WD 2009/ 002415 PCT/ US2008/ 007507 1 METHODS OF AND APPARATUS FOR REDUCI NG
AMOUNTS OF PARTI CLES ON A WAFER DURI NG WAFER DE- CHUCKI NG by I nventors:
Sang/ un Cho, Sean Kang, Tom Choi, and Taej oon Han BACKGROUND [00011 In
the fabrication of sem conductor devices such as integ i hts,
nenory cel PO 200UNGHPhe |ike, a series of manufacturi nggg%g?lgﬁf%’?\és%i s
perfornmed to define features on semiconductor wafers ("wafers"). These
operations are perforned in a process chanber supplied with gas at a | ow
pressure. Various voltages, such as RF voltages, are appli f It)(ﬁ*,one or
nore el ect rSEEEHODS 0 ANDRIPABAIIISHOR HC&E@&MM 8t he

operations, | Pi S B A DA RRE CERANG WAFEFRDEXCGHUICKINGr i ng t hese
oper ati ons, tla‘gﬁ\;i\g er S|§hel d securely in the chanber by an el ectrostatic

chuck (ESC). ESCs are configured with one or nore electrodes to which a
voltage is applied. The voltage i nbubmes:eharges that urge the wafer

agai nst the ECS. O hgingit@l ¢/ageeaaKengpfiln €toif ond Sepemaliamg the wafer from
the ESC, an operation known as de-chucking. [00021 During the life of an
ESC, repeated application of these applied voltages tends to deteriorate
the ESC. As a result, particles of the ESC may fl ake off the ESC and becone

| oose in the chanber. The pl asna w a source of particles. As

sem conductor integrated circuit=¢ transitions to sub-100

nanonmet er scal e manufacturing, the presence of undesired particles in such
chanber sdpagonEse fMHpEieatih of spibhditor bigviceduch agintagrastdigIcuitd MERUHEELE,

[00031 In view of the forgoing, there is a nee redugl tAgamunt of
particl egnd #he hke. &35 r? r’i“’ﬁ@f‘""ﬁﬁ*{‘ﬁé WEHGCMh g g %glénﬁguﬁt 8‘!(:) partﬁllrcl es that
may sett L& iothdub@r Wakes (twfiey. aThiee ophiadlingreqpefoatédom a JUMARYHhantgo041
Broadl y speaking, the present invention,fills th S i t he
amount ~ osupphiad ¥tk [2asatiadow PRSHIEs ¥ AigHs H[Bg?g.es,%f;téa{%%g@?aﬁg% ﬁ%ﬁpbﬁﬂlﬁg IH%eeds
are fillgd whenedRRePhIteSmmteha @edblistsa pRoHh gupatbrini thbioperatoms, includingch a

wafer is transported out of the process, chanber. 20 9/.0%21%15 Wi
PCT/ US206igh@g 280 Aepgition, for example. During these operations, the waler is held securely 1n

the chamber by an electrostatic chuck (ESC). ESCs are configured with one or more
electrodes to which a voltage is applied. The voltage induces charges that urge the wafer
against the ECS. Other voliages are applied for separating the wafer from the ESC, an
operation known as de-chucking.

[0002] During the life of an‘ESC, repeated application of these applied voltages tends to
deteriorate the ESC. As a result, particles of the ESC may flake off the ESC and become
loose in the chamber. The plasma may also be a source of particles. As semiconductor
integrated circuit technology transitions fto sub-100 nanometer scale manufacturing, the
presence of undesired particles in such chambers becomes more of a problem, by reducing
yields, for example.

[0003] In view of the forgoing, there is a need for reducing the amount of particles in the
chamber, including reducing the amount of particles that may settle on the wafer during a de-
chucking operation.

SUMMARY 7

[0004] Broadly speaking, the present invention fills these needs by reducing the amount of
particles in a process chamber. More specifically, these needs are filled when the process

chamber is configured with a zone in which a wafer is transported out of the process chamber.



El ectrodes are mounted in the chanber, and are biased to effect wafer
processing. In connection with a wafer de-chucking operation, the bias is
changed froma processing state to a transport state, and the new y-bi ased

el ect rodes“%f'z%oﬁ({ogﬁgti ve to establish a field across apct/{igaeRRidr zone in
which the wafers are to be renpved fromthe chanber. The field causes

particles in the transport zone to nmdve out of the transport zone, reducing
the anount of particles surrounding or touching the wafer as the wafer is
de- chuckagbtroder bitgmbhted nanBP@himbenf ancherepbiosdswedfferh dvadio- plooesking. waf er out

of the chanber, due to the reduced amount,of . particles_surr I or

t ouchi n9°“’f“f*lf'é“9\}3511""é¢i vy ‘J&F@Hg@%@)%ﬁ%‘r he biag | ‘F"é‘g%eéicf] To8F é%ﬁ%ﬂ{é%yraﬁocl es
and exi t,Sytdigo€ RARDERA ke Revl)-BASET cleandis beneffchive iof establistparfieldchssshad been
allowed to remain in _the zone and ”O\Aed?éﬁ se tlﬁ on t%ﬁvpﬁ%r during
the de- craenarhgpngrd highdgoralsngre 6’3&%0&5 .°'[fb%6§ anber i gl gauses
apprecl ﬂ;aft%(ljéshiﬁtthé REnGRSRRE th WRRIIP B CRN trABpbITRLAIRBARIh fhe RMTRAOLES
ways, including as an apparatus, a _nethod and a system _Several inventive
enbodi nenitictesfsurpmsting erdenthingmthe wefesas deavifesis desaucksd] HHFng SECELSIN one

enbodi Mt . ﬁp&gs[s@& USd 4 cRERYA ARtk fRE of HRPRIaRABR AL 16 HiRSreal@Y dniddf & waf er
transpor(f zone 1Tn a process chanber after plasma processing of the wafer. A

first elmeddedsuriending ot edching tle wafesc Ssspiopesatse vaby isrrabisrige Bf feve
transport zone. .A secon | ectr ' s ' from
?eéscelnld 86125 t%ﬁ gL Gles gn a 8?51& §‘3‘§q§’?ﬂt‘ﬁ‘§f 'ttH;é i RR1&HATBENL FRIEE D

the fir st On-an opposite si sport zone. A power
suppl y i@manneet Rede and siksvedhe sdtile ed thavdifgaeluong thel deethpddesandgrangpogtng sh an
el ectrostatic field between the el ectrodes and across the transport zone.
The fielPA4PS particul ar ones of the particles at a particular one of
the el ecfgngsias sld bakppRedidted tas therprédent inetraioh @an e émplegestedimyuherons t he

transport zone, [00071 In anot her _enbodi nent ar.at us..r educe unt
of part i ¥#EsiCRARES é‘ﬁsaBB?r?mi’c?n’EEthPag’écgﬁ PHEEs §§‘%§?‘}ﬁ%¥eng¥? %?ﬁcbq%ggrﬁn%@fm
processi fgpRke iNhi§dn ard & cABRIYeRIWIS is configured for operation in two
states, a first state being a state for grocessing th«? waf er . and afsecond

state bOPHG) la anafearbodingns pPIraws At Brovsied foniERPPHE PRI DTl A&t from

t he Cha”@%@ orfuddelist praBild dnadbatMeehRGha Pdesking BOURLRMeA M Hihe clteRRSS
chanber . gecpn mul'ti-state electrode I's nounted in the@gp nber, spaced
from t hempunted iretheqrocsaechambsr go o dids| Bchs BARSPPY 28BhT Potfce’f SETYe thuck

the waf efyol Dbt RE hLANSRBIdA ZRAPIRIE UALEE oRERYBHIIBUIACAT Rl eaispade DI as
controller 1's configure 0 bias the el ectrodes for operation in each of
the statmse. Fompoexasgipdy is faneditibagiafsathe firgrasg Geeonst elecirodefetocesiPld) per i s

(I::’CC)EI]'; IU%; B@g?t%fg‘?é"&) ;Jﬁ'all& BOGREY ltﬁ’e CRORSEL ahg' Gorse %dtréﬁQp&Q 024902¢4L5ic1d traps

particular ones of the particles at a particular one of the electrodes so that particles in the
chamber are urged away from the transport zone.

