE dFhe®hin IRakERIA ARkibed §).
only by establishing a gradient in the nmagnetic field (i.e., "indexing"),
or by rotTheiipgsaites Bhgangratss aprioreléam pHivbich ehpadiesamigerstuctdd waldyevorkgieessi ¢
field ca . the.ion beam 18, to ve al o t.he curved be ath, .from
first o T fishiked op AP BRTR A bibalPRfR Rkl HorBbe pPGR A B B spbeflon
traj ect oeyamtssi 7t he resol ving housing 34. The entrance and exit
trajectories of the ion beam 18, being in the plane of the curved beam path
29, lie in thé gioypenesgyionpmplaater, thainpuze We igdensyela lpwenergy donfaganh bgjto
herei n as; pl a ' - es] r ' . ' rsive
ol ane. andiAE Gy B b s RYERE REUREREL EHAE, b 188 50idD BIBRET o
anal ysi s implahtagionl stapier sippert il ke bigtahenhomniye fohaouich d 2 helkapt toonmidmum
i nappropriate charge-to-nmass ratio, and redirecting the beamfromthe
enjtrance(‘mpé?’ég‘.taﬁl&%"t?tecrﬁe exit trajectory and toward the target plane in
whi ch the vor kije§Ges MRELISis AiinteliGo ad D&nRSAM AN (0 gt ABRIA { BGsi3® 1
structure 22 includes the resol ving housing 34 and a beam neutral’i zer or
el ect r on dshoingran4iteridiregions dhe hoginpkisiupgorsa glagpoatcshamberd Ak tThegpiastmacart ens

36, which, mass resal ves and. focuses the jon beam 18 output hy.the nmagnet

24, The. FBEDPG gIoIntS N B IoD e 8 RiLRA SSUSBRcAal A Bifsider ™ oW R whi ch
resides the electrostatic lens 36, as well as a dosinetry indicator such as
a Faraday flag 42. The chanber 41 is evacuated by a vacuum punp 43 which is
part of the pressure regul ation system The adjacent beam neutralizer 45 is
supported within a chanber 44 defined by an ion neutralizer housing 49. The
el ectron shower 45 neutralizes the positive charge which woul d ot herw se
accunul ate on the target workpieces 100 as a result of being inplanted by
the positively charged ion beam 18. Such a net positive charge on a wafer
wor kpi ece has undesirable effects. The inplantation station 16 is pivotable
with respect to the neutralizer housing 49 and is attached to the housing
49 by a flexible bellows 50. During a production run, that is, when
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14 May 2003 9 As can be seen in the exaggerated schematic vi 46 Mayr200R ¢
support 110 in Figures 14A and 14B, the sem conductor wafer workpieces 100
are supported on wafer workpi ece support surfaces 132. These wafer support
surfaces 132 are disposed at a 5 degree offset angle (|labeled OA Figure 7)
Wi th respect to the generally planer surface of the support | 10 (the 5
degree angle of the wafer support surfaces 132 has been exaggerated greatly
in Figures 14A and 14B for illustrative purposes). The term ETA will be
used hereafter to refer to the effective tilt angle, that is, the angle
bet ween the beamline portion BL and argimaginary |line extending normal to
an i mpl @RfeAhls AhySHELAS S RhizhBIE gWRbEFapbRIdiRoafe mdididesfdcd Malednl Adoli® Nce
t he waf er support surfaces 132 are at a 5 degree angle with respect to the
front pfoamds depositebimtad vaesizennplpoh is tharoinjected intolthe plastshetpmber el ane

station _tilt .angle STA and.the, effecti tilt | e.ETA i i.ven by, t he
cquat | op® EXERST et Bl it St g T A FEDE b PRTER 4801 1 g

i npl ant ghllidh MIsh&iu arSeeIRPSdurdel thiterddlg vehife b3ldh is il edledin@ethe pldsefatchi@béd | t
angle = ETA = 5 degrees Figure 14B illustrates a channeling inplantation
wher ei nas sggspbypically beroarigfleoridegBRs)-or ginpeaned BsHps basanseperans vaparpflessute IETA =
O degregs Fiqure 1.illustrates sy nt L1l e STA = 0 degrees and an
ef fecti g)é’ 1?‘?’?? 'reashlé fa? Eﬁa}tle:p rgsS(‘]’Ee;t?yesélglgglnhegt1+%§s°slﬁe%>% gognger ated nmanner than
Figure 14A. Hualp tybt ustiinsicintiferll(st0 Heprodactd siftablrBehee nateriawhihelbdé soupsr al | el

to the support axis of rotation CL is depicted in Figure 1. As can hest be
seen i ng¥sey s (AsHpandphqesphing (HF0and Yanprizad seliantimony (k) Eaersy ippapmligd ta 12

