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Abstract: The invention provides a system and apparatus by %CEZ(?%
wor kpi ece pad is supplied to support workpi eces bei ng inp? g a
rotating or spinning batch inplanter process disk. The workpi ece pad

provi des reduced surface adhesion forces and sufficient heat transfer from
t he wor kpioegies1too t he process di sk, and furthernore reduwsse/3particle
generation and contam nation of the workpiece fromthe workpi ece pad. The
wor kpi ece AJAETHOD: F@RMOEDINGpX POLYMER SURFAGE THATYREPUGES: o- st r uct ur es.

compr 1 51 ARTHCLERERERATIN ARD tiack ARAoN FONCET MrLBoE o 05/ Bas110
* PCT/ US0213566 Ty AINEAINIRGHORIGHL R ABTRAARGRAEBCBIPTSEINT HAT REDUCES

PARTI CLE GENERATI ON AND ‘SURFACE ADHESI ON FORCES WHI LE MAI NTAI NI NG A HI GH
HEAT TRANSFER COEFFI CI ENT Technical Field of Invention The present

I nvention rel ates generaJI-)ec;'/F ﬁigalqﬁiélﬁrbfilﬂ\?eﬂtiﬁéj! antation systens, and nore
particularly to an inpr , and nethod for reducing
particl e gerwrmbsent ivehtisn rélaiee gedbelly tonbdtoh iesintplardaticat ©fsteénen i npl anter,
whil e maintaining a high heat transfer coefficient. Background of the

d d B ietnod o

| nvent PBHMOFP PHECWHRHYIRR IPRIOVE SSIRNGARPFEIHS: Plon inplantation is
used tﬂedu@!iﬁ@%,aﬁféf@ Méﬁd@érﬁ#ﬁﬁﬁd&eb@ﬁ ibh k&iges oA bARATA NPl anters are used
to treat silicon Wafers wth an ion beam in order to produce n or p type
ext r i nEn@anter, whilemaieisipingga bightheat banaferasosificanton | ayers during fabrication
of an integrated circuit. Wen used for doping sem conductors, the ion
beam i nplanter injects a selected 1ion species to produce the desired
extrinsic material. |nplBaikgrguadobtigdneentie@sl from source materials such
as antinony, arsenic or phosphorus results in. ,"n g,pe"_ extrinsic nateri al
vaf ers, whdpdsmapuiagiurg pbseraicopyucardenices, PR IMMENERION & ¥5e0d@si red, i ons
gener sk WrkiBorRRAGE WIRURDLASS, JUFBodt iRBAbrs 3 LisetModfedtndi Um may be
i mpl anted. Typical 1on beaminplanters include an 1on source for generating
posi t i sii¢on wajkrsrwjtidan imsbdanyrin ouier kaplogussnos @ Hipe extrinsis maleriel gener at ed
| onS & @I dornh BhSiPRRIAD ot BEHESICR! 7 iftoBAGFLALR ned beam path
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 operating an implanter, this passageway must




station. The ion beaminplanter may include beam form ng a?fl %rﬁ?%
structures extendi ng between the ion source and the inplan aﬁ on~station.
The beam form ng and shaping structures nmaintain the ion beam and bound an
el ongated interior cavity or passageway through which the beam passes en
route tovepdilnpl antati on stati on. Wien operating an BaRIISarises?, this
passageway nust 21 April 2006 WO 03/041110 PCT/ US0Q2/ 35667 be evacuated to
reduce béevanuateadolredycedheipootmbiity eijonfeibeing dededtedfromibe predet er mi ned beam

path as result .of colljsions_w ' l.eC The mass of an ion
rel ati v%r%fjggfrﬂ'@eg%gﬁﬁleoqth@F@Jﬁs%%qoﬁishqgsﬂ@-#%ﬁ%%ggr atio) affects the
degree to WThatmads (bﬁanai_@ﬁeélgﬁﬁMh@@hér?axhaédny(eagg chagesyetasel y by an
electrostatic or magnetic field. Therefore, the beam which re%gfges a

desi r edratig) @ffects the desrecionvhielt Bis dppeierated batlvrallyangdransuerseld Dirade very
pure si | : J I b Ok M dacted to
posi ti O%g@lgggéﬁ?t}cg% rﬁ%@%ﬁfgé@ﬂ ;@%@%{Jgﬁ% [ o%;ﬁg%hwgtb h%‘%e? ﬁgﬂr‘e esired

mat er i adreacha semicondidedwaldrer ofiten tegat cah eahade very purs eipee wnisng i ons of

desired and undesired charge-ta- S afios i.s _known_.as mass anal ysis.
Mass a_n%ﬁ1 A s %/moi%ﬂ“% th" ggaﬁfﬁie ﬁqaqoyglpgsmgxé@%ﬁhgau ng a dipole
- magnet i gedm ahdirhflafatibe6f othar thahHesPbmiaferal dfibe BRAd_N Themagnetic
deflection in an arcuate passagevva¥ which will effectively separate ions

of di f fRipesss diseleghivalyseparstingions of desiad jang|uadesired ehajoerto-@8pair ated into

two dif t | fy | | al ion

I mpl ahtérﬁé,ggikﬁgﬁh%%ﬁhé%rsﬁ%%)ﬁsucvé?g %%?@P%%M%Wﬁ’%@g#eces' are

conpl etaralysismbamdteteatingla dipois magretic field tb dsfechvaridis iens inpmn ioh i npl ant er
i ncludes a single rkpi ece .pad adapted to hold, or s ﬁor.t Ithe wor kpi ece
being i PR NRdRednalE dellecio B 2N s BASsRORWRKNNRN BRoGPYdes  bat ch

| npl ant Qoparatdip@if Aifréttehaldelto-RhsNafieg.s or ot her workpieces may be
i nplanted with ions in a single batch. The workpi eces bei ng i npl anted are

mount ed on ileriimplaniars maYy kpiseparajrsdatoitwo glifeseriiaateaonispodBadrsdi sk. The
wor kp'.(effa?? i Picfig8s S¥RAIGEN [ré{pzér%fst, [fﬂném& b&ﬂlc&h@?@ér@?@?@ﬁtﬁ%@m endi ng

out war a cenfeér portiton o pr ocess ght angle so as
t 0 use wahpietéugel 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.




force to keep the workpieces seated in the pads as the Pr OGeSs n‘flbéd% S
rotated in a controlled fashion via a drive notor. The iofi source s
located so as to present ions along a beampath offset fromthe rotational
axis of the process disk, and thereby to inplant ions onto the workpieces
as they WowdpHd1int o t he beam path. This nmethod of i oRCT/HEREM6AtIi on is
sonetinmes referred to as spinning disk ion inplantation. 2 21 April 2006
VO 03/ 041114s i0GF/aushagianed i e worlisicae®in aripdteinfoadmplantatienwor kpi eces in a

batch ion inpl aptation rqcess, , heat .is nerated withip.each workpi ece,
whi oh gyeshed! inrgrate WiRERRE0 Yo kbt PR BrL o RER < 1T (he heat
i s not dér‘ﬁﬁgé! 8flofheParbiFioudeifkets the hERITY Abt ichibdkd Adhtihel on i npl ant ati on
systens and apparatus renove heat fromthe process di sk and pedestals onto

whi ch wagkpigsek fianvestionebbatebinit isplaniaiien systashmand prpasalys £eMPY¥OUgh whi ch

co0l Pedl e UL S L S I il i brpgsgayed | om e

wor kpi eces pl ece pa conpri si ng

vul caninpadtedwsirey intsmdkPYs sayastthugh hiokpedoling flaid suelr as seterdésl. Ther ef or e,
one function of the workpiece pads are to transfer f rom each

wor kpi SEQHatEd.; Iﬁ'@ab'ﬁ(5%’@@%&1%@‘]’2‘."89\%@?"9!3% q RJACEHS C{?ﬁgﬁwg pi ece pads are
to proyha®icet s N \GIGiEh fHRSWSIRBiecaher eby t he
wor kp?oggg‘%é:%ﬁ %ggﬁgmléﬁgﬁyﬁﬁﬁggg?%%ﬂ@@ﬁe rotati g]ﬁcof t he process
di sk. ®e\sesated plkerefopsdnedtnctiopmfdag woripiecawady aee te transterhgabr ocess,

sur  actome Rl e R Bh . chellp A Bl Rt BRRa a0

conveniiettdroviee € tadkyfsatace ehaRonseehavdrpeadesides) widrebyethewher ei n a rough
surface conpprising substantially random peaks a]g%d) val l eys are forned as a
r esul t Werkpiegg seRde silficioptly setapmegdurinp dhe relgjan el t ﬂﬁ?&%?ﬁ:a.'s’ﬁn inprint of the

o1 i g pr o e e i bce pad
f or nediquidkstate Riwpnateﬁaltiak:umkjaxf@r boing apptied foramswfacerad aanoldwhidhe wafer from
the \ADfr]eli(sD f.Jeeé:neccPaEfgd 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




after ion inplantation. The rough surface on the workpiece pg% | Sodd tilized
to decrease a total contact area between the workpiece an% V\%I’kpl ece
pad in order to reduce surface adhesion forces. During a conventional

. batch ion inplantation process, for exanple, a workpiece such as a silicon

waf er i swpPI0de8d0 on each RTV workpi ece pad. The waf er CEU823B/@AH r ot at ed
t hrough an ion beam whereby ions are inplanted in the silicon wafers.