[0007] In another embodiment, apparatus reduces an amount of particles in a transport zone
in a process chamber after plasma processing of a wafer. The apparatus is configured for
operation in two states, a first state being a state for processing the wafer, and a second state
being a wafer transport state for removing the processed wafer from the chamber. A first
multi-state electrode is mounted in the process chamber. A second multi-state electrode is
mounted in the chamber spaced from the first electrode. The second electrode is configured
to de-chuck the wafer into the transport zone after wafer processing. An electrode bias
controller is configured to bias the electrodes for operation in each of the states. For example,

for the wafer transport state the controller is configured to simultaneously connect the second



3 electrode to ground, apply a positive DC potential to the first

el ectrode, and cause the second electrode to de-chuck the wafer to
facilitate positioning the wafer in the transport zone. [00081 In yet

anot her enpodi ..a method is provided for preparing hanber
for trans %%&203&611’ processed wafer fromthe process cﬁgﬁggezrg@%%gﬁpport

el ectrode may nount the wafer for tBe processing. The processing tends to
rel ease undesired particles into a process space in the chanber. A second
el ect r 0dgedtd RPABIAE absly alRsisivg PO foteltiatorthe Srsaeldctdele) andsandedhe peowkss
space. QOperationS of the nethod ga i ncl.ude t?‘ef,iPi nrgthgtr\évrqg &k bhansport zone
in the ¢ewiodeto dpehwek e vraieto fPoldys PATRORg 1 §F Y He "5r'ocess “Space

separ at efoble 3R fcPBaR Rl 2 bihodat pektded st prifhenpamticeksasambe for ged
away fromthe er by sinmultaneously perfqQormn

further ,operatio of
t er m nat irangperting Ararqsessedwatenfomithe pracera Flam e&o‘h%&?ﬁo ecfipde g’ﬁ’bB‘SP?m‘e

el ectrod r | YiHR G, rGeRs feh¥EroRelcRRUREAEIRY PaBiclddentsaCcHBebss
el ect rodgl?jteg)rflog t@%{;‘gg%s%@% kr'lf[‘g@ ﬁe evvaf er frgm t he support el ((ifct rgg into the

t r anspor tpazoinghe {1B08L Srshemd slestedasis 9pPasHe tq He SHPPHIFISHIPe PsHRSABDar ent
fromthe follow ng detaile 11RLd O i RdERide: GoRkl uagdbR2oNd fnhthé he
accorrpan?}rioﬁ‘ffs arHi ﬁ)dgr,a%f”ilﬁ %s"%“gg’ﬁ&%&%%}’qw‘éﬁ of éxg;brrpl e tﬁlggppri gci pl es of

t he i nvepiot@s spRRsEMaDESGRIRT poNolfe PHECHRANENGS 10Dt ZomhEopcadeithe

invention will be readily understoo i | d6sGhE Pt ON
in conj uf‘:\Eth"GlﬁS'wi Q%Cl%}cﬁrgn%{g%%/iaﬁgy goéﬁw%ﬁeggv,%eag)gl ??Iﬁlg%eg%%fggce nuérrer al's
desi gnat girihtK 6perstiond (ifUuehingtingnpladsa pfdesing ¢ hearveafdr, iconigcting Ereatuipeotpl an

view of a cluster-type architecture f r ocessi f ordikng._to the
present FlﬁmitBngmf"'(‘fblaé’Pg’lﬁf%ﬁr%osﬁwFsgé Fgoéeﬁlg‘a ci(IE:l}q; e e3§‘§ i%%)eﬁgﬁ&\’/iagevqgf a

processi &%cﬁﬂ?@%af@xf frérA SheRdupPort @6dttude into sleamhsritdoee.chamber configured to
reduce the efrect of undesired p_arti‘,il es in the ch nbe{ ifn oassoldange wth
one enboli0RBhOheT apnsstspPleiipventioa nYHloPEooTs PPEA R §ﬂ?eh§ ol

ancenlarged

vi ew of gesﬂﬂgﬁdng) Rai@h i1 BHfuBction $HRMh Secodpaiith biahiiess, flustatirgi it ivag ofhe
wafer off a second el ectrode in accordance with one enbodi nent of the
present examdnthe principleeeiithe MV§HH®-4 i s a schematic view of a portion of
Figure 2, showing that in a transport state a controller controls a val ue
of a positive voltage on a first electrode so that charged particles are

urged away fromthe |if {BRIERAPESCRIRTIQN WiNeSt r ansport zone. WO

2009/ 0024[1016?0{3%4 [EJrgsze%(t)isr{vgr(BtZo%O\a?rill be readily understood by the following detailed description

in conjunction with the accompanying drawings, and like reference numerals designate like
structural elements. 7

[0011] Figure 1 is a schematic plan view of a cluster-type architecture for processing wafers
according to the present invention.

[6012] Figure 2 is a schematic elevational view of a processing chamber of the architecture,
showing the chamber configured to reduce the effect of undesired particles in the chamber in
accordance with one embodiment of the present invention.

[0013] Figure 3 is an enlarged view of a portion of Figure 2, showing gas and lifter pins
lifting the wafer off a second electrode in accordance with one erbodiment of the present
invention.

[6014] Figure 4 is a schematic view of a portion of Figure 2, showing that in a transport state
a controller controls a value of a positive voltage on a first electrode so that charged particles

are urged away from the lifted wafer and urged out of the transport zone.



4 [0015] Figure 5 shows the controller configured so that the positive
voltage is applied to the first electrode in a range of volts in one
enbodi ment of the present invention. [0016] Figure 6 illustrates a flow
chart of a netth,'n accordance wi th one enbodi ment of pefh&oBeRNt

i nvention. OEBDDESCRIPTICN [0017] An invention is described for
appar atus, systens for use, and nethads for reducing the anount of
particles in a process chanmber. The process chanber is configured with a

zone i n 1ophd)Ghge Waheks e doh@a1fP ebhffghralio it thdpogiiecedtagcisapplead. to the

El ectrodes are nounted in the ck&\aﬁg%er., an?d:f Ere bi @s%gm{o% ef fect wafer

pr ocessi firgt eleqtrodeinrerengorf Rite i o eiimeat UHACRTERE "SEEIPAti on, the bias is
changed [fgb?g Hel QCRASSIaNG SARL Shdr ofa ifcBRENA atcdsdaice withhme renbloyinirnased

el ectrodes dre“effective to establish a field across a transport zone in

whi ch t htbe mebertsnvantéon.o  be renoved fromthe chanber. The field urges
undesired particles out of t K PsciPPron I €duci ng the anount of
particl es surroundi ng or touﬁﬁngﬂfﬁ—vmhe waf er is de-chucked
i Nt o t hegapRean PHERTS it B&cHbTEPaSaradls, Hisenpriacessed natthdd dorghdiskgdhaaf er
in the zone and out of the chanber, _fhe urged particl . 4t of
the tranapomt of particlgsinfoprogesy ehames Nat B?O?esgﬁga‘gberf é%%ﬂ“?‘?“‘%eﬁ?%?%%"é‘gsﬁd

waf er Whﬁ?iat w%ﬂ? i< Hm%ed ButBofCth PRGes< anlibet. O Eldchradesi dre mimintedantthel es
had been al [ owe

toremain in the transport zone and had the C§nglesli(ir ed
parti cl eshanshet, tshédredriaseh éo oiiTcs afRl Prosgssilife TBEORHGERT WY AnE e Snshor'ts ng
oper at | 0o kHOREbidlis WibbedRoR VS BLSsinDQURMS o cdngpoan@utek Thi aeviyibitste ar
that the present inventiof may be practiced wthout som%tgr al.l of these
speci fi celdatales st effectpiete cstabitsh anfcadd acrags| 4 THBRT ZHegR #duch B8 MaLEs R0 have