Af fi xed . nd] i rdl t are
e R e R S i S
t he waf posidupions trergentrated, dlthough the posyputiiswahtioh issdpphicableno sgbthms wherdin ons  of
the support, 110 are not s owrl1l for clarity,. Each wafer support nenQer 120

i ncl ude8°EANEAS %&ﬁ@f%@(ﬂ% & SQrthi EIF RORHYREChATEEA{o0s ©X AR C3BIPET on
150 for 2affrowsmigh LifMRERY s)ie HPAPQIVer PBRRREN]AS bR sgaygdéaf?me blasthl ghadisdr 201
enbodi nent, each of the wafer support nmenbersS 120 i1 ncludes a wafer support
pad 130 havi e aomiedany beanplae 18 is fomedend dirdcthdyy POOS forming3mdglireeting o

[ 00 Ju ILi net ; 0 cC. di di sk-sh ' duct
e o wSPREPEA: 705 TERB T Bk & Ao B AR i TR SR YrB 8y The
di st ancedo\any ifaBndt ©A18H ad¥t of eldrac@ion eltBtrbad? 261 Ahk Yotifife fAB bR exBrhctedie 30 cm
di aneter workpiece is approximtely 61 centineters (cm). The wafer support

sur f ace threngh & slhiteio thapldsmachiunbsr 20 by thesaveofaxirheton dertrodesitc i Thecd¢atrpdes 2
cylindrical,l ¥-e%ha. ed ct)ncavte & rfl:zlce (ibest .seen | n'thLquurtﬁe &O% Tﬁg zﬁrface
132 f ac &L THEEHSV il PRy pPOERHel Kellasss, WEsas vegn Mesnitudesdhe diptaes g dlie at i on
chamber piditha chafBBCAN enciédses. MERPEnalchainber idhs &6 btcleratbd by thel senoftevifod&s
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support surface angle, the support surface wou e machined to have a
radi us ofenexteddtythe mags Salyzingahagrst 24aEle suzxheth agd ppiontatioeefibe nme@oeticsfield

affixed to,the,centra ortion 4 of t hub 11 four. bolts . The
ol t 11RO bR MBlvReE Bafn 2 hernolmile B b itins 52 odtpfecto a

peri pher ahgR@ebhRbtot 3% féridgistifg 8 bu@ént Ttﬂi@u%{ tha ats e wirdingt50 and extend
t hrough al i gned threaded openings in the hub 112. As can be seen in Figure
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agai nst C r - I 9 t{he 12 I 22
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the wafer support surface 132 and the flat peripheral portion 154 are a
pair of thinner recessed portions 156 flanking a thicker raised center
portion 158. The raised center portion 158 term nates at an inner periphery
136 (Figure 5) of the wafer support surface 132. A |lower surface 124 of the
waf er support nenber is best seen in Figure 9. Extending downwardly from
the flat peripheral portion 152 of the attachnent portion 152 and a fl at
bottom surface 134 of the support pad 130 is a central portion 135. As can
best be seen in Figures 5, 6 and 9, the central portion 135 provides a pat
for a pair of cooling channels 180 extending through an :




14 May 2003 11 interior region of the wafer support nenber 136 Mayg003
channel s 180 are angl ed and have a common vertex. As can be seen in Figure
9, the downwardly extending central portion 135 ternmnates in a V-shaped
portion 136 under the support surface 132. The channels 180 are part of a
cooling structure 170 of the wafer support nenber 120. As can best be seen
in Figure 6A a divider 181 is disposed in each channel 180 term nating
short of a distal end of each channel (see Figure 6) such that the channel
provides a cooling liquid inflow path 182 and an outflow path 184 for
routing coolant in proximty to a workpiyece support surface 132 of the pad
130. ThelRmacRihEd 2092hiM@s b lspctbsio? p¥@iifdly argddli6ALK A gYa ddGEOMoARCAMARY er -
The channels 180 termnate at a verPex in a f%UId coupling 175 (only shown
i n Fi gubtew@yers gnadsitianfaitinsdesired $pecies nEiwnpdhe jopizatigbprocess svill iatsnigagerhtetaneen
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of the "daisy chain" flow of coolant through three of the support nenbers
120 and feiesiohsity prsonlY hens\od ek ppreropriat€ charge-toetnassiratiplogcssaving heusing 34. The