Rot at i ggmiphsssps ﬂfeeﬁwqjaﬂktheféw«lﬁmﬁeﬂ lﬁcr@as:h@ﬁfeeaﬁ&demnmt arear ce on each
wor kpi ece pad caused by centrifugal force pushing the wafer onto the

o bt BB e NS e e R Ropad. Shis nGeAsa i SHBRS s Ha9! G 10
/ f h
bor f aceael ind AORTFERRER lof i el 1o B TeAtHal U WBRasRESERAR 1O (Do

sur f acthesurfaaetadaesien of i waiee $o thecRTépad.t r ansf er fromthe wafer to the
pedest al as . ncr urf e.wafer to the

P ot onoOpf disagiantals ob i 2 lapRed Mt piatd fordRe P hutaf ) e o &

surf aCﬁ]ét%ont%hﬂﬁarﬁé)Bétﬁﬂhélﬁ@b%trﬂaﬁﬁh?%bﬁﬁo@mi And APpadiclesepeerg and fine
particles of metal created durin ppi ng process are typically

pr esentragted digingohe lappincprecass aie typrndfyl Riggsind gn thamelksuifage eltelani ng
thereaftﬁeelrageaﬁggﬁ? BS@e{éﬁﬂ@h‘é?e%ﬂB? ’rﬁeas’éséoﬁ{éngﬂ?r‘itg hﬂ%eRN pads during the

nol di ng pr can transferre wor kpi ece or waf er

SUPEI t r dtaasfelred tcptf@d%‘ﬂv pads H&ruﬁ@xitt@ade!dfngrpromess armad:arnmuhelobe Furthernore, a
mold r

ot or | HRRETEAL (et orkbibba bewalera s et sled B te NIY RART or rod 1o the

wor kpi ﬁfrﬁinﬂﬁéﬁtatﬁﬁd’Fdrﬁ'neﬂ%ret a%aaqabxsééfém%qyaueﬁhmwa@fb from the
wor kpi ece pad afrter ding, can further”be tfansferred to the workpiece

or waf prevenbsiickisgef tf@aﬁﬁmlatanabtodhe iolst swsfapi dbe meld relerrecageahy
ot B B A b Bl DI B gee od,
| appedfronethelwapkpiéee pal ditéramelding, danfuntheobatranstefred to the vankpiececat i on of t he
- peaks anda ya Lstya?é gggt%rrﬂrllanr?tg %Inc% g lWOLi( Ilgc%rcgntc%ugg mahy ¢ %nmen?aﬁ ations on the
wor kpi BEwapsgu TKp y ae
- 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




whi ch have greater surface contact area than ot her Iocatiogf an; 4

. . . . pril .
. wor kpi ece pad, thus causing non-uniform surface adhesion ané‘non- ni form
heat transfer properties. Furthernore, structural dinensions of the peaks
and valleys formed by utilizing the |lapped netal plate nold are limted by
the grain size of the |apping conpound utilized during the formation of
the nol d. These di sadvantages can cause areas of the workpiece pad which

adher gkl ALINNL Aok witSHGHn IR0 oH Bl BRIENGY sibofidNesi on of the

waf er -1 e Wworkpiece pad I I sadvant ageous su _ a renoval of the
waf er whafdorichbatamihatMigene wader Withdishiatiatedli garelof tie@tikpiecefpddne wafer, or
disintegration of part of the wafer or workpiece pad. Furthernore, a

di si nraspeativen of the wafer or workpiece pad 21 April 2006 either

cont am nat the rkpi ec ad with remmants of the re e ilicon wafer
o cont am {UPFAGUaTREISRE Pafs AV herely Aed iR Bd S9MY EvEHOTARE wor kp! ece pad.

" eSpeghlifgiid reREF8! na iR R foRads NAIRPULHILORMARRGTER) some | evel of
eat sinking tTor renoval o e r'om wor Kpi eces, howeveér, particles

- remai firn@tibn oMhefvadrRpiebe padé haebuar kRbere dizdatandnstidresnthe sour ce of
contam nation _on the workpiece. Furthernore, workpiece pads heretofore
have pooiensd Furtergiire; waikpiecarpadaherstoforg haveprayitediaosigniicartie wor kpi ece

wh | d th kpi .. _Theref ' d kpi d
e e T e B R e e
| dBPE _ brde lddoed
G 1 | O R B R, A R B B IIBIT There Tetan

unr esworedeceqedisiprovide redgued\vedtdadination, as wallrgs reducdd adhesicst em and
apparatus which elimnate or. m nimze the problens associated with
conv efareem ahilgstilk praviding suf§cieatlipaiheraaval figm the werkpiegluced particle

cont am nat j.on_and surface adhesion to the workpi ece i.le maintaining a
i gh heat  CPARENEAIYJaRRTs AR Teyrthsr et B RbRIER prlH e ol | ow ng.
pr eseﬁﬁﬁaﬁtaﬁw&*étém%d%ﬂﬂ%tﬁsthidh@imiﬁé‘t%tr!nﬂﬁirﬁiﬂe ficdSbbleths Provide a basic
under standi ng of sone aspects of the invention. This summary

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




I's not an extensive overview of the invention. It is intenﬁr%ﬁ%& I t her
identify key or critical elenents of the invention nor de % e scope
of ‘the invention. Its purpose is to present sone concepts of the invention
inasinplified formas a prelude to the nore detail ed 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

tem and _apparatus whi ch provi de ! rface adnesion f: -
ener ST Bftafmintthe ok ey BN Bh oRde B AR} Lo B B ool ed

t her ewhkhsin Midtkpitdd tdskingdn the orkeIEEEDEE Ba®be iriglahfRMenihi iens jr ovi de a
wor kpi ece pad and nethod 5 21 April 2006 nmethod of form ng the sane,

conpr astlatingar spideaing datchrimplapter pregess diskuthe peavjsiompktheionderedor kpi ece
residing op the r kpi ec an be inplanted. with ions in a rotating or
Lo ey B o Ry os E8 irgele CoRE R oA e SR HPIES o dor ed | aor oy
of m 5 Py : j ] ' of the workpi ece,
whi | e%ﬁ%%kﬁﬁﬁlﬁgﬁ%@g%% %g&l%ﬁd&éﬁ!&ﬁ@(ﬁ%lﬁ@é@ ﬁ@%\%g%%? ﬂg%]mr kpi ece andpt he

wor kpiwetipigirtbad’ddiitiondll the ortibedairesrof thisorsiyuchirestalwasfot ruct ures al | ows
for adequate heat transfer fromthe workpiece to the process disk, which
may badegipie healdeanstarfrosotgi waslpigse o hedreeassatisko whish re8vbeng f 1 ui d t hr ough
passages_i.n_th roces [ sk.to renoye heat. therefrom According to a

i ot Sfiaiigaeqytt RIGREE uftb H st DIrtPERY SonlERe LB RasGRE I on

i Pl affabioR8:sSigk BMent/dHdat tHefrémWor kpi ece pad having a surface whereon
a workpiece resides, wherein at |east a portion of the workpiece pad
surface caoporidiestoanfiret aspeetiofdhe pyeszint imventiors theretisipesided gredest al wher eon
the workpiece pad resides; a process disk nounted on a shaft for rotation
about iogrmplantationsustamn rcanrisiih e keiesk Pad haviageeirtase iSHen t he pedest al
t heregn; and an.%&o?n Qur.ce Iadatpt ed 'tooﬁ Vi d% i ans 'ao tghe wor kpi ece

‘resi dPNPTEACTHES ri@?&%%&ﬁ? HERTPR B"e[‘%” REEREASKERBT ary enbodi nent
of t hgoRbAsS&NAN bRIEPEd bR By of Mt‘?o-@fr@étﬁaﬁe%; diptiesAMMhERSR tRe Pl ural ity of

pedestal s extending laterally outwar
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
provi de flﬁ{:g&p @ﬁit%é@%%@ﬁh%:{’%ﬂéb@ﬁien? ﬁ@h\%b’f‘%g‘k'é@ga %%1 ééjr?ﬁrs?ﬂgr der to renove
heat fdsflignt WErkpRICERIaRIGE PraidedPidd sapsortingBl RBSEshel MEkpRAe iParl April 2006
According to yet another enbodi nent of the invention, a substantially

r esi | iosrimplantatijsinesystepad’ heswcmkpieicelﬁxadfoomkmisp@antdr%EJedarﬂae@ét one Wgr kpidece
in an_ .ion_inplantation system . The workpiece conpri ses an ordere

ar r ay MO~ siGlyeswherepg tagwo éﬁ%’dﬂ%ﬁ’é‘%ﬁ?ﬁ&%@'@'ﬁ%%eside. According to
one BodinEhRt 1 he.m - AU Oém.[ : se portion
faci ngﬂ?’ﬁ@ pe’d%asctﬁ gﬁmﬂéé;@'(gg%éﬁ%:}%cée&ﬁéﬁ%&eﬁ%%r [ 6?1&?3;&@@%,[ he wor kpi ece.
A firpédestalismd HRikpralcontzRR pbRioRFacINy Biceflotbidie! Afirdarsssportion and a
second cross-sectional area Is associated with the workpiece contact

por t i #ectionglaredimhgssogiatatowitle tieduisemartionang 4 seconderesssseciiermli onal area is

| than_th d i i onal ther.eb Iting i
i or oatepraraneaiod iR e BRfPlo- SRRt BPrien. Ghariig S HMe vor kpi oce pad, for

