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The present invention relates generally to batch ion inplantation systens,
and nor ewpgapsp4igwl arly to an i nproved system appar at ueCTase/38erhod for
reduci ng particle generation and surface adhesion forces in a batch ion
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silicon wafers with an ion beam, in order to produce n or p type extrinsic material

doping or to form passivation layers during fabrication of an integrated circuit.
When used for doping semiconductors, the ion beam implanter injects a selected
ion species to produce the desired extrinsic material. Implanting ions generated
from source materials such as antimony, arsenic or phosphorus results in “n
type” extrinsic material wafers, whereas if “p type” exirinsic material wafers are
desired, ions generated with source materials such as boron, gallium or indium
may be implanted.

Typical ion beam implanters include an ion source for generating positively
charged ions from ionizable source materials. The generated ions are formed
into a beam and directed along a predetermined beam path to an implantation

~ station. The ion beam implanter may include beam forming and shaping
structures extending between the ion source and the implantation station. The
beam forming and shaping structures maintain the ion beam and bound an
elongated interior cavity or passageway through which the beam passes en route

to the implantation station. When opérating an implanter, this passageway must
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workpieces are completely implanted with ions in serial fashion. This type of

. implanter includes a single workpiece pad adapted to hold or support the

workpiece being implanted. The second category of ion implanters includes

- batch implanters, wherein a plurality of wafers or other workpieces may be
implanted with ions in a single batch. The workpieces being implanted are
mounted on individual workpiece pads in a rotatable process disk. The
workpiece pads are typically located on individual pedestals extending outward
from a center portion of the process disk at a slight angle so as to use centrifugal

- force to keep the workpieces seated in the pads as the process disk is rotated in
a controlled fashion via a drive motor. The ion source is located so as to present
ions along a beam path offset from the rotational axis of the process disk, and
thereby to implant ions onto the workpieces as they rotate into the beam path.
This method of ion implantation is sometimes referred to as spinning disk ion

implantation.
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: liquid-state RTV material is cured after being applied to a surface of a mold which
has been coated with a mold release agent. A conventional mold surface
comprises a lapped metal plate, wherein a rough surface comprising
substantially random peaks and valleys are formed as a result of lapping the
metal plate with lapping compound. An imprint of the peaks and valleys are
further transferred to the RTV workpiece pad via the molding process. |
The peaks and valleys on a conventional workpiece pad formed via a
lapped metal plate mold facilitate removal of the wafer from the workpiece pad
after ion implantation. The rough surface on the workpiece pad is utilized to
decrease a total contact area between the workpiece and the workpiece pad in
order 1o reduce surface adhesion forces. During a conventional batch ion
implantation process, for example, a workpiece such as a silicon wafer is placed
on each RTV'workpiece pad. The wafers are then rotated through an ion beam,
whereby ions are implanted in the silicon wafers. Rotating the process disk
results in an increased normal force on each workpiece pad caused by

centrifugal force pushing the wafer onto the workpiece pad. This normal force




. process disk results in an increased nornal force on each workpi ece pad

I npl antati on process, for exanple, a workpiece such as a sbt ip%gp fer is
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or wafer substrate. Contaminants on the workpiece can cause many detrimental

effects to the quality of the resulting ion implanted workpiece.
Another disadvantage of utilizing a workpiece pad formed via a lapped
metal plate mold is poor dimensional uniformity and location of the peaks and

valleys. Poor dimensional uniformity can create locations on the workpiece pad

which have greater surface contact area than other locations on the workpiece
pad, thus causing non-uniform surface adhesion and non-uniform heat transfer
properties. Furthermore, struciural dimensions of the peaks and valleys formed
by utilizing the lapped metal plate mold are limited by the grain size of the lapping
compound utilized during the formation of the mold. These disadvantages can
éause areas of the workpiece pad which adhere non-uniformly to the wafer.
Such non-uniformity of adhesion of the wafer to the workpiece pad-is _
disadvantageous such that a removal of the wafer from the workpiece pad can
cause either cracking of the wafer, or disintegration of part of the wafer or

workpiece pad. Furthermore, a disintegration of the wafer or workpiece pad
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associated with conventional workpiece pads, and which provide for reduced
- particle contamination and surface adhesion to the workpieces, while maintaining

a high heat transfer coefficient.

Summary of the Invention

The following presents a simplified summary of the invention in order to

provide a basic understanding of some aspects of the invention. This summary

" is not an extensive overview of the invention. It is intended to neither identify key
or critical elements of the invention nor delineate the scope of the invention. Its
purpose is to present some concepts of the invention in a simplified form as a
prelude to the more detailed description that is presented later.

Embodiments of the present invention is directed to a system and
apparatus which provide reduced surface adhesion forces on workpieces in a
batch ion implantation operation, while reducing particle generation and
maintaining a high heat transfer coefficient associated therewith. More

particularly, embodiments of the invention provide a workpiece pad and method




or critical elenents of the invention nor delineate the scgfgv%i é@ﬁ
I nvention. Its purpose is to present sone concepts of the ? in a
sinplified formas a prelude to the nore detailed description that is
presented | ater. Enbodi nents of the present invention is directed to a
system and apparatus which provide reduced surface adhesion forces on
wor kpi eces in a batch ion inplantation operation, while reducing particle

921 At R 4t oA Rl ala) B gL helat assoctat e

t here Icu n I hventron’ provi de a

wor K pivpessiatvaksietidirthdbor? theAlirkpieéd Bad BBk be ingibnfedriibiiend e same,

conprising an ordered array of mcro-structures, wherein a workpiece

r esi diangtating ohepinaing patsbdmpladtes prodsss idigkl Ahe prbvigiorof thaordereda rot ating or
spi nni.ng batch inpl anter process disk. Th rovisigon of the ordered array
of i @rgy & miiprauicties Bl 1oF v hpridieoniash bRl R WPEIRESE: t he wor kpi ece,
whi | e I f : | f rkpi ece and the

wor kpi“@k!%glggélml% di t@(%%ﬁﬁ%ﬁﬁ?g&%%%gﬁgﬁ@%@%@ﬁ@?gﬁfr uctures all ows
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may be advantageously conmbined with a circulation of cooling fluid through
passageéeduate heatdrasnsiar dom tesrorkpiceeiesihe piecasstdirk; whichrmmanbeording to a

first _gspect of the present invention, there i rovi ded _an .ion

| ot aRt et cimBIeaH Bt o AR R 21 epr e i 4752885 ace wher con
a Wor KRl §eRed LIk & renfVR 1RIR tiftdrefr @RSt @ portion of the workpi ece pad
surface conprises an ordered array of mcro-structures; a pedestal whereon
t he wor kpihecardpadiorasfrstespechofithe pessend invientiony therd ioprovideldadt for rotati on
about an axis, wherein the process disk is adapted to support the pedest al
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pedestahprised SMeideded akrsy 8f micr&dtritufks; a pedestal whereon the '
workpiece pad resides; a process disk mounted on a shaft for rotation about an
. axis, wherein the process disk is adapted o support the pedestal thereon; and
an ion source adapted to provide ions to the workpiece residing on the
workpiece pad. |
According to another exemplary embodiment of the present invention,
the process disk comprises a plurality of pedestals extending laterally outward
from a center portion of the process disk, wherein the pedestals may each
include a workpiece pad radially disposed from the axis and adapted to support
a workpiece thereon. The pedestals may comprise a fluid feed port in the
. corresponding workpiece pad, wherein fluid communication between the shaft
and the wbrkpiece pads is established. The system may further comprise a
drive, such as a motor, adapted to provide rotation of the shaft with respect to the
housing, and a cooling fluid source adapted to provide fluid to the back sides of
the workpiece pads in order to remove heat from the workpieces as ions are

implanted thereon.




froma center portion of the process disk, wherein the pedgftal &gy each
I ncl ude a workpi ece pad radially disposed fromthe axis an éﬂ%@? to
support a workpi ece thereon. The pedestals may conprise a fluid feed port
in the correspondi ng workpi ece pad, wherein fluid comuni cation between
the shaft and the workpi ece pads is established. The system may further
conprise a drive, such as a notor, adapted to provide rotation of the

shaft with ' . J | Ui rce adapted to
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According to yet another enbodi nent of the invention, a substantially
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conductivity between the
toresiliently compress. This allows the centrifugal force resulting from rotation of

. the workpiece in the process disk to deflect the workpiece pad to provide
engagement there between, thereby resulting in an increase in a contact surface
area of the workpiece pad which is in contact with the workpiece. An increase in
the contact surface area results in a higher thermal conductivity between the
workpiece and the workpiece pad.

According to another embodiment of the invention, there is provided a
retaining apparatus for retaining the workpiece on the workpiece pad. The
retaining apparatus may be employed in a batch ion implanter with a rotatable

. process disk having at least ohe workpiece pad adapted to support the
workpiece. According to one exemplary embodiment, the retaining apparatus
comprises a ring- shaped retaining member mounted on the pedestal adapted
to constrain the workpiece proximate the peripheral edge of the workpiece pad.
According to another embodiment, the retaining apparatus comprises a plurality
of tabs protruding from the pedestal proximate to the peripheral edge of the

workpiece pad adapted to constrain the workpiece. According to yet another
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wor kpi ece and the workpi ece pad. According to another enbog_j;i‘ﬁ%ﬁ1 84 t he
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enbodi nent, the retaining apparatus conprises a ring- shaped retaining

menbe : ?wﬁl?%ta ' : kpi ece

pr oxi %B@H%%qb@ra i%ﬂglr'tgl%qe gse 'S eg\%bvng'l‘ e@gé%{é’gw“&@g%ér{% ng to anot her
enbodipagnh,actbelaneé Qiithiyegandthsr &hBEdiammeths estaiming appdratuy  of tabs
protruding fromthe pedestal proximte to the peripheral edge of the

wor k premengesibell apeveablecansbsistiondryi talise wor kpi ece. According to yet anot her

7 21 April ,2006. enbodi nent,, th lLurality .of tabs are. novegble with respect
ot he'wor BEFIEIN0 BatsecpRd zsbe o v Piasbil iantRo rREs B0 hent . ¢ he

retai ghk : | bat I intaLi@hay y tabs. According
to a gg%n%%ﬁ%ﬁ?ﬁ%ﬁ?ﬁg&%@gﬁséﬁ? ﬁ%}?ﬁ%ﬁ%d?ﬁg@ E?éuprovi ded an ion

I npl anhatechna apeipicte residps, Whergin st lewst kpotteh platte harkpigeapadir f ace  wher eon

a workpi ece resides, wherein at |east a portion of the workgliéce pad
sur f agarfaenenmerisesan Jeawdairay ofdpicer-stdyressa padesialakhergopfest al  wher eon

‘the | ece . resides rei.n each of the mcro-st ures conprises
"a bas@gFlﬁéﬁa Qﬁf%gg{eﬁgwﬁﬁ@"b%‘sﬁéﬁe gHgoﬁsgwchﬁe%ccmeg?escé gé%e_ sectional area
assoChakiRf fadifg iHVbddbstA Bd RaliRb PirsEG oSS BbAfthaPaichiR8okiaelang the wor kpi ece
and having a Second cross-sectional area and workpi ece contact surface

ar ea Hssewilgtand a wokpmostdontaah doribe fading tHeewbrkpiebe @anddmvigct | onal area i s

greater than the second cross-sectional area; a process disk nmounted on a
shaf t seeandrGpe:-peftionBlAIea Avd wprkriecs priastsuriaee grercassecitak i s adapted to

P g B SR R PR QHEE: AR ELabghpr oV o 1 ons o
cross-sectional area; a process disk mounted on a shaft for rotation about an -
axis, wherein the process disk is adapted to support the pedestal thereon; and

-an ion source adapted to provide ions to the workpiece residing on the
workpiece pad.