support surfac 32 b r kpi ece .cl.anpin sembl ¥ .200 ;1 neluding three
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230 di sposed on an inner periphery 136 of the support pad 13Q spaced
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100. As can be seen in Figure 7, there is an offset angle, OA of 5 degrees

between ¥he flat attachnment portion 150 attached to the hub central portion
114 and the ' . ' [ e
wor ki ece ‘supos PUERFy SRAGLMISEEF hkign poddfr £ h PR RS okl
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conponent of the outward centrifugal force s on the workpi ece 100
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A, 11 B, 11 Cand 11 D, th di f t f th t f 132
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I
the ion neutralizer housing 49 tgﬂ%ave an angle of inplantation A (that is,
t he angl bean npyealigemereslestron lshowes 4 Sh dhmrasglving hqvsingcisyprarts)antdietroptatic lens

e soon i 1eRFLEFSbEE G dlukelfs YRFRLERER IR IhEHa gy S TRE ol T

wor kpi ece 100 passes through the beamline BL, the inplantation angle A
remai ns at 90 degrees, whereas, if the workpiece was flat, the angle of

i npl antati on woul d change markedly as the workpi ece passes through the beam
line BL. The variation of inplantation angle if the workpiece 100 were
supported on a flat surface is shown by the angle labeled B in Figures 11

B, 11C and 11D. As will be explained below, there is sone variation of the

i nplantation angle for the cylindrically shaped wafer support surface |32
of the present invention, but, under a range of tilt angles, the

i npl antation angle variation is |less than 0.2 degrees which is a marked

i nprovenent over the inplantation angle variation of a flat wafer support
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Fi gure 13 shows the maxi numinplant angle variation as a fundfiMay 2803t he
effective tilt angle, ETA for a flat wafer support surface and for the
waf er support surface 132 of the present invention having a radius of
curvature, R =7 nmeters. As can be seen in Figure 13, in a channeling

i npl antation, ETA = 0 degrees, for a flat wafer support surface, the

maxi mum vari ati on of inplantation angle has been determned to be 1.2
degrees across the 30 cm wafer workpiece 100. This inplantation angle
variation is unacceptably |large for channeling inplantations, where

m nimzing inplantation angle variationgis especially critical. For the
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i npl ant ;angl.e variation occuns .at ETA = 0 ggees. Ln contrast, the
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cylindrically shaped surface i1s that such a cylindrical surface 1S easier

t o nachi inelutiingrihervacaumqupipsd icéhcave surfaces while still providing
acceptabﬁg Paxinun1iEE|ﬁntation angl e variation over a robust range of tilt
angl es. 1 , e force required to deformthe wafer workpi eces 100
to such non- cghdpagted Gathtnythe RAPRAEANERN DS YPRARS diSkishes SerhicbhdReordifat er ,

t hereby decreasing contact pressure between the workpiece and the workpi ece
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made wit hout departing fromthe invention and it is intended to claimall
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(110) di Sk by YR sotichiepeehoRie Al N Bl F UAIKANA wBRRR,
of waf er andtripiatioaf (HeGpport hE) whichisalider e pputrd] of flikontohgledtinivng 32a) a
plurality of fer support nenpers. (1 adapted to be attached to . the
Cupport 1 120) 1o Sepauaher sl o piveHbus vtk 8pec i e dam a0 SR o T ek
one of they i), ieinPlantfoR stal1Bh KB 1E508tab1d Wth Gt tBEhd hBFard be&h8ine 18 to
support pad (130) positioned to pass through the beamline (18) as the

support €hangp artidt znghsof thaiodpperfldd andiplasely, plaadigé a8 agle afimmaniaticar at spgioihe
surface (132) facing the beam]|.i entering the i ant at i.on ,gh er
(17 2 nd B PE AR B uPiest Pty B nEefert R Lk D LR 8 (SR
for each t& $1& viallbeakéd Nerédfieyaf iefer $aPB @lppoREtiDtigde, (hat 18, thetanBlefROhéen the
structure (200) for supporting a wafer workpiece (100) on the wafer support

pad (130)pedndingilR andéie qepteatingrLof the support 110. The portion of the beam line 18 that
traverses the distance between the ion neutralizer housing 49 and the support 110 is labeled BL.