not been,described in detail I Qldl QreHRRRL RS Saf of (e GRSPUM oridhe
present °F FREHE %m@&@%@%hgﬂﬁ% elir%\ék}fer,_" easrﬁ used herei?],_b%gnot s
Wi t hout tddakihgthieamousestipanivtts stropundinglys toushiag theraaler agithe wafgy ét@é;chb%ﬁl cal

di scs, glasg substrates nd fla § Sy AEBS in tHel BHE ShdCduy St al

di spl ay gﬁ?ﬁ’ﬁ&@%‘?' ‘fr&:".g,th%ﬁa'%/%ﬂ?%ﬂ%trl%g?@r%%sas %%ghrcﬁ-%(célélége‘éi of "various materials
may be fpmeREaaberdgtivaed pfatticiesphacessitrd tohiaamispart zagcle 18 teuck Henler i n
which a plasma is established for processi - j depgsi tion.
[ 00201 FA§UF Byl the é’r%c@??éflré'ﬁ?%r rBP%ﬁQ\t/i%i?NC% 58 agctleearnigt g%gﬂg){lgﬁ?t ecture for
processi gl 8hé bedDali@ardirgainn tthe rpisper zbné anehad the. underired fpartigley

processi ng chanbers (or nodul es 42 is,.shown. arr grrgggrgs. around a transport
modul e 44¢ttle! efnthe Wagr dringsthp 4 \Rﬁ‘éﬁlf”&ﬁ’?ﬁ U@Psﬁlo\ﬂglgﬁ)rpocess nodul es 42 and the
transpor t[o(ﬁ%fi t\&1144 obSiolds Bwb@rBiont atiNedin tROA, inn henredent inhentive spgdei ve
practiced without some or all of these specific details. In other instances, well known process
operations have not been described in detail in order not to unnecessarily obscure the present
invention.
[0019) The word "wafer," as used herein, denotes without limitation, semiconductor
substrates, hard drive disks, optical discs, glass substrates, and flat panel display surfaces,
liquid crystal display surfaces, etc., on which materials or layers of various materials may be
formed or defined in a processing chamber, such as a chamber in which a plasma is
established for processing, e.g., etching or deposition.
[0020] Figure 1 is a schematic plan view of a cluster-type architecture for processing wafers
40 according to the present invention. One of many processing chambers (or modules) 42 is
shown arranged around a transport module 44. A gate valve 46 between each of the process

modules 42 and the transport module 44 is used to maintain an environment in the respective



WD 2009/ 002415 PCT1uS2008/ 007507 5 nodules 42 and 44 to facilitate the
transport of the wafer 40 into the processing nodule 42. Also facilitated
is the wafer processing in such nodul e 42 by separating the processing

chanber 42‘,@% BBfst ransport nodul e 44. Opening the gagfuyaby® 46 again
facilitates e transport of the processed wafer 40 fromthe processing

chanber 42. A transport zone 48 is shown in dashed lines in plan viewin
Figure 1 and in elevation in Figure 2. The transport zone 48 is thus an
el ongat afoduise> didneingi fadifiatevibt traespex tof rig wgfer 4dmte He powssss meddaldd. 42

into the transport nodul e _44. Atransport u 0,is_sh 1for

v g B ABILGI F s WaliactsTDE AL Sa mpe € BhieR e b bR 7

pr ocessidi@mbsr AN GosNAERRARsAR WBJnltIZS. (hRiing Qiidlyat onlve Abagnat fedlitios ¢be t

technol ogy. As that technol ggy transitions.to srrjrg 11% nanorret er ﬁ%gal e

manuf actsPRYt of the pprcessed wala Pl Lﬁﬂ%gi erREoFeRng FRMRET B2 AHAPFROTCIARBESS 42 has

becone né[%@/nq;x Qﬁh@ﬁ%lﬂ:sem plBY vIeQOMCHiBgte Wi 2448 elev@iorenaTRIre 2. [’ﬂ&Z&éhsfdrgure 2
e

is a schenmatic evational view of one of the processr ng charrber[f %32
showi ng 2dne 48 ithbean dongatsdrthigerdiarnsionlo@lisre PERICERIENS hEPToRTER-apTuL

part i cl &g She Lo bBF mblIRTACT (hansplie i S0% dbbiSh FALRSI R tncheigahivaef g he

t hree-di'nensronal transport zone 48 extending in the chanber 42 bel ow a
first (ointopmbaproetseet wafdefraz, theamtesn 42.48he Rroggseing in Bg ckataben §2 MREEE he
first electrode 52.do r ) sport
one. 45 0 BT i ey FHE SRARSIER Mol BBl deeindns P
and 54. #neparesalc maﬂnﬁamturi:%, ﬂmmn@@m@ﬂweﬁp@aelhs &l éctesbemB2 43M@s 54 and
t he zone, 48. Fr éte hus shaows 1eFds g}amebllectrode 52 nounted in the
process HNANE&0 oBlSE BY HFEUTAR VB ST ¥ ipper  side) 64 of the

t ranspor foozonEgds. 2 QLU’cEerﬂat&l 6levaﬁimmﬂr5vrtheofsemonﬁl ttel potesside ddmbrerariZed i n

the chanber 42 s irst, el ct e (an
exenpl ar $hoMHge hesy B’; °8’F 3‘1’3 19 §Wero ﬁl eﬁ% ggn ’66‘{215 gusrlemgthghows
that thesmapendzel ErgbreOQ 11 5bratiB Vthd Gre@n ook ghty ﬂﬁeeﬁ&m&:ﬂs:@ﬂw&dﬁh@pﬁraizmm 4% huck
(ESC) that is biased by a voltage VC Go el ectrostdgj a.h.hety rmu f. t e wafer
and r et agviendie ke sharper 93wl adusin@r epet Plsdede s fe 1éés%r hg. The
vol tage M dsnd ﬁ&rﬁ rtl{eerfilrstt é?ec%%d@SZ abWk kd Neecymd Goﬁ%verpélecﬁﬂ‘wé lsit ng‘h&)trﬁ?r&poﬂ'he
configuration of the second el ectrode 54 may incl ude gﬁ;{\% t hrough

whi ch™ a zrme 4Bas r:qnﬁgu@#)w%ubﬁh%@htrrérenérﬁg P%WWM&FF@HWFH AP3FeREl i um
gas 57 ”R%upi? ﬁﬁrp&hg, GQb t@eﬁrpra@ﬁerewraevyztﬁd@usdﬁ@nrelzemm Fl@ﬁf&:@hﬂ@é@hﬂ@s bi as,

foll ow n asma E@ocess t hat di scharges nost chucking
vol t age Mé:ﬁrstserlwgoaﬂ SArrgamtqdl inghemproress chxmbgs| 42, o png Hile (ABXFPPRTY 4PRCEr t he

Argon pl aﬁéﬁ% ot the@a?\gf)c{}gzone 48. Figure 2 also shows the second electrode 54 mounted in the
chamber 42 spaced from the first electrode 52 on an opposite side (an exemplary lower side)
66 of the transport zone 48.