According to a third aspect of the present invention, there is provided an
ion implantation system, comprising: a workpiece pad having a surface whereon
a workpiece resides, wherein at least a portion of the workpiece pad surface
comprises an ordered array of micro-structures; a pedestal whereon the
workpiece pad resides, wherein the pedestal further comprises a supplemental
restraint adapted to retain the workpiece on the workpiece pad; a process disk
mounted on a shaft for rotation about an axis, wherein the process disk is
adapted to support the pedestal thereon; and an ion source adapted to provide
ions to the workpiece residing on the workpiece pad.

According to a fourth aspect of the present invention, there is provided a

pedestal for supporting a workpiece in a batch ion implantation system,

comprising a substantially resilient workpiece pad adhered to the pedestal, the




According to a third aspect of the present invention, ther 1iS§E?@§§d6d an
lon inplantation system conprising: a workpiece pad having Qp ce
whereon a workpiece resides, wherein at |east a portion of the workpiece
pad surface conprises an ordered array of mcro-structures; a pedestal
whereon the workpiece pad resides, wherein the pedestal further conprises
a supplenental restraint adapted to retain the workpi ece on the workpiece

pad: QoPkdiecsadhdling TRURLELWRBRN D Rbikpldtl roghes \afer8RQHE an axis, wherein

the proc pted to support 't pedest ereon; and an ion

sour ceuda@pdfette tvorkpiese pad cornpesdsoarid@rdemsdkaroesf miesd-sirungures. t he wor kpi ece
pad. According to a fourth aspect of the present invention, there is

provi ded aAcpeidingttala iy aspgshefthe meesenhivRpliens dhers isiprexided @ on i npl ant ati on
syste rising.a substantially resil.ient rkpi ece pad adhered to the
podes PaASSRHE! SR 7 MoBistee B AL Y BNl s F ace wher con a

wor Kpi:&aprising 'adfbstaniisieiciibhtworkpicbd pad Adnbhl 0ah& Peg&RalPafe conpri ses and
ordered array of mcro-'structures. According to a fifth aspect of the

pr esenbripireEiacdmavig heudacs whemondedokpigoedesitias, ilmremuthporti ng a wor kpi ece

in a batch ion inplantation system conprising a substantially resilient
wor k pPddaceRidha wedkriers pad prmMprsessAns ordered argy ¢fgnistaestpdungsyi g a surf ace

wher eon RN BLEPLERS hERL AR MORLRIALIE aSULERER (glind I, vOr kpi ece pad

conpri ses an array o ruc ein each of the

M Cr Op8AEHAIandG vy R fifst 8fos8-daaichal AFdd SsobrfddWeldiith, BRast al and having a
first cross-sectional area associated therewith, and a workpiece contact

por t i workpdesterpntdwt padiokfaciog tiendotkaidcagnad resirgnal sessdcissbeidted: herewi t h, and
wher ei.n th,ﬁ_bfi rst cross-sectional area is %r eater than the second

cr osshesewithy @ad whezgin the iigst grass-sestional praanis gepriet thep thegeeandsent i nventi on,

Fherec}o§§%%8t‘(er%?greaa. pedestal for supporting a workpiece in a batch ion
i npl antation systemy conprising a substantially resilient workpi ece pad

adher ed t oaAtEsrdipgde sitsikth asPect of the present invention, there is provided a
pedestal for supporting a workpiece in a batch ion implantation system,
comprising a substantially resilient workpiece pad adhered to the pedestal, the

. workpiece pad haVing a surface whereon a workpiece resides, wherein the
surface of the workpiece pad comprises and ordered array of micro-structures,
and wherein the workpiece pad comprises a usbtantially resilient material,
wherein a normal force exerted on the workpiece contact portion causes the
plurality of micro-structures to resiliently compress resulting in an increase in the
workpiece contact surface area, thereby increasing a thermally conductive
contact surface area associated therewith.According to a seventh aspect of the
present invention, there is provided a pedestal for supporting a workpiece in a
batch ion implantation system, comprising a substantially resilient workpiece
pad adhered to the pedestal, the workpiece pad having a surface whereon a
workpiece resides, wherein the surface of the workpiece pad comprises and
ordered array of micro-structures, and wherein the pedestal further comprises a

supplemental restraint adapted to retain the workpiece on the workpiece pad.
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wor kpi ece pad having a surface whereon a workpi ece resides 1ﬁpe55&% t he
surface of the workpi ece pad conprises and ordered array o? Pt

m cro-structures, and wherein the workpiece pad conprises a usbtantially
resilient material, wherein a normal force exerted on the workpiece
contact portion causes the plurality of mcro-structures to resiliently
conpress resulting in an increase in the workpiece contact surface area,

- Lhereby | NERERRENBefuit Y RUIOH A 90TIAL b RSO ABb U 4R T ea assoctaled

t herewi t h. According seventh aspe resent 1 nvention, there is

provi peslatafiGelSgdteh. TS misthiaDiirst Emprisdwdr piading 8 substantidlgtfiixible@n i npl antation
system conprising a substantially resilient workpiece pad adhered to the
pedestmgld cemprising ksiudaee padng aniandergdanrayof invened doaroastrugiikpi ece resi des,

m o1 PR A EETHALel S61d PG e IBS SRSt BV FUMa SR RORIILSS &
| . ' i kni . kDi
O S S AR R TR e

mount padmaaerial ¢nthehmpbhdd i thesusisé efMmheTheldnRtgeddsthl issherconpri ses placing a
substantially flexible nold conprising a surface having an ordered array
of i naepliesdorthe figuiied wetkpiess padimatedalbandithe;liguifigd wogirieqsi Rade, wherein t he
surface i e 0 red array.of. inverted mcro- ructures faces away
Fr om DS s et S B e s S RO PR !N & Chen app | ed
to thgnsiuitBeRe pEaddia, WRERLY thRilfRiAkorksiebd Bid e 8A #he the Iiquified
wor kpi ece pad material, and the 1iquified workpiece pad material is

f ur t hpedestalésifurtAbt appliat ity Heysurfaoe df tlgumbideahdivourkg) Aocmergiag torat erial i s

applied to the pedestal, whereby the liquified workpiece pad material on
the peReIbedimentof fienreseninvesdon otherorkpipepad Bratena iser8dand cured.

Accor dj t Q... i t of.t present. | i rkpi ece pad
nmat er ﬁ%?ﬂiagﬂglg Eg’g p?%g'%n ﬁﬁ%cﬁ ‘{SF'BWh@F r@dé@g{ﬁéen@/f%g %B a%\&%}ﬁgo\p%he rigid plate
and pﬁﬁ’&ﬁé@'Acb@ngto%th@@Pﬁtﬁlﬂimeﬁﬁﬂ‘%é’bfé%ehﬁn@é‘:ﬁtdh,efheqmﬁ@d”’e nt of the
present invention, the liquified workpiece pad material Is cured by an
addi t workpidcehmat matkfibbis cubal by guafidiidn ofbekipAfierthpdiduifiederi al is cured, the
rigid plate is renmoved. The nold is further .
- workpiece pad material is cured, the rigid plate is removed. The mold is further
 removed from the now cured workpiece pad material, thus resulting in a
pedestal comprising a bonded workpiece pad, wherein the workpiece pad
comprises a transferred impression of the ordered array of inverted micro-
structures, and wherein no mold release agent is required to remove the mold
from the workpiece pad material. |
To the éccomplishment of the foregoing and related ends, the invention
- comprises the features hereinafter fully described and particularly pointed out in
the claims. The following description and the annexed drawings set forth in
detail certain illustrative aspects of the invention. These aspects are indicative,
however, of but a few of the various ways in which the principles of the invention
| may be employed. Other aspects, advantages and novel features of the
invention will become apparent from the following detailed description of the

invention when considered in conjunction with the drawings.
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renoved fromthe now cured workpi ece pad material, thus reﬂilti.g@(}i n a
pedestal conprising a bonded workpi ece pad, wherein the wo ‘6 8 Sad
- conprises a transferred inpression of the ordered array of inverted mcro-
structures, and wherein no nold rel ease agent is required to renove the
nmol d - f remosdarwor kpi ece pad material. To the acconpl peivmsntssafi t he
foregoing and rel ated ends, the invention conprises the features
hereinafter fully desqgrdiesenptipardfithe Daawingsoi nted out in the clains.
The follow ng description t he annexed. draw ngs egg.f grth in detail
aezniztin

an [ A
certain il gt aisiasshamgtic block diagramlsERENGAN 10f Bcts are
i ndi cat,) . ) .i ous ways in which the
pri nc%ke/e?ﬂ8}‘nﬁ“\&ﬁ\(ﬁ%rg%%qtgwenﬁgﬁ%ﬁn%ﬁ@?g%{’ Q her aspects, advantages and
novel feat WigsiBk o dide elevatiomtvien paitially newsotien dpgieategtanfiedm t he f ol | owi ng

detail.ed description of the invention when considered in conjunction with
the drigpd %ﬁfgegni’faﬁbff‘?qtmﬁﬂb%g] IECHBIEEE1110 PCT/ US02/ 35667 Bri ef