the support (110) at a predeternined angul ar vel ocity, each dft N&e2QQ% er

wor kpi eces (100) confornms to a shape of the concave portion of its
associ at ed wafer support pad (130). 2. The rotatable support (110) of claim
1 wherein each of the plurality of wafer support nenbers (120) includes an
attachnent structure (150) for affixing the support nenber (120) to the
support (110) and the wafer support pad (130) extends fromthe attachnent
structure (150). 3. The rotatabl e support (110) of claim 1l wherein for each
of the plurality of wafer support nenbers (120), the concave portion is
cylindrically shaped. 4. The rotatable gupport (110) of claim3 wherein for

each of AlshanBkudéenl ihlhe Sagyaited scheRROE heW@'ﬂSbﬂ{e%ufyﬁ&D)LO iA Faaks MA axd $4@f an
i magi nary cylinder (I C} corresponding to the cylindrically shaped concave

portion tlpm‘@gesondnet@uyn eawozkpiesen 0G e qennonted on Wadsr waskpieest ppeit surdacep iz

(110). se '\\»f/%}‘er%ﬁ ;ff)rtlsg’{ Qe% 139ta?et #Do pd fc? &pﬁﬁégg&lﬂ%b?&glﬂﬁ eﬂdJOWétﬁ% 9) for

each of e pl Ut ary War ef e support

struct urvﬁth( 2Okt forthe gdﬁ,ﬁalléjr p¢drﬁﬂﬁxrfa2&6fth2 zapp&&m (ﬁws d@k@a@gm of thewfek Ng a
waf er wor kpi ece (100) to the wafer support The_rot at abl e

(13 .
support SERPAE Sus aceq 2rhag befrerxaggrraten sealni lgwﬁﬁlﬁa%w yorgilusteati¥e  support
menber s P é?og ) ‘Th %ﬂqﬂé H&a4e aﬁ@ tOC}F:fe{‘ {Bethgﬁﬂ&%% i 1eoﬁla9{s &;]Q
waf er suppo sur ace 'S SUDbS. antlal y equa st ance’ along a
per pend|angleatret\t/e:enah@bﬂhehanorﬁdneBMﬁéan fFuogary 1irreahemd1(1gﬁ&)naloo an axis of

o Ol MBI 430 TS S48 A cBUPRRI 100,91 Lo
beam beagdidiq 36 L&) atQfs dddfeci APl RHRT tothOfront planar surface of the support 110,

the relationship between the station tilt angle STA and the effective tilt angle ETA is given by the
equation:

ETA = STA - 5 degrees
Figure 14A illustrates an non-channeling implantation wherein:

Support tilt angle = STA = 0 degrees

Effective tilt angle = ETA =5 degrees
Figure 14B illustrates a channeling implantation wherein:

Support tilt angle = STA = 5 degrees

Effective tilt angle = ETA = 0 degrees

Figure 1 illustrates a support tilt angle STA = 0 degrees and an effective tilt angle ETA =
5 degrees in a less exaggerated manner than Figure 14A. For illustration purposes, a line labeled
CL' which is parallel to the support axis of rotation CL is depicted in Figure 1.
As can best be seen in Figures 2 and 3, the support 110 includes a center disk or hub 112.

Affixed to the hub 112 and extending radially outwardly from the hub are thirteen adjacently
spaced wafer support members 120. Both the hub 112 and the wafer support members 120 are
comprised of aluminum. Other portions of the support 110 are not shown for clarity. Each wafer
support member 120 includes a wafer support pad 130 which extends from an attachment portion
150 for affixing the wafer support member to the hub 112. In the instant embodiment, each of

the wafer support members 120 includes a wafer support pad 130 having a wafer support surface



8. Arotatable support (110) disposed in an inplantation chaﬂﬁé\f]ay(?lop)g of an
I'on beam i nplanter (10) for supporting a plurality of wafer workpieces
(100), the rotatable support (110) conprising: a) a hub (112) adapted to be
rotated about an axis of rotation (CL) substantially parallel to a
direction of an ion beam beamline (18) entering the inplantation chanber
(17); and b) a plurality of wafer support nenbers (120) adapted to be
attached to the hub (112), each wafer support nenber (120) adapted to
support at |east one of the plurality of wafer workpieces ( 100) and