[0022] Figure 3 shows that the second electrode 54 may be configured as an electrostatic
chuck (ESC) that is biased by a voltage VC to electrostatically mount the wafer and retain the
wafer 40 on the second elecirode 54 for the processing. The voltage VC is referred to as a
chucking voltage, or chucking bias. The configuration of the second electrode 54 may
include passages 56 through which a gas (arrows 57) such as helium is supplied. The
exemplary helium gas 57 may be supplied in connection with discontinuing the chucking
bias, following a plasma de-chucking process that discharges most chucking voltage VC
using an Argon plasma, for example. In this example, after the Argon plasma de-chucking,
by the exemplary helium de-chucking operation, the gas 57 may overcome residual forces

that tend to retain the wafer 40 on the second electrode 54 after the chuck bias is decreased or



by the exenplary helium de-chucking operation, the gas 57 may overcone
residual forces that tend to retain the wafer 40 on the second el ectrode
54 after the chuck bias is decreased or WO 2009/ 002415 PCTI US200S/ 007507 6
renoved. Fig@iHosy@d2H80ws that with suitable reduction ofct/beesdmedei ng
voltage VC and with supply of the gas 57 at a controlled pressure, the gas
57 lifts the wafer 40 off the secondb electrode 54 to facilitate wafer
nmovenent into the transport zone. The wafer is thus released fromthe
chuck 54emrme: | Figured shawve that/ithsuiselilel radgctiqngfithepowking eltagecBRE Ve r ode
54. The i,ft lifted
further 89 ‘Pﬁ"?qh%aes ?ﬁgt %%Oanéﬁﬁ gé\%?‘lﬁg’ tég %gr]g?:lnlt ég%?‘%ﬁegﬁgf‘%ﬁ?%nggﬁg

Fi gure ZisihoisS4 hefavibfagr wafar mnvmneq@mo thegranspant oeadiThe wferflaﬂhu@reéqa@qd by the

transport unit 50. .[0 Lif f

Appl i car#fc’é“g?e (fhl"fgk B% gﬁﬁ{’ﬁ?(ﬂ Kef |4§ P Sarlée\goeg?at 8?‘% i Q?%Clgggf % app |cal%yon of
t he bi agifieal(fetgsedy@ated 40 heshESE inhdurestvalg boén hm ﬂurths by\lrﬂm@gas ﬁ?mﬁ t he
ESC 54 causes frICEIOI’l bet ween tli_Le u ﬁ r ESC surface an tt Jt

(back) SV PEcaerate FsBubTeCEy T habaus s “echaf PHeatog KRl on

t ends tqopl LRl B 8t Banshh@ ulEbEh. The anal ysis indicated that particles 58
(FIG 3) the ESC may fl ake off the ESC. The flakg{j off particles 58 may

ent er t HQO%-”H aﬁ#@b@ﬁtofz@ﬁélfﬂé?f AnEPE CRLGRS by dpalicaps ol the preseat Py as

"undesi rgd, ea%ét rege%d%gphcaa&a BB BRS QBRade0RS & iHR HITearharbea oftue tike
procesmwgt the wafer 40 was al so studied, incl udln effects of a plasm
g2d

60 t hat romdhg BT (54 lsawses frictinn betuaan die upperiyC ﬂéffaéF’ apg %é%?frlawfe g.
SLen! N9,k sHle ibd W B3BGRe UG uggemgcsgu%fa@é sQucbelt 66 @Ak BaktehiBRuP! asma

60 may a e a source ticles 62 in the transport zone 48
wi thin ttheﬁsaaﬁbenanaﬁszs Bdichted that ymxsleaﬁ&tﬂﬁe%%ﬂtb@lE‘@ﬁamaytﬂﬁéw@ﬁ?tb? EPes 58

o ! A ARSI, R op 6 Wi Sl 6

i dentifi ei ng positi char ged.
[ 0024] 'Eefehediucas a‘mndmtrsd” opartitles Ghdesi meyl bpeomnd ddoss i the nhemﬂwr dBanbles 42

foll ow n waf.er and in. ener al S& on
enbodl peesyng RE &q;ﬁ§/§[’%? ish'ﬁleadf ﬁwp%lm ¢ eﬁg Ea% 583}#%39 \g;sl}e may be
confi gurgthbAshed nliTtHetdhaﬁlbattﬁ fol eafar paeessiigniead eltcmntgbend pthec pepoehalfbadr 42.
Simlarl uch, enb nt .t he second, el.ectrode nma nf| ured as
a nulti %‘f"é’f‘é éE‘é‘F%ﬁ‘gqﬁgﬁ“ﬁtp&ma RaY 2RaME & oy 03 Oé]éetﬁ)f’f"glglrﬁst e’ I?Er st
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[6024] To reduce amounts of the undesired particles 51 in the chamber 42 following wafer

processing, and in a general sense, Figure 4 shows one embodiment of the present invention
in which the first electrode 52 may be configured as a multi-state electrode mounted in the
process chamber 42. Similarly, in such embodiment the second electrode 54 may be
configured as a multi-state electrode mounted in. the chamber 42 spaced from the first
electrode 52. An electrode bias controller 68 may control configuration of the multi-state
aspects of the electrodes 52 and 54. The controller 68 is configured to bias the electrodes 52
and 54 for operation in each of two exemplary states. A first of the states (or state 1) is a
process state in which the controller 68 activates a state 1 controller 70. The operations of
state 1 controller 70 may include operations of a program for performing a transport recipe R
using a personal computer 69. Thus, state | controller 70 may initially control the gate valve

46 to facilitate transport of the wafer 40 into one of the processing chambers 42, and then to



process state in which the controller 68 activates a state 1 controller 70.
The operations of state 1 controller 70 may include operations of a
program for performng a transport recipe R using a personal conputer 69.

Thus, stat & ohob PRt gller 70 may initially control the gefgsMa@diesor46 to
faci Iltate transport of the wafer 40 into one of the processing chanbers

42, and then to WO 20091002415 PCT/ U%2008/ 007507 7 separate that
processi ng chanber 42 fromthe transport nodule 44. Wth the val ve 46 open,
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the wafer 40 out of the chanber Hﬁ 2 r]% 1;720n"t r.ef I oqté
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parti cl eﬁosﬁﬂve%ltﬁg%ﬁvﬁrceﬁoteﬁtm 36 tTRUAYge®baridled 581208 (Blinithe Eliﬂﬁnb'f:ﬁﬁe 8 i n
state 1, for exanple. Wth respect to the negatjvel %@}ngr?@g artlcles 62,

for exanwied awdefrem ghenyafand andouf elwa?éra&‘waﬂtzeﬂ% fO&ﬁ 8&&"%"2 The
positive, éo%re:%éuﬁ% éﬁéDQafé 4%‘%&%?6&& tRarhifd ai2n Tllﬂ;'ew@ﬁ:gaédnﬂﬁoﬁ’al’réih@teﬁh@Z at
r

the wupper el ect until renoved, such as by a waferless auto c|eaning
process drsport zansrilcetiamingopr havingghersinaa ExlupRdAOAEOERBRIFIES| S 1 36 CORRATGRT or

fromthe Cha%ﬁlgnt éancie@ st ﬁstmg(\zbn%]gii tlﬁ'%tﬂﬂ?%' fo'r\é%ﬁiplﬁ haygrdepastttbches 58,

for exarrpl e ur away fromthe wafer is a repelling of the
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electrode 52. The positive potential VIIC is selected to retain the negative particles 62 at the
upper electrode 52 until removed, such as by a waferless auto cleaning process after
completion of the plasma etching and removal of the wafer from the chamber 42. With
respect to the positively charged particles 58, for example, the urging away from the wafer 40
is a repelling of the particles 58 downwardly back to and into the chuck 54 until removed as
described above.

