PROXIMITY PROCESSING USING CONTROLLED BATCH VOLUME WITH AN INTEGRATED
PROXIMITY HEAD BACKGROUND OF THE INVENTION 1. Field of the Invention [0001] The present
invention relates generally to the processing of semiconductor substrates, and more particularly, the
plating of semiconductor substrates. 2. Description of the Related Art [0002] Semiconductor substrate
processing may include multiple operations where dach operation can be dependent on the previous
operation or operations. During processing, a substrate may be subjected to operations such as

etching, chepige) MIATIFYCPHOECRSGINGVOINE e IRIPROY INFIsBOPERIVDILISNEE Possible to

create defects or to introduce contaminants that can render the final product inoperable. To maximize
output, many precautions WJJ BM&}ZJM%%BM%M&MEQP HEMRs. For example,
processing semiconductors in clean room environments is a standard practice intended to minimize
processing variables including reducing sources of potential contamination. However, even with the
use of clean room environments it may still be desirable to minimize exposure and handling of the
semiconductor substrate. [0003] In conjunction with the desire to minimize exposure and handling of
the semiconductor substrate is the desire to minimize the use of processing chemicals while
processing the semiconductor sulistr educin , icals used during processing
may reduce operating costs. Furt%mm&(e;%& LI MMOUS nature of some of the
chemical used, reducing the amount of chemicals used can also result in a safer and healthier

environment.
1. Field of the Invention

[0001] The present invention relates generally to the processing of semiconductor
substrates, and more particularly, the plating of semiconductor substrates.

2. Description of the Related Art

[0002] Semiconductor substrate processing may include multiple operations where each
operation can be dependent on the previous operation or operations. During processing, a
substrate may be subjected to operations such as etching, chemical mechanical polishing,
cleaning, and plating. With each operation, it is the possible to create defects or to introduce
contaminants that can render the final product inoperable. To maximize output, many
precautions may be taken in order to minimize process variables. For example, processing
semiconductors in clean room environments is a standard practice intended to minimize
processing variables including reducing sources of potential contamination. However, even
with the use of clean room environments it may still be desirable to minimize exposure and
handling of the semiconductor substrate.

[0003] In conjunction with the desire to minimize exposure and handling of the
semiconductor substrate is the desire to minimize the use of processing chemicals while
processing the semiconductor substrate. Reducing the amount of chemicals used during
processing may reduce operating costs. Furthermore, due to the potentially hazardous nature
of some of the chemical used, reducing the amount of chemicals used can also result in a
safer and healthier environment.

[0004] In view of the forgoing, there is a need for improved processing techniques that can

minimize both substrate handling and consumption of process chemicals.



[0004] In view of the forgoing, there is a need for improved processing techniques that can minimize
both substrate handling and consumption of process chemicals. 2 SUMMARY [0005] In one
embodiment, a substrate plating assembly is disclosed. The substrate plating assembly is comprised
of a delivery unit having an exterior surface and an interior chamber capable of housing a consumable
plating metal. The interior chamber of the delivery unit is capable of containing a plating fluid and has
an opening interfaced by a first porous insert. The opening of the interior chamber allows the plating
fluid to move in and out of the interior chamber of the delivery unit. The substrate plating assembly
also has a receiving unit having an exterior surfice and an interior volume. The receiving unit is
capable of housing a metal that facilitates distri n electrical field. The interior volume of the

receiving ufpDEFeRfigLrediodivihatleastpay phinepladngfluid dReirieritrevalbsaateiphareceiving
unit also has an opening interfaced by a second ﬁor.ous insert that allows the plating fluid to move in

and out of HTETRIYdS EARRIES S A LTRLEV iRy LY B AN SHSHAT WIS AL A LB ShARR Bligned
with the firl.papusfinsasinthe tRRydeifingl ainlatitgamenisaus iR ntheoelasingdluidi batvganithe first

and second porous inserts. A substrate %ﬁth is defined by a distance agé)arating the delivery unit and
i

the receivifgRINEWhiIROREFENREARIGERE foridaddbar e Pbsaingstyeiatrlibea{HpPIIe eEdR G porous

insert in thergpksiEaig LMY hRERR: tRaaURSaISRAtRIS FANI0Wiad 18 RRBVIdePaREAUE fPriRe
substrate. A surface of the substrate capable of bei;é?ésmetallically plated when exposed to the plating

fluid of the ¥ty FhamBel st endeliypstrindtisToves s URAtIS aiBaPhicalsathasehieeshiving delivery
unit and th%ﬁﬁcﬁé\’ziﬂ% YRt IROAG] dn-arether smirdimenLplatitdaasenly, faripse plplingsmetallic

materials onto a surface of a substrate is disclosed. The plating assembly comprising a delivery unit
having a fldigusHinabagetal thatdilsaigrcdisartraoparbes ahessricatieldatihg iasuern bRl e A dheprising a

receiving upithaving, &{Id champbaraiia QIEI,E%H@JB‘?PSN% @Qﬁ%g%%?@ﬁéﬂiﬁéﬁ& NRfumhRYPUS
insert. The porous’insert of the delivery unit being substantially aligned with, and spaced apart from,
the porous tinsesc @i the vedeilindiamitn Phenmegtailiofasdior hetngndubatartinlbgralibaied otk the porous
frodiiy R T G e T
delivery unjicainab Bisert is substantially aligned with the first porous insert, thereby defining a plating

meniscus from the plating fluid between the first and second porous inserts. A substrate

path is defined by a distance separating the delivery unit and the receiving unit while the

meniscus is formed between the first porous insert and the second porous insert in the

substrate path. Wherein the substrate path is configured to provide passage for a substrate.

A surface of the substrate capable of being metallically plated when exposed to the plating

fluid of the plating meniscus as the substrate is moves through the substrate path between

the delivery unit and the receiving unit.

