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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” extrinsic 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 operating an implanter, this passageway must
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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 Iocated 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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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 to 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



whereby ions are inplanted in the silicon wafers. Rotating the process disk
results in an increased nornal force on each workpi ece pad caused by
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These defectedatiaggaalitaf 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, structural 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
cause 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



cause areas of the workpi ece pad which adhere non-uniformy to the wafer.
Such non-uniformty of adhesion of the wafer to the workpiece pad is

di sadvantwgeswsiisuch that a renoval of the wafer fromthePaorispt/gwe’ pad can
cause either cracking of the wafer, or disintegration of part of the wafer
or wor kjtheceontathindtas tthe Wibkisicc@ patiSiif Rt bf Mhe F1AoVed sficés  Wor kpi ece
pad 4 WO 03/041110 PCT/ USO2/ 35667 either contam nates the workpi ece pad
Wit h reM@Afk Qr eantaminatingdhe yvafer wilbrdisinkpueated partsnofthienveerkpigee padwaf er wit h
disinteg&ﬁﬁggvggrts of the workpi ece pad, respectively. Typical workpiece
pads have "‘heretofore achi eved sone | evel of heat sinking for renoval of

heat from woiTkpicatesrkpiesepeds haas heedtefors @@RisVeaGIni@ Bye of i@dti on of the
wor kpi ece ﬁ%déaéhave been a source of contam nation on the workpiece.

Fur t her fBK FemPEalof s fipsn vioskpipeeh Hpwayeo\parddes remgining ant  anount

of surf i : | e | aced on.the workpiece pad.
Ther of of aAERTTIAL W fkpiate BRES et R sPu SRS AVAPRAIRDER fiRn: vea
wor kpi ewerlpdse.pFaxthdenomred weekbieos pats hatdtefore mvéqdrbvi@%d@ﬁﬁﬁmdamdhesi on
forces, whil ? fti | | qpr ovi di ng sufficient heat renoval fromthe workpiece.
ConsequBfoWpt of seiface adhesion i@ e werknieraiwhen placacthen e wopdiete pah
I mpl ant @} t .C L. ro.m.ninze the probl ens
associ a?ﬁ%%’ﬁ%@fﬂ)%ﬁﬁ?’@%gﬁcg r péll\%)ge&psgj ?!E’gﬂ‘f(??ﬁ,ﬁﬂ t@%"ﬁ‘ipg{}‘fe& for reduced
part i cl wodmicempads p;nvi@embcﬁweganmtaﬁ][r{@ibnnaé Wetlslf& Muk:@?%@ﬁééiovmi le ]
mai nt ai ni n hi eat. transfer coefficient. Summary of the Invention The
fol | ow EP C%é@?é{zﬂ %ﬁd)@}”ﬁ’ﬂ?g ?W@B'%EH@@"’F"@V&E frem teewerlkgiese order to
provi de a bagpp ' f ' | Thi s
sumary is not Sg e} éﬁs@%é@g@&@%@v\/g@H?ﬁ%??'ﬁ%/ne}n'ﬁ&gr\{g}ﬁﬁgt#@apntended to
nei t herimplentatibn system andapparatals vetieelitinaté ot nsinimiverthé protlemsdel i neat e
the scope. of tge.'nventi n. Its ?urpos I S to_gresent sone concepts of the
i nvent i arpQdiated wyi quegﬁopglrw%) ece pads, and which provide for reduced
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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.

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

provides a workpiece pad and method of forming the same, comprising an



prelude to the nore detailed description that is presented |later. The
present invention is directed to a system and apparatus which provides
reduced swipfoaveriadhesi on forces on workpi eces in a batch ipea/USOpd6ant at i on
operation, while reducing particle generation and mai ntaining a high heat
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According to another exemplary aspect 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 workpiece 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.
According to yet another aspect of the invention, a substantially resilient

workpiece pad is provided for supporting at least one workpiece in an ion



correspondi ng wor kpi ece pad, wherein fluid conmuni cati on between the shaft
and the workpi ece pads is established. The system may further conprise a
drive, suwwboasw4d1mot or, adapted to provide rotation of th®CTRsb2/3361 h
respect to the housing, and a cooling fluid source adapted to provide
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results in a higher thermal conductivity between the workpiece and the workpiece
pad.

According to another aspect 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 one workpiece pad adapted to support the workpiece.
According to one exemplary aspect, 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 aspect, 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 aspect, the plurality of tabs
are moveable with respect to the workpiece pad. In accordance with yet another

aspect, the retaining apparatus comprises both moveable and stationary tabs.



apparatus may be enployed in a batch ion inplanter with a rotatable process
di sk having at |east one workpi ece pad adapted to support the workpiece.
Accor di ngwo®sosd1exenpl ary aspect, the retaining apparat u®Crarmspr/ss®es a
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Alternatively, the liquified workpiece. agomaterial ié a%ﬁ_lie to the _
pedest dhe Sl&ﬁf%@ﬁéﬁﬁ"@ﬁ@"l’?ﬁ@l‘fqr@@- \ﬁﬁq@fﬁ‘gﬁ a8 asRee ¢Ahedes & pedestal is
furtherp Lderﬁghé%orﬁm&l:énééﬁqﬁ&e?ifa Lshﬁjraﬁl _a?‘i'gddi%ﬁ@f{)t%%%%_ lfé',!tﬁﬁsto one

aspect of t resent ent1 on, tI e workpiece pad material is cured by an
addi ti grushiingtiestgidglateharsl pedesdtahipwane oniegarehtiprat Accondingdaeswoiiert owar d one

1 qui 1 19596 Ok fgiespafinat Bon. 4o GLisRoHO By P08 DAL TP TRIA A t er
e ol ASAORRNEBRECAIBEA TR Aot 4yl Bt e
t hus r qdaletisrgniaved. fdweampld isdfontper semgved fromdide new kprask wopdiece

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 accomplishment 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.



wherein the workpiece pad conprises a transferred inpression of the ordered
array of inverted mcro-structures, and wherein no nold rel ease agent is
requi red woesnermmve the nold fromthe workpi ece pad nat er iPQT/USI2I336bE
acconpl i shnment of the foregoing and related ends, the invention conprises

the features hereinafteBriafiDas i loé thaMiawdmgs cul arly pointed out in
the clains. The follow ng description and the annexed drawm.ngs set forth in
detai | certRigntAli$ aschemiatie blagkedingragn "Wﬁ&ra’f'?ﬂléﬁt'?%ﬂnpiﬁ’i‘&t spects are

i ndi catjve, ..ho er. of t. e L,Q4s ways in which the

pri nci 6&%@"&1‘“ Wﬁc\ﬁ W\?eo(r){??%ﬁ '”%%ﬁéﬁﬁ%@@%her aspects, advantages and
novel featurrgg, P8 id Bidd sleemtidrpview partibke tnesciippalitesttatingaan ohe f ol | owi ng

detail ed description of the invention when considered in conjunction with
the dr éwplapser ®rign beamieatmentdf BWPKBSEGEY Brief Description of the