eXaMDeRboliffBH, 116 first o3 Lafioha dréa i€ Gtcbtdi than (R Rlchld cfudsh as RN i |1 cone,
on pi ece contact portion of the

wherein a normal force exerte fhe wor
wor K pseatienpleates aheebytrosuiiginad microatrubiucd irthe Igenetal sisapd offesi liently
conpress. This allows the centrifugal force resulting fromrotation of the
wor k pP¥aeiq. T henworkpigee $ad ofos Rxargplge coraptisasesylatapiody eesiigntt o provi de

cur 1 SEEEN) U FS BTGP Re: WiE SRR nGRTRITORE Sir@Dan 5 SANPERe vor ko ece.
AN | NEd A& ortbn diftRe GRALHEe Sa EAfRsEBILFARYLE RicrdlsRultlglaer t her mal

conductivity between the workpiece and the workpi ece pad.
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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Accordi ng to anot her enbodi nrent of the invention, there is rogig g%a
retaining apparatus for retaining the workpiece on the mnrggﬁ@ @ . The
retai ni ng apparatus nmay be enployed in a batch ion inplanter with a
rotatable process disk having at | east one workpi ece pad adapted to
support the workpiece. According to one exenplary enbodi nent, the
retaining apparatus conprises a ring- shaped retaining nenber nounted on

the p%&%@ﬁ%e,ﬁd@g}p@grgntggé_msaﬁr@%&eta%W&%{pgsﬁoeﬁgg@g@%ef he peri pher al

edge o e wot According to another e t he retaining

appar phdsincropidanes with Bleti afdthelyembbdildps, the edtaintigipdaratost he pedest al
proxi mate to the peripheral edge of the workpiece pad adapted to constrain

t he weemprisesbothceereablepndstationainéaliser 7 21 April 2006 enbodi nent, the
plurality qof tabs .are noveable wi.th respect tq. the workpiece, pad. In
accordanceﬁ'}'\ﬂ:‘?r INgp %%ﬁ?PngaSBﬁ‘Héﬁitﬂ?%Wie?g?HBV?rg'PBi ﬁﬁeﬁ%*Sa‘%B%lﬁ%‘é us conprises
bot h LN : . ' t Qiagkeaspect of the

pr ese%yﬁﬁeﬁ??gﬁbﬁ%ﬁ(%@' %Mgﬁﬂwfeﬁsﬁgﬁék@%di%ﬁgﬁfgt [ oneasyst em

conpr whieragin aworkpiquieaesidpsdvitereing least argoriian ofthe weekpiaca\padkpi ece resi des,
wherein at |east a portion of the workpi ece pad surface conprises an

or der edrfage egmprisesiaty detad Arran fdnicep-plaurdyres] a pRdedalivhereon iy kpi ece pad

resid r el h the m crQ:structures conprises se portion
ot ngorieR Tl eSRER helsl T AP ohg bl B PR S A% C s b1 ot e

t her eybpiidn 16y the\deRlt GRd HAUMA fir8PEbbSBelRibSrehiRsUEEtERi ece and having
a second cross-sectional area and workpi ece contact surface area
associherewlith, tandreewbikpiecarcdntsve pertion fasng thesworkpiese anddiavimgael 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

R N M R T A
of t hgrdakReeMinal BMRN biREcedsBSIEMbENRURN 41SKhfefdr rdtaffon BRb@hat i on system
conprising: a workpiece pad having a surface whereon
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




a wor kpi ece resides, wherein at |east a portion of the morE ieeg @ﬁp
surface conprises an ordered array of mcro-structures; a Bé@g g wher eon
the workpiece pad resides, wherein the pedestal further conprises a

suppl emental restraint adapted to retain the workpiece on the workpi ece
pad; a process disk nmounted on a shaft for rotation about an axis, wherein
the process disk is adapted to support the pedestal thereon; and an ion

S0Ur CGoRdAhd Raih@Y ifiacd AErdoR d HBHIRICKRLERES WiRirdiide O the wor kpi ece

pad. Ac Ing to a Tourth aspect o present ‘invention, there is

provi dadace ofithd ertrigliedoopad o@nprisasahdiorderddaareseofi micro-Sdativeson i npl ant ati on
system conprising a substantially resilient workpi ece pad adhered to the
pedest al , feordingito Afifth aspeeboiibe Ippeseré inyaatiemiherg iapmyidedcd wher eon a

kpi id wh ' he. . f f th kpi d | d
or der BEOGHPY HoHeriche SR a2 BT Brimelptiat SR acpect of the

pr esegbmbRYiRgE! é@i&statnhﬁﬁﬁésﬁieﬁf W&ﬂkﬁ%@e%ad%‘,ﬁ‘é?é@tb tﬁé’beéé&iﬂofﬁé ng a workpiece
in a batch 1on inplantation system conprising a substantially resilient

wor k piwedeigmcpatiigd sudatd ehpesiast wbrkpidve reside& pirereindhe havi g a surface
whereon a wor kpi ece resides, wherein the surface of the workpiece pad
conpr BYacegidhe wedrniecapachgomaprisasanst ardeiask arFayveof migrestaiciuresch of t he

m cro: ris ' ' destal and having a
fir Stm@%@eﬁ@&é@ﬁﬁ tg]%a 'C';(}'%tgucg%@g%?g@géé% %@ra %%n%k) ﬁ?’ntaf%ﬁg"%?r?ev\or kpi ece contact
por ti padéAslidhd Hadvihg @ikl CRZS-sRBfbriiA YidassosREQ N TherSRPC AR therewi th, and
wherein the first cross-sectional area is greater than the second

cr ossweepisasaintat partiondadng timgworkpiecsi atidmanvingea seaindtdasogintesient | nvent i on,

there is provided a L pedestal for supporting a workpiece in a batch ion
i mpl Hese Wi a@agﬂwm the Hpt crasspestinia remisi axpater thagithe 8aeontor kpi ece pad

adherggsg_%eg% gpe%stal, the workpiece pad having a surface whereon a
wor kprece resides, Wherein the surface of the workpiece pad conprises and

ordered ar A8yorlingth & $ixth lasP 64T BFe preaBit iAs tRNNtHeRSistbYiBegae pad conpri ses
a usbtantially resilient material,
: 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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wherein a normal force exerted on the workpi ece contact popiionlgﬂﬂ§es t he
plurality of mcro-structures to resiliently conpress resu ﬁﬁ& an
increase in the workpiece contact surface area, thereby increasing a
thermal |y conductive contact surface area associated therew th. According
to a seventh aspect of the present invention, there is provided a pedestal
for supporting a workpiece in a batch ion inplantation system conprising

2 subst ant baldokoliieldil R msBiol 6 RinP AGAIECSA ol bl REdestal . the

- wor kpi ece pa Vihg & surface whereo pi ece resides, wherein the
sur f apeplahtatitie syRenPTRS taifs MeNBdrhfiesesadbing b dabsEntllydexibie

m cro-structures, and wherein the pedestal further conprises a
suppl Bweicheempriging paurface laying antasdered dirraytdi énvenied pniewestiisturae  wor kpi ece

d. 21 [ 006 .Di scl d h in i thqgd of, f ' Kpi
ot o1 GrSRtanGRlY O PAIE AT SRTSPe CUlfRo HEVHE IRt PTRLAT Do | ses. pl aci ng a
SubS! Bl ekl @Bl FROLLLATRON SR GRSl RS HRY | 3Bc" der ed array

of inverted mcro-structures na su y rigl |"at e, wherein the

sur f aped heatérnie id then cippiisctd thersayfacé of ihevrolded pedestatistheruct ures faces away
fromthe rigid E(Late. A liquified workpiece pad material is then applied

t o t harrlipdrtadae bquiiebwagipiece pagd snrtetiall andthediguified werknigretRd he | i qui fi ed

wor kpi ece. terial,.,and. th i qui f.i ed r.kpi e . material is
For ¢ bR Bl L AR o e R BRE e Tt er ot s
appl i gfplick thlike PEGEIAIRIvherdB) HRDNqUIMR! Worktbieb Bad Wit 8RthePad Material —on
the pedestal is further applied to the surface of the mold and cured.
Ac cor gedwstalds fusther applied itorthet suofaced thpr mekhand avedt Acoordingéo wor kpi ece pad

material is cured by an addition of pressure, thus pushing the rigid plate
and pegR siwodiesiyof ttisrreset drvantion Abe yyarkpigee Bad Mater iseHBAi ment of the

presept .| t10Q t | i, gui fied r Kpj tenl l,Ss. cured by an
Da + Pyah SR @ prs3fie. il defiho B0 SRR R Sl edr e
ri gi daRbtAbe ActofdPoehothidr@nBdimbat dfhé PRIsent iIRTBIMRR, tHeIGuifle@ now cur ed

wor kpi ece pad material, thus resulting in a pedestal conprising a bonded
wor k pwedpigradyadvnateginhistcheedioy &p addidop aflheatoAfiern thediqaifiedansf er r ed

i mpression of the ordered array of inverted mcro- structures, and wherein
no nowarkpigcepad '3@@5‘?1 '§§UFQ§E| the agidipdate dssmoviede Thpmpld 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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fromthe workpi ece pad material. To the acconplishnent of %ﬂg P#(@gm ng and
rel ated ends, the invention conprises the features herein BYf

- described and particularly pointed out in the clains. The foll ow ng
description and the annexed drawi ngs set forth in detail certain