Descri pti orxiQfo A a6 dd-auhdlSRicdlavatibiview Busefitgatbatcibingplnteli agram
illustrating®an ion inplantation systemin which the present invention may
be enpipiydie assergbly hating @ caolingiuid pegsadedn aveleiingahaital Iy in section

Il lustrati ] Q 9101 E %q.@m I ; rkpi ece; Fig.
2A is a segﬁﬁl'%a‘S a&l"@‘%‘l‘@@éﬁ #Jg{rﬂ.%qde@vp? str&gﬁﬁ%&? %Iﬁnéiﬁa r?Norrpl ant er

spi ndl MsasisesbbiMraligies ngfer pedesiatinfaccordapessitiyendthesaspeckeflithy shaft; Fig.
2B is . atop plan view illustrating an exenplary process di sk and an
associiBYWIOBl ural ity of wafer pedestals in accordance with another aspect
of the I nvaptdARa HeflonalSideolsy:HBAicNRsAg aflkuipiaag vi ew il ustrating
an exenpl ary™ workpi ece pad wth an unconpresSed ordered array of

M cr o-warkpiece pad with an uncompressed ordered array of micro-structures in

accordance with one aspect of the invention;

Fig. 3B is a top plan view illustrating the uncompressed ordered array of
micro-structures of the workpiece pad of Fig 3A;

Fig. 4 is a perspective view of an exemplary micro-structure in
uncompressed form.

Fig. 5A is a sectional side elevation view illustrating an exemplary
workpiece pad with a compressed ordered array of micro-structures in
accordance with one aspect of the invention;

Fig. 5B is a top plan view illustrating the compressed ordered array of
micro-structures of the workpiece pad of Fig 5A;

Fig. 6 is a perspective view of an exemplary micro-structure in
compréssed'f'orm. '

Fig. 7A is a sectional side elevation view illustrating an exemplary batch
implanter pedestal and workpiece pad according fo the invention;

Fig. 7B is a top plan view illustrating the batch implanter pedestal and
workpiece pad of Fig. 7A;




accordance with one aspect of the inventi dn; Fig. 3Bis a %g@yg@g@ 6vi ew
~illustrating the unconpressed ordered array of mcro-stru 1 t he
. workpiece pad of Fig 3A; Fig. 4 is a perspective view of an exenpl ary

~ mcro-structure in unconpressed form Fig. 5A is a sectional side

el evat i owovis@wiiid | ustrating an exenplary workpi ece padTwstinses7conpressed
ordered array of mcro-structures in accordance with one aspect of the

i nvention; Figg8A38aisectioriad pidplefivatioreviewlillustating bnghéhexentpiyessed or der ed
- array gfﬁ m cro-structures of the workpiece pad of Fig SA Fig. 6 is a

per spe t%mwrﬁed&ﬁtaéﬁﬁ%wpﬁiﬂﬁcﬁiﬂ?ﬂ@%Pmﬂlﬂ'@rtbei“?{e”‘g‘lﬂmr essed form Fig.
7TA is a secCti l:e S j i | : L | ary batch
i npl ant er pgigggtgeﬁ’ 5&%9%?{%\? fgggeh%lgg\ﬂ%écE%@S?'ﬁng%b%gpﬁg%ﬁﬁl\%ﬁti on; Fig. 7B is
a top mplosgtpiedespad bikigi8M&ti ng the batch inplanter pedestal and workpiece

pad of Fig._/A..9 21 rjl 2006 3/041110 PCTI US02/ 35667 Fjg. 8A is a
ect onal sFe0dt o 5P BRlepy GaMon Bstatid A RAoRal @ APERRTRRAd bat ch

i mpl anfreacderdifdealititdith ¥EIdePbaAE iMaftigiscording to the invention; Fig. 8B is
atop plan view illustrating the batch inplanter pedestal and workpiece

pad of Fi g. FBA10f&iig2 seclionabside rlenpliairYewdlustating 2 pleceaentifaa formation of a
wor kpi r i i ntion; Fig. 10Ais
a sect %ﬁ%pﬁ%@éﬁgﬁg@@t%ﬁ%‘épé\%&ﬁ%H@nggﬁ%ﬁ QF%] g@eér?gﬁﬁ of a mold on a
ri'gi d pl at eFign1@B ¢oa dactivhalsitidelensiidnesieva filpetratiraf an dpplicatimndfison; Fig. 10B is
a sect

vor kpi LEBPRRLRRTGiRedroutt Rasoqaido fha oo Eigy JoRg TP o2 on o & Trauitied

Fig. 10C is another sectional side elevation view illustrating a placement of

a pedestal on the liquified workpiece mount material of Fig. 10B;
Fig. 10D is another sectional side elevation view illusirating an application

of pressure on the rigid plate and pedestal of Figs. 10A-10C; '
Fig. 10E is a sectional side elevation view illustrating a removal of the rigid

plate of Fig. 10D; and
Fig. 10F is a sectional side elevation view illustrating an exemplary

workpiece pad in accordance with the present invention after removal of the mold

of Fig. 10E. |
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Fig. 10C is another sectional side elevati on view illust ra%Z 511 %écerrent
of a pedestal on the liquified workpiece nmount materi al ! %& 2 Fig
10D i s another sectional side elevation view illustrating an application

~of pressure on the rigid plate and pedestal of Figs. 10A-10C, Fig. | CEis
a secti omal o3gisder el evation view illustrating a renovalecofusedsseari gid plate
of Fig. I OO, and Fig. 10F is a sectional side elevation viewillustrating
an exenpl ary workpi e@etaikdl Desaiptiondsithe limwdritionhe present invention after

renoval of e nold i g.. 10E. 2006 /041110
PCTI US02/ 35689 Hf%%%”ﬂé’&“g@sw&"uw% %?Cf'Pﬁwf’fh\v@’ﬁﬁ"Sﬁ orife GAEGSRE | nvent i on
will n%ebanqﬁﬁé%fbmewumbréi@fa% oereH?:?Illéy BAS thr‘tﬁﬂﬁﬁrﬁjtn like

reference nunerals are used to refer I ke nents oughout. The
i nvent i b iprentiongyovides/a systemmadapparait sy Wbtchmmkaiempaqbl ece pad

conpri ard e u wherein

vvomzpl chﬁg’ ng@?earﬁ %?&ﬁ@%ﬁwc G é'% uﬁég&,ﬁ@q’ ‘?qg?%’gfﬁnl' g"Bhﬁ%’%Cﬁa batch ion

| mpl antaes inpslastedsvith iBKs in d Reating\@ Bhinding batdthien imprhtstefocessdiskod of form ng
a wor kpr ece pad conprisin an ordered array of mcro-structures. The

i nvent i /68 "E"fﬁﬁ%'of’rﬁ‘t"i‘ﬁ‘fﬁl"?f‘é“ S @ﬁth@éa&fforﬂv%gmkmwmmm@m% particul ate

t ransf 0@@9 I ﬁlrggﬁ f | th

conventi ona Eﬂjtr%ﬁ ljgnéti'glrcs ?‘}’%3‘035@” ﬁQ% rﬁg%éeﬁ Fig. 1A

i |1 ust transfer eateandnpdimejs pamilculaterhhmfeeandmafemmmidingm}d ér&leenqul oyed in the
batch i Iant at%agn of.. one or. wor kpi,eces. The inplanter 10 conprises a

term ncl’ gHassp %théroﬂ‘é%'f’rﬁ?)baﬂ’ MPEHW™Sn end station 16. The terninal

12 incl udemmmwmw&mcﬂﬁwmgwqrxgmmmﬁratbsﬁhe)(@:hbwnoﬁower supply 22.
The ion source 20 produces an ion beam 2 h is provided to the

bean i HBPIARISE B \Q’hlfh maphie epRloyeth i the batchdepiantationad onpgr Mofkss anal ysi s
magnet y2foiddsS. MBRSnAHASICcIBAHREL a48rASSES 2 H3bMIh8 A8sembly 14,

and an end station 16. The terminal 12 includes an ion source 20 powered by a

high voltage power supply 22. The ion source 20 produces an ion beam 24
which is provided to the beamline assembly 14. The ion beam 24 is conditioned
by a mass analysis magnet 26. The mass analysis magnet 26 passes only ions
~ of appropriate charge-to-mass ratio to a target 30 which may include a rotating

process disk (not shown) having one or more semicond!jctor wafers or other

~ workpieces (not shown) mounted thereon for impiantation with ions from the ion
beam 24. The conditioned ion beam 24 is thus directed toward the target 3¢ in
the end station 16.

Referring also to Fig. 1B, another exemplary batch ion implanter 100 is
illustrated in greater detail, in which one or more aspects of the present invention
may be advantageously employed. Implanter 100 comprises an ion source 112,
a mass analysis magnet 114, a beamline assembly 115, and a target or end
station 116. An expansible stainless steel bellows assembly 118, which permits
movement of the end station 116 with respect to the beamline assembly 115,

connects the end station 116 and the beamline assembly 115. The ijon source |
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~of appropriate charge-to-nmass ratio to a target 30 which n?%ﬁéﬁi%@&e a
rotating process disk (not shown) having one or nore sem waf ers
or ot her workpieces (not shown) nounted thereon for inplantation with ions
fromthe ion beam 24. The conditioned ion beam 24 is thus directed toward
the targei 3041w the end station 16. Referring al so wars@3sés7B, anot her
exenplary batch ion inplanter 100 is illustrated in greater detail, in
whi ch dh2 comprivesea pésetd shahbari@0Emesarion ienirastor assemily14¥e advant ageousl y

enpl oyed. Inplanter 100 co i ses an iqn source, 112. .3 mass _anal ysi s
magne CoemY B MHEAT e aERBopa8 asid SERPREIGIons SRS PERTE on’ 116, An
expansichifbst 1*20?'Géﬁerﬁlhﬁﬂiosfﬁ%'ic&%ré@éﬁ@ﬂékéﬁ, albughithé Bragentm t s movenent  of
the end station 116 with respect to tthe beanline assenbly 115, connects

t he enihvepien srapplicakiedd sysierhe wheraie negaliveiions are Sengtated WHhgour ce 11 21