Drawi ngs Fi g |4\ : [ € ' i | fon

i npl ant ati o%'g-s@%ﬂ%%%ﬁﬁ%w% ﬁ%b%{ﬁé}sgfﬁ?\giﬁlﬁ%ﬂéﬁﬁﬁb‘éﬁlﬂ @g)lgﬁtper oyed; Fig. |
B i's aspirfifie elsg¥aiblpRavihgw dealihg dluid/ passagecinicorotatingushafét i ng an ion

i nplanter for ion beamtreatnent of a workpiece; Fig. 2%5 a,sectional

si de el evat ifdg. 2B dnaitop plany iewrlpsirafinoan exePRIRNePToteSE it ead 8nbl y havi ng
a cool 'a@?ozzﬂa't'édjpﬁﬁﬁlﬁ %?Wa?erapédéts?élgmgeﬁﬁﬁgﬁancg With arfothér dsped oPtrR Vi ew

il lustratrng antexenplary process disk and an associated plurality of
wafer pegation.s in accordance with anot her aspect of the invention; Fig.
3A is a sectional side elevation view an_exenplary workpiece

pad with an fUicefm? és@éﬂo'ﬂﬁl&Q%@‘GX?F'%@I"Wﬁ&%&%ﬁr&g‘?ﬂ@%ﬁm@ n accordance
the unoTRD R A B e or e ki ece. pad of
Fi g 3AacEoglante witlh operaspect oftbevineenton; an exenplary mcro-structure in
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
compressed form.
Fig. 7A is a sectional side elevation view illustrating an exemplary batch
implanter pedestal and workpiece pad according to the invention;
Fig. 7B is a top plan view illustrating the batch implanter pedestal and

workpiece pad of Fig. 7A;



unconpressed form Fig. 5Ais a sectional side elevation viewillustrating
an exenplary workpiece pad with a conpressed ordered array of

m cro- st reiotaned16 n  accordance with one aspect of the inPeemttisen3seéki g. 5B
is atop plan viewillustrating the conpressed ordered array of

m cr o- st r uct kige8AdE a dectionak side atevEdidn viewiillysratingiagotiteri exeanpdanys pect i ve

vi ew of %n exe[rpl aré mcro-structure in con;p[esse form Fig. 7Ais a
sect i orRACRiigRlatey BedHal ardwOriniRee BRY AgedingEninedryemianch i npl ant er
pedestal and L LGk I [ 25 L B4s atop

pl an view i III:l 'stgriggtgi ngpﬁﬂgngg#@m%%‘m@%&%@@%ﬂ%$§d%o?lka§}dece pad of
Fig. 7AvoikpWoed3adalELD 8RCT/ US02/ 35667 Fig. 8A is a sectional side

el evation vigw il lustrati anot her exenpl ary batch inpl anter pedestal and
wor kpi ece pag'gaéd%?ﬂi%r‘ﬂ‘gg%@emﬂféﬂ%'é NG IPrMERIoN0TA WOPpKRIBGEPY ew
11 ust riﬁtéc%rdah%ehf’r&%nb ngﬁ' ﬁh%‘%ﬁx‘?é%ﬁ%'n-a”d wor kpi ece pad of Fig. 8A

Fig. 9 1s an exenplary net ustrating a formati on of a workpi ece pad
i n accor dancleigml 0A ismesextipaal sidé eldvationwesw illwstrafihg a d@demsniofsect i onal

side elevation view illustratjng a plac nt of a..mold on arigid plate in
Sccor el OF Ariais ldfenn 2eheidante WilGIGURhEsRRCt OEHGE NYGBUPE & Sect | onal
side el evati { i ; L i 1 | kUL r kpi ece
nount naterilgp' j{ngt é"‘énénﬁ@h%#é'ﬁlggeféaﬁaﬁ%@!"@?g'.”g{fﬁgwg”fﬁ@?‘ﬁ%ﬁdﬁfﬁ?onm si de

el evat ilignifigdewoikpiess matint gnatepdldo ¢nentoldbf Fig. g@dest al on the liquified
not her secti onafl si de

wor kpi ece nt terial, of Fig. 10B: Fig. | ODis
el evat | on viid 1PRUSARRitg el seviion e HEsBaMe BipdsEne gty ol at e
and pedeséabstal offtes liqhifla WiSkpiBLE mARE rhsteRaPSCtigoneb; si de el evation view
illustrating a renoval of the rigid
Fig. 10D is another sectional side elevation view illustrating an application
of pressure on the rigid plate and pedestal of Figs. 10A-10C; '
Fig. 10E is a sectional side elevation view illustratihg 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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plate of Fig. 10D, and Fig. 10F is a sectional side elevation view
illustrating an exenplary workpiece pad in accordance with the present

i nvent i orwafoses11aenoval of the nold of Fig. 10E. 10 WO OBCOABLAS5667

PCT/ US02/ 35667 Detail ed Description of the Invention The present invention
w || now be described wetaileef Bescdption dfithe dnventigrs wherein |ike
reference nuperals are used to_refer to like el enents throughout. The

dto . :
i nvention pr £ quesenidpyerigrayil '}ﬂ%ﬁ?zﬂa\%r i Wﬂhdﬁf‘?{eﬁﬁ?%mﬁc@r%@gs
conpr i S{yRgreAR [iRE F&feféh Qébhe‘i’ IsAr& 8eg th ‘H&f’effoeﬁké SlethdAis2htdy Wgﬁ{.e' n
wor kpi eces are inplanted wth ions n a rotating or spinni n8 atch ion
i mpl ant €he pmverdieos moskles araystemvand apparbtud ewhiohch wdekpiacepbtdod of formi ng
m, cro-structures. The

a wor kpi ece .pad co i sin an ordered array of,
" nvent | GATPHYIE0AN AROATRS A JrnkEaptruetErsiptiilized SVRAPIN WQHTASCESar ti cul at e

transfe r el 40 ; (faatlgm i ' | ;
convent 1 SAnTPRES W e i R OPeniRRing R T RRGEh Doctastisk.
i | | ust r dbenventiondughar inclugtes a mathod of fakMingvaivedrkpiegelpadecqgrhpyisidgi n t he
bat ch i npl apt at,i on of _ one or re rkpi eces... The inpl.anter. 10 conprises a
Cor m naf ORTBU RN PGSRy Sa 4 ThedRUTHT S oAl TRIRS PGIOMAESE or i nal
12 i ncl ' riRQMSE i ply 22.
The ionﬂgﬁ?ggtg%hgf%é{)uggg%n I on ggaé‘%]Y %ﬁan%ﬁvﬁgkﬁgﬁlﬁe ?%&Fhe
bean i nlercassasariojated. wiltheonvantioeahbai¢hiimptantelist i oned by a nmass anal ysi s
magnet 26. The.nass ana I s, magnet 26 passes only ions . of.appropriate
char ge- t o- na gfqrgyg&%{o;ﬁ\pac}@@%F\fg“@-\rﬁng&;atieﬁgrh%ergp‘a& ng process
di sk (nigfplafernb, ARIGH =95 BmpIBYER! iA TRE aRFURANAADARTY oPk R
wor kpi eces (not shown) nounted thereon for inplantation with ions fromthe
i on Dbewenkpieceshel w dplantered comptisema tarminat hsa deamtine dissembii14.he
t t ' t h d . st ati 16, ferri l.so to Fi 1 B th
eire?rgl a%rg;j 'Blgte@lq f{gﬁgrﬂ r@r Zﬁﬁegferwlﬁ includes a3 idA goarce' 0 powe’recfl B)? ac