I 11 ustrawiowenaspects of the invention. These aspects aceusmgdsamati ve,
however, of but a few of the various ways in which the principles of the
invention may be enplgykgbesetiptionasfitiee Dsawindigant ages and novel features of

the invention will becone apparent from¢the follo detail ed description
of the invdstlifols Wﬁ%ﬂﬁb‘%gﬂ&ﬁrﬁ”ﬁ "E@H %N 'BA IW%%‘EHB drawi ngs. 8b 21

Apri | /”%3'% lofdd:Description of the Draw ngs
Fi-g. 1%@ )a/{\RsY %é%%g%ﬁ%Hﬁlgﬁg rﬁg fératl ng an ion inplantation
systemin \g.ct TShESI(ﬁHﬂSQ&iﬂOﬂIWIpH[’LBHVW@BCb@’\ Bugraipgdan ifMg. 1 Bis a side
el evat.i on V|ew artiall lllustratlng an ion inplanter for ion

tio
beam t'F@éﬁerPr t%ﬁaﬁbtf ﬁ"@B 0 Fgr tkp PPA®i s a sectional side elevation view
i lustrati fmg%b@t%ch@m %tate%leva‘ﬁ@h RidvellagReEing bybatelvimpdardercool i ng 1 ui d
passage in a rotating shaft; Fig. 2Bis a to% plan view illustrating an
exerrplaim}dl@ﬁemblydtawhgarmomﬂlad%ﬁﬂﬂeéﬂaﬂP fiag baftofr wafer pedestals in
accor dance p,t | ifikk aiy 4 @ sectional
si de el evat'l A&%"F%a" &9 Elilﬁggtgg%xe*rp aryp?&%sggﬁéece pad with an
UnC0Wmmsﬁtbd}ﬁ[dﬂh@fbfwalfa)pedésmgzn@csdnﬂand:amﬁsammthea@mc'ddrih@ with one
‘aspect, of the invention; Fig. 3Bis a top plan viewillustrating the
uncorrﬂf"é%fﬁ@ﬂ ordered array of mcro-structures of the workpiece pad of Fig

BA Fig. 4 s o RO SRB6HIRicVdiEVstRh vy BXAFIEhg B oXBRTpRrpt ructure in
unconpr essed” form

workpiece 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;

F|g 6 is a perspective view of an exemplary micro-siructure in
compressed form

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;




Fig. 5Ais a sectional side elevation vi ew illustrati ng an i?ﬁ’%é%@;
- workpiece pad with a conpressed ordered array of mcro- strd
. accordance with one aspect of the invention; Fig. 5Bis a top plan view

~illustrating the conpressed ordered array of mcro-structures of the

- according.to the invention,; Fig, 7/Bis ato

wor kpi ecewoom@4io Fig SA; Fig. 6 is a perspective viewpeframssgnpl ary
m cro-structure in conpressed form Fig. 7Ais a sectional side elevation

view il ust Figt BAQS a@eembﬂébldvaﬁ@hv:ewmmﬁ@gf aﬁ@tﬁ@ﬁéﬂrrlapflmﬂ wor Kpi eCﬁ pad
an_view illustrating the

bat ch |ﬁ%| torRpsiestal aaworwpaaéca@%@wgo’qothwvemn 9 21 April 2006 WO
03/041110 Pﬁy B892 300 PilnFidh 186 i e BELh Bt fasid iy on V! e

illustrating another ‘e I a r pede and wor kpi ece pad
accor dwogkptiecs ped oﬁFAgnﬂSA,on F| g. 8Bis atop plan viewillustrating the

bat ch i npl edestal , and r.kpiece d of. Fi is an

exenpl ary rrE édgﬁi‘%%wﬂ'm W&tkﬁ%ﬁ@%h@fﬁq%ﬁ QJpatio ?ﬁmo@épée%%@dgl n accordance
Wit h offeagsi@sicefith e gé‘p&ﬂ@ﬂtﬁ@mv&hﬁbn 10A is a sectional side elevation
view'illustrating a placenent of nmol'd on a rigid plate in accordance

wi th anot heFigadpads asectionel stﬂ@@hwm vigw dflustrating @ plecewent @dal si de
el evat | Eﬁh%"i‘ednéf m@‘é@é nféngHjaﬁ%@ﬂREh&f% %%)e%ft ofthelilliibhed wor kpi ece mount

mat er| 0O th IS another sectional side

el'evati on vFgwi OB Iimbeetionamae pleaat&:mﬁwdmstratlmamaicamn dgfree liquified
wor kp| %r}funt mat eri al, of F| 10B;, .Fi %ﬁg 1@? i s anot her sectional side

el evat [ WRIKPIGCeJPouRt; W@e% o s meldaf pressure on the rigid plate
and pedest aFlgo’iD@'lQénot?:QrASécﬁ&ial Gige- elévafign '\/%\Aﬁ‘illﬁ&ﬁé‘tlh?'&gjac%hﬁgﬂ gkevation view

illustrating a renoval of the rigid plate of Fi
a pedestal on the liquified workpiece mount material of Fig. 1OB

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. 10F is a sectional side elevation vi ewillustrati ng ag mb@ry
wor kpi ece pad in accordance with the present invention aft ! of the
nmold of Fig. 10E. 10 21 April 2006 WO 03/041110 PCTI US02/ 35667 Det ail ed
‘Description of the Invention The present invention will now be descri bed

Wi t h .ref sersmeliioo t he draw ngs wherein |ike referencecnusersass are used to
refer to |like elenents throughout. The invention provides a system and
appar atus by which a betiikidbesgidio eilwvergionn ordered array of

m cro-structyres is utiljzed, wherein workpieces are [nplanfed with ions
in a rotati ﬁéeﬂe%}tl‘ﬂ’{ﬁﬂ rb‘éﬁ"&‘?""’l%dﬁ’sfﬁ;ﬂp%m@'ﬂ r‘ﬁ?@’@@@& H]e'é]{(‘_?'w'_“ﬁﬁe i nvention
f urt hefuiehéh WRE SefBrdMebtthe?bls LAY HA00TotP I MRAEBAY thRIBROA Ng  an or dered

array of mcro-structures. e I nvention thus maintains I gh heat

t r ansf diheriatantion prodderce sysiamtandupaaemtes nwhieh samerkpiatepadt i cki ng and

adhesi or ce | d.w.th conventiopal batch.i nters. Referring
now to%tIa Wgﬁlgﬁ@vﬁ%ﬁg@ap‘% %.Pa%IO ni"igrloiﬁg't”fzéﬁ 'Siﬁ'ﬁ@?g??%'%é@}%h%’ecgﬁpl anter 10,
whi ch ey inhislarteg viiteigng m & Retathitorapinfiganitett lofimplanfut@radiessdisk. wor kpi eces.
The inmplanter 10 conprises a termnal 12, a beamine assenbly 14, and an
end st dfedmvengon-fyrthqrdnciydas a methodaf feraing:a wospiacs Radcomp!isiiger ed by a

hi gh v V. ' on beam 24
b ch T O A MR g ST R By MRS ST e 37, o

condi t itiansfer radg and medwceamirticsiate transfet altbwafeh stickingsarahadhgsion nmagnet 26
‘passes .only_ions f .appropr.i at harge-to-mass ratio to a target 30 which
may 'i_n(icl’r %%a%sqcat%é)wﬂscggy%glgggl%af@n%ﬁ%{terghom) havi ng one or nore

senm conduct Refeiamehow 85 thel diawingwoFil Pl R Hasrdtee bn eRemplaryBHNt ed thereon for
i nplantation with jons fromthe ion beam 24. The conditioned ion beam 24

i s t hudMRipRisE d Bawhishanay hanemplgyedin the batch implaniaiignsf #Ne 6RMPEE Referri ng

I t | ; ' ' il lustrated
'’ gr oScRerd, neARRIE: O EIPERY aldital OF sLBRH AR SR, | vontion

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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| “may be advant ageously enpl oyed. |nplanter 100 conpri ses an % ?H(Eﬁ:e 112,
~a mass anal ysis nmagnet 114, a beanline assenbly 115, and a 5@. end

station 116. An expansi bl e stainless steel bellows assenbly 118, which
permts novenment of the end station 116 with respect to the beanline
assenbl ywbb5/p411mwonnects the end station 116 and the beamusissazsenbly 115.
The ion source 11 21 April 2006 WO 03/041110 PCT/ US02/ 35667 112 conprises a
pl asna1¢2\&0mprisé:29 plastihaachanirere 20raacit 2or ion eskeadibyaskambly B%r gy is i nparted

to an ioni zable nerate ions within the plasma chanber 120.
Coner aEPOIVIBATRAT fprtonatlsdhBrbliss L dtatn e neh B Be B fuan on s
appl i cak4Bbb] Y SEEABraM PRitiVe MrEaHrk GendRNR], éfﬂ%@ﬂﬁﬁ‘é piReny the source
112. The positive ions are extracted through a slit in the plasma chanber

120 by invRetiewis applicade & ssssé@‘emmrelm pegative donscsmgeneiatedbydharal i ty of
et 88635 118 THETRRNE I are e bR TR GRE RN AR BBBRY chfnbenct | ansS O

extrac eam pOSI ve I oONns 0 and to
accel enan eytﬂliwon@ﬁtrraamedsemmy1EztWhnt:heonmpﬂsesampluyaﬂtpofrw@ﬁedea14 The mass

anal ysi s_nagnet 114 functions to as ons of ro riate
charéejgzy ﬁgggrdfnﬁlﬂv & @“t%ag@éﬁ?ﬁ%t@ﬁ %%ﬁ%‘lcgprﬂtﬁ e"&ﬁ?t@ﬁ? aé’(‘.)lrorprl ses a
resol V??& QPgééa{i\% ibAS i J%Eﬂdlh% e %6&'1‘2@%@&8%@ ibRidmas anal ysis magnet