Aori | 20060 W,034 QLRI 1930 3508 b blch R AFFagni bRgfBeharber 120

and an i on ex{rtact I mpar 0 an ronizable
dopant 1gabyttice paredatr aesembly t1RP nwhibke comprses a plasaliesf el&frod&ener al | y,

o sysii ShmAGFRALOH HEy AT U4 Bh e AP LR oDy A A Ee. 112, The
Pos {1 95 bPBBSIfiioR HEAPHE A OURNferSidotardlo dbeiBlafets, charber 120 by

the ion extPapto[ asse conprises a plurality of el ectrodes
127. Aexicadiéd iging intolibe massewalysisroagret d¢bbl y 122 functions to extract a

beam 128 ositive ions fr e pl as chanber 1 and to accel erate
the ext raﬁ'&%n}agﬁ@nﬁ%("% T%emiw?%@%é)ﬂ t'Olls_L%)anThe mass anal ysi s
- magnet aﬁﬁréﬁﬁymiaeg@td—maﬁaaaiocwme beamsiiref assembBPPISYMhicht € char ge-t o- nass

ratio to the beaml i ne assenbly 115, which conprises a resolver housing 123
and a BUBRIISRSA FeRoives hodsing 138 andadieanyprtializer 1#dqglde a6 i ncl udes a curved

pea bShA2 el M hoRRESSUEHR lfy pU 0 sl 0 beam oul de

defined by an aluminum beam guide having side walls 130, evacuation of which

is provided by a vacuum pump 131. The ion beam 128 that propagates along

‘this path 129 is affected by the magnetic field generated by the mass analysis

-magnet 114, to reject ions of an inappropriate charge-to-mass ratio. The

strength and orientation of this dipole magnetic field is controlled by control

electronics 132 which adjust the electrical current through the field windings of

 the magnet 114 through a magnet connector 133, The dipole magnetic field

~ causes the ion beam 128 to move along the curved beam path 129 from a first or
entrance trajectory 134 near the ion source 112 to a second or exit trajectory 135
near the resolving housing 123. Portions 128' and 128" of the beam 128,

- comprised of ions having an inappropriate charge-to-mass ratio, are deflected
away from the curved frajectory and into the walls of an aluminum beam guide
130. In this manner, the magnet 114 passes to the resolving housing 123 only
those lons in the beam 128 which have the desired charge-to-mass ratio.

The resolver housing 123 includes é terminal electrode 137, an

electrostatic [ens 138 for focusing the ion beam 128, and a dosimetry indicator
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. is provided by a vacuum punp 131. The ion beam 128 that prg %gatﬁpgal ong
~this path 129 is affected by the magnetic field generated {/) H Ss

anal ysis nagnet 114, to reject ions of an inappropriate charge-to-nass
ratio. The strength and orientation of this dipole magnetic field is

- cont r ol memosayiieontrol el ectronics 132 which adj ust tih@E/eshessess cal current
through the field wi ndings of the nagnet 114 through a nagnet connector

133. TélithHmFQramgﬂlﬂ?iﬂzf I'Bletheafirita Alitdrel 24dnclbées s pSmbho nove al ong the
curved beam path 129 troma first or entrance trajectory 134 near the ion

sour ceshpwerigddosnruriizion tea pesitveghargeingt wadld fbgiiviserpecinadigia;i ng housi ng
123. P | ' T ; raatet] i~hONSs havi ng an
[ nappr(?)}‘E){rlﬁllefa)t g;ecjgﬁ\%ﬁ@@%%@&g‘??gbggpﬂgﬁ?dﬁﬁ\%&ﬁglg%igégéjg r’(?h] t he curved

t r aj echeary 128d Thetheanheewisdlizer 194 @ mbolwemhounsbeptddgaiedgacudd8! In this

- manner, the magnet 1 passes to t resol ving.housing,123 only those ions
“in theb%%é(ﬂ?tﬂ'g p\l,gmpc‘[lfﬁéha@ng%@aabgﬂE@geéiﬁld}eélél‘%{%@rﬁ;éggﬂ?gﬁng_ The resol ver
housi ngaflgh1 1B Ginisemchides Adisiashapk8 Wdrksicel SUbportior pRé®es tiBRHA4i ¢ | ens 138
for focusing the ion beam 128, and a dosinetry indicator 21 April 2006 WO

03/ 04 14pam WETh welders 36 be Tmplantedare smauteti alhg ppgeaudisk HHbresisiem neut ral i zer
124 ingl | . S t L.Z4 LEdMe charge that
- woul dn@tatl#%r?%t éa%gcc@gﬁfsawéolep[%ﬁ)eéq%g}ru ge&.c{}\.}%b {Ge?i'tggh%ﬁifeeogﬁiﬂ) Hg% bei ng

i npl anirgtaritpebhe Trespilocesd sisk a4 geitieiemd stétizan 1528 rofated byeamotoeut ral i zer 124

- and resg| ver housing 1 re evacuated , by a vacuum pu 43, Downstream of
The boldh Halspingiezssemly 1407 The 1o oSty siikds Botem Moed 13 thaos. o

di sk- shapesk Sk Kk 86 SRBGE In LEIrRIRPPRES di sk 144  upon which wafers to be

i mpl anted are nounted. "The process disk 144 resides in a target plane

whi ch is gdnéracoyrspef ireplantag iond gnto i wafeedr ether Werkpieea deable of t he
% B T RERRE T ot R SRR bR 5 Lot At Y @
nmount egret@nttdréninipiize tRsmeal ddmdgedtodhe Woehpieory ReferrmgaiomdalFags. At h. I n the
cour Sean?:{ 2I.£3rg)nI gz?etn!lpr)}gryl lg)aqgh i?r%lgntgr \J\'u',\ckfi1 Slrecg rsu;?p%‘.f gss\,\é)n'gb yp .b(?l)cig’ heat is
ilustrated in section according to the present invention, wherein a process disk
144 is mounted on an end of a spindle assembly 150. According to one aspect
- of the present invention, a cooling fluid passage 202 is illustrated in a rotating
shaft 203, through which cooling fluid (e.g., water) is circulated to provide heat
removal from a rotating process disk 144 via process disk circulation passages
204 located in the process disk 144. The shaft 203 is rotatab.iy mounted in &
stationary housing 210 using bearings 212 for rotation via a motor or other drive
component (not shown) via a drive gear 214.
The process disk 144 rotates about an axis 216 at a center portion 217 of
the process disk 144, and comprises one or more pedestals 220 extending
laterally outward from the axis 216, and is further illustrated in plan view in Fig.
2B. Each of the one or more pedestals 220 comprise a workpiece pad 230
| radially disposed from the axis 216 and adapted to support a workpiece (not

shown) thereon, such as a semiconductor wafer. Referring again to Fig. 2A, the

13




- generated in the workpiece, which nust be renoved therefroai n ﬂg&()%{ to
“prevent or minimze thermal danage to the workpi ece. Refer r%’“ o Figs.

2A and 2B, an exenplary batch inplanter workpi ece support assenbly 200 is

illustrated in section according to the present invention, wherein a

process wicsis/oartidd i s nounted on an end of a spindl e aseandshys3sdd0. Accordi ng

to one aspect of the present invention, a cooling fluid passage 202 is

i | | ust rrroess$sidisial 4ofuahengrovisea fitid20mmuricatiog bhetbéarhthegolatingsidfi d (e. g.

wat er) 4 i r.eul ate rqvi de heat renoval froma rotating process disk

144 Vi £0§ra§1get§§ p&FE%E%&(’%P?&ﬁ%&%‘Q@@ Paﬁ?&@?%@_%f-ed in the process disk

144. The shieferdRd nbw tb Hit 8RIandBRUBEGH N t@oné&ﬂér‘n@l&ﬁf&s gt ng 210 using
rive ¢

bearings 212 for rotation via a notor or _gt her orfponent (not shown)
via a dng peesgabipvention, abatqbrion irplantpeworkpiece pedi230 iablusiratesiinaxi s 216 at a

 bedest SPECSLAM GRA iw, rbSIRAIE SRrch MG oIS A B e B g TS ©
f ur t herordédred stragioé dubstamtiatip urifew mrd=sRuctuB.2582¢h etietddarepefor nore

pedestal s 220 conprise a workpi ece pad 230, radially disposed fromthe axis
216 ané”éﬁﬁﬁ?%’d Ungouw pHePrstaic q(%'i(g@@“(sdﬁﬂfm@ﬁé%lfaﬁﬂﬂ@r%ﬁs &uch as a

031 0a111h Fere oS Aule SRR BOREfal el 200 pe Vel sty | o7 O

03/ 041110 PCT/ USQ2/ 35667 process es fluid

: ‘conmunistdesaadhsasioneagioshibervarkpicemparhdiie to 29enarally tegalapedrdattal s 220 vi a

Do or ceufod figh Hoh R B0 RRI TR e poige At 28 ORI on ' a batch i on
| pl anwerkpievekqgintae ppaibNZHS Arkl 4 badeioradrege0, Wher6ifith® WoAdibc!l an Vi ew,

respectively, wherein the workpiece pad 230 conprises an ordered array of
subst aﬁ?ﬁ‘*apelﬂprmﬂé faces dheowatkpigse (nat showp) anchtherhnseaetion28p of
subst apdedhhy