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 semiconductor wafers or other
workpieces (not shown) mounted thereon for implantation with ions from the ion
beam 24. The conditioned ion beam 24 is thus directed toward the target 30 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’ion source

11



illustrated in greater detail, in which one or nore aspects of the present
I nvention may be advant ageously enpl oyed. |nplanter 100 conprises an ion
source 11Mp03@4rmss anal ysis magnet 114, a beamnl i ne assenipCy/usds3seahd a
target or end station 116. An expansi bl e stainless steel bellows assenbly

118, whithcpamprises a plagmzectiamibert 120 and astiahiextradts assemblyetizct to the
beam i ne assenbly 115, connects he end station 116 ang %&ﬁ beam i ne
assenbl Fnargy istheatsd te &y iopizab) RANt©es 19 @apeiatedens wEBEANe %S'E%npri ses

a pl asmg, £haabesg 1@.%@?91 a@'bdsﬂﬂe%r‘ié ard Qén&%?é‘d@lt}‘]oi‘nﬁﬁth? th%rew I's inparted

to an ionl zabl e dopan enerate rons w t'hin chanber 120.
Gener al inyenipms lﬁ&p@l%@f@t&iﬂi)&’(@ﬂﬂ@vmﬂem\ negativelgis ahzag@mmtmi by thevention is

| ble t t
T | rePee MRy ol To ReSlive sk frecputnded SUoHOA SliE IV e RigSS charb hanper
120 by Wbnge?ﬁsﬂ ER4 E)r éﬁé@rﬂ'ﬂlkﬁ#%vmc‘fﬁ‘b& ﬁeapé'%@.%ng/cswéakdd@s of

electro Accor I ngly e ion extrac or ass 122 functions to
ext r act 127.bAaooti2gylyf theden teaxiracicoassémbiy 122 fgiciona teleatrbera k@@mand to

accel erat e ..extract ed |on into, th an Si s ma 114. The mass
anal ye| LabAGHINE TS ot BRRunASea TN 20 k) See SR Bor 1 ai e
char ge- éﬂ%0u5§ idifd info e ﬁ‘lé%sbﬁ%@s@ﬁ)agﬁ%?wlly 115, which conprises a

resol ver Ing 123 and a beam'neutralizer 124. The mass anal ysi s nagnet
114" i ncl udesTbemssadnaiyalmrpagmetﬂZ@ functioms passa@gums af3an defined by an

al um num beam gui de h evacu of which is provided
by = vAERRPPEIF AP Prars A Gu e bEaTInG Fsiagucae 4ty thi s pach 129
i s af f egdrRgriS¥s hhB8sOMEPRbISING 1OBthrieA BeahtAcliallRe 1PASTRALYSI S  magnet

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

and or i amalysis onagriett Hidkinglusieise eriryad thieant petm12%wdbm 2 pRBeapaWBYcHId r ol
electronlcs

o et OB o 5k G Gk £, SRE4h BB
rlrggnfe? Io l‘rén dgd)\feilbgcsjttﬁlaé'$ﬁ§u@r’ﬁ%umﬁ 18eamh28ntieamvesahangrobhgatesralesy beam pat h
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 trajectory and into the walls of an aluminum beam guide
130. In this manner, the magnet 114 passes to the resolving housing 123 only
those ions in the beam 128 which have the desired charge-to-mass ratio.
The resolver housing 123 includes a terminal electrode 137, an

electrostatic lens 138 for focusing the ion beam 128, and a dosimetry indicator
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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

t he beamwOd3/041aompri sed of ions having an inappropri ate EQANPE2/B6TASS
ratio, are deflected away fromthe curved trajectory and into the walls of

an al umspdinabearagid |ag11wz. Mhetbdasn ABIElizer 124 inBlades aldidsrasses to the
r esol vi ng housi ng 123 only those ions in the beam 128 whi ch have the
%) 0

desi r ed shawegd4bdonasetraliding therpesiiiveseharge thaluypulg atherwise peele8URts er ni nal

and o asoietaslwaelts PGt o SR mbi b by BEUDFISel Fhel R REC T, 0
Far aday behag1282 Théhsedrpamuneltered 2zand iesbiverdoudasy d2Pbessvacusiener 145
for neutralizing the positive charge that woul d otherw se accumul ate on

the tar §¥@ Vaguwim psmp 443uRQoverstimann gl thepheam euliplizei] 2bisithe @80y char ged

ion be : The. . n Ny . [ 83 i ; e
evacuat g@t&%@ 1@’\)’2‘3%%&)‘[‘1% é?ﬁﬁﬁaﬁéﬁéﬂﬁ%{é %ﬁegp ngggsr é‘%lﬁz@ﬁ 124 is
t he endupshathion wkkérs e implaatadias raodiisk: sirapprbosss kijsketd esigasrt  or

process _di sk 144 upon which wafers to he inplanted are nmpun{ed. _The

pr ocess 4R $RIOE4 plansswhich isigengrallympspentiguiariyqriehtadtogpgetingeiion of the

per pendi ¢ i t ' | Tyl process
G sk 1adnoent pEadl b Bodebs i Tk BEIAC O idich 11ETe e BRE milk P
assenbl Y46%0hd Spiadiecasdegaoly t1150s Hig iokdseam tiersssinikes nadetsandimded po tloess di sk
144 as theal m)rfﬁe hg a circular path, In the course of inplanting ions onto
a waf er PRCESSHESK W61 185 they Mavat 9 §Ircanedhk ed i n the wor kpi ece, whi ch nust
be renoved t ' : h 4 I ge to the
o kol ebe. R L POt 10 B Vo o ot e er
wor kpi egensigipdiin treswenipigce00hick must besenatved thaerefeptimoardector di ng to t he

D S S e Baess T Bedboabiebel OB Holle P2, %
conL | P9shhes gresaspdfich FAST enbiess s tbsoaaio 2. hroigh
illustrated in section'ac'c,ording 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 rotatably mounted in a
stationary housing 210 using bearings 212 for rotatioﬁ via a motor or other drive
component (not shown) via a drive gear'214.

The process disk 144 rotates about an axis Zi 6 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
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renoval froma rotating process disk 144 via process disk circulation
passages 204 located in the process disk 144. The shaft 203 is rotatably
nmount ed iWO@3/0¢t1ad i onary housi ng 210 using bearings 212 f ®CTrusvzs366h via a
notor or other drive conponent (not shown) via a drive gear 214. The
pr ocess piicsiss tisk 144 furdwergovidearluakcam@idictioa bstween therotating 8hdftof  t he

I Sk 4. d [ ] dest al 20 t endi
ot or at P05 SR SIS ReD.1is Beddgial Giriraorf ARG Aot r at ed. | n_pl an
view in Fi g. Ref&rin§aiy & F@?Bﬂ%o‘)@d&@l{c‘%nﬂﬁg%bﬁései%éﬁpg%%ge%%ﬁ

wor kpi ece pad 230 radially disposed fromt axi s apted to
suppor t the pesrRpt iBveniiemta batebvinh imhentworkpigcegmd23@id ilostdated ém  waf er .