114 i nc a curve am pat h hin a passageway 139 defined by an
al unmi nexrautedriogsiinte thaniasg anayeiswaadret 134, evacuation of which is provided

by a vacuu 131., The ion at along this path 129
Is affect eg%@?/%ﬁg aﬁﬁgﬁ’étr?%gf}et 25?%?‘?55:%?%{%9‘%?8%?%&@&%&5 A anal ysi s magnet
114, t gppirepfigie dhafge-R-mass rdlidne tepbéahiheCabeodht PHasithr ati 0. The strength
and orientation of this dipole magnetic fleld I S CQl_tI‘O||ed by control

t

el ect rSWE@S%QTWV@HhBH?'i}@ﬂZ@ Rad @I!@@mﬁ’@&fa iger ¥én rlelﬂ“@ﬁ?gh the field
wi ndi nggqy lS nﬁdd@‘?\e{r?%ﬁkit.ﬁ%g at(hurnf)éﬂﬂgba?n ggﬂnﬁfg \ﬁﬁﬂ‘i‘? taQéag%ﬁég 139e dipole

magnet | Cc causes the ion beam 128 to nove along t urved beam path
129 fr derﬁm&d‘ by an alumingmtbeancguide hgeog sidg weldld 180 sevachatiangd véialy ce 112 to a
Secondlsoprm\%éeé bt ’ a\}acuhr%rﬁlun%;? ’IE’31 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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. near the resol ving housing 123. Portions 128 and 128" of %\Pﬁﬁbfg& 128,
~conprised of ions having an i nappropriate charge-to-nmass r It 0

defl ected away fromthe curved trajectory and into the walls of an

al um num beam guide 130. In this nmanner, the magnet 114 passes to the

- resol vi mp ¢sauraiing 123 only those ions in the beam 128 wsorksesrave t he
desired charge-to-mass ratio. The resol ver housing 123 includes a term nal

el ect r Qfid ds3d Famitlay SlagCl4ro Sthattean] wifrali2é T2drinéloderss ppsinbe i on beam 128,
and a dosinetry indicator 21 April 2006 WO 03/041110 PCT/ USO2/ 35667 such as

a Far aghigyvari4g§ fauneutralieing daerperiiverchiergeeinat wouid (ineIwise 3CWPdsita  shower 145
for neyl § tégjfe@%aw%soé’%shrt\b?bgiﬁgfrﬂ@aﬁféﬂttiy"iﬁéggsﬂ%lfE:H‘ér & prcunul ate on
er t o elng I np by the

the targe as a resu ant ositively charged
i on blzam 128. Theddaganeuelizeal 24zend re2divemtbusigpl 28careleyastiatefl 123 are

| d b 43, t f th trali 124 i
e’ ent 8 vec U RS BB obe epr R Bt 2T B RRde Support of
pr ocesgafthrs k16 Athich PRI ChsRaped Wdtkiiecd SIIpRAL@ prédess aRKAASd. The

process disk 144 resides in a target plane which is generally _
per pendpaiuvhich yaders da bedmplantadearaimantednl g progess digk4hiesisleim The process

“disk 1 . | ' P spi ndl e
. _a'ssenbfi;‘;%l %@%@%%ﬁ ﬁste%%r%&g eb%ﬁdﬁcé?r&&{%ﬁ?@%ﬁﬁ&?@&ﬁ c’?‘éﬁ? eg pPocess di sk
144 ?sirrt;:itmt bmﬁnre The Ero;cés&dishﬂéhpatﬂhe dnal statmncm&d _iseotﬁfedilmai moloi ng ihﬁ_nshonto
~a wafer, or other workpiec at. i erated in_the workpigece, i ch nust
be ren@*ﬁa@“f%?@ﬁraﬁﬁg‘ﬁﬁ’of%?ﬁkedo“ Bf"@g’gﬁ‘ﬂs g‘fiﬁ‘?ﬁ Wﬁfﬁrﬁ@oywsgﬁ%ﬁedanage to the
'V\DI‘kp!&Bgesﬁﬁﬁﬁﬂji‘i_ggﬂ%bg%gﬂlogﬁmu%paﬂﬂd 2B, an exenplary batch inplanter
y

wor kpi ece support asser 200 is illustrated in section according to the
present i nJeihe eeursetineplantingderscerde advafkr orother woikpigae.d@able an end of a

cool i P EraC Hhhe0saeoBS YA Adod B dRRRErorBin RO 2057 hrolgh

whi ch mreedritreg niihimize {Fergal damagy o the workpledeatRefetringmoento Fegsh2at  r enoval

| ooat cehd P HLOpBas s raer woipBrastpotasensy Sl y otnted i n a
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
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- stationary housing 210 using bearings 212 for rotation via g rmnijg@ or ot her
~drive conponent (not shown) via a drive gear 214. The prog SO0 144
rotates about an axis 216 at a center portion 217 of the process disk 144,
and conprises one or nore pedestals 220 extending laterally outward from
the axi swl@Bpsmand is further illustrated in plan vi ewroraiSogses72B. Each of
the one or nore pedestals 220 conprise a workpiece pad 230 radially

di sposduotassishtdbiirtheliGvided flaidapirmiurtication rowéeratheaolafhgsieaf{ not  shown)

t her eon,,,such, as em.conduct or fer. . Referring ain to Fig. 2A, the 13
21 Apriqs hGBefss Bl Pero oS atatien P?ﬁﬁ@@%%gggi sk 144 furt her

provides fl me@brﬁﬁgﬁuwitmqs@eA%a}m?acéd}gigg% eﬁéagelﬁﬁpage?s@%%fand the

pedestal s 220 via pedestal circulation sages 232. ring now to Figs.

3A and thspreseadnueniipn; 3 beinh iex anplaateywarpiese petl 230re ilpstsatethin i nvention, a

‘batch QR I MO KD LS, I trat )y ction and pl an

~View, rsggt é‘ﬁe@%‘\?}@%ﬁ ,we&ﬁe{é%enﬁ?%g%ﬁﬁit %\gohégge%gﬁgd rgpqqngozge%ﬂn or der ed
array oiderabsatrapof alibstantilly aniformi @icfo-siuidigiey 269, 200ordéfedarggiopd array of

subst ant Lsa%bgq!uni formmcro-structures 250 all ows uniform heat transfer

acr oss Y lyjupfgrrp ABErOstiyRRes 22 aliows Wiform deablriisieicasrgsad 230, as wel |
as uni erfﬂiec%{n%%ﬁovﬂ?h@ﬁﬂﬁg RIhE Wor ﬂﬁ:e"ﬁ%fdk%d?‘ég wilsiifiolnp @ generally
ac surf t [

regul ar cont ce areéa across e wor kpr ece. e wor kpi ece pad 230

: ‘conpr i S8dage adasiqn acrestihwtvearkpipes paddueta genkrallbegalapoontactn 260, wherei n

t he wor kpi rfi.on 5 faces the kpi ece (not shown) and the
base pg-lrj'?gla(geﬁ&%%’%ﬂ#%gég%ﬁ%"?@de 0@@6?5 ﬁﬂ%&géggnﬂgﬂ??q%n 260, for

exanp| eporigieretrontat! poRbnt2BS5 driten PadgsUridn 260) whisdintthavolpRiar nmovenent of
‘the workpi ece | respect to the pedestal is substantially

ad_230 with
pr ohi bePEgSt drhipces mwordpisse (nafshewe) sndthehasepasion 288, Fig. 4
11 ustg ar ' - u 0 kSl lrst portion
265 | nt ooy ol Do A P07 e T oRloh 5 0b o erapl A b8 ety o Rl o 3
The fi thetpgsiestal 38R0 2a6h Hiat planar movererttaf tivd workpRS8 patl Z30gvithd has a fir st

Cr oS- 3&6bEABHhe BLEMATE STL SRy 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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" face t

‘therewth. The mcro-structure 250 further conprises a sec% %ﬁ)%éécem 270
associ ated with the workpi ece contact portion 255 facing t L

wherein the second portion 270 extends outwardly fromthe first portlon
265. In accordance with one exenplary aspect of the invention, the second
portion wWé@sndige a vari abl e second cross-sectional arper/geseasicat ed
therewith. According to another exenplary aspect of the invention, the

first crosshys@ebrdanad wﬁh%@leléterrﬁﬂ@?bgpﬁedt beihetgiescie anpdtiar, esshsect | onal
area. Each mcro-structure 250 urt her, al |gned across‘ﬂé)_ne wor kpi ece pad