i ncluding: 1) attachnent structure (15Q) for affixing the support nenbers

(120) tgatdigedibhedeiht)300mitimeeV@iR) (FHERY blanfed disk3Bhp&idefiicinadctbs @atet he

attachment structure (150) and passing through the beamline (18) as the
hub ( 11®yrkpisceat 86 (werkpicpmi @l is shppoin phaa@m( ind0gurh &) Fle distapgeciron ter

charber e £t BB e S GpRE P e3P A el HoflleR i Prhy R e ="
porti ongendiffdtedd (RPN rotation of the hub (112) at a predeternined angul ar

vel ocity, the workpiece ( 100) conform ng to a shape of the concave
portion. 1Thevepfep gaport sudfaceTi3a is oraghings te havp peprcaya swiace pnd|speafi@iiifier ei n

o 2ol Aol kel Bl WA IQIERIE D RRl: LTIEIRER'S, o
wher ei ndirédtio @€ fheGbn béen PB Ws Rlehdeys thé intglhaticiighaniber ARINBesikcatd Adth respectast r al
axis of thaerlliriecr:rt?cgrl Qfat{lg io?lybleiagldl%r. Ie%)onc(::ac\)/g iv%?eeggggo?tgsugt%cé {]3?2 forms a portion of an

outer wall of an imaginary cylinder IC (partially shown in dashed line in Figures 11B, 11C, and

11D) having a radius of curvature R (Figures 10, 11B, 11C, and 11D) of approximately 7 meters.

A central axis of the imaginary cylinder IC passes through the axis of rotation CL of the hub

112. For implanting disk shaped wafer workpieces having a 20 cm. diameter, the wafer support

members would be modified to have a 20 cm. diameter wafer support surface. With a 45 cm.

radius to the center of the workpiece 100 and a 5 degree support surface angle, the support

surface would be machined to have a radius of curvature of 5.12 meters.

Each wafer support member 120 is affixed to the central portion 114 of the hub 112 by
four bolts 118. The bolts 118 fit into counterbored openings 152 (Figure 8) in a flat peripheral
portion 154 (Figure 5) of the attachment portion 150 and extend through aligned threaded
openings in the hub 112. As can be seen in Figure 3, the flat peripheral portion 154 of the
attachment portion 150 seats against a recessed outer portion 119 of the hub 112.

An upper surface 122 of the wafer support member 120 is best seen in Figure 5.
Extending between the wafer support surface 132 and the flat peripheral portion 154 are a pair of
thinner recessed portions 156 flanking a thicker raised center portion 158. The raised center
portion 158 terminates at an inner periphery 136 (Figure 5) of the wafer support surface 132, A
lower surface 124 of the wafer support member is best seen in Figure 9. Extending downwardly
from the flat peripheral portion 152 of the attachment portion 152 and a flat bottom surface 134
of the support pad 130 is a central portion 135. As can best be seen in Figures 5, 6 and 9, the

central portion 135 provides a path for a pair of cooling channels 180 extending through an



cylindrically shaped concave portion passes through an axis ot May 2003
(CL) of the rotatable support (110). 11. The rotatable support (110) of
claim8 wherein the hub (112) is pivotable with respect to the ion beam
beamline (18). 12. An ion beaminplanter (10) for directing an ion beam
(18) against a plurality of wafer workpieces (100), the inplanter (10)
conprising: a) an inplantation station (16) defining an inplantation
chanber (17), the plurality of workpieces (100) supported within the

i npl antati on chanber (17); b) an ion source ( 12) generating the ion beam (
18), the ion beam ( 18) traversing a bedlnline extending fromthe ion

sour ce (ifiyiot mgtdneofitimgpwafiat sutpiport nuxmateb é20. ('The) chaamds £§0 e angled aul lmvsuppor t

110) di d t | t at 17), f t
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support (110), each er support nenber (110) adapted to support at Ieast
one of tdfe q@bhn&‘ﬁtmoyuroflm/afélle erlépplavtamembﬁolﬂoand |ncI udi ng a waf er