R e e
as uni therpadestal 22 suchithet planaampversenttof theowkikpece paad@3duwdtht o a general |y
regul ap 2Pt %he pedestal is substantially prohibited.
According to one aspect of the present invention, Fig. 4 illustrates an
exemplary micro-structure 250 comprising a first portion 265 integral to the base
portion 260 of the workpiece pad 230 of Fig. 3A. The first portion 265 of the
micro-structure 250 of Fig. 4 has a first crdss-sectional area associated
therewith. The micro-structure 250 further comprises a second portion 270
associated with the workpiece contact poriion 255 facing the workpiece, wherein
the second portion 270 extends outwardly from the first portion 265. In
accordance with one exemplary aspect of the invention, the second portion 270
has a variable second cross-sectional area associated therewith. According to
another exemplary aspect of the invention, the first cross-sectional area is
greater than the second cross-sectional area. Each micro-structure 250 is further
aligned across the workpiece pad 230 of Fig 3A in an ordered array, such that
the plurality of micro-structures 250 are uniformly distributed across the
workpiece pad.
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-surface area across the workpi ece. The workpi ece pad 230 cg rnrfl,ZSQé
wor kpi ece contact portion 255 and a base portion 260, wher L r kpi ece
contact portion 255 faces the workpi ece (not shown) and the base portion
260 faces the pedestal 220. The base portion 260, for exanple, can be
adher ed we@ o3digopedest al 220 such that planar novenenpcptis2i&swor kpi ece pad
230 with respect to the pedestal is substantially prohibited. According to

one aspect mfadcbﬁjalhbﬁmﬁfonle@k@ﬁfdlé?ﬁasﬁécmoftﬂaeldréﬁﬁﬁEmﬁeﬁﬁomreaclexenpl ary
m cro-structure 250 conp I‘ISII’I%&H first portion 265 integral ;to the base

porti oﬁ"‘ifefﬁt%ipt'{f%859\ﬁﬂw|ﬁf isrsea jruti-siried pyrantifg Figghlllusiates it BRamet i on 265 of
hoe %S&E‘{] EEP, ?ég%’gfalﬁ) tﬁangi{p shafld é@%ls%{sgé iaRactilongl area
erew t FUC

assomat e m°cro- ture fur er conprises a second
por t i ofirs2 pOrtioa 266 aif dtcenionn-structie 2. Kifiree sides 27 5 of th:mﬁoui—adeQSS facing the

wor kpi ece, .wherejn th rtion ext nds_,out war fromthe first
porti oRY" @@ydm@lmm%@t&#ﬁgﬁ% r?l"i'%(?rg@n@é%& 5%@@ Cofi! ﬁ i nvention, the
secondaBeididted w%ﬁ%e H&ond pORidrAPH (PofIRE Rildlo $X08%res €Thé g sibga associ at ed
therewith. According to another exenplary aspect of the invention, the

first &roobthegpicrostatctaeddo @enega"efféa@rthe wﬂlme et shvor 88d - sect |k onal |
.area. ve rgg-Ag{ % Io%%ﬁ%ﬁr: %‘}‘ﬁ Slggé& tb the Wér&ﬁi@{:%a?hé ?‘]E:(gﬂlﬁr %S—%éﬁag?lmr pi ece pa

230 of eréd array, suc

m cro- steausftihe ﬁyra&ﬁ@dacleasms fromrthe fidt portiot 268 th therlosationt®Y8 wor kpi ece pad.
14 21 A’B i glf? 03/ 041110 PCT/ 2/35667.1n ccor%fg%c? wth one

exenpl & sestdo dhe woirplege. HPAVERTS Pf%‘?'F RIGEerstptup Qfcture 250
conpri éﬁa?nﬁief%heéb?f%ﬁ f%ﬁi@!@catﬂn@?ﬁ dddeysib'tht fRritfled@nhemsta first side

271 which 1s generally triangular in shape and is associated with the
first pidetd7dniszppradmaiely hDeLdinchesict ure 250. Three sides 275 of the

o= LS B T SRRy R RIE Y, L oo
m cr o- sa¢hiahifor® mithesilutee ingeBes a five-sided pyram:d wherein one of the

five sides is generally rectangular in shape and is integral to the base portion 260

of the workpiece pad 230 of Fig. 3A. Four remaining sides of the five-sided

pyramidical micro-structure are generally friangular in shape and face the

workpiece. It should be noted that the micro-structures illustrated in the Figures

are exemplary, and any uniform micro-structures can be utilized, as will be

understood by one of ordinary skill in the art, and are furthermore contemplated

in the present invention.

According to another exemplary aspect of the present invention, each
micro-structure 250 is adapted to transfer heat from the workpiece fo the
workpiece pad 230, whereby the workpiece pad 230 further transfers the heat to
the pedestal 220. In accordance with one aspect of the present invention, the
micro-structure 250 and the workpiece pad 230 comprise a substantially resilient
material, such as an vulcanized rubber or RTV compound. The substantiatly
resilient material is adapted to significantly conduct heat, and to further compress

or deflect from an original form when a force is applied fo the workpiece pad 230.
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275 of the mcro-structure 250 generally face the workpi ec$ (rlllgli @%wn),
and . converge at a location 278 closest to the workpiece. hepsitd
cross-sectional area of the pyram d decreases fromthe first portion 265
to the location 278 closest to the workpiece. An average hei ght of each
m cr o- st mwénmai1R50, for exanple, as neasured from t hendwsesdseaon 278

cl osest to the workpiece to the first side 271, is approximtely 0.0025
i nches . Thersubstamtidiyresiligitraterialtib furthexaorl aixpteaipetbsintialyrepresent

i nventi,o eac unfor m cro-strucgture co [IS five-sided ramd,
“wher ei 9 mﬁeoqﬂmq If%'m wher "’.ﬁfﬁ&e ?’?”ﬁéﬁ’é‘rtﬁ? w9r aﬁ?ﬁ‘ﬁ?%'s iemg ep)a/md i s
integral toft 95N%ﬁ6 5eqfddtefe %@exea{ Iérg%vogﬂféﬁé' SRE2 A s%%ﬁbrpémf' g. 3A Four

~remai ni.ng sides of the five-sid lcal 'mcro-structure are
gener alil Planpieyngesnectivaly. sﬂmeln@wowameﬂﬂéreamm theaworkpiestioul d be not ed

that t th Gl ar e exenpl ary, and
any unf&ﬁgﬁ%{:én&f‘:‘r%Eﬁﬁ’ﬂ@t%f}’?@ép@%i’%@%g? HI r@% g%"\?ﬁlals %%V’ Y&hder st ood by one
of or diceairifugekfdrte appliet ¢o e woskpibca 280 frodilidhay BBrPras@es el ated in the
~ present |nvent|on Accordji ng to anot her exenp Iarg aspect of the present

)]

i nvent ORKPIESRPRA 230 1A centrifiiali fasco28p may besatieed atstpmrgem‘th@at fromthe
k f h
e g e

transfers the heat t he ance one aspect of
the pr @gmeuwwhpmmd 2$Qaandrrea1!@nﬂy comopressng fé: mivdo-shachuesi3fidece pad 230

conpri lient material, such as an vul cani zed rubber
~or RN E%Sﬁ%ggﬁﬁ%ﬁ érkg étpgﬁﬁsgl'l y resilient material is adapted to

si gni fi cant Tie eomphestion @fthe @mpre@efpuatztaeﬁ-esa@my%ﬁpr@srseé@aérect from an
original, formwhen a force is applied to the wor gl ece pad 230. 15 21 April

2006 \AB“%@?%WP{@QMQJS@WQ&@BQ a CpRtack siiEca e R @aswmat@«éwﬁh material is
oo LBSARE LB oI A90b) AR BRI 08T pven the
i 11 ust Hiustgatedén EigefpAmize oidhé gooiact puthce afka Eﬂ&ecassomamd awvith the

force 285 applied to the workpiece 280 of Fig. 5A. increasang the force 285

exerted on the workpiece 280 causes each micro-structure 250 to further

resilienfly compress, thereby resulting in an increase in the contact surface area

286 of each micro-structure 250 which is in contact with the workpiece 280.

The contact surface area 286 of each micro-structure 250 is further

associated with a heat transfer rate and adhesion force for each micro-structure.

Increasing the contact surface area 286 increases an amount of heat which can

transfer from the workpiece 280 to the workpiece pad 230, as will be understood
| by one of ordinary skill in the art. One exemplary benefit of utilizing an array of

uniform micro-structures 250 on a workpiece pad 230 is that heat transfer from

the workpiece 280 to the workpiece pad is significantly uniform across the

workpiece 280. Typical workpiece pads of prior art have heretofore achieved

some level of heat sinking for removal of heat from workpieces, however, due to

variable contact surface areas across the workpiece pad, uniform heat transfer

across the workpiece pad may not have been achieved.
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in plan view, respectively, wherein a workpiece 280 reside%#oqgégg
wor kpi ece contact portion 255 of the workpiece pad 230. & % such
as gravity or centrifugal force applied to the workpiece 280 resiliently
conpresses the workpiece pad 230. A centrifugal force 285 nmay be caused by
a spi nniwgesmlsittile process di sk during batch ion inpl@ni@biges7 t hus further
forcing the workpi ece 280 onto the workpiece pad 230 and resiliently

conpr essi noAjdtRemex@hipidy buﬁéﬁtro%m&'ﬁg; ar BflefidSiTHbfudForPrfidtbece pad 230.
The conpression of the workpiece pad 230 resili entl¥ conpr esses each
ni cr o- Efyclidies RE0DRR werkpiess pad 2801s Hgt adkesiardierces of thecworkpiese 286 associ at ed

Wi th i l.ON: X ' - re 250, as

Fur ¢ netE 2P eSO 36 cphe SRBEamyRlyRRR B s QORVERY' o 220068% ¢

?ssociﬁymchl\m'rhdrk?ied:EBpadzsgjgm Zidey aﬁpmd deﬁibr:émfdr@groweld_ ra'zg'gm'ﬁ%@ and Fi ﬁ 5A.
ncreasi ng.the .force exerted on the workpi ece causes eac

mcr o-%qm%&‘.ﬁ'? delsighiops, amgppt R suripgs phesien p %‘@ﬂ'&?'@g@ ,“V?'Eﬂgi‘eeby resulting in

an 1 noyedprck'is E::I'&@e&ﬁmiﬁ'ﬁ\ko&ﬁfet)@%%d%ﬁ@%%%ﬁﬁarlﬂit)n%ﬁﬁnfé‘ﬁéﬁ o-structure 250

which is 1n contact wth the workpiece e cohtact surface area 286 of

each mYSt&Mstructure 250 is further associated with a heat transfer rate

and adhesi . r . m.cro-structure, |1 nc S] e cont act
surface ar g\gorggé?oﬁwitfgg\gﬁggﬁ‘egﬁaﬁétu %@ﬁau%\?ﬂ?% a Jh%tgtognsfer fromthe
wor kpi aaeact8istice aches e Wwoikeleee pad. 2 dissdvehiahe behavingvaiabigd by one of
ordinary skill in the art, One exenplary benefit of uti]izing an array of
uni f or Oneheraciensiics s thajpreds af gh EBE‘/%”&@ cacapse pogsiblgat heat transfer
from d; i I R86lid L gRisbieantly uniform
acr oss ‘f‘ﬁfeé&é\}o@k‘giq@%ﬁ@%g%%I?@g’i"\gg{dﬂ%rEgu ece éptgélzé %PH%Irei%%r art have
her et cftiskingde theewerkpiese pad | resdtingin digiategratek particles of themmrlgpiecd heat from
face areas across the

v G v ek o VT ST BB R REE8R 5 025 LF e
been antfoememthedion 2¢rodptid wakfiec¥\Dal 3thQ4 §ddeasing the possibility of
workpiece and workpiece pad disintegration.