[0026] Operations in state 2 under control of state 2 controlier 72 include discontinuing the
chucking bias. For example, the value of the chucking voltage VC may be decreased to
initiate a de-chucking operation. As the value of VC decreases, the gas 57 is supplied to the
passages 56. The gas 57 overcomes residual forces that tend to retain the wafer 40 on the

second electrode 54 after the chuck bias VC is sufficiently decreased or removed. The supply



descri bed above. [0026] Operations in state 2 under control of state 2
controller 72 include discontinuing the chucking bias. For exanple, the
val ue of the chucking voltage VC may be decreased to initiate a

de- chucki ngy¢Ppey@biign. As the value of VC decreases, thergesenbrdos supplied
to the passages 56. The gas 57 overcones residual forces that tend to
retain the wafer 40 on the second eBBectrode 54 after the chuck bias VCis
sufficiently decreased or renoved. The supply WO 2009/ 002415

PCT/ US2068hdgis50 o 18 rafsapseSghss &rdomes e hpkispfpes: &6he RGOS 56 vatlrowaler t he

hol di ng .ce of the ovier Sy din
force t h‘gq e OV ERRTE tt[E]CE @I‘r@c{'ﬁ? E%f ' EO aﬁﬁﬁ'\? eg%)tmt?nc f—hucgr%gF ﬁﬁlél}é\?\}/af er g40
is shovxnhhwfdﬂgo hegpwimhaethg hawamal st bpwadly htto theatmsppert zamzms WBhbyat 5 gas

57 and t n As t he .po e i 58 [l ed
to the | I Sé?&déﬁ gg Ks ﬁ’?‘?é’o\??bﬁi’%?a e%%%grerpg ?fi)l Cl‘eﬁ’t rtgﬂflrgg’g’re t gone
48) is Stﬁ@hﬂﬁ"érem (Bat” ROMRE G AP HBksPoRzont ARSI EdGlechall tol fdde&dS&nodn&Oaﬁl The
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pot ent atlrapped partlclleé gZT tl%gltlrQeS)f IArsSsthosvlneig tFrigg.lgg 55\%1th tt)ﬁ/e vrlrg%ep 518 I1r? Ithrcltgtrampon
zone, and with the trapped particles 62 on the upper electrode 52, the trapped particles 62 are
away from the wafer, and the wafer is subjected to fewer undesired particles 51 and is in
condition for transport from the chamber 42.
[0029] The state 2 controller 72 is further configured to retain state 2 by simultaneously
maintaining the positive DC potential VDC applied to the first electrode 52, by maintaining
the second electrode 54 connected to ground, by continuing to supply the gas 57 to the
passages 56, and by actuating the lifter pins 67 to further lift the wafer 40 (i.e., across the
space 88 into the transport zone 48). While retaining state 2 in this manner, the state 2
controller 72 also initiates operation of the wafer transport unit 50 so that an end effector 74
(Figure 5) is moved into the chamber 42 in the transport zone 48. When the end effector 74 is
aligned with the wafer 40, the controller 72 causes the end effector 74 to pick the wafer up
from the up position (resting on the lifter pins 67). Figure 3 shows the wafer 40 in the up
position on the lifier pins 67 (not shown in Figure 5) in the transport zone 48 above the ESC



t he second el ectrode 54 connected to ground, by continuing to supply the
gas 57 to the passages 56, and by actuating the lifter pins 67 to further
lift the wafer 40 (i.e., across the space 88 into the transport zone 48).

VWi | e retaiwy igogbate 2 in this manner, the state 2 ceot/elbsnest2 al so
initiates operation of the wafer transport unit 50 so that an end effector
74 (Figure 5) is noved into the chafber 42 in the transport zone 48. Wen
the end effector 74 is aligned with the wafer 40, the controller 72 causes
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traps negatively charged particles 62 by urging the particles 62 upwardly

towar d adflthetis tiththe iigpenoridoae ¢8.0 fdsoss described above, the force F also traps negatively
charged particles 62 by urging the particles 62 upwardly toward and to the upper electrode 52,

which is out of and above the transport zone 48 and thus away from the transport zone 48.
[0031] In one embodiment, the power supply 76 shown in Figure 5 may be configured so that
the positive DC potential applied to the first (upper) electrode 52 is in a range of from about
30 volts to about 100 volts.

[0032] In another embodiment, the wafer transport unit 50 shown in Figure 1 may be
configured for movement in the transport zone 48 and spaced from the electrodes 52 and 54
for moving the released wafer 40 out of the chamber 42. The moving of the wafer 40 is thus
in the transport zone 48 with the released wafer 40 being maintained away from the particles

58 that are trapped at the electrostatic chuck 54.



which is out of and above the transport zone 48 and thus away fromthe
transport zone 48. [00311 In one enbodi nent, the power supply 76 shown in
Figure 5 may be configured so that the positive DC potential applied to

the first Lectrode 52 is in a range of from apgpisonthoyRhts to
about 100 \%F@EJ./&O?LngZl I n anot her enbodi nent, the wafer transpoart unit 50

shown in Figure 1 may be configureditf or novenent in the transport zone 48
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may include the negatively charged particles 62 between the electrodes 52 and 54, for
example, and the positively charged particles 58 released from the second electrode 54. The
controller 72 is described as configured to maintain the positive DC potential VDC applied to
the first electrode 52 and to maintain the second electrode 54 connected to ground, and to
initiate operation of the wafer transporter 50 to carry the wafer 40. The maintained potential
VDC and connection to ground are effective to trap the respective negative and positive
particles 62 and 58 away from the wafer 40 as the transporter 50 carries the wafer through the
transport zone 48.

{0034] In another embodiment, Figure 4 shows a support 78 for mounting the respective first
and second electrodes 52 and 54 spaced from each other (one support 78 being shown for the
electrode 52, it being understood that a similar support is provided for the electrode 54).
Figure 5 shows the transport zone 48 between and separated from the electrodes 52 and 54.



exanpl e, and the positively charged particles 58 released fromthe second
el ectrode 54. The <controller 72 is described as configured to maintain the
positive DC potential VDC applied to the first electrode 52 and to

mai ntai n t gy sesRRfAsel ectrode 54 connected to ground, aaglut@os/doroti ate
operation of the wafer transporter 50 to carry the wafer 40. The maintai ned

potential VDC and connection to ground are effective to trap the
respective negative and positive particles 62 and 58 away fromthe wafer
40 as t Hehetstaan3 pottatler EstGhsurlbed;ai seetingathecontiotledigiue otthe DGppiptiat VRene 48.
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Figure 3. Wth the positive DC potential VDC applied to the
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to the sggongh LGS yOEE arf 8D Gn teFRNsRENHNE B 0REjePRA td fhe@&duedd LHbun®bf t he
transport zone 48 so that the processed and de-chucked wafer 40 noved by

t he ar m@arged peiigles Phnsport zone 48 is subjected to the reduced anmount of
charged [@%é] Iﬁlaﬁéthélembodlment of the present invention, a method is provided for preparing a

process chamber for transporting a processed wafer from the process chamber. The chamber
may be the chamber 42 and the wafer may be the wafer 40 to be transported in the transport
zone 48 when the wafer 40 is removed from the support electrode 54 that mounts the wafer 40
for the processing. Figure 3 shows that the processing tends to release the undesired particles
51 into a process space 86 in the chamber 42. In Figure 5 the electrode 54 is shown opposite
to the support electrode 52 and the electrodes 52 and 54 define the process space 86. Figure 6
illustrates a flow chart 90 of the method, which may move from start to an operation 92 of
defining a wafer transport zone in the process space so that a separate part of the process
space separates the zone from each of the electrodes. The wafer transport zone may be the
zone 48, which is in the process space 86. Figure 5 shows that a separate part 88 of the
process space 86 may separate the transport zone 48 from each of the electrodes 52 and 54.