[0006] In another embodiment a plating assembly for use in plating metallic materials onto

a surface of a substrate is disclosed. The plating assembly comprising a delivery unit having

a fluid chamber, a metallic source, and a porous insert. The plating assembly also

comprising a receiving unit having a fluid chamber and a metallic receiver. The receiving

unit also has a porous insert. The porous insert of the delivery unit being substantially

aligned with, and spaced apart from, the porous insert of the receiving unit. The metallic

receiver being substantially aligned with the porous insert of the delivery unit and a path

being defined between the delivery unit and the receiving unit. Wherein a plating meniscus

is capable of being defined in the path between the porous inserts of the delivery unit and



the receiving unit and a substrate is capable of being moved through the plating meniscus to enable
the plating of metallic materials onto the surface of the substrate. [0007] In yet another embodiment, a
method for plating a substrate is disclosed. The method comprising forming a meniscus from a
electrolytic fluid, the meniscus being formed between a plating source and a plating facilitator. The
method also includes moving a substrate through a3path that intersects the meniscus and the
substrate being charged so that plating material in the plating fluid are attracted to a surface of the
substrate wherethévingnisicuadsapreseantoi thpablitfalbedighrosubsinateg Fkpeatingludaddndie

method is moying the substrate through the meniscys enabling plating across the surface of the
substrate. ij%i{%o IR),ang e%eéﬁl%ﬁgﬂfdgé%ﬁ(fﬁ%%%%sgﬁﬁf egfht U slrl%temeniscus, such that a
charge fromoiig platipg soisiberisesiHostianially unibaod yreiretied dowvanb dhed | atiagasititatahd0008] In
another embodiment, a method for de-plating a substrate is disclosed. The method comprising forming

a meniscudiFMRG T YRR IR CHMINE R EHRSs Fm g reREE BEEnEui a TSRO RsiFial and
a second njsfallig peakREala PhrimeibadduibarneindescplagtioThe sibsitpiaalrlegalin that

intersects the meniscus and the substrate being charged so that metallic material from a surface of the

substrate i€ attPaEEe GEh SR aie et iater wrihdhsubsiist iand o bt aitnk isechsesdetallic
material or §hg spepRdmeiMisMAatesialilON0N Rbaraskerts andadwantageseltheinvratiae wil

become apparent from the following detailed description, taken in conjunction with the accompanying

drawings, Mg HPIREENbIoSx Hip plBrtAee poin Eis| sy tire. idiets nnpiRdet DEBE RIEedNs OF THE
DRAWINGR,[304 OhIhe ivantion oaetier Wik fthenadvantadeadherecl mavshastbepngerstood

by reference to the following description taken in conjunction'with the accompanying drawings. [0011]

Figure 1 is subsiatieviddcisanibtichst mgbnebtechrdeetlngiad palaiss immeebrdmmenstvbrigch
embOdime'?ﬂa‘ifaﬂlﬂ&%sﬁﬁﬁ{@H@%ﬁ&&%‘%ﬁ%&?&e@gwﬁs&fﬁi&‘ﬂ?%'ﬂii%Y&'l?‘Eﬁ‘I%%lé‘Eli‘Eo%ﬁcp{ﬂg‘fff&iﬁ?d“'e n
accordance with one’'embodiment of the present invention:
facilitator.
[0008] In another embodiment, a method for de-plating a substrate is disclosed. The
method comprising forming a meniscus from an electrolytic fluid, the meniscus being
formed between a first metallic material and a second metallic material. The method further
includes placing the substrate at a location that intersects the meniscus and the substrate
being charged so that metallic material from a surface of the substrate is attracted away
from the surface of the substrate toward one of either the first metallic material or the
second metallic material.
[0009] Other aspects and advantages of the invention will become apparent from the

following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The invention, together with further advantages thereof, may best be understood by
reference to the following description taken in conjunction with the accompanying
drawings.

[0011] Figure 1 is a high level schematic of substrate processing apparatus in accordance
with one embodiment of the present invention.

[0012] Figure 2 is a high level schematic of a process module in accordance with one

embodiment of the present invention.



4 [0013] Figure 3A is a cross-section of a plating assembly in accordance with one embodiment of the
present invention. [0014] Figure 3B is a schematic showing the different areas of the substrate path in
accordance with one embodiment of the present invention. [0015] Figures 4A and 4B are schematics
illustrating the how the bottom cathode promotes an even plating of the substrate in accordance with
one embodiment of the present invention. [0016] Figures SA - SD illustrate how to control the batch
volume of plating fluid 128 within the plating meniscus 142 in accordance with one embodiment of the
present invi@tish.Hiie ] FAguse HAshows aschadmatis afi peyspeislivaviave aldtie latitg assembly
in accordance with one embodiment of the present invention. [0018] Figure 6B shows a schematic of
an explode%'&%i}l&eﬁﬁgi SECIAH li’?‘u"SEBBFdance with one embodiment of the present invention.

[0014] Figure 3B is a schematic showing the different areas of the substrate path in
accordance with one embodiment of the present invention.

[0015] Figures 4A and 4B are schematics illustrating the how the bottom cathode promotes
an even plating of the substrate in accordance with one embodiment of the present
invention.

[0016] Figures SA - 5D illustrate how to control the batch volume of plating fluid 128
within the plating meniscus 142 in accordance with one embodiment of the present
invention.

[0017] Figure 6A shows a schematic of a perspective view of the plating assembly in
accordance with one embodiment of the present invention.

[0018] Figure 6B shows a schematic of an exploded view of the top section in accordance
with one embodiment of the present invention.

[0019] Figure 7 shows a schematic of the gripper 121 in accordance with one embodiment
of the present invention.

[0020] Figure 8 shows a schematic of the gripper, the plating assembly, and the substrate in
accordance with one embodiment of the present invention.

[0021] Figure 9 shows a schematic of a process module that includes the plating module in
accordance with one embodiment of the present invention.

DETAILED DESCRIPTION

[0022] An invention is disclosed for devices and methods for performing a plating
operation on a surface of a substrate. In the following description, numerous specific details
are set forth in order to provide a thorough understanding of the present invention. It will
be apparent, however, to one skilled in the art that the present invention may be practiced
without some or all of these specific details. In other instances, well known process steps
have not been described in detail in order not to unnecessarily obscure the present
invention. The various embodiments will thus be described in accordance with the order of
the drawings, but without limitation to any particular structure or configuration, as they are
provided to illustrate the many permutations, combinations and/or alternatives, within the

spirit and broad scope of the enumerated claims.