According to another exemplary aspect of the present invention, each
pedestal further comprises a supplemental restraint to retain the workpiece on
the workpiece pad. During batch ion implantation, the process disk rotates, thus
‘creating a centrifugal force to be exerted on the workpiece. A supplemental
restraint can limit a lateral movement of the workpiece, and can also be utilized
to act as a guide when placing each workpiece on the workpiece pad.

Referring now fo Figs. 7A and 7B, an exemplary batch implanter pedestal 220 is
ilustrated in section and plan view, respectively. The pedestal 220 of Figs. 7A
and 7B comprises a plurality of tabs 300 protruding from the pedestal around the
perimeter of the workpiece pad 230. The tabs 300 further laterally restrain a
workpiece (not shown) on the workpiece pad 230, such that a lateral movement
of the workpiece with respect to the workpiece pad is significantly prohibited.
The tabs 300 as illustrated in the Figures are stationary with respect to the
workpiece pad 230. Alternatively, the tabs 300 are moveable with respect to the
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PCT/ US02/ 35667 Anot her exenpl ary benefit of utilizing an og?ggﬁﬁ @@{ay of
uni form m cro- structures 250 on a workpiece pad 230 is th &f%n
forces of the workpiece pad 230 to the workpiece 280 can be significantly
uni form across the workpi ece. Typical workpiece pads of the prior art have
her et of otw@ @eMicded a significant and sonetines del eteer@osgssegrount of
surface adhesion to a workpi ece when the workpiece is placed on the

- wor kpi everkpigge pad 230uFurtheamorepss amgthenalErnative, s psmbimatiovooi-hoth f ormi ty of

wor kpi ege,. features C e variable ad i op. .characterjstics across
e vortarady piBhEa0 G I a2 bARed, i uihingfe SR b
char actgessitiim@entiont hat areds of hi gh adhesi on can cause possible
di sintegration of the vvorklgi ece and/ or workpi ece pad due to the workpi ece

sti cki ng t o Aoserdikg lepras eaoipgtiexarealyiasngei of tae sreserignvandandir ticl es of the
wor kpi ) | : ' r. Vi &e:. ver resent

vent | Gamsa L AR 220 MRN8 o el B el gldBefr e

decr egsﬁie\g rebpeglivsly Whélieﬁry?mmmﬁtﬂi@id? then fedestd 206 peotpaids fosi nt eg[1 ation.
Accor di t a_apot her ex ary e f the present_invention, eac

pedest Jﬁgipﬁp'f”ﬁgﬁr Ogg‘#ﬁ‘pwpﬁ@"%ca péqgaﬁeﬁ%’ﬁﬁ@l315&%5’?%’i3ﬂﬁ“‘f{‘3§"ﬂ¥9@'§¥?ﬁt§ he wor kpi ece

- on  t he IesrkRhEFEMBRDT tt%lﬁbfkﬁie@égm éih% n) {iith F6dpRb 8 'the Mﬂ@(pl%rcgc ess di sk

‘rotates, thus creating a centrifugal fofce to be exerted on the workpiece.
A supplR®§etiilal restraint can limt a lateral novenment of the workpiece,

I
The vor kpi catepierifEiiot§ MofEd §ud MoudR uled Sorm ary Batcn

i npl antsebsietat rebiid@0vorkpiecd Mmoaht Aippart donfrising e oxdsted bady 6of ew,

respectiyely. The pedestal 220 of Figs. 7A and 7B conprises a plurality of
t abs 36%5"%?%{?‘9&%8&%%?%@@%@ éﬂg‘i’”é?'%%ﬁwla & batch ipaimplapiations t he

wor kpi (0 Ty I -ab.pn.a workpi ece
(not s%gg_mtﬁ?aon t%eexﬁr%iﬁr)fg%teh%ggg%%%tﬁé%htskq%tg&%efjg@éérnglﬁgrarlovement of the
wor kpi @edeswwf acts @s puents.tibwil e appragiated thay s presentgmienticraistriof pr ohi bi t ed.

The 2l 3%yAfe st Uik br 16 ERY QoL aslofild QBRL ot {1 Tespect to

occur in different orders and/or concurrently with other steps apart from that
shown and described herein, in accordance with the invention. In addition, not all
illustrated steps may be required to implement a methodology in accordance with
the present invention. Moreover, it will be appreciated that the methods may be
implemented in association with the apparatus and systems illustrated and
described herein as well as in association with other systems not illustrated.
According to one exemplary aspect of the present invention, Fig. 9
iustrates method 400 of forming a workpiece support, wherein a substantially
flexible mold comprising a first surface and a second surface is placed on a
substantially rigid plate at step 410. As fllustrated in Fig. 10A, the second surface
500 of the mold 505 faces the sigid plate 510, while the first surface 515 of the
mold comprises an ordered array of inverted micro-struciures 520. The mold is
comprised of, for example, polypropylene, such that a mold release agent is
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wor kpi- ece pad 230. Alternatively, the tabs 300 are rmveablg Wi t.p%(&%spect to
the 17 21 April 2006 WO 03/041110 PCT/ US02/ 35667 wor kpi ec 16‘85‘ :
Furthernore, as another alternative, a conbination of both stationary and
noveabl e tabs 300 can be utilized, and fall within the scope of the
pr esent wowsmniimen. According to yet another exenpl ar yp@speesseef the present
I nvention, an exenplary wafer pedestal 220 is illustrated in Figs. 8A and

813 i numeebsty. aRdriéradbre Vthe Whold espbs formeldy foreirample) using iepmi@b0 at t ached to
t he pedestal 220 protrudes from [ | ece pad 310.

t he perimeter of t wor k
The | i {ePhaaiion AregRss, @ic@wﬁsrhhémmgﬂem@géﬁﬁl ‘E‘a{hr%lfgé}gﬁ G of the
wor kpi ece (ot | i | 120 rﬁlj’éb . The present
i nvention i@@.aﬁ@;ﬂ%ieaé%% é@q@ﬁé@é%&p%ﬁtﬂgﬁ rif'i\%rf'a,:ir1§1n a elspbspﬁgﬁt ially
resiliemtd thefilsbswlaerfildngf the pwdd 0T algien 420:9f Big. gr\db@reml theray of uniform

m cro-structures. for support,i a r.kpie LN ; ' I npl antation

system ™ dl"é”E&'@ﬁ%Pﬁ‘iV%ﬁﬁ?q{é%g Sﬁpﬁg?qqﬁﬁéfﬂ?é@g%&%g%%%ed herein as a

ser i esinértdtfinfor@streMarisS20. ITH lduifled vapkiies pacehatdraid 5251 fatiesent i nventi on

isnot limted by the illustrated orderlng lof such acts or events, as sone
1a

st eps #dBptediocsubsiantighy pamitionsingde @ sibgieafalboiwd pedestawhilet h ot her st eps
apart : : | |38 mAfRraCs0y ith the

i nvent%%b%igr{hﬁwa%rgﬁéﬁm,@dr@t"ﬁﬁﬁl%é P’?ﬂ(ﬁ)&%@ ?tag(in élsﬂtég%s nagq@&eﬁ? }g‘qui red to

i npl en$0f. Borrexahgills lieglquifedworkpitae pad midtérial 526 cormgsises an RY¥nt i on.
‘Mreover, it will be appreciated that the nethods be . inplenented in
associ%lﬁ‘%%’r{"%ef‘ﬂl’ ?ﬂ&trﬁg'g‘ﬁﬁa%ﬁcwsﬁﬁt PIORWIENS Wgrﬁmag?{@"nfgescri bed

her ei NsiRRIINES hoRa thét LFBORCIcRIdshgBhlis nef fQhirsy Shrigthagomidibnef r at ed.
According to one exenplary aspect of the present invention, Fig. 9

i |1 ustthatwkniecshappegothys aligrinating aay deletgrioss efiegsraused nevld n-a
2o L en RS o AR iR Tt SV oce 3 <pcone
i 11 ustrat edFig.n 0B gjustidids plabingtke pedbstal 5B oeato the liquified workpiece
- pad material 525 at step 430 of Fig. 9, wherein the pedestal 530 contacts the
liquified workpiece pad material 525 at a plurality of locations. As an alternative,
- the liquified workpiece pad material 525 is applied to the pedestal 530 at step
420, and the pedestal 530 and liquified workpiece pad material 525 are further
. applied to the first surface 515 of the mold 505 at step 430.
The liquified workpiece pad material 525 is further cured at step 440 of
Fig. 9, thereby forming a cured resilient workpiece pad material substantially
bonded to the pedestal as illustrated in Fig. 10D as item 535. According to one
exemplary aspect of the invention, one or more of pressure, heat, or ultraviolet
“radiation are utilized to cure the liquified workpiece pad material 525, Fig 10E
illustrates removing the rigid plate {not shown) from the second surface 500 of
.th_e mold 505 at step 450 of Fig. 9. The mold 500 is then removed from the cured
resilient workpiece pad material 535 at step 460, thus leaving a plurality micro-
structures 545 adhered to the pedesta! 530. According io one exemplary aspect
of the invention, the mold 500 of Fig. 10E is removed from the cured resilient
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500 of the nold 505 faces the rigid plate 510, while the first surface 515
- of the nold conprises an ordered array of inverted ni cro- &t N’E‘ig? 520.
The nold is conprised of, for exanple, polypropylene, such that a nold
rel ease agent is 18 21 April 2006 WD 03/041110 PCT/ US02/ 35667 unnecessary.
‘Furt her mygansoifiey nol d can be forned, for exanple, usi gTAISK/BEO-
replication process, such as that commercially avail abl e through 3M