Ref [ ' tp Fi.g. 2A t 13 WD 03/,041110. PCT/ U [.35667,
e 130 BRHR DB Pire B e kWAL AU CReA CRO COOTKPRG s o
203 andoﬁdwe@aﬁ%toalsggg%tmnﬁ RGPS hitbroCdthucilidlsi 28D, PAR $A8&Rd Sty dfef erring

u
now to Figs. 3A and , according to one exenplary aspect of the present
i nvent i S¥hstantiadlyarifosm mingbstusturas 20pialiowspuiforBtheaat tidrisfertacacssda i n

ti ; i_ew ti , in t kpi d 230
compr i sEKHiR el i) FEYABE AT wkPerr et drdn WoE A8 BB ur es 250
An or desefact adedibn asHiEIABGHbitcH HaduB 18 & @enéﬁdl}»qégﬁeﬁ comdcp! | ows
uni form heat transfer across a workpiece (not “shown) residing on the

wor kpi eSTanggareacacrass g workpiees.f bherwoskpieee pad @30st@npriseods t he

wor kpi d I [ l.ar .con t surface area across the
wor kpi 2@@. s é\/\bg}tégﬁ @%@SE?S%Z% 83’%%??’8&@0%5%‘?’%%9& %Wﬂf@('ﬁceport I on 255
and a becrgagtqydriion 2560acub eiehvdripisce\piok BhewA) ah@thabhs8 Porticieetps faces

t he vvor]J<p| ece (not shown) _and t he base gortlon 260 faces the pedestal 220.

The bas'@gdihe (Bﬁd%t@! 280r Tardiasieenoriam 268, flexpeple.ccan be agbasttal 220 such
0 Do 205, oK DR L ihleod BRERD 0, Poot
i nvent i reapeétitg.thd peldest it esstantialgygohibitey. mi cro-structure 250 conpri si ng
a first portAgCr(l)r 1?1% tionc}n%gerasapl)ectt%fttr?eepr%%gﬁt 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 cross-sectional area associated

therewith. The micro-structure 250 further comprises a second portion 270

associated with the workpiece contact portion 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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portion 260 of the workpiece pad 230 of Fig. 3A. The first portion 265 of
the mcro-structure 250 of Fig. 4 has a first cross-sectional area

associ at a0 oBloeriewi t h. The micro-structure 250 further coRpmitsey3mesecond
portion 270 associated with the workpi ece contact portion 255 facing the
wor kpi ece, wireaecordahbe withamelexamplaona @yt exf thes gresent iwaratitipnf each t he fir st

portion 265. In_  ac dance with one exenpl ar spect of the invention, the
second PHFTOrEifHaYE fﬁigoﬁ'pﬁ'%?é‘ PH%@@Q W@sﬁgégmpﬁﬁapse{?@ga&&ﬂci at ed

t her ew th ' 19 %HPA of o ok, the
first c%ggsé%g%??g%l&grlseg&%ﬂéﬂg}eat er r?{%)aéﬁéﬁﬁ%wgéggﬁ%%@%&é@?@éiﬁ?Onal

area. Ehrsh porteorn268% oiitheumicrasructurel?ioh eFhrealsidgeed7 aof tes faunsidest kpi ece pad

230 of Fig 3A i der ed . _such that the plurality of
i cr o- sPYEdical mag-sihustye 494 Afd ae serprIbdaRaEE ShRPe. @ikdPece pad.
1 VO 0dcdibidik Vi tHe0edotaititioh 2K IhE RIER Y duRN cTRE AifBL Aidesishect  of

the present 1 nvention, each mcro-structure conpri ses a four-sided
pyr am d27%iof tHe nitrosdtriadters 250 ghaetatiyface thierworkpiabe (oL shbweoh ansl general |y

triangular in shape and js assocjiated with the_first rtion 265 qf the
M cr o- SPeTNATEP &t 2goati £28 Sinest By @eorkRisoR o IS SRat B SReaTa

M CT 0- SHFCHIHNS RR8md Geéﬂg%ge%l%ﬁ e st Pbﬂi&ﬁ‘é@i td theSBaRon 2rg_are
associated wth t'he second portion 270 of the mcro-structure. The three
si des clpsesttotthe wirkpiecst rArcaverageseighd oéeach yniceestruleiredppiosce (not
shown), and , converge at .a |ocation 2 cl,ose o the workpigce. JThe
Secony BrUBeIS &8 eAsed fom F \eqHlop A arasRL to Uik woRkwIBHy B EnsL,
porti onside 710 i BploxfAbicRN0 D05 iAtIsest to the workpi ece. An average
hei ght of each m cro-structure 250, for exanple, as neasured fromthe

| ocati on 278lrcaesrdance withanushepexareplaty asped pf $ie peisgat rwentios,
eper o B i R S650te L BSSH HIBSiAld BuBiph SR BB 5ot 12,
pyr anmi diive\bielesiis) generally rebanghiarén shaesahs igienegral tothedsdsngsrtien 260 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 triangular in shape and face the

workpiece. It should be noted that the rhicro-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 to 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 substantially

resilient material is adapted to significantly conduct heat, and to further compress

or deflect from an original form when a force is applied to the workpiece pad 230.
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of the workpi ece pad 230 of Fig. 3A. Four remaining sides of the five-sided
pyram di cal mcro-structure are generally triangular in shape and face the
wor kpi ecewolos/ogshioul d be noted that the m cro-structures i PCHAISOAs®A7 i n t he
Figures are exenplary, and any uniform m cro-structures can be utilized,
as wi | | Thee subsigetigliyoresilient oretenél iofiditmennyorsladaptachta sibsdantjallyrétuane

furth 0t | ated | th t o ti . A I, t th
exenp Ay PGSR TS HECP TG SRATTY O I RBRP ohePel SoPUR (errvaB0 | s
adapted to triggsEganaess ilfushdtd fHe M%?I‘a?f@gé@iéé@pa%‘gﬁmh %%@ticﬁi‘%gw,

wher eby the workpiece pad 230 further trans s the at to t pedest al
220. | rin @ vigan cespedtivelynwhassioa wofkpidee 8@ sesides anéne wankpiche

i cro- st 25 th kpi 0 i se a substantiall
Fesi |7 SIS HEPa R0 e HOpieRERe A Lo folBB AL R URIeS SERIVGR.  The
subst arggrafifugal fo?ée hpsidd @ﬂﬁr\{y?}kdiécea@@dw&@liehﬂy%b&lrﬂrfé%@é‘m@' conduct heat,

and to further conpress or deflect froman original formwnhen a force is
appl i edvergpiase past R0.e Aecantdfugabfores 286 rogy b4 TaleeOy/USPRNBEES the The