[0019] Figure 7 shows a schematic of the gripper 121 in accordance with one embodiment of the
present invention. [0020] Figure 8 shows a schematic of the gripper, the plating assembly, and the
substrate in accordance with one embodiment of the present invention. [0021] Figure 9 shows a
schematic of a process module that includes the plating module in accordance with one embodiment
of the present invention. DETAILED DESCRIPTION [0022] An invention is disclosed for devices and
methods for performing a plating operation on a surface of a substrate. In the following description,
numerous $pe23fEilairilsl aie setighhlévardehémpioviste authatoeighiremrddrsianshaciok thdprasent
invention. It will be apparent, howevyer, .to one skilled in the art that the;g esent invention may be

oractioed wIBIRLS I BPains: (HRER S @ 1P Dt dp YRHS o cbn e, S RITET BSE0E ops

have not bapgpadeserilbedc:im detailiinosdgna et iauliprcassaihakRteld the Pieseotdayalitiesl he
various embodiments will thus be described in.accordance with the order of the drawinqég, but without

limitation to' Shy FaRHPAPsTIATE i RGN As o ity bengtolialeddon Sibing thishilisy
permutatiopENaalinAssapsHat-afepRives opitatibiiRe BRirBBRePracELREONR okihe Aiusmperated

claims. 5[0023] Figure 1 is a high level schematic of substrate processing apparatus 100 in

accordancd At FHECE BT Et- of BSeorEntipeahtldn. aae Rsupbirsifapror@asiify! dbpiardbss 100

can containa&legig uiulbplasiaseas JPafwRs Ll ThRRiRGass imaduleecandpariorga variety
of processing including, but not limited to, etching, cleaning, plating, and other substrate preparation
6

n
operations.T_ eCORYB sEYRRIBUIEY 192 die eEthévtestscat rﬁaugyétmq@ainxr@aéﬁmm@ﬂem 104
can be phyéb%@%ﬂ&ﬁ%&%&ﬁé@m&ﬂﬁiﬁr&%eﬁ%@& EndoRiRS BROTHR: QR IRIRAIGELOMPRReNt

within the process module 102. The control system 104 can be used to ensure the required processing
conditions sriidperadornied arrnevsdtvathinbbieagy gaassinlgheowgle noResshaedHev|l8Ystehe 104 can

also monioraid CQuunl FAVRTISNLALASIal BRLe AL bPRCEIIRSeRR TIAPHISRAPR, T pontrol

system 104 is conriected to a computer 106. The computer 106 can be used to adjust and monitor the
performancadfmesirodessierioappacatal tho(ptheosghethereoriue | IS thraudithin amérehsysidiment, the

control systgp ]191408%‘%9%0%%@%&%% 19, AAPYRL THELAPBO LG 8% HRARIF RIS SiuP:

operation, and contro
Internet, to enable remote setup, operation, and control.

[0024] Figure 2 is a high level schematic of a process module 102 in accordance with one
embodiment of the present invention. In this embodiment, the process module 102 is
connected to computer 106 and the control system 104 of Figure 1. The process module
102 may be located in a clean room 108. The clean room 108 can include facilities 109 that
can provide fluids and gases used by the process module 102. The process module 102
includes gas controls 110 and fluid controls 112. The gas controls 110 can include air
filters, gas valves, and devices to control the temperature and humidity of gases used in the
process module. The fluid controls 112 can include fluid handlers 114, flow controllers 116,
and valves 118. In one embodiment the fluid handlers 114 can be used to store process
chemicals and de-ionized water. The flow controllers 116 and valves 118 can be used to
control the mixing and dispensing of fluids.

[0025] The process module 102 can have a single process station or multiple process
stations. It should be clear that a process module could contain fewer or more process
stations than shown in Figure 2. The individual process station can perform one, or a
combination of processes including, but not limited to, plating, etching, cleaning or other
operations typically used in the semiconductor processing environment. For simplicity,

process station A and process station C are shown as blocks. In one embodiment Process



[0024] Figure 2 is a high level schematic of a process module 102 in accordance with one embodiment
of the present invention. In this embodiment, the process module 102 is connected to computer 106
and the control system 104 of Figure 1. The process module 102 may be located in a clean room 108.
The clean room 108 can include facilities 109 that can provide fluids and gases used by the process
module 102. The process module 102 includes gasécontrols 110 and fluid controls 112. The gas
controls 110 can include air filters, gas valves, and devices to control the temperature and humidity of
gases usedtititieBindedssmgdatiag Bhe fibly ¢a0iralippd2 tandndlsidsiidhaadiiers2Bl AvView a
controllers 116, an(%1 alves 118..In one embagdimen O%eé{%d andle s%é%c fe used to store
orocess chEHRESHe Aa~di RISUER QLA STHEYENT cobir AL TR S U8 11 SRR BEISB8 to
control the ixirgeandmispensiagiof1BoissHDaR] proecpy aeaimMuduiei g2 can Rawe @&isiRgiedrocess
station or multiple process s;gations. It should be clear that a process module could contain fewer or

more procdds SERHALE thalh LRGWA tigRire e nelss o oY eprBte R bR RRY P oME or a

combinatiopni RIPEaRSS i eudingy it 1t §miedh taidplatings glehingasieabipamd eibenppetions
typically used in the semiconductor processing environment. For simgolicity, process station A and

process stattohitharsdledownbeth ke, SHRASE clnbadithe mtbibriss5® engrer BRIt elatinating
assembly 120:8HRPErS. 1R bAndmubsinate Nardierpd232YVNeh R Shimpss dRLds Rtsnaninsiaing a

substrate 150, the substrate handlers 123 can control the movement of the substrate 150 within the

process stafehate@lgHphers 1ol iR desaribeshBolo the'\dishsnatind o arsh hesplgsiars teankie then3

through the plaging §5668Rhed20n AP aRASHimReIbEere is a gripper 121 on each side of the
plating assembly and the substrate 150 is handled by both of the grippers 121 as the substrate 150