support pad ( itioned_to pass.thro I.n as the
suppor t 0’% %Etgﬁs esegléghdF‘%&‘fee(’?\gﬂlﬁ'b‘{?ﬁggﬁ mﬁ’ﬁ?ﬂ ‘ﬁﬁgﬂéqép suppor t
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to the direction of the ion beam ( enteri n t he i npl antati on chanber
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concave BoRPas Sporut el e RERD, ThERIHR G ha BBy S8 8he) 2005 16
13. The preferdtt@deicnided™ater. (10) of claim 12 wherein each of the plurality
of vafer The channels 180 terminate at a vertex in a fluid coupling 175 (only shown in Figure 9)
seated against an inclined portion 155 transitioning between flat peripheral portion 152 and the
downwardly extending central portion 135. The coupling 175 mates with an "o" ring on the hub
112 to seal against cooling fluid leakage. Shown schematically in Figure 4 is a representation of
the "daisy chain" flow of coolant through three of the support members 120 and the hub 112.
The workpiece 100 is held in place on the wafer support surface 132 by a workpiece
clamping assembly 200 including three spring loaded clamps: a peripheral clamp 210 disposed
on a distal peripheral portion 138 of the support pad 130 and two interior clamps 220, 230
disposed on an inner periphery 136 of the support pad 130 spaced outwardly and equidistantly
from the intersection of the support pad and the raised portion 158 (Figure 5). The peripheral
clamp 210 includes a base 211 (Figure 9) affixed to the bottom support pad surface 134 and a
spring loaded clamping member 212 extending above the support surface 132 at the distal
peripheral portion 138 to push radially inwardly on the circular shaped workpiece 100. The
interior clamps 220, 230 include respective bases 222, 232 affixed to the downwardly extending
portion 135. Portions of the clamps 220, 230 extend upward through small holes in the thin
portions 156 and are disposed adjacent slight indentations in the support surface periphery (best
seen in Figure 5). Spring loaded clamping members 224, 234 of the clamps 220, 230 extend
above the support surface 132 to push radially inwardly on the workpiece 100. It should be noted

that when the support 110 is rotating during a production run at approximately 1200 revolutions



suppart members (120) includes an attachment structure (150) f#&aVA44%3i ng
the support nmenmber (120) to the support (110) and the wafer support pad
(130) extends fromthe attachnent structure (150). 14. The ion beam

i mpl anter (10) of claim 12 wherein for each of the plurality of wafer
support nenbers (120), the concave portion is cylindrically shaped. 15. The
i on beaminplanter (10) of claim 14 wherein for each of the plurality of
waf er support nenbers (120), a central axis of an imaginary cylinder (I1C
corresponding to the cylindrically shaped concave portion passes through an
axis of rotation (CL) of the rotatable @upport (110). 16. The ion beam
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support nenbers (120), a radius of curvature (R of the concave ortion of
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beam |iné (18); the steps of the nethod conprising: a) providing a
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bends the workpiece to make it conform to the cylindrical shape of the support surface 132.
Because the support surface 132 is at an angle with respect to the axis of rotation CL of the
support 110, a component of the outward centrifugal force acts on the workpiece 100 pushing the
workpiece flush against the support surface 132. In Figures 11A, 11B, 11C and 11D, the radius
of curvature of the support surface 132 is greatly exaggerated to illustrate the principle that the
curvature of the support surface 132 causes the rectangular shaped ion beam BL exiting the ion
neutralizer housing 49 to have an angle of implantation A (that is, the angle of incidence of the
ion beam 18 on the workpiece) that is substantially perpendicular to the workpiece implantation
surface. As can be seen in Figures 11B, 11C and 11D, as the support 110 rotates and the
workpiece 100 passes through the beam line BL, the implantation angle A remains at 90 degrees,
whereas, if the workpiece was flat, the angle of implantation would change markedly as the
workpiece passes through the beam line BL. The variation of implantation angle if the
workpiece 100 were supported on a flat surface is shown by the angle labeled B in Figures 11B,
11C and 11D. As will be explained below, there is some variation of the implantation angle for
the cylindricaily shaped wafer support surface 132 of the present invention, but, under a range of
tilt angles, the implantation angle variation is less than 0.2 degrees which is a marked
improvement over the implantation angle variation of a flat wafer support surface for a range of
tilt angles.

For channeling implantation, ETA = 0 degrees, a radius of curvature of R = 7 meters

provides for less that 0.2 degrees of implant angle variation across a 30 cm. (300 mm.) wafer
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only 0.15 degrees. For the 100 meter radius of curvature, which approximates prior art flat
workpiece support surfaces, the implant angle variation is 1.2 degrees for a 30 cm. diameter
workpiece.