230 of MiFg-Bmciuke ga0 spaerierRs afqurpided RyrRiHatia 4 Albstspigs 41 P

m cr o- rkpi ece pad.
1aC00 RdHEE GRS Gl R RS phuRks R s esasact Vi 181 (P B

exenpl &irsy paﬂpacﬁﬁSccﬁthdmaqnm-etrecmrs 2h(erthren SldeaQﬁ5 ofrﬂterbuesidadt ure 250
conprises a,four stra in han om a first side
P PR TCa TR T 2t aisortgnetalls Heneiler b S ahd 88 2 1 he
first Be&ddidied #ih s séddhdHorfich ST0 ofthe! ificré-2@uctlif. eehétm!@@ sigés of the
four-sided pyramdical mcro-structure 250 are also general ly triangular

i n shagés ohthe raw@-sfasﬁwe@wwaﬂwfawethewdﬁmewmt showroad t he
micro- E&ﬁ&é?é{é?%lom ?f§ﬁo§é§?§ eﬁzc?rk[g cd. hf“‘hér!;‘?éo(ﬁcf Békcéétrtﬁa%ﬁo general ly

nver ge catlon 8 closest to

t he woakga tm‘dbe pSFﬂam:@ dea‘eds@’ frorn-thefitst ptmabn 265 &athlocdltmnWBam d decreases

fromthe firs |on25tot Ioses the wor kpi ece.
An avefiggest ﬁ‘ét“'lfﬁ‘f’c’ pieggc “rﬁ"é’FQﬂ er'g(]ﬁpt 5’"3' c:tuge;( %r, as measur ed

from taﬁamﬁﬁaéé %ag&%dfﬁmﬁ%m&&mwmwéém Ba8e Woridiscd tblthé firski de 271, is

approximately 0 inches. I'n accordance with another exenplary aspect of
t he preiéewﬁ'ihtsmmomateiyéheﬂz@mcheﬁm m cro-structure conprises a five-sided

B, Bt B BB bR AT AL PESIRROL 20 ! 5 pare
3A. Fowach entform migrestieturefcorieists udiveisilied pymmidpwhéedl ome ofthestructure are
gener a*wg/ SIEitreé %n e%le?a{llylrgctgrﬁlglﬁgr Iﬁ% a;];éle gnd %sk}ntegral 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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wor kpi ece. It should be noted that the m cro-structures illxstrfi\é&? in the
- Figures are exenplary, and any uniform m cro-structures c&h et qized,
as wll be understood by one of .ordinary skill in the art, and are
furthernore contenplated in the present invention. According to another
exenpl ar waemento of the present invention, each i crecatusegisigre 250 is
adapted to transfer heat fromthe workpiece to the workpiece pad 230,
wher ebyl hehaibatankigliyeresiligratdn2i3falfis furthermbrecaisbtydstotsue stadsllytreturt he pedest al

220. | ccordance with gne aspect, of the present invention, the

i or o- 98 Pl BB 58 When fhecolker i ted ol vBBETRER Y S0 & STRGhnt i al 1y
resilient egl éégéhgﬁé}:'i égéq% d. The

. substanti al |F§/§s ?g?wiégﬁ?ursrtrﬁee?%al s a g%tﬂ(gé to sdlzgfﬂ ﬂ\%gnt @%Qonduct heat ,
and t o i Dlenniaw,despsctiealy. whereiafa wotkpiece 28@residésyimiile Wokpisodien a force is

I%pC% IU%%Q&' %E@%‘ttx\ﬁfgé@ Igﬁ@?t"g%g?é?%? a& 2%&%63&1% lr?&% %%Sg?é\gggg’\é&ﬁ ﬁé(r) nor e adapt ed
- to subsenfmifigl forcs ghplied to tiwe wm;chbgzisoabsiﬁsmgcmFegsbgtﬁeprce exerted on the
wor kpi ad 230 is renoved. Figs. 5A and 5B illustrate the exenpl ary

ece
wor kpi M@%‘EP P23t A eeniribigahfpice 28D ey hevrrsed by g seitingaifhe wherei n” a
o R _ . . . _ A
wor kpi S oSS QL IRIAG B eh o BrydRRisfo s SRR AGIIRPIG WidHeiBe 200 07 e
appl i e@ntastheworkpiedepat23®80d resdichile compressing thesmicsostractumesrdgdi ece pad 230.

A centrif | f.or 285 nma caused by a spinning of the process disk
~duri ngp%sé‘?iﬂﬁof‘ﬁeﬁﬁﬁ},‘PEﬁ’ﬁ?ﬁaﬁ@%ﬁF hus further forcing the workpiece 280 onto
t he wor kpi eTie a@dpr%@apﬁMtneaﬁbﬂkg%aél ¥d QAU RESARMIHY GofnpPedtbs bActpt r uct ures 250
residi gﬁ?on t he wor kpi ece pad 230. The conpression of the workpiece pad 230

resi | i BRTPPIUGH 83% dherehy ﬁeﬁrﬁiﬂa Asostachedriace apew 28¢ Resadigiedivitini ng a
el ges, AR AA S e BB AP 20 RO 7
the coiliusicatedin Figc® Arsize @f3be contaskariaat atba@8tistassocifiarwithaBs appl i ed to
t h_e “Dfdf@é 585 ‘agﬁf?ed% tl’@ \%brk%%celﬂ%%ro?ﬁg}. %% ﬁrﬁ‘o?eéé%ﬁé’ %ezf%?ce 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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exerted on the workpi ece 280 causes each mcro-structure 23& to. %ﬁé‘iher
resiliently conpress, thereby resulting in an increase in Sl t

surface area 286 of each micro-structure 250 which is in contact with the
wor kpi ece 280. The contact surface area 286 of each mcro-structure 250 is
further wogsasi@ted with a heat transfer rate and adhgsimpm/dsegsce for each

mcro-structure. Increasing the contact surface area 286 increases an
amount of hemdthahb:ehnplaP behéfs LUglizidg AbidefedRfddremfordBRidre- t he wor kpi ece
pad 230, as will be understood by one of ordinary skill in the art. One

exenpl $ifyctwen @60tong watkpiecs ipag 230 isthedgdigsion iardes ohiha worpiece uct ur es 250 on
a wor kpi L J . ' 280 to the
V\Drkpi@éggﬁ%% |§@%§?§%&?%%ﬁ%ﬁ @?ﬁgﬁtﬁ@r@i’égﬂq@ ﬁ'té’gg&%%%%%ggzso. Typi cal
wor kpi egmcal adskgiécepadsroftiid pliavaet hevedicbolee prividededsigsifivant badel of heat

si nking fot regov%l; of heat, from workpi eces, however, due to variable
cont acToragHmes gelgiarigus grpatofisyEage %‘?%top%‘ﬂ‘?r pisce oAt transfer

acr oSSybikBicrB K B i ' 1 April 2006 WO
03/ 04111@%/%@%%%%@2% %{)iﬁgé pgg\eéﬁgll% ?@ lrﬁée%ﬂigﬁ?ﬁtﬁﬂlgpt]ag?iﬁl i zing an ordered
array ®/8taMi f orm micro- structures 250 on a workpi ece pad 230 is that

.adhesi on fqg . lece d 230 to th rkphece 280 can be

signifi canw @%@Wﬁ@ﬁ&gggg%g%cgﬁ’@dﬁ&Hﬁsec Q.Cauﬁgﬁ“@e %}%%Rnece pads of the
prior cirdradtenstichaicaisefits woitkpleck pad. Dy disadvan@apt ofhgvingvareiblgres del et eri ous
amount of surface adhesjon to a workﬁ)i ece when the workpiece is placed on

t he ehasartennlics isdhat atedsof kigh prbesion ean cavsePpssill Non-uni formity
of wor '%@?a f ' ' cRaracteristics
acr ossdi?ﬂ_e m&%&fé@g%%c%%gd@?ggﬁgﬁéaﬁ% @*&ﬂrgﬁ k\g&%e%?abl e adhesion
char aditigkingtl¢ 8w werkpieae pad.gdsulting I djsintegraded particlas ot teseorlpises bl e

R R T T R
wor kpigtdferm adhesion across the workpiece pad, thus decreasing 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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contam nating the workpi ece pad or vice versa. The pr esent L%ﬁ@?@
permts uniform adhesi on across the workpi ece pad, thus dé ' @nt he

possibility of workpiece and workpi ece pad disintegration. According to
anot her exenpl ary aspect of the present invention, each pedestal further
conpri seworspipp enental restraint to retain the workpceagemiss7t he

wor kpi ece pad. During batch ion inplantation, the process disk rotates,

~ thus cwerpiesg pad@set Hurihgahorkpas andtbebalteenativepa combinhionnofrtigth ece. A

supplengntal ... restrain ntimt al teral nt, of the rkpi ece, and
can als a@'w P?Sﬂe\o %"8%%%5&% B%F Wé{@tﬁﬁg}h‘éaﬁwwmﬁ%l ece on the
vvorkpl gnes@Gavdngbar I i ng now to Figs. 7A and 7B, an exenpl ary bat ch

i npl anter pedestal 220 is illustrated in section and plan view,
respecti vel 3A00¢mn93@ob@taapth22exa§mpimg@pemfthmre*awtd@mﬂpa@ a plurality of

tabs 3 t he

wor kpi %ﬂﬁ@&%@%&%@:g%?g@%ﬁ %Lm% at era setcw #hd 8Ia\r/]vor kpi ece

( no'[( s hiew,) reeﬂectthelyv\whkmmﬁp pHol aEéi@ledStuctﬁe pbddstal ZEG:P&ItaJdeFWﬁ’nEEt o of dt he
wor kpi ece wi.t h, respect to.the warkpiece, p i S, Si ||c r ohi bi t ed.
The taﬁﬁegsamgger. ?%&WF’Q@@GGPFI\A\%HQ Iﬁ’&ﬁﬁpé%%aﬁ"@h@'t ficag! le"\%x? Srespect to