emerges frﬂiﬂ%bfﬁaﬁh@é_s_é%mmyo;?@@qﬁoanefe@nbbdn_ge%ﬂ@qmélgrib%br@ m&g@@%wiab U
electrical CQ%%‘&E&%@JPJ@‘EHE?B&PAHPﬂgve%%ié{ﬂ." ’?ﬁe‘laﬁﬁﬂ e&lé%‘f‘ﬁﬂ%gﬂ?{&ﬂ?&é%tﬁéﬂv%} thgplating

assembly the substrate 150 is placed on a substrate handler 123. 10026] Figure 3A is a cfoss-section
of a plating288<emislyal@Qeiyiagcondard@Buith dinsuesnsopiment dhthdeprasgntivalid irdhethgating
assembly 120 ingl livery uni and.afeceiving,uni .2 - Adistan arating.the
cvery ey e e B O e R TS et
substrate 168 canbpdssein, ghe emhbioalieneail tHY) subdtfatedpbyhal 3Pasatiefinggp tha sefacativle gap

that will enable passage of a substrate, and the separation ga ay vary depending on th ickness
o the subat e S e, SRR DR R 00 SRty SERRNE SR I oo
will range frabstbatweanakonib&@lime@ndhabo the Soistraadsmoxenpestidutastyvirebnehn sdyauitdbmm and

about 1.5mm, and in a specific embodiment about 3mm. [0027] In one embodiment, the delivery unit
200 il X B 355 2 ThRHL R 58 APk TLn g U B HEK GBS Hortom
section 12Q®onihéntap Seiciiasul PGanmaynih ludeedifanadbchaabebda?enand an anode chamber 122b
attached to a %Iating fluid chamber 122c. The anode chambers 122a and 122b, contain anodes 124a

and 124b, H96ELIREH)°S THRPSABRE! o st Charge SBUIcE) il ESom B SEFBPR it thatss

consumed ghdfing anodlesQpiERgikgRACRN: JoEEenembadimeRbileanemel Wepalngopoisa s made
from a copper containing material, substantially pure copper, or copper alloy. In other embodiments

the anodes! 298 andnebils apeRodaciroRhedifréraiind aB Bt TR MR AL Atiehsding RlRdNEnamber
122c alongriith @nasis chambaml 22 @ dianasieschamban 122 ey e filsgewitha piatingfBiid 128.

In one embodiment the plating fluid 128 is an electrolytic solution selected because of the ability to
promote eIé%%PéﬁFé’ﬁHg. he anode, or first charge source, may be composed of a metal that is

consumed during an electroplating reaction. In one embodiment the anode, or plating
source, i1s made from a copper containing material, substantially pure copper, or copper
alloy. In other embodiments the anodes 124a and 124b are made from different
electroplating materials. The plating fluid chamber 122c along with anode chamber 122a
and anode chamber 122b may be filled with a plating fluid 128. In one embodiment the
plating fluid 128 is an electrolytic solution selected because of the ability to promote

electroplating.



7 [0028] The anodes 124a and 124b may need to be replaced after being consumed during the
electroplating process. The electroplating process (and the consumption of the anodes) may extend to
the plating of one substrate to many substrates, depending on the thickness being plated and other
factors. Membranes 126a and 126b are placed between the plating fluid chamber 122c and the
respective anode chambers 122a and 122b. In this 2mbodiment, the membranes 126a and 126b
retain most of the plating fluid 128 within the plating fluid chamber 122c but allow the passage of
copper ion$(eas] thiecanodes dRembeid 122 mandetd2b e thelpladiafdibeichaonbemnt@ dariigahe
embodimea, me(@anicall , the r:?aﬁm ranes 126a and 12§b§r]?§ﬁble the remova{%the reéoective
anode chafBEFSA34REREFS2n | HiHSLT PRIIRR G GFSHiINY O b BIABRE YRR 1 % BedstsE e
anodes 124ataindl 246 pathesepecrbtitow ttainindihaiplatisgeuidglas ddowniime focthe plating
assembly 120 is minimized. It should be noted that the use of two anodes in the orientation shown in

Figure 3A Bt YbADEBIAIMMEBIIETH ) Lecivh 12 BthBRErORERTERDERREME ML tion

120a may haygepne sy eweranagesivedifesenthanseiations. 002906 hm terssaationihefa isattached
to the mid-section 120b. In one embodiment, the mid-section 120b includes a pre-wet top head 130a,

a pre-wet POFEUE 3RS 2000 ¢ U Ehh AR 325 the RlAtng JHudnigB19ahin theselpiadHbad

136a and a-pges PIBINGUNSATWL AR PR RIS IR heRd fldfagneax,6an e Are-ekfid and an
opening to the substrate path 190 that is interfaced by the pre-wet porous insert 132a. The pre-wet

porous inser23aths PhatinadBidighantb pird AWet RurneTHebediam g atciancalindhapranbsegrect a
flow of pressiyizer0asdearBith eHROHAMB SRCHPIE2A%pIOR U985 MB-Pq eleglad 1f%9m a

multitude of inert gases include mixtures of gases. In one embodiment the curtain gas can be
composed witbaré igrogaa diiptheoéthsadaes i ddftaibogassedhcbmedgbhdaarditifte efnitrogen
and argon. 4o, o1 G0 ISR IOR. 9AEh A RIS IERMUHPIS Al FgReble. Al oA g
vacuum suctior;parfd rinsing f|§% [0§t30]elks a %omponen’t of the delivery unit 200A, ft:he@%id-section
120b is configureided dHctomichdbdareted éhalatingfiuid eharmieies 22 thardietiaiomshorating Higdrd 28 to
saturate th rQ lating insert.140a, still allow th ing.ions, t hr . In_Qne
ambodmen A e T e RS B e o
120a. In aniiibemrembaodinment thdgylatingdigidiclaehbert b2Rotifor,med when a cavity of the top section
120ais joi ith.a cavity in.the mid-section 120b. In yet.another S embodiment the.plating, fluid
chamber 1020 B e e o Rl B TR R e s R e
surface of tinédpsetoiss [l20in gniciess 14 Peeis exppskehtDd B suhstratetpaitol O thsron@ enchadiment, the
choice of material f(frr?1 he porous plat;ggﬁtir';%eg 140a iZ choseg basn:}c% o;ﬂ?e orosity of the material
and the visB85IE S the platiig AR 28 MatBria N B BaIThAcHSd 18 eaég)oorré’b@ g]%?i‘?%lﬁ%grt 140a
can include4out areenpidimiiebio headousoalastigsconehima rpany sariatiesitd nidospanic@ uarniesy of
porous ceramics. [0031] In one empodiment the receiving unit 200B is located below the delivery unit