Since the pressure to deflect the wafers into the pad is much less than the available
centrifugal pressure, performance of the cooling structure 170 is substantially unaffected, that is,
sufficient coolant flows through the channels 180 to provide cooling at acceptable coolant
pressure levels. Stress on the wafer workpiece 100 is well within acceptable limits, being only
about 4% of the minimum breaking stress. The imaginary central axis of a cylinder that includes
the cylindrical support surface 132 and passes through the rotatable support axis of rotation CL.

Figure 13 shows the maximum implant angle variation as a function of the effective tilt
angle, ETA, for a flat wafer support surface and for the wafer support surface 132 of the present
invention having a radius of curvature, R = 7 meters. As can be seen in Figure 13,in a
channeling implantation, ETA = 0 degrees, for a flat wafer support surface, the maximum
variation of implantation angle has been determined to be 1.2 degrees across the 30 cm. wafer
workpiece 100. This implantation angle variation is unacceptably large for channeling
implantations, where minimizing implantation angle variation is especially critical. For the
cylindrical wafer support surface 132 having a radius of curvature R = 7 meters, the maximum
variation of implantation angle is a nearly constant value just less than 0.2 degrees across the 30

cm. wafer workpiece for a range of effective tilt angles ETA from 0 degrees to +10 degrees.
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utilized tilt angles, TA, there exist other non-cylindrically shaped concave support surfaces that

will provide even lower maximum implantation angle variation over certain ranges of tilt angles.
It is the intent of the present invention to cover all such concave workpiece support surfaces, in
addition, to the cylindrically shaped support surface 132 specifically disclosed. The advantage of
the cylindrically shaped surface is that such a cylindrical surface is easier to machine than more
complex concave surfaces while still providing acceptable maximum implantation angle
variation over a robust range of tilt angles. Additionally, the force required to deform the wafer
workpieces 100 to such non-cylindrically shaped concave support surfaces will be greater,
thereby decreasing contact pressure between the workpiece and the workpiece support. With
most commonly employed workpiece cooling schemes currently in use, this will also decrease
the workpiece cooling.

While the invention has been described herein in its currently preferred embodiment or
embodiments, those skilled in the art will recognize that other modifications may be made
without departing from the invention and it is intended to claim all modifications and variations

as fall within the scope of the invention.
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chamber (17) for supporting a plurality of wafer workpieces (100), the rotatable support (110)
comprising:

a) a plurality of wafer support members (120) adapted to be attached to the support
(110), eac}; wafer support member (120) adapted to support at least one of the plurality of wafer
workpieces (100) and including a wafer support pad (130) positioned to pass through the beam
line (18) as the support (110) rotates, each wafer support pad (130) having wafer support surface
(132) facing the beam line (18) entering the implantation chamber (17), the wafer support surface
(132) including a concave portion; and

b) for each of the plurality of wafer support members (120), a support structure (200)
for supporting a wafer workpiece (100) on the wafer support pad (130) wherein upon rotation of

the support (110) at a predetermined angular velocity, each of the wafer workpieces (100)

conforms to a shape of the concave portion of its associated wafer support pad (130).

2. The rotatable support (110) of claim 1 wherein each of the plurality of wafer
support members (120) includes an attachment structure (150) for affixing the support member

(120) to the support (110) and the wafer support pad (130) extends from the attachment structure
(150).

3. The rotatable support (110) of claim 1 wherein for each of the plurality of wafer

support members (120), the concave portion is cylindrically shaped.

4, The rotatable support (110) of claim 3 wherein for each of the plurality of wafer
support members (120), a central axis of an imaginary cylinder (IC) corresponding to the

cylindrically shaped concave portion passes through an axis of rotation (CL) of the rotatable

support (110).
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releasably securing a wafer workpiece (100) to the wafer support pad (130).

6. The rotatable support (110) of claim 1 wherein for each of the plurality of wafer
support members (120), a radius of curvature (R) of the concave portion of the wafer support
surface (1 32) is substantially equal to the distance along a perpendicular to a center of the wafer

support member (120) to an axis of rotation (CL) of the support (110).

7. The rotatable support (110) of claim 1 wherein the rotatable support (110) is

pivotable with respect to an ion beam beam line (18) of the ton implanter (10).