"ot o n PrbBesd dlsf g HatE 1 ifiahon Ri0R0S: BEGRE e hDrEmieRe 28be e
230 i s ontoove orkpiese pad 28u0aRBrédilie iy @nfpre 88§ X8 PhidfoLs Qi Risessy pad 230

in section and in plan view, respectively, wherein a workpiece 280 resides
on t he MaRiANE ee éhe wortniese pad23®h 255 of the wor kpi ece pad 230. A force 285

such as graw tri al kCe Lhed to the workpi ece 280
resilientl yi@%ﬁ%&%‘%&%@f tﬁ%rvl\ég‘lf@(': Cepé%d)g% resiliert ﬁ‘%'?%@zsnse? 8?86 285 may
be causeidrdyptractipe R60MePEbY HEfiniIAGACESRaBH SUffaurdrag J%at 8sdcited Waihant at i on,
thus further forcing the \M_)I‘ql;_}z)l ece 280 onto the workpiece pad 230 and

resi | i &% MPTKRIREP £951a6¢ PPRIOTRES of eaeh sicioeyrupire 25 iasi fugthen t he wor kpi ece
Pac, TRt IPCES: 1008 ruhe TARLARRCR U220 ERLLI LGP S35
associ fioree 285 hppliduetovthe kporkpecedBof FigobAi dncradabingfthedefce®89 o- structure
250, a%x‘éﬂé& r})enr the workpiece 280 causes each micro-structure 250 to further
resiliently 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 micré;—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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illustrated in Fig. 6. A size of the contact surface area 286 is associ ated
with the force 285 applied to the workpiece 280 of Fig. 5A. Increasing the
force 285woesmestied on t he workpi ece 280 causes each m cr oPSTAUS$02/88667 250 t O
further resiliently conpress, thereby resulting in an increase i.n the
contact surf #rotleeraxenzdbryoberait lof wtitizing Sinr erdergdea@@mpofbniédrm micro- cont act

with the workpi 280. The contact surface area 286 of_ each .
i cr o- SEITUEIIPS 255N & oA Pad Za8cis b A PaasoTH OReRs OF hekarkpiecs e and

adhesi o f s g - ) | urf ace
area 28@@%@&@% @%Q‘%%ﬁ%%o‘ﬁiggﬁﬁﬁ?%%”&'ggﬁ‘%ﬁ? a%%g#%?th% S’g(snr? P f?g%\'/\or kpi ece
280 to Thpicabnopipees pads aBthe msonvart habe herstefwst pooliddy amignitdardratidnar y
skill in the art. Cge,exer;&[a?ry benefit of utilizing an ar[ay of uniform
m cr o- sEPIEtMesdelsterions amenistisiags pdwsiqnsto g, wer eywpandher from the

wor kpi egeriddie | i Lo £ ' iggross the
wor kpi ecerégo?é %y%'?‘?%%mﬁfﬁ‘égégg S O(%mpé %I(rfﬂg%ﬂt‘ h}@\%ﬁlﬁé@g?ﬁf ore achi eved
sone | esydteof. heat sinking for renoval of heat from workpi eces, however,

due to vari N)l e contact surface area ?cross t he workpj ece, pad, uniform
heat transt eNOTAWIRIEY ol WeskRigPe diediaaluresy cRBroatas dapeels aieoibd. 16 WD
03/ 04114Q5BeldndRs/atri the MGk PRICeSIRT ﬁ%i?ﬁcl}%hteefcge%f rgpwé'%@?@%lﬁn or der ed

array of uniformmcro structures on a wor kpl eCe pa at
adhesi oadhesiopschafacterstiosrik fhatcredp afl hiRBOadledidrecawcapse pessiBié can be

i gni ficantly unif th kpi ece.  Typi cal . wor kpi ds of th
pr Por anEiagEtRD:dhiBe Beckiies ARelPTkBIRcR AR QUGRNCSUAEPIRRES del et er i ous
amount  sficiény taaR WERGRE@pad rasiRhl i fintdiRied bartichsy sPiheGforkicekaced on

the workpi ece pad and spun in an ion inplantfation system Non-uniformty
of wor kpPrieaipaiing the weekpianerpadoseiceatarsd| €hadhessnd investiianperemitsst i cs

cor 022 B0t BRLS6f L0 S R AER D OB R AR BbPE o
di si nt egoeipiete ahd Wiskpietk paehsiatedfratiomor kpi ece pad due to the workpi ece
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 to Figs. 7A and 7B, an exemplary batch implanter pedestal 220 is
illustrated 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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sticking to the workpiece pad, resulting in disintegrated particles of the
wor kpi ece contam nating the workpi ece pad or vice versa. The present
i nvent i orwpes#tis0 uni f or m adhesi on across the workpi ece paa/USO2BEs67
decreasing the possibility of workpiece and workpi ece pad disintegration.

Acgor di M@rk@eﬁﬁmﬁﬂxEﬁﬁh@rmorgsFe@nothertai@rrpﬁté@eathmbieaﬁqmﬁf bethich -
t t al. | t t
on 1t ne K Ceat HRVCATR b AP LATEG Rl bRt Slonti 8 Bodhe dEniP o™ °°

rot at es prédurt ingdrgidin. Ng a centrifugal force to be exerted on the workpiece.

A supplenental restraint can limt a |lateral novenent of the workpiece,
and can al soAssordingito yat anethgeexemsplary aspectgidhe pregantinvendianwan kpi ece on

h ' j ' 7 d I b h
ol ant SroErd MarebBRBbEEN F2f Bl it FIGL Pta Qg B sBKAGT e piT ©
respect vieal, yesgdtivetd edicrbin?2fp 6 0 Eiti@shed Ao titd BedBstaPPR0 peRfudbsitahal ity of
tabs 300 protruding fromthe pedestal around the erinmeter of the

wor kpi ﬁ&e patimetyy ofthe werkeiege@adid thel he apé’ﬂém fuythgégignbﬁiicanﬁy PLRYERES efce i
Wwor kp; oaderBmblEment BPURERoRRE ot SHONN) 1Eh Bepdteid Tie PBMOREN i el

The tabpad@®@BOas illustrated in the Figures are stationary with respect to

t he workpi eﬁ_g pad 230. Alternatively, the tabs 300 are noveable with
respect to t H@ePrepgniorentionmis aigordiveiedigeemethinst Ribfospingad 230.

Furt her : | i ' lconary and
rovean! S SRS werkbOe ol sfnpO oAb o oRBrby S 0 Y "
pr esent unifioreminiioro-sthectarel fog stppyrting anwbhgrie@ximngpbatch ies raplantdtionhe pr esent
i nvention, an \Qﬁ‘)ée I arg waf er pedestal 220 is illustrated.in Figs. 8A and
8B in se¥tfPh Ie@gﬁn lanemethadsrreiiliuatraied grdidgssiBed hprelA @sa t ached t o

i e U L L

wor kpi elbsited bty thhdlustrated orderiygeaftsuch adie onev&piseas soprdst2pd may .
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

illustrates 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 illustrated in Fig. 10A, the second surface
500 of the mold 505 faces the rigid plate 510, while the first surface 515 of the
mold comprises an ordered array of inverted micro-structures 520. The mold is

comprised of, for example, polypropylene, such that a mold release agent is
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The present invention is also directed to a nethod of formng a
substantially resilient workpi ece nount support conprising an ordered array
of uni f oWonogio¢riee struct ures for supporting a workpi ece i RCA/USAL/83667 ON

i mplantation system Wile exenplary nethods are illustrated and descri bed
her ei n amnacessary.eBurtheanodm, tine exadcan betfouwned, fioe exppinde,i usirgla niaio-t he

b v en( 040 B sse puchas haraiiher iy syaleel: Tropud SRLGRRgrauon " 2t
concurrent | y el YOEOHNEka@LEPRadREd hohihid pad mABRMILNHeHESEplbEd her el n.
tron. In addition 1l