200A. In the"BHHBERHENt EhBth in Bg{rEec RXHBS BESAP Ot 28887 s! tHé bbtfoRis&Eli SR S0C. In

another emhqdimens ihediReatdngithnihe BRBwBENUTE ThadeRPEmuHiple Bssemblisangkding a
bottom section. The receiving unit can be connected to the platirE assembly 120b. The bottom section

120c may iHeNidd Risrauiethattotn raddesbpttam reshien porduslits st I82% MAXDBISFIS6HEIm head

136b, a porpyis RIatNG MK BILACR. ARcka RARMBRINRG& L 44:1dthin sheharpbemsantainipg-iating fluid
128. The pre-wet bottom head 130b can contain the same pre-wet fluid used in the pre-wet top head
130a. An oY RO IHOHIG AEUBORIBIABal PYRY tniPRABURAECHEAMID RAhBSEERR) By the

pre-wet poaoﬂﬁﬂ&%@%f%ﬁa%g&b%@%%@(?mmﬁ POJOUR iHﬁ@éﬁ&?%@ﬁ%@%@H%ﬂ&%ﬁ@g%ﬁ%ﬂiﬁi‘@W a

pre-wet meniscus 137 of pre-wet flu form in the substrate path 190. [0032] The porous plating
insert 140bAsesreapablanaf dpenidia g0 2ce Aanspettanithid meipg ol section 120c that contains the

bottom cathggley{ad, OTSREANAGNG 96 SRUICEy T fRsHbAle glealigrlaing, pRing MifileR gyrounds

the bottom cathode 144, or plating facilitator, and saturates the porous plating insert 140b. Similar to
the pre-wetesemssuky¢ribeoplenngtionidatiaatiogme?t ofdradl porthesphisingdlindel 28 1aGatenatt 140b allow

the formatign of a in N 42 across the substrat th.190. The rinse/dry bo ead
136b is sinﬁfglg to tﬁﬁ%%/g}r'%e{gﬁﬁ:%ﬁ§%6§ﬁﬁhalei%hvsg%r)}) Egﬁ{’l? m gesaégl§g%s |§% L(}Hygg r?]tﬁlrtllap% areas
capable of prbadimgnatbieypriatsug flomdaricinibsinig Baigk tends into the mid-section 120b from the top

section 120a. In another embodiment the plating fluid chamber 122c is formed when a

cavity of the top section 120a is joined with a cavity in the mid-section 120b. In yet another



[0033] In one embodiment the plating assembly 120 performs a plating operation when a substrate
150 passes through the various menisci and dry/rinse areas intersecting the substrate path 190.
During the plating operation the substrate 150 may be held with a first gripper 121 and passed/pushed
into the substrate path 190. In one embodiment, an electrical charge with the same polarity as the
bottom cathode 144 is applied to the substrate 150 ® using a cathode 146. In one embodiment the
cathode 146 may be incorporated into the first gripper 121. As the substrate 150 enters the substrate
path 190 thevpadiingredge pfatersfibstreaienibéd jadses thrawgl thetctntaidgasdrom eyrtssotigas inlet
134a foIIovvl%%a%)/}( the pre-wet meniscusl%éi?. As thﬁﬁSUthEate 150 eqt?kers the f;)re- et meniscus 137 the
curtain gas %Pe‘?/%tﬁ?rBrE‘?Wé)Pﬂ ro%sﬂﬁ fha APFORY NS RIS ﬁwé $tFAREIB0 to the
exterior of thaiaubguasseaiblydl?2On Ascpeaiodishe meant hedecthe eurtain gasthaphedpiadaHgas
such as nitrogen, IPA, CO2, argon Qr a mixture there%f. Because the pre-wet fluid can be used to

prepare theSGHsHAds 1t ST HRATRY AR ENERAER Y hihe aterih xh Da sesih dh o R il Barticular
plating fluiddz8 1sd thadipr efaneiaifainginiatest foroaxpmale ihseaopmrr sulfatadating salution is

being used the pre-wash fluid can include a philic agent to promote copper plating on the substrate
150. 0034 A iU S KT ASORIIETS BISTHRTIMFPISHISIUSS 25 BiéPBIa8Hical BRERY O aPRIRY to the
substrate iR&Gapjiaction with the electrical charge from the bottom cathode 144 attract metal ions in
the plating solution 128 to the surface of the substrate 150. After passing through the pI.ating meniscus

142, the sul998ldn soerisbedimsabhmhecesimiig YHE IR 1sksacd halavgdeidedivennielf84e contain
the plating flif 1 afryathRieveRiwhe Plabng ANdr2R EAMheSEAPIIBEC: (NRLHIRU thsAlabng

assembly 120. Note that in this embodiment it is possible for fluid from the pre-wet meniscus 137 to
mix with thé&piaeiglarabpagnps\es eceivit g s’ arhnee madeges et lipha aspembdieh are

meant to caqiaRoth RRAREuEl I ANTLIE plate LA hetuindrePIAUNg.ASEemAl RO, In

another embodiment, additional curtain gas inlets between the pre-wet meniscus 13 the plating
meniscus 14l prstventstiot anixitly ofigrenplodé aigrantepleoitenfibiid 28070038 Afte ppassing

through the curtali s.inlet 134b the substr encouniers a.vacuum surrqunding the
sty 1o RO T 368 S R R AR o G MRS
head 136aauicbtieel Arisertdhy hatbhembiere adni36mggiatiefintualcl@dnifiy areavpositivomchabtdh 3t of the

plating assembly. The first vacuum area encountered by the substra 0 can remove_ residual plating
fuid morn e R B T SRR i HE U La08 S R s

through thepflsidamboiscnsh2d8 b¥iveentibsulnsetdrydop 96ad idGafard ine thaseicwyedogitomahead
136b. The fluid jscus 138 is whege the now plated syrface of the substrate 150 is exposed to
fnsing fuidEFhd TG R G HE Rl AP RIS T 12 RIS e, Other
fluids may benises th3rirggibeveubiaitbie @ng thake distedashpadel 190t be considered inclusive of
potential rinsing fluids. After passing through the flyid meniscus 138, the substrate 150 passes through