Cor por abrlgieceagl makdal $35by selisdantzlly peeliri teel nvald frpindbe cpeed nat eri al 525

being applied .onto the firs ur 15 of the nol 5 .at step 420 of
o o relieaf BorBlesd pad pateriab ol etEtestan FRTRIRL TERAZ oo ant i al | y
cover swoh@)iéﬁed@rp?am%%rﬁﬁmsi@w&ﬁéh fésﬂi@ﬁt%ﬁk?réw bad nkd8al The 1iquified
wor kpi ece pad material 525 is Turther adapted to substantially permt

bondi n§3% edberedtia thpedastal 530 gwierpladbs verkaipea Bad Rglesiahadd BINGT prevent i ng
bondi -”90%rié%eaﬁ“@%&%rﬁ@@ﬁqwgf&-%qﬂrggéﬁﬁt° the nmold 505. For exanple,

the liquitied wor C erla conprises an RN silicon material,
and t he nol Altiefighdamvieation hapbesrshamwn ambdégunibyd withrespeattodt  shoul d be

noted that, a npld rel ease agent .is not,required during the formation of
the woPRAIBRRPUGAYRDS F?Sfmﬂsg‘@F‘#%‘Pﬂ%t'ﬁWﬁb& p@'@?‘ih%%@”'é&?@ﬁts caused by
mol d -éﬁé@ﬁéﬁ ﬁﬂf&bdﬁ%ﬁﬁdﬁ%h@gPgﬁjrggﬁtﬁéré‘bﬁil&ﬁn‘%ﬁé kRiuPBR tifipport. Fig. 10C

illustrates acing the pe 0 onto the liquified workpiece pad
mat er i sgadigpant undesgtangiog of this spedificatipre ard the anngyed deavings30 cont acts t he

.'qu\uifi r kpi ad material. 525 ¥ f. ) tions. As an

al ter ng?ﬁll\gﬁ@r re?gﬁgd:ﬁ tﬁﬁi‘ﬁapg‘ﬁs W%ﬁ%s&eﬁbg%d %m%%gé%cblg&:ppl ied to the
pedest abmpdfleras (Bfsemblids Yevinas, digity) sdstetrs| efedDthertermd (roliidieglawor kpi ece pad
material 525 are further applied to the first surf_g{ée gdl%{,()f the nold 505
at st efefargpce 1ha "Means y peed %cﬁ%f‘%ﬁu‘ﬁ‘a‘épfﬂ%?'@'\tsa?mﬂ nd rther cured at

step %erégponﬁ,i ﬁlie%?tbgﬁrﬁg@hﬁdfﬁgé?, Fﬂaenﬂrpéggﬁ%ern%%ﬁ%o%ém ece pad

mat eri al substanti onde edestal as i1llustrated in Fig. 10D
as it eap&dfind inocimndifibe deswibed corpopbair(je.athad i fuoetianally i nvent i on, one or
nore of

eqlﬁ{,ﬁgﬁﬁ'fe%n ?ﬁ&}gh Sot s’f'rlug:th?‘a\fliy%lqﬁﬁlalent to the disclosed structure,
which performs the function in the herein illustrated exemplary implementations
of the invention.

In addition, while a paiticular feature of the invention may have been
disclosed with respect to only one of several implementations, such feature may
be combined with one or more other features of the other implementations as
may be desired and advantageous for any given or particular application.
Furthermore, to the extent that the terms “incl‘udes“, "including”, "has", "having",
and variants thereof are used in either the detailed description or the claims,
these terms are intended to be inclusive in a manner similar to the term

"comprising”.
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radiation are utilized to cure the liquified workpi ece pad Fg&gﬁh 525.
Fig ICE illustrates renoving the rigid plate (not shown) £ second
surface 500 of the nold 505 at step 450 of Fig. 9. The nold 500 is then
removed fromthe cured resilient workpiece pad material 535 at step 460,
thus leaving a plurality mcro- structures 545 adhered to the pedestal 530.
According to one exenplary aspect of the invention, the nold 500 of Fig
10E is renoved fromthe cured rgEL!gent 19 21 April 2006 WO 03/041110

PCT/ US02/ 35667 wor kpi ece pad al 535 by substantially peeling the
nmold fromthe cured resilient workpiece pad material. Fig. 10F illustrates
an exenplary finished workpiece support 540; conprising the cured
resilient workpiece pad naterial 535 adhered to the pedestal 530, wherein

t he wor kpi ece pad nalerlal 535 further _conprises an array of uniform

m cro-struéture "59!“5“9&?@ tRERYBYSIEE. CORBYSINGN has been shown and descri bed

W th r?Speg%ﬁ]r uéce §(ﬂ1 ik %%%:rFPEéWh%Pébrﬁé‘%gh{%%g%%Qﬁi@B'\Hﬁéeu twll be

appreci ate I va erations an ficatirons w occur to

ot her at lelsét 4 pértion ofhfé%ﬁ(pié@@@aﬂ@rfaé@@&hﬁﬂs@dﬁh oRidesEaRadbNg of this
specification and the annexed drawings. In particular regard to the

var i olMcrpwileiciusess performed by t he above descri bed conponents (assenblies,
devi ces, ci rcy |tsh\gé%_ste etc. terns (including a reference to a

"means”) ué@FIpYa EPB AN (YRHP! §9eSr e i ntended to correspond,
unl ess oth W?}c?e%g'd@'rﬁﬁﬁrﬁgd oh% éHb\fthPFS?Qtﬂﬁrﬁthde'bﬁ%x %Qfé?ﬁtl'felh specified
Fhe e I's

function o escri conmponent (I unctlon

equi vptoesss disk ¥eaddpted thsupplortthe petiestal thyrednyiangbent to the di scl osed
structure, which perforns the function in the herein illustrated exenplary
i npl enent alondgesrcesidapied torvevide dans torthe werlmiens residingomthear t i cul ar f eat ur e
of the invention may have been disclosed with respect to only one of

sever %PTP tations, such feature may be conbined with one or nore

ot her features of the other inplenentations as

2. The system of claim 1, further comprising a cooling fluid source
adapted to provide cooling fluid to the pedestal in order to remove heat from the

workpiece pad and the workpiece.

3. The system of claim 1, wherein the process disk comprises a
plurality of pedestals extending laterally outward from a center portion of the
process disk, the pedestals each comprising a workpiece pad radially disposed

from the axis and adapted to support a workpiece thereon.

4, An ion implantation system, comprising:

a Workpiece pad having a surface whereon a workpiece resides, wherein
at least a portion of the workpiece pad surface comprises an ordered array of
micro-structures;

a pedestal whereon the workpiece pad resides, wherein each of the
micro-structures comprises a base portion facing the pedestal and having a first

cross-sectional area associated therewith, and a workpiece contact portion
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may be desired and advant ageous for any given or particular %‘%ﬁ%b& ion.
Furthernore, to the extent that the ternms "includes", "i ncP ;- has",
"having", and variants thereof are used in either the detailed description
or the clains, these terns are intended to be inclusive in a manner
simlar to the term "conprising". 20 21 April 2006 Clainms 1. An ion

i npl antation system conprising: a workpi ece pad having a surface whereon a
Wt_)rkpifece esi dgs. wherein. at Ieaat aﬁp%.i o% of thg V\Dl%k$i ece pad surface
conpr 134 YF VETERIPET 20¢ NEYIng ! SeEORP SraySTHRAIGN &°3 ARE ORI S her eon t he

wor Kpic8RBCPAHTICE HreS B5sctiated ARt swilh, Hhd VLRGN Rirdd cRdtidectiOhalr O ation about
an axis, wherein the process disk is adapted to support the pedestal

t her earga isrgeatar than tbe secandactags-sectionapares; de i ons to t he wor kpi ece
residing on the workpiece pad. system of claim11, further

2. The sy : .
conpri si ng2@PreeRssidisk mpuntedn 4 shaft fon setation aboy am\axise WSERINME f 1 uid to the
pedes I 1 r r.kpi ece pad and the workpi ece.
3. Thg?icfggg%]kg§5%%@?%1?@&@1%?@%&99%%2%&%5%%@ aﬁlgsk conprises a plurality

of " pedest alf iGxs6teE Blaptaties prdwdeioh¥as thef iGpidcs péMidihg RArthé on of the
process di sk, the pedestals each conprising a workpiece pad radially
di sposwikpiégegpad.he axi s and adapted to support a workpi ece thereon. 4. An
ion inplantation system conprising: a workpiece pad having a surface
whereon a wor kpi ece resides, wherein at |east a portion of the workpiece

pad surfacg CO”‘?EB%@&eﬁﬂg{c’cﬂQﬁ{ f%ﬁréﬂ%h@}»lurmtﬁhP%rﬁﬁ{rﬁng&cﬁs; a pedestal

wher eon the workprece pad Ttesides, erein ea
structures comprise three-sided pyramids.

6. The system of claim 4, wherein the plurality of uniform micro-

structures comprise four-sided pyramids.

7. The system of claim 4, wherein an average height of the plurality

- of uniform micro-structures is approximately 0.0025 inches.

8. The system of claim 4, wherein the workpiece pad comprises a
substantially resilient material, wherein a normal force exerted on the workpiece
contact portion causes the plurality of micro-structures to resiliently compress
resulting in an increase in the workpiece contact surface area, thereby increasing

a thermally conductive contact surface area associated therewith.

9. The system of claim 1, wherein the workpiece pad comprises an

RTV compound.