I n accordance th the 1 nven , hot al ‘ustrated steps
may be opatuihedist surfagd 808 of tree meld 609 bbgiepi 42Getbigd &nwdendinthe t he present

i nventign. . _Mreover, it wil| b precj at.ed that the t hqds_nmay be

i npl eneﬁg‘élﬂg/gﬁ‘fc’%@%?é)taﬂdﬁa*ﬁ_rﬁi5?%@”_56@8&'@&1%0%3&@9Qﬁ‘?ﬁ?giqrrla\}{ rated and
descri bﬁ@eﬁ%ﬂihf&r&%tr%ﬂu‘reé‘gzbﬂ 'F?‘r%slﬂ:fh'if@d' WOrkpidda [94dpiateNaltsHss Adther
illustrated. According to one exenplary aspect of the present invention,

Fig. 9 adapiesttoaubstardiaipdet®it buinding o mgulbstantiahi daid padestal whileherein a
substantial ly.. flexibl | d ,co Lsing a first surfa nd,.a segond

sur f acestEsgNtialypisveRing B RGoANP Y ipee BRdvBAtaREDRR 19 4 M

i1 lustr dd | tOBicsBR PN d esdsth PRV aces t he
rigid plggtg'e Fﬂﬁf’:‘ba}ﬁ%’gﬁ?ﬁ@nﬁ rstegﬁﬁ%gc%a@g?gt%:@@tsgg djnﬁ‘ljtlj conprises an

or der edsticomynatbriainaadttee moldraf)Ssearprisases pslypropshenernpaly) mategighplti sed of ,

03 0411 TB0BE R RIBAIBNES oln relERet Hont s RittehrE B6pRE SR el BE ¢ o1 rrea
for exafd Worﬁﬁéd@s%;ﬁﬂrﬁr’cﬁus RRlinSRG Sy dSleRsidSs Fieis asuddiatty somerci al |y

avai l abl e through 3M Corporation. Fig. 10B illustrates a liquified
wor kpi et@e@%@agamterﬁrwnagasrbmm@ﬂab@;?wed<pl@¢ﬂ BuURPRItf i rst surface 515 of the

| d 505 at f_Fi ' Lauified. j d
mcerial 525t SRS ERLaEs Hadue dh REUEHGLFA b P R KBKPRE="
i cr o- shad Ghatefisl 520 at e 430101 Figed, whekdhn €seppadstahbd0 icahtb®Sihes furt her
adapted to substantially permt bonding tg a substantially rigid pedestal
whi e SaBeANGrapIPge peevBAtariah SB8 RRRUSIt pAOGRHATS: ohs 2B AKeTAluP al 525

to the gl ﬁjquified 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
ilustrates removing the rigid plate (not shown) from the second surface 500 of
the 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 pedestal 530. According to one exemplary aspect

of the invention, the mold 500 of Fig. 10E is removed from the cured resilient
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505. For exanple, the liquified workpiece pad material 525 conprises an RTV
silicon material, and the nold 505 conprises a pol ypropyl ene (poly)
mat er i al .wDto3/oghoul d be noted that a nold rel ease agent i $ChaiSor/gywai r ed

during the formation of the workpiece support, thus elimnating any
del et erweikpiastes past Baternial &5y awhetantiallyazealingdaatmeld feamithe) ceied he fi ni shed

et EaIeHFRAMie’e o telint Sbs30F BuRYBkes S 0GRS ThBhedhe: o't he'
pedest alofkpEceotioiiss4Meompibing tes cuvedkesrest Ratkp@depa@imAdhaat a

plurali tg/ of locations. As an alternative, the liquified workFi ece pad
mat er i &35adhereddpihe pedestal R80pwhemiathagvorigtiees pad nagteriabmep tuithgsedest al

530 an L qui fi i . i 5 are further applied to the
first g@#@@%ﬁ@aﬁ%t‘%ﬁﬁﬁ@{rﬁ?@ﬁgﬁgﬁﬁ@t%s %%% The |iquified workpi ece pad
material 52%fsodght thBanventictthad betgBhadA afd déddibed, witthesspleyt fooami ng a
cured resilient workpiece pad material substanti al lé@l bonded to the

r

pedest aertan applicatioasand immemeni@bngs itiwik ke sppredigiesk thrhgaeivalent

o tr v e REEd, adirgRy R o8 BB K F BT aIO TS ece pac
mat er i geality arfd gncﬂer@téndih%ustmgb Scifieativn aad tHeanngied glagfiegd.npt  shown)

fromthe second surface 500 of the nold 505 at step 450 of Fig. 9. The
mol d sE@rieulpn@mgard i ihaivaiens tunstiens parforraed bydhe ahevr siesedehd materi al

535 at dﬁ)tn?[g?rf%gﬁ '(é%ééi%ﬂrﬂ Y R0icRs PLHL AL E)?’stg?n%r ch.)sitﬁéjg%rH{sﬁ@\ci@nﬁ‘éher ed to

t he pedest ing to ohe exehplary aspet I nvention, the
nmol d 5Gefertnée o alifeans"y esaleddésoibet Suechaconepbnerts lare imteAded\d 03/ 041110
PCT/ US02/ 35667  wor kpi ece pad. material 535 by substagnti all eeling the
mol d f GAESRENEUYRIESS PEgviEnINdiGsiRgi te @RYAINRRALN, valich pe orrhs de

1] USt IRV RXAUPLPING B0 RRAOrMASIEHIFE, RURRORIncBAalFOTPI | Sing the

cured r I'ent wor kpl ece pad mater red to the pedestal 530,
wher ei requinaiemt) kpieecthopgt nudstuchiralbBéqdivalehtto theafipelosed sauctare,ay of

O b oI e 1ho WS ERO by BABichSSRar RN and
of the invention.
In addition, while a particular 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 "includes", "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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certain applications and inplenentations, it will be appreciated that

equi valent alterations and nodifications will occur to others skilled in
the art wwom3wiE10 readi ng and under st andi ng of this speci fPcgatSovsseand t he
annexed drawi ngs. In particular regard to the various functions perforned
by the above descri bed conponents nblies, devices, circuits, systens,
etc.), the terns (including a reference to a "neans") used to describe
such conponents are intended to correspond, unless otherw se indicated, to
any conmyerer cethedigerfornms the specified function of the described
conponent (i.e., that is functionally equivalent), even though not

struct ural | yl.equi AaliehimplantaliondysteBse@Mefisingt ure, which perforns the

function in i n_ Ll [ ! _klquas the

i nvention. |%Q§’&§ﬁ%i§%ﬁaa\ﬂ%%§§%§gﬁa§é% arr%%{eaa\gt}gtiijrkgrggdfé r‘?ﬁ‘e |h\\$veh%tr?lhn may
have begineasti & pbARAMLIMhE Idrksieestpddosiafice cormpidessan erderednartanent at i ons,
such feature may be conbined with one or nore other features of the other

i mpl engnicaistivelaes; nay be desired and advant ageous for any given or

particul ar aé’?"ﬁ@%ﬁ%iﬁ@ﬁreffﬂ@tsen%f%ﬁen%&}gﬁ% tent that the terns

"incl udes", 'variants thereof are used in

ei ther the dgprbded disisarouptedonar sidfeforlratation abiduese @xés,neheneén thet ended to
be inclusive in a manner simlar to the terr]n "C(_)rrﬁri sing". 20 WD 03/041110
PCT/ USTZP86%% iskds adagted iR-3unportihg prapstal.thereopaangn i npl ant ati on system

conpri si ng: ' Vi g f feM@inkRIrEER I esi des,
wherein at eﬁ@%gﬁdﬁgﬁec’;@ ?@‘%@ﬂ%fégﬁeﬁgﬁ{@ﬁ% ace Icgrrpri ses an
or der edverkpiyceopad.m cro-structures; a pedestal whereon the workpiece pad
resi des; a process disk mounted on a shaft for rotation about an axis,