a second v IR ROHHE BRESSdEEULIR AR A T ARRA Sy YESTRBRORYY EHE B e

substrate 1&QtisAn12GuhsiapRhNdIhstBiRohhUshihie substhrtedSRicaneptesthe piyingidssembly
120 dry and exit dry. This is a substantial benefit over other plating systems that require additional

assemblie<IeCHABE GG B8 fhidateSierarpiiify Jotiitorrtiode sl e Bt g SHEH Ry be

waiting to clamrantidbeportieraf the.sHbstRie: 1 990hatsexihithe PlatingassemBlynikds Bagause the
first gripper would prevent the entire substrate from being plated, the second gripper can pull the

substrate 150CHAIAB R BdAH BRI A S6RSONPTORO PHIHIE IS Hiel it ithhdPbtABe e érghpper may
also be ablgftg ﬁi@ﬁ%%eﬂﬁ%&ﬁ@cﬂ%mg _%Hetgl&oaﬁ%tﬁ%ﬁa 1@8.%&@91|ﬁsemﬂgsl&t%ﬂ§h€alda1§8ﬁ%n point

the first and second grippers may be moving simultaneously, each clamped to the substrate 150. The

first grippesimaliidfe die e/ diybEtpahe ab O30nild e giseesiny beibperlesdtihdes wchidee thdtalestrate
150 through the &'8&1518 @@5%'9%&%&%%&8%%%%@%@0 electrical charge to the substrate.

[0033] In one embodiment the plating assembly 120 performs a plating operation when a
substrate 150 passes through the various menisci and dry/rinse areas intersecting the
substrate path 190. During the plating operation the substrate 150 may be held with a first
gripper 121 and passed/pushed into the substrate path 190. In one embodiment, an electrical

charge with the same polarity as the bottom cathode 144 is applied to the substrate 150



[0037] Figure 3B is a schematic showing the different areas of the substrate path 190 in accordance
with one embodiment of the present invention. The curtain gas inlet 134a are shown as a row of circles
that are followed by the pre-wet meniscus 137. The plating meniscus 142 can be seen along with the
curtain gas inlets 134b. In another embodiment the curtain gas inlet 134alb could be a slot that allows
the curtain gas to escape into the path 140. The flu®l meniscus 138 is visible after the curtain gas inlet
134b. Not shown are the first and second vacuum areas. In one embodiment the vacuum could be
drawn througingmedialed.46 anotlkerreboldodimetht; thchvacudmmay st hecdrpuratédrougitha fiiet. Note
that the curtain gas inlets 134alb, pre- meniscus 137, plating menjscus 142, and fluid meniscus
138 can begﬁggl%oi%% sgstﬁ?&/ %@%&%gﬁ%lgféﬁg%%eea&% rB?tr%@u&@é% 1?%1.“1% Slf))g] f%eensure
that the enti® stitaas@phrecsubsiiaie Molcisaregesston] QUSRI igras <A 3nd Boavedsehanatics
illustrating the how the_bottom cathode 144 promotes an even plating of the substrate 150 in

accordanc@WithebRE RS ditde s Shene BHEdsn RIS AN bRkt o 58 ihe LBE SEHALR %50, and

as previoushaglisepssrd cthe @RBErRIRE A @Rphe Adeleatiicahghas ¢ tRethebsttirase dothesing the
cathodes 146. The 11 substrate 150 is guided into the plating meniscus 142 made from plating fluid

128. The aftigES194 e BlEiRgRssemibalAhg AR LBy REpHoREds By FUIAISeSHTetaNiOMS (e.g.,

copper iongrei bhiniechasiativg:Auig A 28 01 her sagteHic igRuaserdrawn iewaid e prpRsitelyigharged
cathode 144 and the substrate 150. [0039] Though the substrate 150 is electrically charged as a

cathode, thetid® yfeHdTCRiEBYE thessehriip Q4R Mg uhieorheisp i caier betaisiens 1498 152 on
the substraje,LalidSiRg AR IReauRSHRIR d AP 1R caliode. %bée&pﬁ%li'aa&%g%%. itpi§; possible

for an uneven deposition of plating material at the edge of the substrate. This uneven plating may be
caused of BRI Eh RAMRBTHEE Bt & sl HiahdsdwdeeofsatbtBe beerateshdline substeditdaoves in

or out of th t in Ej » tends beyond the edges of the
NSNS SOV '&@4%&4’ G145 ARENAAGHEY Sy

substrate 150. Thus, the cathode 144 can prevent excessive build up of plating material at the edge of
the substrali@034D Ay throvibiigian 2 entete théqdhfiainmenosy tHd S tisstlateritsbchintgadipelitiietedge.

Thus, th ic field will be. s iall h h te i h te i
T, e SO EHL W R YR U R ERGSTLST e st

rougtrthe pat 1 ., at any stage o
progressiomttinbugin thve thatipla@0gossheiphalify assbenbiyfd@0df Tthés sstatpactitblar dkerefitsaisgeliance

on the subsjrate as the only cath can produce above-mentioned nan-uniformities,in
oTating. [0l A e R B D B 30 i e
plating merisctasn1dR imkacddrttahelpwithconenienmivo gimert fititd PResenpraventibn. fratiglaiiiyd Figures
5A- 5D onl gg%w the‘TpIating[ m%\iscus. Note th tthe techni@]lé,ef erﬁd to ﬁgntro theﬁqh?gn meniscus
142 could arsd BRSNS 'St SHSHUP LLEPIATHIR &P 5B 5% MGAIRY thELE SRS ‘b%&ﬂhg
assembly 12@s biguieldfosinig thenstespirtevia seafisappraichingithevplating gissamblyid 203Before
the substrate 150 enters the plating Bneniscus, 142, the pl irgi;eaﬁln&%sgus is stable. In this case, a stable

meniscus SRV thaf Bty HRiACER SYL BB BAISISANG LML P285/b. In
one embodifpeprthevalsine el ihe PiAting MEidiscRss i dipe Wh YatimndsteamuBlume. anthadqrerwet