The method may move to an Operafion 94 of urging particles in the chamber away from the



[ 0036] In anot her enbodi nent of the present invention, a nethod is provided
for preparing a process chanber for transporting a processed wafer from

t he process chanber. The chanber may be the chanber 42 and the wafer nmay
be the waf Wodﬁ)?w&)?u?e transported in the transport zoperdSomigiset he waf er
40 i s renove romthe support electrode 54 that nmounts the wafer 40 for
the processing. Figure 3 shows that the processing tends to rel ease the
undesired particles 51 into a process space 86 in the chanber 42. In

Fi gur e Swifhe bel srotlt-mdeus§4 peorsingusengppdsithes opesitiohe  sUspeigingemektheosle 52

and the electrodes .52 and . define 1h C I
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ng

86 ma
el ectr odfé‘§535‘2‘atédc?°5é?“er'ﬁﬁé° PR AREFARGAE Mlas™a Prosseyng phife gl 0y,
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waf er by simultaneously performng certain further operations. The urging

may be oflectigdeibigs VB (par terrainaingshat Bigsdl udi ng positively charged particles
58 and n@ggﬁ'd Mioﬁhgﬁ 9g¢ r%i?:étbzﬁjdaés 68- thENehdnffel 2dwayf Utdnheihe ORBfeAL NS Of
operatio re shown includrng an operation 96 of ‘term nati QQ? pl asma

pr ocessi sigultdnepisdy werfemingpatan fwtheo @perajorsenpefirbenigius andgsriirh#§: above
by the cqntroll j.ch i | _ r bRcttodRaRtOlLkef 72
and to @ged%tleonsﬁg{gl%im%@lﬁtJrﬁgwré%g%é#gb{%g?&rnngnzlt% %Bgérgt ?gn of plasma

pr ocessi ¢legctotle thehanadpports the vasfer 4k skorithestcatsbirafertteanpgartisiatnthe cortidler pl asma

(i oo BPmr o el 2218 Btypegiefofhdi fpooftl RGTRESAR BT |

t he chanfyeho@wayFigirem t he wafer by sinultaneously performng certain

further operations further include an operation 98.. Opgratjgn
connect smﬁﬁé éﬁ’.ﬁS‘Hl?PFBéI 8&‘?‘%’8@ f’%’%@lf%dﬁd&e‘rﬁga"%ﬁpaovﬁy eff%%tﬁgdgvafég ‘?’ﬁe
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transport) state t

e controller. 8 may C th ontroller, 72 to pbe
conf i gur @EFTEdPCHifTaBt anphethe POFIHYS &Cefb‘ft%/rlﬁ'ﬁg*}g)i tf’égﬁg%‘if?ﬂﬁle s BT tﬁe Fi gure
5. [ 0038\1721@@5@%&9Qat%‘}h@éon%gérr@_ R §dusd B8 chitrdllBETZ ooappBr thapenial WIDA he
waf er by simul aneouslé perform ng certain further operations may further

i ncl ude” Wrihopweatipyieds 68 a5 shop@y ¥ 200 may apply the positive DC
pot ent i algo¥8¥opatidne 08! BELIBHE PAticlROBhN thef Qharkth® away from the wafer by

simultaneously performing certain further operations may further include an operation 102.

Operation 102 may cause the second electrode 54 to de-chuck the wafer 40 to position the
wafer in the transport zone 48 (as shown in Figure 3). Again, for the wafer transport state the
controller 68 may cause the controller 72 to reduce the chucking bias VC, to cause the supply
of the gas 56 to the lower electrode (the chuck) 54, and to actuate the lifter pins 67. This
causes the second electrode 54 to de-chuck the wafer 40 and to position the wafer in the
transport zone 48, and the method is done.

[0040] For the second state, these operations 96, 98, 100, and 102 enable the controlled value
of the positive DC potential VDC to urge charged particles 51 in the chamber 42 away from
the wafer 40 to condition the transport zone 48 for moving the wafer 40 out of the chamber
42, The wafer transporter 50 lifts and then carries the de-chucked wafer 40 through the

chamber 42 in the transport zone 48, which is away from the undesired particles 51. As



waf er transport state the controller 68 may cause the controller 72 to
apply the potential VDC to the upper electrode 52 as shown in Figure 5.
[00391 Operation 94 of urging particles in the chanber away fromthe wafer
by simultaneaysdoyggerformng certain further operati opgri@Modiderdoner

i nclude an operation 102. Operation 102 nmay cause the second el ectrode 54
to de-chuck the wafer 40 to positionlt¥he wafer in the transport zone 48
(as shown in Figure 3). Again, for the wafer transport state the

cont r ol Idzelscxﬁﬁdrmyva;amstatet hehecparticled fbin 72 ctk@mbeldﬁ&e!ab/hecluﬁmﬁwmﬁgatbiehfs VC

t th th t d
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fromt he undesired particles As WO 2009/ 002415 PCT/ US2008/ 007507 13
descri bexhdaintsy the ransBarhpencoty Away, diop Hiecrartdes Al i 2Eh urgsdava% Ty Bl ude
t he negattrén\éﬁﬁlry on%hq{hgﬁeqh@%errét%gﬁ' 12w het %Po&e}?%OQb ety ademraoansy &d, for
exanpl e, f ositive charged particles 58 rel eased fromthe second
el ect r odieitited. The mmm@eomlqb&%@n pongxtion; tg grmHndtass ARStiEP A FWHTED t he
first electro

of from tgb irac gt%dja\z}téﬁlet-ssav%aa' 1[19&'6%59 rt@gt?é &%_\éﬁd % matl%el%écﬁlze h aEb@ and ange

olts. The second ectro 'S
mai nt ai nlﬁmhtwe panetet 62 ahd 5§ awamﬂom‘lfheww&;’r 40 ag e tenspontgndeidctacriss é@b ‘mfmr
bei ng moy romthe su el ectrode 54 across one of the separate parts
88 (thetl [‘}ﬁa{fatns@ét)z ﬁ?% ‘he process space 86 and into the transport zone

48 away foosm Alf&ﬂ)u@mmttbwldﬂﬂaoaihmdntsa(tf the @rasegenlveaf/ia:y h&vedreet tdescribcchhsquit zone.

Then, the operati er tra orter carry the wa 0 may
be i ni t}eL¢iBgit S rr“f{e )bg’[oé?wf’ ‘W@’Cgkéligh%t RRIEYS Bmv %tmélr'ga 61 are

ef f ect i v@nbdaiiont ﬂnﬁweothte@s;s&ﬂe tohas mﬂhbmca@smgayom rtmm;]flilhEOt EGP8 pxﬁrthe zone
48 and trap the respective negative and ositive artl cles 62. % 58 away

from t helnygiftiop. 4@hergforsethe rpagrepo FYaples 2 CE‘QP?IIP?E StHE RafPero"¥HELah t he

transpor i &eRGe %ﬁd nBtOIQéltillénvlél ram H@Nndentiol i€ pkadivaaRhitedab thd etpilemonitied
i nventi on have been described in detail herein, it should be under st ood,

by t hos etheteirg b may e medified andrpspcticpdwishiSnicops Qi at RsndRdFladas:

What is claimed is:



enbodied in many other specific fornms without departing fromthe spirit or
scope of the invention. Therefore, the present exanples and enbodi nents
are to be considered as illustrative and not restrictive, and the
invention is not to be limted to the details provided therein, but may be
nodi fied and practiced within the sco of the appended clains. What is
claimed is: 14 dCains 1. Apparatus for trapping particles away from a

waf er transport zone in a process chanber after plasnma processing of the
waf er, tHheladMsaratus conprising: a first electrode nounted in the process
chanber on one side of the transport zone; a second el ectrode nounted in
t he chanber spaced fromthe first el ectrode on an opposite side of the
transport zone; and a power supply connected to the first electrode to

est abl i shi.an ejpgiratas F@tttappinf patttbldsetwayelior hevabricanspee gomnid squpess t he
transport zone, the field tra inﬁparti ul ar nes of. the particles at a
parti cul afhager @ﬁertpfl@n@@e%qs%}ggg et NSAPPREISSOMRTPHE chamber are

urged away fromglfe,d.f885RRNAted 3R Che POBERI dRainBe: SeeRNEdEbE el BHBpirS
configured as an electrostatic chuck to nount the wafer in the chanber for

processi ngpneand tends to rel ease positively charged particles into the

t t f the chanb he_ el ectrostatjccchuck d hogr ed t
Supply gas. agah Aot rsefaRproryet penEEPRENGhrEnoR BE Al SERRIOUAST 1 P

chuck to faghldshatidc bR Mnbite: #mbeind Nto the transport zone; wherein the
power supply s configured to establish the field by applying a positive