10.  Anion implantation system, comprising:
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m cro-structures conprises a base portion facing the pedes%ﬁl agg (%avi ng a
first cross-sectional area associated therewith, and a wo &P@ 0®ont act
portion 21 21 April 2006 facing the workpi ece and having a second
cross-sectional area and workpi ece contact surface area associ ated
therewith, and wherein the first cross-sectional area is greater than the
second cross-sectional area; a process disk nounted on a shaft for rotation
about an axi 4 wherein, the rocess .disk Is alga t ed %Jo suh)%%rt t he pedestal
thereon; aRd"dKP'FERPad ALY 8 ST LY MRS I P AN GS !k pi ece

resi dafigasia bBRion WP iHPivekPicRBPadBurfhBe coMpHSEs ah ofdctbdftay Wher ein the
plurality of uniformmcro- structures conprise three-sided pyram ds. 6.
The sydtremtukcturési m 4, wherein the plurality of uniformmcro- structures
conprise four-sided pyramds. 7. The systemof claim4, wherein an average
hei ght of @Redgsighwhetepn tae WeririereRad Esisles: wherelnt b nedeaishr oxi mat el y

0. 0023, i . t L ai i h jece pad

conpr ?‘]sr{ehs%? ggﬁlg (BeY %-%ﬁ P@%ﬁ'f; 13'{rgel gélﬁt'%lerﬁta%néﬁeg\r@p g%‘?‘%‘% r@rwé&;gﬁ mal force

exert g Workblke\WAKPi ece contact portion causes the plurality of

m cro-structures to resiliently conpress resulting in an increase in the
wor kpi ece edqmnocess disk mauetedopag shaftlioe tatiorcalkad iangxisa whisegindhd y conducti ve

contact surface are soci ated there h. 9. The system of claiml,
wher oPIPeRe i iagianted Iaa R e S0eS RIS RBound. 10 An i on

| npl ant ati g iy S rER aﬁ%@%&b%ﬁgﬁéng\ﬂmﬁ@ ;Arkpiég?g i@ bKRECe pad having a

surface whereon a wor esi erern east”a portion of the
wor kpiveaigidrethalir f ace conprises an ordered array of

11.  The system of claim 10, wherein the supplemental restraint

comprises a lip protruding from the perimeter of the workpiece pad.

12.  The system of claim 10, wherein the supplemental restraint

comprises a plurality of tabs protruding from the perimeter of the workpiece pad. '

13.  The system of claim 12, wherein the plurality of tabs are stationary,

moveable, or a combination of stationary and moveable.

14. A pedestal for supporting a workpiece in a batch ion implantation
system, comprising a substantially resilient workpiece pad adhered to the
pedestal, the workpiece pad having a surface whereon a workpiece resides,
wherein the surface of the workpiece pad comprises and ordered array of micro-

structures.

15. A pedestal for supporting a workpiece in a batch ion implantation
system, comprising a substantiafl'y resilient workpiece pad adhered to the

pedestal, the workpiece pad havig a surface whereon a workpiece resides,
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m cro-structures; a pedestal whereon the workpiece pad resig wherein the
pedestal further conprises a supplenental restraint adaptg fﬁﬁﬂ?@@%ln t he
wor kpi ece on the workpi ece pad; a process di sk nounted on a shaft for
rotation about an axis, wherein the process disk is adapted to support the
pedestal thereon; and an ion source adapted to provide ions to the

wor kpi ece residing on the workpiece pad. 11. The system of claim 10,

vvherel t he.su a straint, conprise protrudlngfromthe
per  meetetdiis RErEER I wbrples? o ot SRR el B LB r ei 1 ¢ he
suppl epB&tils, MRSk n?‘leé"éh oﬁﬁ%nb@@r&t%ﬂ%hﬁpﬂe@é bh@@%oi%ﬁt ruding fromthe
perineter of the workpiece pad. 13. The systemof claim 12, wherein the

pl ur afading thke pedbstabamd havng arfmstwoss#mcﬂmbhlearealassocnaiabltrm'ewﬂlm, of stationary

and noveabl e, 14. A pedestal for supporting a workpiece in a batch ion
i npl aAPAAIVIKPIEGR FRMACIRANIPN BckY taeé‘mf%@'ﬁﬁ‘f pagd h?"'%@lﬁlqc@ﬂ‘i' wor kpi ece pad

ad her ggsotc?até@% r@ﬁ%%{t@l whérQ‘?\ th8 'ﬁlssq fc%s% &T%ﬂ? pedl r@e? E&r@é’trep ffan whereon a

rkprece re res & ace ad conprises and

orderm@ggcbaucggsscge@hgna@yééjctures 15. A pedestal for supporting a
wor kpi ece in a batch ion inplantation system conprising a substantially

resilient workpiece pad adhered to the pedestal, the workpiece pad havig a

sur face whereon wor k |ec 1 ril 2006 wherein the surface
o e wor 167 oo The SR & Haiboid, @ai*a%a'ugﬁw RORN WS- r uct ur es,

wher e%@f ang (%P"ﬁfgg tﬁ?e%rs?déiit C)H&rtnw £s conprises a base portion facing the

pedes aving a rtirst cross-sSectional area associated therewith, and
a wor kpi ece contact portion facing the workpi ece and having a second
associated therewith, and wherein the first cross-sectional area is greater
t han 17. The system of claim 14, wherein the plurality of uniform micro-

structures comprise four-sided pyramids.

18.  The system of claim 14, wherein an average height of the plurality

of uniform micro-structures is approximately 0.0025 inches.

19. A pedestal for supporting a workpiece in a batch ion implantation
system, comprising a substantially resilient workpiece pad adhered to the
pedestal, the workpiece pad having a surface whereon a workpiece resides,
wherein the surface of the workpiece pad comprises and ordered array of micro-
structures, and wherein the workpiece pad comprises a usbtantially resilient
material, wherein a normal force exerted on the workpiece contact portion
causes the plurality of micro-structures to resiliently compress resulting in an
increase in the workpiece contact surface area, thereby increasing a thermally

conductive contact surface area associated therewith.

20.  The system of claim 14, wherein the workpiece pad comprises an

RTV compound.
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t he second cross-sectional area. 16. The system of claimlz&}1 wherei n the
plurality of uniformmcro- structures conprise three-side 6??@ s, 17.
The system of claim 14, wherein the plurality of uniformmcro- structures
conprise four-sided pyram ds. 18. The system of claim 14, wherein an
average height of the plurality of uniformmcro-structures is

approxi mately 0.0025 inches. 19. A pedestal for supporting a workpiece in a

bat ch ion igpl ant at | Y. . conprising.a substantially resilient

wor kpi ece f)zgg a&é‘%deegial _J‘)grt%i’%%'@g&n_@%rlk?'e?%én @3’?&3\ ’85&“@‘38%/%‘8% ng a surface

wher e@pstamM@bIPHERE af fbistPally M3fEAL WoFkP%céLHaﬂaéZﬁeFﬁd foltewor kpi ece pad

conpri Ses and ordered array of mcro- structures, and wherein the workpiece

pad cepepestak theawarkbieaatpiadl Hayinges sliifanet wherabe aivedrkpisberedidesa normal force
rkpiece contact portion causes the plurality of

h
ren'Xg E)-e”g‘ﬁoﬂnﬁ{“iﬁ? 366 of &g YPEiiece Rashranarrises g ardergdianray Pf Migr ease in t he
kpi , i i . duct i
cont nefEGuARDBAT WhBHih BFodddifl bl ThaRES SRbnfrldIzedtiny Eondictive

wher eiadlaptied tovestiipi the (vopidsleSOOM tHeswskpiRce BRY. conpound. 24 21 April 2006 21.
A pedestal for supporting a workpiece in a batch ion inplantation system

conprising a substantially resilient workpi ece pad adhered to the

destal , Kpi Jhayj ng a surface whereon rkpi ece resides,
Rherei n { he2eur f AESYSPT e R ¥ bivthedein e ECrmipPenel Beali der ed ar ray o
M C1 OeombHYed H1i6 Protihd MhIhe pbfificRE 4P HeAliodd bl BhacOnPr | ses a

suppl ene restraint © adapted to retarn the " worKprece on the workpi ece
pad. 22. The system of claim21, wherein the suppl enental restraint
conprises a |lip protruding fromthe perinmeter of the workpiece pad. 23. The
syst em of éBai mTEQ,Sy%tﬁ@r@iqlaimw,wmmiemlme\smplemgnﬁahraﬂraint

comprises a plurality of tabs protruding from the perimeter of the workpiece pad.

24.  The system of claim 23, wherein the plurality of tabs are

stationary, moveable, or a combination of stationary and moveable.

25.  The system of claim 14, further comprising a cooling fluid source
adapted to provide cooling fluid to the pedestal in order to remove heat from the

workpiece pad and the workpiece.

26.  The system of claim 4, further comprising a cooling fluid source
adapted to provide cooling fluid to the pedestal in order to remove heat from

the workpiece pad and the workpiece.

27.  The system of claim 4, wherein the process disk comprises a
plurality of pedestals extending laterally outward from a center portion of the
process disk, the pedestals each comprising a workpiece pad radially

disposed from the axis and adapted to support a workpiece thereon.

25




conprises a plurality of tabs protruding from the peri rrete? %{F&E@
wor kpi ece pad. 24. The system of claim 23, wherein the plu <1;1 P (}6 t abs

are stationary, noveable, or a conbination of stationary and noveable. 25.
The system of claim 14, further conprising a cooling fluid source adapted
to provide cooling fluid to the pedestal in order to renove heat fromthe
wor kpi ece pad and the workpi ece. 26. The systemof claim4, further

pedost al |1 ABor darergsiettsn st SineBRR bR iErRER Hal THAME": he wor ki ece.
27. ThA By¢cemplungl ai m 4, wherein the process disk conprises a plurality

of pedestals extending laterally outward froma center portion of the
process di sk, the pedestals each conprising a workpiece pad radially

di sposed fromt axi s and adapted to support a rkpi ece thereon. 25 21
Apr !OI 2006258. ?ﬁ@ %?Eel”éﬁ’?ﬁlla"ﬁﬁgb mh&,relmggdwaktwggm RN B¥EPad conpri ses
an mgtrﬁ%pégl%Page {Hl;gg_ﬁa/e%tngﬁagﬁdg aim 15, wherein the plurality of

uni form mcro- structures co hr ee-si ded pyram ds. 30. The system of
claim15, wherein the plurality of uniformmcro- structures conprise
f our - si ded Byram’ ds. 31. The systemof claim 15, wherein an average hei ght
of the pl@bPali Thesystgm pbekainm 18 wherein dne phgality of ppifosm meicro-y 0. 0025

i nches 2. The systemof,claim1 further conprising a cooling fluid
sourc frﬁ%&[ﬁ%‘&"mfﬁ?ﬁ &Hr'c?édeéi)BYriaﬁﬂé'?'l uid to the pedestal in order to renove
heat from the workpi ece pad and the workpi ece. 33. The system of claim 19,
wherei n the workpi ece pad conprises an RTV conpound. 26

31.  The system of claim 15, wherein an average height of the

plurality of uniform micro-structures is approximately 0.0025 inches.
32.  The system of claim 15, further comprising a cooling fluid
source adapted to provide cooling fluid to the pedestal in order to remove

“heat from the workpiece pad and the workpiece.

33.  The system of claim 19, wherein the workpiece pad comprises

-an RTV compound.
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