meniscus is about 8mL. Note that the volume of the plating meniscus and the pre-wet meniscus can

be depend&RPoAiRES A4 B analIbn A HRISE DrIvesadhe PHaVHthRRIthE harshedlAtingo vary
based on the-matedialbeingaiateshiathensknstiats-and thrRParOppfithe sufsirage through the

processing assemb%y. . . .
[0035] After passing through the curtain gas inlet 134b the substrate 150 encounters a

vacuum area surrounding the rinse/dry top head 136a and the rinse/dry bottom head 136b.
In one embodiment the rinse/dry top head 136a and the rinse/dry bottom head 136b can
define a cleaning area positioned at an exit of the plating assembly. The first vacuum area
encountered by the substrate 150 can remove residual plating fluid moisture from the
surface of the substrate. After the first vacuum area the substrate 150 passes through the
fluid meniscus 138 between the rinse/dry top head 136a and the rinse/dry bottom head
136b. The fluid meniscus 138 is where the now plated surface of the substrate 150 is

exposed to rinsing fluids. The rinsing fluids can include de-ionized water, chemicals or a



12 [0041] As the substrate 150 moves into the plating meniscus 142, as shown in Figure 5B, plating
fluid 128 is removed from the plating meniscus 142 using fluid control out valves 160a and 160b. The
removal rate the plating fluid 128 corresponds with the displacement of plating fluid 128 from the
plating meniscus 142 by the intrusion of the substrate 150. By removing plating fluid 128 from the
plating meniscus 142 at the same rate the substrat®150 displaces the plating fluid 128, the plating
meniscus 142 remains stable. One of the many benefits of maintaining a plating meniscus 142 is the
minimizatianiefitetidatvfyg dthick TRBdhatag beasied tAriothehdenafitand malnkakungtadstabledotating

meniscus 142 is that it js possible fo calculate precise.yolymes of fluids required for .a plating process.
Aother bel DTS B R  RARALIS SHSTE MAIRS ATLECH S R Bl bR R thoun
dripping or sjillage siBo4ak Imsh e s abitight shevund v iiguiesroA-Dhr the substiaten 2e:is slhown as

circular. Therefore, after half of the substrate 150 has been_plated plating fluid 128 needs to be added
to maintain' &SN B ErSLAL K ﬁ?&ﬁﬂ%ﬁ%@ﬁrﬁl‘%ﬁa{ﬁé?ﬁﬁa Hbﬁﬁ%%??%@ﬁ&gﬁ‘éséﬂ& 1E%Wcan

allow the reiptraeugtienIsbRiatiedbtidclg@taidhessaivg nate doe digpiaearyyoltine oh plaingfisid is

decreasing to maintain the stability of the plating meniscus 142. It should be noted that the fluid control

valves 1608MFHAPHE (EBe tBlaliREan g Fam dhatitrarirsnradriipnalingsrehiissue visa9d dsuBstrate of

any shape ﬁngt@{@g{émgﬁgﬁggbﬂggu@SD illustrates the substrate 150 as it exits the plating
meniscus 142. The fluid control valves 160a/b continue to add@%ating fluid 128 in order to compensate

for the dect893M o drSERICEIHPREDITY @S rYAS QuBatrRIeN S AhsRpHiamehita ssiatiate bihghat

MENISCUS. exits the plating assembly 120. Because the first gripper would prevent the entire substrate
from being plated, the second gripper can pull the substrate 150 through the plating
assembly 120. Similar to the first gripper, the second gripper may also be able to apply an
electrical charge to the substrate 150 using a cathode 146. At a certain point the first and
second grippers may be moving simultaneously, each clamped to the substrate 150. The
first gripper may release the substrate 150 while the second gripper continues to move the
substrate 150 through the plating assembly 120 while continuing to apply an electrical
charge to the substrate.

[0037] Figure 3B is a schematic showing the different areas of the substrate path 190 in
accordance with one embodiment of the present invention. The curtain gas inlet 134a are
shown as a row of circles that are followed by the pre-wet meniscus 137. The plating
meniscus 142 can be seen along with the curtain gas inlets 134b. In another embodiment the
curtain gas inlet 134a/b could be a slot that allows the curtain gas to escape into the path
140. The fluid meniscus 138 is visible after the curtain gas inlet 134b. Not shown are the
first and second vacuum areas. In one embodiment the vacuum could be drawn through
small holes. In another embodiment, the vacuum could be drawn through a slot. Note that
the curtain gas inlets 134a/b, pre-wet meniscus 137, plating meniscus 142, and fluid
meniscus 138 can be positioned so they extended beyond the edges of the substrate 150.
This helps to ensure that the entire surface of the substrate 150 is processed.

[0038] Figures 4A and 4B are schematics illustrating the how the bottom cathode 144
promotes an even plating of the substrate 150 in accordance with one embodiment of the
present invention. Grippers 122 hold the substrate 150, and as previously discussed, the

grippers 122 can apply an electrical charge to the substrate 150 using the cathodes 146. The



[0043] Figure 6A shows a schematic of a perspective view of the plating assembly 120 in accordance
with one embodiment of the present invention. Visible in Figure 6A is the top section 120a, mid-section
120b and bottom section 120c. In the embodiment shown in Figure 6A the anode chamber 122a and
122b are shown connected to the plating fluid chamber 122c. The substrate 150 can be seen patrtially
inserted into the substrate path 190. Also shown ornxthe embodiment of mid-section 120b are multiple
ports to the interior chambers of the plating assembly 120. Note that the ports shown in Figure 6A are
exemplary andtsitouldnot mdtiesiviatof dine glassibladgostsondbenpladingpaspearibdy f12d. Tise paets can
be used to suppl urtain gas or processing flyids such as de-ionized water, isopropyl alcohol,
carbon ioAISER ATISEE 67 BURE AIRETE UL C B B DA TS BN R (i tor the
rinse/dry heagpdrhmating assembly gRénaltholgh 2o inisaldiiommns Wroreembodinente
connected to a module. The module can eiéher be a self-contained module or can be a multiple station