- the wWoflspirg I gble with
respect tort moﬁﬁ%ﬁ?ﬁ% 8 Nﬁo%‘?%@?ﬁ?%@‘?%@é@%%@@ﬁ wor kpi ece pad
230. Fwadhore, as anot her alter nati ve, a conbination of both stationary
and. noveabl i and I thin the scope of the
present | nvgn%ﬁgse%'x&v%ﬁgﬁ”ﬁg 3{]%8%} @t%@?’ h@)?eq;#frgmg %spect of the present
i nvent |substaaﬂaiiyeﬂeemﬁht&ﬂotkmé@moﬂﬁ£@mh coRtprishgidnl orséreaagdyion Figs. 8A and

813 in ctlon an%g& view, respectively, wherein_ a |ip 310 attached to
t he pe PHN MIerg-Sirustyres F shpraring ﬂé”%'é?'???éﬂ@bﬂﬁh ieRdMpiBPtaliPRce pad 310.

o K o o e B S BBl e M . he pr esent

i nvent isgfies of a¢ts or avenss;ibwillbe apprasiated thuft tepresenf irvention is not -
fimited by the fllustrated ordering of such acts or events, as some steps 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

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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substantially resilient workpi ece nount support conprising gn Q[g red array
of uniformmcro-structures for supporting a workpiece in % on

i mplantation system Wile exenplary nmethods are illustrated and descri bed
herein as a series of acts or events, it will be appreciated that the
present wowsmiiihen is not limted by the illustrated mrgedorsgeof such acts
or events, as sone steps may occur in different orders and/or concurrently

Wi th Oltlﬂi‘rﬁa’ce§§aﬂ'f35 Fapiaérindre ARk infsld cars beVarmeddfod examplee dsing eemioro- i n accor dance

with the invention. In additjon, not all strat t eps,. may be required
to .nplre@h%aﬂon@r@rﬁsraoamw ahccaawswaﬁ@aa%bk%t @ﬂéioéwf iy ent i on.

Mbr eover, V‘fdé Q&ra"ié’é’é‘ﬁ ifib@ ok %tce rﬂ&bf]&l@zsr@é{(]@ﬁa pliedpl emented in

associ at i on a ar us an ens illustrated and described
her ei norts tkmﬁnst surfaae Mﬁsmfdhamabch‘é@{i aihstem H20 oblist Bnwherein the | ust r at ed.

T ot TR kRt Rob norerd Ehp ayoSendatg sPigs T s il s
subst afyérdd MmréJsﬁefd;tb}e% 5200} drmmrﬁea lwwk;ﬂecfd pad meterfal625 Brightersecond
surface is placed on a substantially H%@Balpl ate at %%[%410 As

i |1 ustada tqstitnsgent@mpermﬂeb yorigd gede Pd 505 faces the
ra deﬁlb%‘fa‘?mtlgﬂ@?re%ﬁtlnﬁﬁd(}% 6f5tﬁe wol gfe%% jé@igtggtfen%@& BhdmpRnpri ses an

or der array ‘o -stru nold 1s conprised of,
for ex30ml Eor epampe, dhmy liquiked wuncblet;hpadmamm525IowmsagermRTVs 18 21 April

'2006 03/041110 P USO 67 nneces Fur nor e e nold can be
f or necll! %rm%fﬁa#pﬁaﬂ&mﬁé{ﬁw%%ﬁ @pﬂq éqp%&pg@@&at %CE as that
Comer giculd e ﬁéﬂ%ﬂ'tﬁé’c‘aemfom R YEMAS BT a@bm@éu dﬁmgg thbG8midiibwet rates a

l'iquified workpi ece pad material 525 bei ng onto the first surface
515 ofthewerkpiecs samost tmlseqﬂnwmtln@fanmdglet@ouweéfﬁétsmﬂllﬁ@d by mgldi fi ed wor kpi ece

Pad el B oS RO CAATHERD Al oY RS RpbbE Gigisted array of i nverted

m cro-S ruc res ad material 525 is further
adapted to E"glbm(}ouﬂust&itéyplpeinmthe pedattal 30 onto elisubiedivaiitpjecei gi d pedest al

T ok RaloAhAT R AT o AR et el Sl B R T o1 2L 92
conpr i ikRFicAWdrkbiece 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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silicon material, and the nold 505 corrprlses a poI ypropyl enﬁ n,(I) éd_ﬁ
~material. It should be noted that a nold rel ease agent is ol & red

during the formation of the workpiece support, thus elimnating any
del eterious effects caused by nold release agent remaining on the finished

wor kpi eceyosgsjepaid . Fig. IOC illustrates placing the paedealsedss&30 onto the
l'iquified workpiece pad material 525 at step 430 of Fig. 9, wherein the
pedest alorkpdiequant matesiat 535 by supstdntiatly peelingitee enghdifiomethecigld 525 at a

| urali cation the |liquified vvork i ece pad
Ironat;J eri E?Qﬁ??gwpg(péﬁf%lﬂaéd“%r'gﬂf %eﬁ)rgn ﬁl ‘yag%%a%?x%”f@gu'ffﬁ"f% and Ito Ihe pegestal
530 angiokipgistef é@go%ﬁbﬁb@rﬁﬁnﬁﬁ%ﬁﬁﬁéd AlsilieRbwaik leﬁérpbbﬁﬁateﬁ’d}m ied to the
first surface 5 e nold 505 at step 430. iquified workpiece pad
mat er i &B5 gdbetied to the prdestal 536, whergtretbemkmce n:acbma@nat%mwef orning a
cured Eﬁﬁgééﬁ‘én Mé%gf@ﬁﬁwﬂgﬁlcmwﬁgsgugstant| ally bonded to the

pedest a ustr as I'tem 535. According to one

ei<errpl arly a.éliﬂ&ntghdlﬁe trivenimin/baiﬁ il)@&n &armm and dmmﬁbeclﬁ wuheﬁlegbm mﬁaft or .
utraV|o et radiati on are utilize to ret e L.qul Tl ed WO prece pa
mat er i §¢Tap @ppkgagonsand impiggeniatiges, rﬂewB APPIeRiAt 8!3& eswa%fsﬂ{ not shown)

fromt Bﬁerﬁgﬁl@{]‘%cﬁhﬁﬁﬁﬁiﬁétlég%mac &rh@oﬂ?&l@sl@ﬂ&l ﬁtthébﬁﬂpéﬁ%é)f Fig. 9. The

nold 500 i s then renoved romt e cured resilient workpiece pad nmateri al
535 at readmg agbundenstandiegwf this spauification apd tHecannexed drawitgsesin545 adhered to

th 530 d h
ol d SO URE RN SRR YRR BeTR S5 BB Y 48 PERle dBerbeE L1 Apri 1 2006
WO 03/ %E%Mé@%ﬂt%%@icew&mﬁeﬁtﬂﬁd Bﬁt)eﬂieaérnﬁs?@dh;diwh_st antially

peeling the mpld fromthe cured resi

i ent rkpi ece {mt erial. Fig. 10F
i || ust Fefereaca o a xRS 115¢q t9 dgssHD eﬂﬂﬁ*k?ﬁweé\%%r&r'@ ega%ﬂ Cconpri sing the

d t t tal 530,
Sher ei Doy B Bl By o s B oy of
uni f or apenlﬁada‘uactmnmfdhesle&tﬁ)edmmugmt (Laethatiechinctionalins been shown and
descri g \6%4;@2, e&{eaa eﬁ%{ l?c&%ﬁp@tﬁ aglﬂteau‘egﬁln{ %athb%'ﬁlo%gg s&rﬂ&h%ﬁe ntations, it

Wil
' 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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alterations and nodifications will occur to others skilled,i %ﬁ t upon
the reading and understanding of this specification and tﬁtgi 2%8%
drawings. In particular regard to the various functions perforned by the
above descri bed conponents (assenblies, devices, circuits, systens, etc.),
the ternms (including a reference to a "nmeans") used to describe such
conponents are intended to correspond, unless otherw se indicated, to any
conmponent whi ch perforns the SEE&EEied function of the described conponent
(i.e., that is functionally e ent), even though not structurally

equi valent to the disclosed structure, which perfornms the function in the
herein illustrated exenplary inplenentations of the invention. In
addition, while a particular feature of the invention may have been

di sclosed with respect to only one of several inplenentations, such feature

may be coibi ne@N#R IMRIARIAREN BGeMoPABPII$IRG ur es of the ot her
i npl ement at,i : | £ jven or
B SNt o\ G0ias, ol 5SS Y EHRIRRIBERE A 1

"1 ncl gtieast a portioh e tha0vorkpieas pad sigft® gomprigédary afdeddt srrayier eof are used in

either the detailed description or the clains, these terns are intended to
be i noligeisireiciurest manner sinmilar to the term "conprising". 20 21 April

2006 Clains 1., An ion inplantation system conprising: a workpiece pad
havi ng a sﬁrpieg‘ééamg‘?r%ﬁ%’ée\% ﬂﬁc&@éfr?ﬁd&@s, wherein at least a portion
of the workpj [ i r :

m cro-stru% Gg%g?ﬂgqp@g%@téglgn%ergof%?ﬁ@%v@ér%glﬁggga%é%?@? H‘ees; a process

di sk prgcesediskic adsped to $upportahapedestabisteorpanckas, wherein the process
disk is adapted to support the pedestal thereon; and an ion source adapted

to provi delongwsreecadamied dormpyide donscoitae mgriiecehesidingr ®pthece pad.

workpiece pad.