8. A rotatable support (110) disposed in an implantation chamber (17) of an ion
beam implanter (10) for supporting a plurality of wafer workpieces (100), the rotatable support
(110) comprising:

a) a hub (112) adapted to be rotated about an axis of rotation (CL) substantially
parallel to a direction of an ion beam beam line (18) entering the implantation chamber (17); and

b) a plurality of wafer support members (120) adapted to be attached to the hub
(112), each wafer support member (120) adapted to support at least one of the plurality of wafer
workpieces (100) and including:

1)  attachment structure (150) for affixing the support members (120) to the hub (112);

2) a wafer support pa;1 (130) extending from the attachment structure (150)
and passing through the beam line (18) as the hub (112) rotates, the wafer support pad (130)
having a wafer support surface (132) facing the ion beam beam line (18) entering the
implantation chamber (17), the wafer support surface (132) including a concave portion; and

3) upon rotation of the hub (112) at a predetermined angular velocity, the

workpiece (100) conforming to a shape of the concave portion.
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support members (120), a central axis of an imaginary cylinder (IC) corresponding to the

cylindrically shaped concave portion passes through an axis of rotation (CL) of the rotatable
support (i 10).

11.  The rotatable support (110) of claim 8 wherein the hub (112) is pivotable with

respect to the ion beam beam line (18).

12. An ion beam implanter (10) for directing an ion beam (18) against a plurality of
wafer workpieces (100), the implanter (10) comprising:

a) an implantation station (16) defining an implantation chamber (17), the plurality
of workpieces (100) supported within the implantation chamber (17);

b) an ion source (12) generating the ion beam (18), the ion beam (18) traversing a
beam line extending from the ion source (12) to the implantation chamber (17); and

c) a rotatable support (110) disposed in the implantation chamber (17) for supporting
the plurality of wafer workpieces (100), the rotatable support (110) including;:

1) a plurality of wafer support members (120) adapted to be attached to the
support (110), each wafer support member (110) adapted to support at least one of the plurality
of wafer workpieces (100) and including a wafer support pad (130) positioned to pass through the
beam line (18) as the support (110) rotates, each wafer support pad (130) having wafer support
surface (132) that includes a concave portion that is concave with re;spect to the direction of the
ion beam (18) entering the implantation chamber (17); and

2) upon rotation of the support (110) at a predetermined angular velocity,
each of the wafer workpieces (100) conforms to a shape of the concave portion of its associated

wafer support pad (130).
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14.  The ion beam implanter (10) of claim 12 wherein for each of the plurality of wafer

support members (120), the concave portion is cylindrically shaped.

15.  The ion beam implanter (10) of claim 14 wherein for each of the plurality of wafer
support members (120), a central axis of an imaginary cylinder (IC) corresponding to the

cylindrically shaped concave portion passes through an axis of rotation (CL) of the rotatable

support (110).

16.  The ion beam implanter (10) of claim 12 wherein for each of the plurality of wafer
support members (120), a radius of curvature (R) of the concave portion of the wafer support pad
(130) is substantially equal to the distance along a perpendicular to a center of the wafer support

member (120) to an axis of rotation (CL) of the support (110).

17. The ion beam implanter (10) of claim 12 wherein the rotatable support (110) is

pivotable with respect to the ion beam beam line (18).

18. A method of rotatably supporting a plurality of wafer workpieces (100) in an
implantation chamber (17) of an ion beam implanter (10) for implantation by ions traversing an
lon beam beam line (18), the steps of the method comprising:

a) providing a rotatable support (110) including:

1) a plurality of wafer support members (120) adapted to be attached to the
rotatable support (110), each wafer support member (120) adapted to support at least one of the
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2) for each of the plurality of wafer support members (120), a clamp (200) for
releasably securing a wafer workpiece (100) to each wafer support pad (130) wherein upon
rotation of the support (110) at a predetermined angular velocity each of the wafer workpieces
(100) conforms to a shape of the concave portion of its associated wafer support pad (130);
b) affixing each of the plurality of wafer workpieces (110) to respective different one
of the plurality of wafer support members (120); and

c) rotating the rotatable support (110) at the predetermined angular velocity.

19.  The method of claim 18 wherein for each of the plurality of wafer support

members (120), the concave portion of the wafer support surface (132) is cylindrically shaped.

20.  The method of claim 19 wherein for each of the plurality of wafer support
members (120), a central axis of an imaginary cylinder (IC) corresponding to the cylindrically

shaped concave portion intersects an axis of rotation (CL) of the rotatable support (110).

21.  The method of claim of claim 19 wherein for each of the plurality of wafer
support members (120), a radius of curvature (R) of the concave portion of the wafer support pad
(130) is substantially equal to the distance along a perpendicular to a center of the wafer support

member (130) to an axis of rotation (CL) of the support (110).