DC potential ta power fupmy cenesstadoigethi fimt elsetredector psbahligh a8 J¢RiRPEGNNect ed

; o ' : . _
bl ectr oot HdbeReaant ApfEeR PELBUAR, HafBUR e diPadlHalphg paRRAr 2
el ect r ost ghdsCofc HHeCkar@WBY af Ropartiigaaienf ithc clebieodes avosthat particles. in2he

Apparatus as recited in claim11, wherein: the power_ supply i.s conf.igured to
est abl i shchanebet jas¢ yrasd &y fromgths trespert \Z@nwﬁeﬁslpeﬁhﬁiss&f%odﬁﬁ@ iFst

o 00 SIS SERAMLLEChIRTS SOMER PI B it hTORGTE U 15,
chanber ahidEnerdds eto,pfasam positively charged particles into the transport zone of the
chamber, the clectrostatic chuck is configured to supply gas against the wafer to
release the wafer from the electrostatic chuck to facilitate moving the wafer into the
transport zone;
wherein the power supply is configured to establish the field by applying a
positive DC potential to the first electrode with the electrostatic chuck connected to
ground, the configured power supply causing the field to apply an electrostatic forces
that trap positively charged particles at the electrostatic chuck away from the wafer in

the transport zone.

2. Apparatus as recited in claim 1, wherein:
the power supply is configured to establish the ficld by applying a positive DC

potential to the first electrode with the second electrode connected to ground.

3. Apparatus as recited in claim 2, wherein:

negatively charged particles tend to be in the chamber after the plasma

processing of the wafer; and



processing of the wafer; and 15 the configured power supply causes the
field to apply electrostatic forces on the negatively charged particles,
the forces urging the negatively charged particles against the first

el ectrode and away fromthe transport,zone. 4. Apparatus as recited in
claim 2, wherein: the second electrode is configured to electrostatically
mount the waf efheidanfifgred poaabaipplyrapeo drestilddo apply detiopgtieferees otle t ends

to rel ease positively charged particles into the transpor t he
chanber ; twchoghtavely shirged @él‘tﬁ@%ﬁﬁe?hes‘ic‘j‘ﬁ?ﬁyﬂ@gﬁsth% NEEAY Fyeﬁaaf%%dz%ﬁf@g

el ectrostatic i%rf%g o1 Qodk B8 5\9@; Eb¥ahy nahipbgiedn@articles, the forces
ur gi ng th%gabr%% r

I'vely charged particles toward the second el ectrode and
away fromthe transport zone. 5. Apparatus as recited in claiml1, wherein:

the particles in the chanber.c rise negatively charged particles in the
t r anspor t 4zone APBERRIE 3 f%&e‘i}r’e‘g{‘llﬁ'b%evgk‘eéﬂa' positively charged particles that

are rel easabl g fr.omd He.sRea0dohiReEd ffiglecttnitatichity pooer theupgftyini the
configured to glsetgaeg(fl} sﬂ %he fiel d,@?he field being established by applying
a positi vehdbepddrgmoeeaasingo the first electrode with the second el ectrode

connected to ground, the field_.applying el i L GeS thdat hold
negati vel y Cha#&esaccﬁ]élre(l?céqoggtegsgfdg@ea§%%osﬁ$‘%§8%%%‘{%%&8‘2 and away fromthe
transport ;..zong.7chber fhelhaabat aidig positively charged particles toward the

second el ectrode and away fromthe transp%rt zone §1 QE? raftus as recited
in claim3, whéretmighedmesiarisverpeapyssdhe figld osanply glegt Bai‘w 8¢ PBm about

30 volts to about ;100 volts... u j i EdNpdstichder ei n

t he posi tiﬂ%pfﬁll’)@fg ?riggﬁli p|a§m|YenS’ ?Pefgélrgées ﬁrgrﬁ% Fk%%)%sﬁ%‘{ﬁﬁggé%ol tpgﬁt o about
100 Vol t S toBard ARPREAR G e@fodeaai by ifoncthaitmdporttzeee.appar at us f urt her
conprising: a wafer transport unit configured for novenent in the transport
zone and spaced fromthe el ectrodes for noving the rel eased wafer out of

t he chanbﬁr, the %@amsggg\{,gggdql%ﬁgnilnwh%iﬁ;ransport zone with the rel eased
waf er beiny maittai ned away ’ _ . ‘
the particles in the chamber comprise negatively charged particles in the
transport zone between the electrodes and positively charged particles that are

releasable from the second electrode; and

the power supply is configured to establish the field, the field being
established by applying a positive DC potential to the first electrode with the second
clectrode connected to ground, the field applying electrostatic forces that hold
negatively charged particles against the first clectrode and away from the transport

zone, the forces urging positively charged particles toward the second electrode and

away from the transport zone.

6. Apparatus as recited in claim 3, wherein the positive DC potential is in a range

of from about 30 volis to about 100 volts.

7. Apparatus as recited in claim 4, wherein the positive DC potential is in a range

of from about 30 volts to about 100 volts.

8. Apparatus as recited in claim 1, the apparatus further comprising:
a wafer transport unit configured for movement in the transport zone and

spaced from the clectrodes for moving the released wafer out of the chamber, the



fromthe particles that are trapped at the electrostatic chuck. 9.
Apparatus as recited in claim8, wherein: negatively charged particles tend
to be in the chanber after plasma processing of a wafer; and the
configured power supply causes the figfd to apply electrostatic forces
between the el ectrodes to urge negatively charged particles against the
first el empvingdeingnia thodsensposhransewithtes refensed) Wafer theingnmpisaingdagi®®ort uni t .
10. Apparatus, for .redycjng,an a t A in a transport zone in a
process ‘F}Br%‘r%ee?a ?@%ﬁaETrgé@gp%ﬁes%?%@&%&é;ﬁ]\h/\% er, the apparatus being
configured for operation in tw states, a first state being a state for
processing the wafer, a second state being a wafer transport state for
removi ng ¥-he ptf\BRGé@tg%@SWﬁlft@rqul%mgcsl’f\éhef@ﬁanber, t he apparatus conprising: a

first multi-st . i 3 r fg:t@ : d

mul ti-state elli(@alet(,g?1 ?‘g‘gg%&r‘%g%f%%aﬁ%g fe%g té‘ﬁ% g;:é Cg%gl?ir fr g%%?ﬁé’?‘%‘i%?"g‘?@

el ect r odegf d Wefegee@nd el ectrode being configured to de-chuck the wafer into
the transport_zone after wafer ocessi ng; d, an el ect rode,.bias

control | er conegipnbiguieg v %“HE{YeF%@?Sr g??eggﬂop SEngaetc[‘_?CSrﬁs'iaﬂc @%8?1 of the
stat es, fﬁ’étw[a&et \Q’aeie%ﬁoﬂésatﬂﬁﬂﬁé heghi®tl§ hGred PRRIcR| @hinBEhe Girg Achogs ed to

si mul t aneously 81|) connect the second el ectrode to ground, (ii) apply a
posi tive 4 avytfeorh itted wafer moged by the velferdtansplet usihd (iii) cause the second

el ectrode to de-chuck the wafer to facilitate positioning the wafer in the
transport zone; wherein, for the second state, the controller is configured

to controfga VALHGa@QE forlrBedNSid dGuPer PatieRs ird ratpbiiabneiargeckspar ti cl es
in the chanber are urged away fromthe wafer to condition the transport

zone for dowibeyafi¢relasafaroossingpf a mafercihg spparatug beinggprfignesions recited in

claim 10, the. apparatus further. conprisin anspqr. for
carrying ?%ﬁﬂ’él-lgﬁﬁgﬁtgies ﬁ%SF gtﬁ?(r:[’oegp aﬁ%}tg?(gtfpé‘ﬁ@%%%@ t@%ne;ggﬁg&fn\gmerei n: 17
the parti gh@deind o efechaiben sear e vigghiipreleysed vaafgeebmaict i cl es bet ween
the el ectrodes and positively charged particles rel eased fromthe second

el ect r odeshamther.tthearPgFRTMOIINEIISINE f ur t her configured to maintain the
positive DC pof gk bli.state electrode mounted in the process chamber;

a second multi-state clectrode mounted in the chamber spaced from the first
clectrode, the second electrode being configured to de-chuck the wafer into the
transport zone after wafer processing; and

an electrode bias controller configured to bias the electrodes for operation in
each of the states, for the wafer transport state the controller being configured to
simultaneously (i) connect the second electrode to ground, (ii) apply a positive DC
potential to the first electrode, and (iii) cause the second electrode to de-chuck the
wafer to facilitate positioning the wafer in the tfansport Zone;

wherein, for the second state, the controller is configured to control a value of
the positive DC potential so that charged particles in the chamber are urged away
from the wafer to condition the transport zone for moving the wafer out of the

chamber.