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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2. The systemof claim11, further conpri si'ng a cooling fl uig sgirré@ié
adapted to provide cooling fluid to the pedestal in order £6 AP heat

fromthe workpiece pad and the workpiece. 3. The systemof claim1,
wherein the process disk conprises a plurality of pedestals extending

| aterally outward froma center portion of the process disk, the pedestals
each conprising a workpiece pad radially disposed fromthe axis and
adapted.t o, su rt a rkpiece thereon. 4. .An.ion inplantation system
conpr raing e otRpies? a8 naMS AeAcRn S feiRhlrEr Bl WANPRH ece r esi des,
wher eichntadf surRelaréa BOSIdiAtBd BlerbRin, WRiKRh&GER tREGrst trdACRCRORAT | ses an
ordered array of mcro-structures; a pedestal whereon the workpiece. pad

r esi dassa istgeeaenthaadhe eécdritecross-cedtiombl areur es conpri ses a base portion
facing the pedestal and having a first cross-sectional area associ ated

t her ewi t h, agfecessylishiprucied i alaft o retalien 2houl angyis. Wheneis thawci ng t he
wor kpi ?&%Sgﬁgk@ghg&{agéésﬁwmﬁe %S%%?wﬁpg&h aﬁgea and wor kpi ece contact

surfa€e area associ'a erern the first cross-sectional

area is greaptié séred abihstedes pRolide iBAS 16 el weRplecd F&dding oRtRe ess di sk _
mounted on a shaft for rotation about an axis, wherein the process disk is

adapt sdripiecsupasbrt t he pedestal thereon; and an ion source adapted to
provide ions to the workpi ece residing on the workpiece pad. 5. The system
of claim4, wherein the plurality of uniformmcro- structures conprise

three-sideg pyr S[{Eg@?teﬁr ofﬂl‘ﬁnﬂ%?é&ﬁfthégﬁ!@éﬁof W Rickhe_plurality of

uni form m Cro- ures conprise four- pyramds. /. The system of

cl ai msfuctul@redniprize thneersigsd pghaids.of the plurality of uniform _
m cro-structures is approxi mtely 0.0025 inches. 8 The systemof claimd4,

wherein the workpi ece pad conprises a
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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substantially resilient material, wherein a normal force eXfrteﬂ @gsthe
wor kpi ece contact portion causes the plurality of m cr o- st} (efl¢ to
resiliently conpress resulting in an increase in the workpiece contact
surface area, thereby increasing a thermally conductive contact surface
area associ ated therewith. 9. The systemof claim1, wherein the workpiece
pad conprises an RTV conpound. 10. An ion inplantation system conprising:
22 21 April. 2006 a rkpiece d having a surf.ace whereon a.workpi ece
esides. wAdKERReoSp AR BARPEZ BRALe R eioh A B e ERBS R eI ace. compr i ses

an or gefeast 2 pbAKn F thdWekPictkpaldirase cBmpRYSS hitlorddied 8RBy bhe wor kpi ece pad
resi des, wherein the pedestal = further conprises a supplenental restraint

adapt edcrobestiuetumesy t he wor kpi ece on the workpi ece pad; a process disk
mounted on a shaft for rotation about an axis, wherein the process disk is

adapt ed t 02RRIEERl Wheteopdae YoRtPiegRashiesidesqwharsinheqades@! adapt ed t o

provi i i L di : i . 11. The

syst eﬂ]ﬁ'tolﬁe?gﬁrg})ﬁ]s%%s s&ﬁ@?ﬁeﬁ&ﬁa&ﬁ%&rﬂg@ gﬁ%ﬁttép&ra &5 rgglpd ﬁ?ﬁg%egﬁ'gri ses a lip

pr ot r Yyl werkpleedpae perimeter of the workpiece pad. 12. The system of claim
10, wherein the supplenental restraint conprises a plurality of tabs

pr ot r udi ngafprocassitiskoppinteti@n ashafhior vatatigi aleeut gadixisl vhe@iv they st em of cl ai m

12, wherein the plurality of tabs are ationary, noveable, or a
ool eoEsR disk s Buthta 6 Sustiest RO psdEs 8l hEIETAARbest o for Supporting a

wor kpi ece Lj; J i g : - S substantial ly
resilient \%\lgr' p@ggsg@ggﬁbwcﬁ&bﬁ%g ﬁ%ﬁﬁ@lgfﬁ??ﬁ%ﬁ%ﬁ&% ece pad having
a sur Hoaei &£Hn a workpi ece resides, wherein the surface of the
wor kpi ece pad conprises and ordered array of mcro- structures.

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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15. A pedestal for supporting a workpiece in a batch ion inglanﬁgébon
system conprising a substantially resilient workpiece pad2 %o the
pedestal, the workpi ece pad havig a surface whereon a workpi ece resides, 23
21 April 2006 wherein the surface of the workpiece pad conprises and
ordered array of mcro- structures, wherein each of the mcro-structures
conprises a base portion facing the pedestal and having a first

cross-sectignal area_.associated therewth nd,a rkpi ece contact portion
fact ngTEr 5 wpTse e QR wRtIoRs prdainises aodardted S ERST BlFeR, and wher ei n
the fbfrﬁétuﬁs?ﬁ/ﬁex%ﬁ?bbéméﬂthé_rnﬁérol-ﬁnﬂﬂlﬁ%%bmtphé‘@s abB8e pARAC Cross-secti onal
area. 16. The systemof claim 14, wherein the plurality of uniformmcro-

st r ucfasiresthepegestaband hadng adiest qryssasedaivnallafea Bhsociated dmrewitis] ai m 14,

wherein the plurality of uniformmcro- structures conprise four-sided
pyr anfd 2 WHKpieRR caRiackpariien Ecinadhe wortpiese pRd Baviag 8rsg§antei ght of the

o bl B PO B SRS SRR, L5, 22

A pedes antation system

conpr thd s¥toRd Srthstattibgdllaved. esi | i ent wor kpi ece pad adhered to the
pedestal, the workpi ece pad having a surface whereon a workpi ece resides,

wherein the surface of the workpi ece pad conprises and ordered array of

m cro- strygtures, and erein the workpi ece pad conmprises a usbtantially

oot Ui ent ' Hint of Py SIama il 4 ehn s B0 et GWOBH WRE-vor kpi ece

cont agf, RQILI Pnprfi‘.@!fﬁn%%—s‘i&b%n@lraﬁlﬂié..t y of mcro-structures to resiliently
[ |

conpress resu ng in an rease in the workpi ece contact surface area,
thereby increasing a thermally conductive contact surface area associ ated
therewith. 20. The system of claim 14, wherein the workpiece pad conpri ses
an RTV cofpoundhe system ofgaim EQ@berein 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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21. A pedestal for supporting a workpiece in a batch ion igglanﬁg [ on
system conprising a substantially resilient workpiece pad %o the
pedestal, the workpi ece pad having a surface whereon a workpi ece resides,
wherein the surface of the workpi ece pad conprises and ordered array of

m cro- structures, and wherein the pedestal further conprises a

suppl enental restraint adapted to retain the workpiece on the workpiece

d. 22. Thg syst i . Wherein the suppl.enental, restraint
Comr i ses 211 1 p e g Phetre i Ebskite bR REFHRARAEEE pad. 23, The
syst egystere; bamBlisihg 2 iRkRintiallyRshidRPIVEABRCE paldetihbddto theONPri ses a
plurality of tabs protruding Tromthe perineter of the workpiece pad. 24.

The syetlestabthecvaikpic2d padtevirigs siméaqel wiherkomn v vedrkpiabs resides, st at i onary,
ion of statjonary and noveable. 25. The system of

noveabl e, .or. a conbi nat
cl ai mMgrein the ﬂﬁ%@ﬁﬁ? WPRpIeceR samprisesiandsdered ary P e o provi de

| id . i . . kpi
o0 ARGUCHH ahd Whfoif 855t fu et ontoisb MR RO RATIVAIERRANT | P rg s

cool i agapleditd retainrthe workAedoh tHe WorRkpicde paaol ing fluid to the pedestal in
order to renove heat from the workplece pad and the workpi ece. 27. The

systemof claim4, wherein the process disk conprises a plurality of
pedestal s tending laterall. tward froma cente rtion of the process
di sk, the gédes&b?gyﬁtS%o%f%&fﬁiVn%@"Mﬁﬁb‘? %'BGB@LF 8|y disposed from
t he axj ' [ 25 21 April 2006 28. '
The ségﬁlgﬂqg%fégﬁgf%%ﬁ%%gﬁ%bteﬁg%Iréﬁt)ri%g‘g%ﬂ(ggggggﬁpr| ses an RTV
conmpound. 29. The system of claim 15, wherein the plurality of uniform
m cro- structures conprise three-sided pyram ds. 30. The system of claim

15, wher ei B3t heTpe grsiem ¢f algimyi, vdeneinitihe supplemeantalirestraindnpri se four - si ded

pyr amcgr%prises 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.
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31. The system of claim 15, wherein an average hei ght of tg? ﬁLE@@ity of
uni formmcro-structures is approxi mately 0.0025 inches. 32. A’P st em of
claim15, further conprising a cooling fluid source adapted to provide
cooling fluid to the pedestal in order to renove heat fromthe workpiece
pad and the workpi ece. 33. The system of claim 19, wherein the workpiece
pad conprises an RTV conpound. 26

28.  The system of claim 4, wherein the workpiece pad comprises

an RTV compound.

29.  The system of claim 15, wherein the plurality of uniform micro-

structures comprise three-sided pyramids.

30.  The system of claim 15, wherein the plurality of uniform micro-

structures comprise four-sided pyramids.

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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