wherein the
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. The system of claim 1, 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 facing the workpiece
and having a second cross-sectional area and workpiece contact surface area
associated therewith, and wherein the first cross-sectional area is greater than

the second cross-sectional area.
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process disk is adapted to support the pedestal thereon; and an ion source
adapted to provide ions to the workpi ece residing on the workpiece pad. 2.
The syst ewpoB/o¢liad m 1, further conprising a cooling fluidPsearsen3seadapt ed

to provide coolin_P fluid to the pedestal in order to renove heat fromthe
wor kpi ece pdd andlhesystemkel daisn 43wierrin dye phiialgy of URITATM MIGHsr ei n t he

proces i onpL ral. . pedestal s extending laterally
out war %t'g'fzﬁ‘ﬁ]eg Cg’pé?#fisfest!?g‘?%“g@%dg#}”%ﬁ‘e‘ J'process di sk, the pedestal s each
conprising a workpiece pad radially disposed fromthe axis and adapted to

support a workpiece thereon. 4. The systemof claim1, wherein each of the
ni cr o- st ructfur es Thosysiedeel caipadewherein dne phiality of HAIFRERERIEER- and having a

first -sect| I i édtherevvith, and a workpi ece cont act
porti o%ﬁ@@{rég Ctoﬁgdl%r@gfg@g%s@&%hﬁ g\;'i ng a second cross-sectional area and
wor kpi ece contact surface area associated therewith, and wherein the first
cross-sectional area is greater than the second cross-sectional area. 21

WO 03/ 041110 -PCT/ Uspysieneaf claim #nwheyein an aeraganpioht offg piuralityof
pl urali I.f ) - Il t hree-si ded pyram ds. 6.
The syéjtr%fr%ﬂ]éfrHc réli%?nrﬂ]ﬁ{,ﬂr%%r eé;i‘é]rrog ﬁég%%ﬁ(r)'gﬁ??;}h%fésuni formmcro- structures

conprise four-sided pyramds. 7. The system of claim4, wherein an average

hei ght of the plurality of unifaorm m cro-structures i s approxi mately
0.0025 inchés. 8. Thaaysiom @islaim ¢ wherein tmwme@%admﬁf&?é bad

conpri : At residl [ & ! i rce
exort e bs PR 3o Ao Ghaterief MriereRl a RG] Breo BRGRE! BningcRpicke
m cr o- sbhtadt poeoh cansss fhiegpititality ofrmicresstruchses tto nesilienthncompresase in the
wor kpi ece contact surface area, thereby incr er?si ng a, therml Ig conductive
cont actosuiinaia agareass g i Warkmeseapriget surface drea, therby incréasing

a thermally conductive contact surface area associated therewith. _.. o=

o e

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

RTV compound.

10.  The system of claim 1, wherein the pedestal further comprises a

supplemental restraint adapted to retain the workpiece on the workpiece pad.

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.
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9. The systemof claim1, wherein the workpiece pad conprises an RTV
conpound. 10. The systemof claim1l, wherein the pedestal further conprises
a suppl ewereBakiinestrai nt adapted to retain the workpi ece PCR/UShE3360T kpi ece
pad. 11. The system of claim 10, wherein the suppl emental restraint

conpri ses a 14p pAqiadestialdorf suppartieg pevorkpicse inf hateh iest igpplestatipad. 12. The

system of claim10,.wherein t suppl epental. restrai rises a

pl ur al | $¥PteT: FagPrisne ﬁﬁp%nggb’rﬁq@ﬁ@"ﬁvﬂr@?@? Py apﬁér%%(pleepe pad. 13.
The syspefedbi, ehelvdridtece'bad §ialind s saHHEaWHeYedH a WddiRpiate resigesonary,
noveabl e, or a conbination of stationary and noveable. 22 WO 03/041110

PCT/ USO&hesh6 the surfage phiheswatkplane paghpompiisgs andordgiedcsranobmigg@ch i on

i npl ant at i (%n system conprising a substantially resilient workpi ece pad
adher ed® ‘('JCW‘F’é’}'/ pedestal', the workpi ece pad having a surface whereon a

wor kpi ece resides, wherein the surface of the workpiece pad conprises and
ordered array of mcro- structures. 15. The system of claim 14, wherein
each of the tcroThemsystem of clagoriph, ivdwesein eroheofdbe miero-stadetHEEs he pedest al

d havi fi - i | i i 1 h,: and
nor kit cifofed bbastmior FAGhE R nedbinl AnE Baving BnrkhEloRklddtaohac @
Cr 0SS- Sgfdd MY ciREE IherdithP ke zenerkpitcacdntast fortion fachag tRs work el

therewith, and wherein the first cross-sectional area is greater than the
second andbevingea sesend alosa-sectionalrregandewpipiacefantact suRsearaat he

plurali of i.for m.m - St ructur rd ees Sd Vi ids. 17.
The sys%%?ﬂcﬂ)qtggltég?ﬁvﬂw,’ %\hﬁé’!“é‘?fﬁ”} ’%’é @§h§%g?t33?§§?ﬁﬁu r???%?érrg%%(t:e?r(}h a?t ructures
conpri stef subonsl ¢ledsB¥tidHalSred.8. The system of claim 14, wherein an
average height of the plurality of uniformmcro-structures is

approxi mately 0.0025 inches.
16.  The system of claim 14, wherein the plurality of uniform micro-

structures comprise three-sided pyramids.

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.  The system of claim 14, 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.
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19. The system of claim 14, wherein the workpi ece pad conprises a
substantially resilient material, wherein a normal force exerted on the

wor kpi ecewomatasaede portion causes the plurality of m cro- PCTOSOUBHST t O
resiliently conpress resulting in an increase in the workpi ece contact
surface are®(.t herrbsysteraofatdingl4 avhaeintild wodpiabecpad eomprsegansur f ace
area associated therewith. 23 WO 03/041110 PCT/ US02/ 35667 20. The system
of cl aFfhM goNyEeeingi n t he wor kpi ece pad conprises an RTV compound. 21. The
system of claim 14, wherein the pedestal further conprises a supplenental
restraint adapted to retain the workpiece on the workpiece pad. 22. The
system of clzi.m 2fhe systsraiof didim $4pphersimtral pedestalfurtheceomplisesaa |ip
protruding fromthe perineter of the workpjece paq 23., The system of claim
51, wheHEPkepRlal [ssPETaReRted iuiatain ic WSkBRFeed hedkAEre Pl 1 abs
protruding fromthe perinmeter of the workpiece pad. 24. The system of
claim23, wherein the plurality of tabs are stationary, noveable, or a
conbi nati on 2. stHid system afrakin talhereir the Jipplapentahrestrainti m 14, furt her
conprising a cooling fluid source adapted,to provide cooling fluid to the
pedest &PNMR{issH P PERtrusiRg BoRL e ?‘?rﬂﬁﬁfeﬁé’?t%w%ﬂf%%%e Ba% and t he wor kpi ece.
26. A nethod of forming a resilient workpiece support for supporting at

| east one workpiece in a batch ion inplantation system conprising: placing
a substanti @3.y fThxsystemmfdaicofpywherein the supplementalgesteaiat a  second

surface on a substant.i al rigid plate erein.the fir rf of the
ol d  COMRISESA Qi\-‘r%'ft)dé’F %’Sam%g)‘/'dﬁ?g {rﬂ%%gé)c?”m%t%gfs u@ér@%&e aa‘r%lid wher ei n
the second surface faces the rigid plate; applying a |iquified workpiece

pad material onto the first surface of the nold, wherein the liquified
wor kpi ece pat.matEné systembaftciaini 28] whersir the piveality piitahsararstalionsfyi nvert ed

mero- Sr;[ug\lljé:attﬁcrafa or a%grqwb\{nma%{c%o sttgt?oAé l?a'nfd' ﬁgv%lg.p' ece