11.  Apparatus as recited in claim 10, the apparatus further comprising a wafer
transporter for carrying the de-chucked wafer through the transport zone; and

wherein:



applied to the first electrode and to nmaintain the second el ectrode
connected to ground and to initiate operation of the wafer transporter to
carry the wafer, the maintained potential and connection to ground being
effective to urge negative and positiy-;e particles away fromthe wafer as
the transporter carries the wafer through the transport zone. 12.

Appar atus as reiptidlesin teashamber, contyerise nagativelypdatgedipesiclas betveccalibgrber

conpri se negatively charged particles bet the electro . positively
charged @esirades and posttegechargedmart esé'g@?)%,\?ﬁeiﬁqr% e’rSS%fz’e”‘féi e(l%cgr%gff%grgat us
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spaced from ea e he transport zone between and separated from
the el ect gmfied o hedirstichectrbie anbtotmaintagy theseeondielectrofe euineeigd (UG t he DC

potential so that negativel ch d particl 0.t he first
el ect r odedmsh o ’&Ftlatten@g‘;‘fr?té‘?{‘s B%the ‘i’%{‘ﬁggagﬁ)g rte{M&;[ ﬁ%@%‘%@ﬁ%@ﬁ%@? F%n and
with the g&%ntva?'a!ﬁa RinfsitRe theroufd Reld ¥Fe@lvecior agesneebite pod ipbéitiet y
charged particles are urged toward the second el ectrode and, out of the
transpor t paticles a8y Hppaittet welfersay &g treasnoger (cafries 1be V¥ réb‘ﬁ&%éttgg further
conprising a wafer transport arm nounted for novenent into and out of the
chanber, PA¥PEEAPRRI ng configured so that the movement is in the transport
zone; and wherein: the second electrode is configured as an electrostatic
chuck provided with a wafer nmpunt surface and with .p%s efi.ned

: g . sages
through t h3 suAppeetust #5e 145464 dgeslain ol hgWheRI; i BALCHS g FOLhucki ng
gas to the water to.de; AR elelPodkyhagRsiavely Mgl t at e
waf er movEMERYSS guﬁ%%g#ggigé}?fﬁgfggﬁvéae?terevvafer pro(i’ggs_sj %g; agﬁd t he
posi tive PitipRt afédsed fiom the sapad thetrode isppporapsfarthergamphsingi r st el ectrode
to the second el ectrode to. urtgeégwa dchar eq (ﬁarti cl es gru f

gdag 2 P

t of,t
transport zoneSWRPOFRART MPHEINg aftP RS PARES mn%aglé&)li‘ﬁe)l; the arm
inthe tr WipgRe {ﬁ&s&}g}g zbie bWREEHIEdphated fFd HeadedbBes) whefeiehar ged

particles. paratus as recited in claim 10, wherein the controller
is configured tiz ampbjler tehethpasntrolal Bhipof tetlP@Ipotantial satgenegtivelym about
30 volts to abput 100 volt

.15, t had .of, pr i r chanber
for transfFRHEshRATHCES ?}'E&%%CFWftgf enﬁsg%]e‘ft o GB)P gg@% ﬁgﬁ%ﬁ@ eZ?’fﬁ&Zd%g upport
el ectrode mUNtfdecNgronad Qonhdtioh B dPWaEeHSis8g value biasing the respective

clectrodes, the positively charged particles are urged toward the second electrode and

out of the transport zone.

13.  Apparatus as recited in claim 10, the apparatus further comprising a wafer
transport arm mounted for movement into and out of the chamber, the arm being
configured so that the movement is in the transport zone; and wherein:

the second clectrode is configured as an electrostatic chuck provided with a
wafer mount surface and with passages defined through the surface, the passages
being configured to guide a de-chucking gas to the wafer to de-chuck the wafer from
the surface and facilitate wafer movement into the transport zone after wafer
processing; and

the positive DC potential is across the transport zone from the first electrode to
the second electrode 1o urge away charged particles out of the transport zone so that
the processed and de-chucked wafer moved by the arm in the transport zone is

subjected to a reduced amount of charged particles.



the processing tending to rel ease undesired particles into a process space
in the chanber, a second el ectrode opposite to the support el ectrode
defining the process space; the method conprising the operations of:
defining a wafer transport zone in thg process space so that a separate

part of the process space separates the zone fromeach of the el ectrodes;
and ur gi nt parfpedretys pnrecited wrdaine O, avieeyein thsnsontrellieis epniigured tparpliheousl! y
perform ng the.further o t (L) Lterm i processi ng of
the waf ert,%e ppiilye ?rﬁ%’é%‘ﬁ’ieﬁ{élai‘Jﬁ‘gge:%tg%%‘?%w&te@t‘{gé%g& %ﬁg’q‘é%ﬁ > (iii) applying
a positive DC potential to the second el ectrode, and (iv) de-chucking the

wafer fromthe support electrode into the transport zone. 16. A nmethod as
recited i W-cl aprimatBod @hBrTepArRE pRFQGesy dRmbsr fdransputing aéﬁ‘é‘&?é“@o‘?‘&)gfgﬁ?se

negat !l vel ¥ofi gdRahhh 66 Ia%brt BOHdde HElRAER MR R ChRessifd the

further opera of connécf and applying trge the particles out of the
t ranspor ttheoftecesding ténding hodekaser enddsizred ipartidlesi mitd B, pukessedpace e their t her
itive range of from

operation of applyin pplies the pos DC.paotentjal.in,a
about 30 Ql@p}bgr,taosegsg%@?ef%ed%msﬁe lq ghe A?HP@%%JEC erck%f‘ln@dthie TS m 16,
wherei n tha f und Bemho@RempHLiaR tfofdfneRiski Ng is by noving the wafer from
the support €l ectrode actoss one of the separate parts of the process
space and i nt odd¢fiméng 2 saSpdranspooheorsvinythé powessiipagsaso thel @ separsdg part ef ur ged
away  fr ° etp?c?cegsr S%Q&P s?egagra cs e zone from cach of the electrodes; and
urging particles in the chamber away from the wafer by simultaneously
performing the further operations of:

(i) terminating plasma processing of the wafer,

(ii) connecting the support electrode to ground,

(iii) applying a positive DC potential to the second electrode, and

(iv) de-chucking the wafer from the support electrode into the transport zone.

16. A method as recited in claim 15, wherein:

particles in the process space comprise negatively charged particles and
positively charged particles; and

the further operations of connecting and applying urge the particles out of the

transport zone.

17. A method as recited in claim 15, wherein the further operation of applying
applies the positive DC potential in a range of from about 30 volts to about 100 volts.

18. A method as recited in claim 16, wherein the further operation of de-chucking is
by moving the wafer from the support electrode across one of the separate parts of the
process space and into the transport zone away from the particles that are urged away

from the transport zone.