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. A method of forming a resilient workpiece support for supporting at
least one workpiece in a batch ion implantation system, comprising:

placing a substantially flexible mold comprising a first surface and a
second surface on a substantially rigid plate, wherein the first surface of the mold
comprises an ordered array of inverted micro-structures, and wherein the second
surface faces the rigid plate;

applying a liquified workpiece pad material onto the first surface of the
mold, wherein the liquified workpiece pad material substantially covers the

ordered array of inverted micro-structures, and wherein the liquified workpiece
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24 WO 03/041110 PCT/ US02/ 35667 pad material is adapted to substantially

permt bonding to a substantially rigid pedestal and substantially prevent
bondi ng twotobe4rmd d; pl aci ng t he pedestal onto the |iquif ip€d/isor/ssbece pad
material, wherein the pedestal contacts the |i &gi fied vvo&éﬂol ec_(g pad
mat er i gladamnatenalis adapieddd substantiely perroiibongingde a suRatanRAIMIIRpi ece pad

material, thereby formng a cur resilient kpi ece pad materi al

subst arﬁnglsP@j adﬁ%ﬂé‘%ﬁtf‘@'%ﬂp{é)rﬁ\é%ﬁg}o md 1‘%%\/%/\”@@% he rigid plate fromthe

second surf gﬂgciﬂp thage'a%fk;%q ohf IR@ifldiewBIpiede 94 hisgerdall wherasithé ent
ma , u

wor kpi ece p eri s formng a resilient workpi ec&e%su,p ort
conpr i giedgstalreesithdterthe Viguifipd weskpiace padieaisiial ahe plwsalkyiod iQS3H28SF ur t her

i | ity of ilient mcro-.st : t hod of
et 26. widitictnatouted WeteletRnat, Mearida R i a sl Cos"an Rrv
mat er i %sméﬁg wEB@i@‘é‘é glae' nitefhiEduPsBhtialh Popided o the petistal;i qui f i ed

wor kpi ece pa eri conprises an application of one or nore of
pressure, he=mowng tie rigidi platetfromade serond spdacaRbtheeeléll of clai m 26,

wher ei n renovi ng .t he nol romthe red. L ' mat eri al
conpri ses suf&t 'E'Qi?? 9‘08%&9?}1 et%%rﬁ?%“?'ﬁtg&ykb %gb ur eﬁﬁlrt%%ﬁ:’ltpggt A
wor kpi g6fnRRfa fﬂ@éiﬁéhﬁherk?féce%u bhrasbnopriding ai regilient esikpieoet padyr kpi ece
support for “supporting a | east one workpiece in_a batch ion inplantation
syst emwhensin the workpiees pad furtharnsonprises a pluralifkobresligitaniepri si ng a
first syrface and a second surface on a substantially rigid plate, wherein
the firdtU%e ™ Pace of the nold conprises an ordered array of inverted
m cro-structures, and wherein the second surface faces the rigid plate; 25
WD 03/041110 PCT/ US02/ 35667 ) ) L .

27.  The method of claim 26, wherein the liquified workpiece pad

material comprises an RTV material.

28.  The method of claim 26, wherein curing the liquified workpiece pad
material comprises an application of one or more of pressure, heat, or ultraviolet

radiation.

29.  The method of claim 26, wherein removing the mold from the cured
resilient workpiece pad material comprises substantially peeling the mold from

the cured resilient workpiece pad material.

30. A method of forming a resilient workpiece support for supporting at
least one workpiece in a batch ion implantation system, comprising:

placing a substantially flexible mold comprising a first surface and a
second surface on a substantially rigid plate, wherein the first surface of the mold
comprises an ordered array of inverted micro-structures, and wherein the second

surface faces the rigid plate;
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applying a liquified workpiece pad material onto a substantially rigid
pedestal , wherein the pedestal contacts the liquified workpiece pad

mat eri al WD o0do4phaural ity of |ocations, and wherein the |i ®@arfisen3sssTr kpi ece
pad material is adapted to substantially permt bondi n% to . the pedestal
and subst ardgpNihy sPlicufed woekpkecwpad cnatbdalnwitd;a pliksian WHWidedestal and

th lied’| fied Kpi d erial .t ' : f f th
ol o PRdesealrvhResin g PeReRanePRBr Do Y T Sprrec iR e i Covers
t he order ray,. i - 1] - o : i tibEs|ddgupitdd ed

wor kpipg‘ér@ﬁg'a(g{lﬁé%‘lﬁrigsél:#Wé?g%@hﬁﬁn&ﬁ%djgbﬁﬁg%e E)Elg!snﬁflieelnt S\/\e/locrmlip'rgi ece pad
mat er itglsubdlsitiany ipdrinit Harnttiesitd thet feeigséal @stdasubstartiallyinigveMOMING pl at e

fromthe second surface of the nold; renoving the nold fromthe cured
resi | itedlhe waeldpi ece pad material, thus formng a resilient workpiece

suppor t CO:@%%@@;{HeEbe{d%ﬁi( |!at‘ﬁ@ttgg%[p@g{efﬁ&uilﬁéé_,womb@rc@ipmdtﬂnatem optece pad

further co a‘plurali ient mcro- structures. 31. The
met hodheffirel airfaciof theaneld) wheesinitheiiGuifiedworrkpiesesrgsamatai@ eri al conpri ses

an RTV material. 32. The net hod of c¢laim 30, .wherei ring the liquified
wor k pi ssbstaniiallyaavers He ‘é@@fﬁ’f@@@yé’g' &&elﬁcrg{qr%%tr@]pﬂg%% or nore of
pressure, h &£ QY| ; i MateRal, BerebPformeihg@dcuabdcl ai m 30,
wher ei n ren@ﬁ%ﬂ%@%@%%bgﬁnﬁ 6% fatehal, _re_? 0

e cured resilient workpiece pad materi al
conpr i reelieptietiasictalpey materinhsubsiantilydbandsd torthe ragestl esi i ent

workpi ece p?e%g\%g rtﬁlg Iri'gid2 glate from the second surface of the mold;

removing the mold from the cured resilient workpiece pad material, thus
forming a resilient workpiece support comprising a resilient workpiece pad,
wherein the workpiece pad further comprises a plurality of resilient micro-

sfructures.

31.  The method of claim 30, wherein the liquified workpiece pad

material comprises an RTV material.

32.  The method of claim 30, wherein curing the liquified workpiece pad

material comprises an application of one or more of pressure, heat, or ultraviolet

radiation.

33.  The method of claim 30, wherein removing the mold from the cured
resilient workpiece pad material comprises substantially peeling the mold from

the cured resilient workpiece pad material.
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