module. A BRRMYTNohEthaBrdsd $eAad ths sURRiEaaRRill hold the plating assembly 120, and can
accept subpiiesTade P iatesh sy @t ) statechneRUIBUEIHBSIralesdit dey thtatte HhenplattRgdunodule

can therefore be inte%tated with other modules, such as etching modules, chemical mechanical

polishing middusaa, kel seimirntriBeowinghacRlisatng ShibilAt BRI heAEaa b BEEohblIed, SO0
that a desirggijgvehQf EendisligaPIFngcar bershicypdedngnsnboginent; thecamieolied ambient

can be a reduced oxygen ambient, that will assist in reducing oxidation after the plating operation is

complete. GRS SEPOTHEM R AganseHiatishieedte phtse Hhstale davs 188VekBl paeaN044]
Figure 6B $fious & schiematioRE At eapiededndene i e 9n SeHON dg03MRCcAMARRE Nitone

embodiment of the present invention. The plating fluid chamber 122c¢ is shown along with frames
154alb andubrsrisraresslzean BuTpethanysls e 4l hean e Biesetdholbethathrdmbtdmetendsalb. In

one embodimey e plating flyd chambet 8 2nncludes rsesped atear 0 acsommarla g rames

154alb and the membranes 126alb. The frames 154alb and corresponding membranes 126alb may
be attachedfiptienglanixigrinlidtcthanbee 0P 2keusihgtratealhybof fastehing dectveig s incildinll

mechanical fasteners [ 3 045], As. previgusly disc mbran 2 retain
most of thea[CJ a%g\gﬁ ugilcl?\?v%%l%nvlt%%é gﬁ%‘&%‘}ﬁ;? ecﬁg gbeQ#‘[Il v%\;g’llghgl ov%%gct 18%%2@?61%% So‘%% ggﬁ%ljg?ating
ions from tkeeeanvblesthe 4alitiraiksisiposvenin WigurthE By titentnio des i2dai baad dviive dnodbahambers

122alb can be attached tp the plating fluj Ramber 122¢ using mechanical,fast rs such SCrews.
oo o ARSIER R RO R RS 08 RS TRRIED 08 B30 S
124alb mayf ithel piteifeatsvantihat ZagiliTdis attaphitiguibhetanofie ad 24ahbetorthieanbsieachafthear

122alb. [0Q46] Because, substrate processing can be highly sensitive to contamination the choice of
matorial fo OBt A R L 1058 H O L Bee ESULE AR HeMicle. but are no
limited to, plEetijsFRgeatiey mapridisthat dowolcteattorentavatorntsl uwhenexpasad fimidn1 28
electroplating environment. One example of a plastic that can be used for the plating fluid chamber

122¢ and tHEBHbAR CREHIBE  MSHSTY id Do atbeidi B oiilis8the BsdHec e Yo HbumEsGhiring the

electroplating &esessioihelss oOfFaalear X substantalisleaie 1 Rplycahnnate otbarnade
chambers 122a/b enables visual inspection of the anodes to determine if an anode requires

replacemeffchiHausantss 14905l dheapseing meriecHota praidialsads arnlish capbrateetifsvever,
because thgsfipmesa4adbea& internahsamrengniz thadayghngasignd dransparent dyalitiegof

polycarbonate are not necessary. Thus, the frames 154alb can also be made from plastics such as
nylon. substrate is seen approaching the plating assembly 120. Before the substrate 150 enters the
plating meniscus 142, the plating meniscus is stable. In this case, a stable meniscus means
that the plating fluid 128 is contained between the porous plating inserts 140a/b. In one
embodiment the volume of the plating meniscus is about 70mL and the volume of the pre-
wet meniscus is about 8mL. Note that the volume of the plating meniscus and the pre-wet
meniscus can be dependent on the size of the substrate being processed. The volume of the

menisci can also vary based on the material being plated to the substrate and the speed of

the substrate through the processing assembly.



[0047] Figure 7 shows a schematic of the gripper 121 in accordance with one embodiment of the
present invention. In one embodiment the gripper 121 can include electrodes 180. The electrodes can
move from a first position not in contact with the substrate 150 to a second position contacting the
substrate 150. When contacting the substrate 150 the electrodes 180 may impart an electrical charge
that enables the substrate 150 to act as a cathode.1Blote that in some embodiments an electrical
charge is applied to the substrate 150 when the electrodes contact the substrate. In other
embodimefio®a¢ sledicicabshakgesOambecondsatie hiniilzensdasicocded2180 shay barnrFaantasBwith the
substrate 150 without passing a charge. %)‘5048] ii ure 8 shows a schematic of the gri erf%Zl, the
plating assBIER 1807 A8 1 UBLSHR Lo PP A LR RRBESHR S R SHYSY (8 priieine
invention. A&ubsiRis(h i sbewapaiitally nsaredundol tecplatipgassembiicl@d@phostlatyt a

gripper is not shown holding the substrate 150. The ?ri er 121 is shown on the output side of the
plating assBlHE 156d I%%‘E&éﬁ?p?é?tfﬂg Si9irate f?(%ﬁé@%ﬁ?%ﬁ{@?g%th%ﬁlﬂ?ﬁ%aﬁa{ﬁ% d&¥embly.

[0049] Figurgrd shewsaichemats efaniecsrsimaduiesd@2 iumhinsiudasthecniatingmasuigd 20 in

accordance with one embodiment of the present invention. The plating assegba/ is shown connected
o8

to the compitelqtethaIBliBa BEtRsZR the BEPRBERIOB Ak risprias b ORLLHE prsiig
assembly ayghatiachieq imiaciities JRAREIMGEsekilinfos the piatingAssarsbind 2Rt aeceptiagry

substrate 150 and output a plated, clean and dry is enabled by the integration of the rinse/dry head,

also knowrfkd & prasiedity metherhitRafie ¢f anwig taksdagnpiytatio rbye o aBIsHEh Y hetetiatdt iltegrating
the proximify hagad i AL S\Whsirale IRpsQASMARMAIDG.MAV st glﬁﬁﬁgre;sce@anéséﬁm@tion

either within the process station or within a separate process module. Because the substrate does not
need to traben¢ditatfother shatipliioranoguiechardingeotaine sobttige i® rétudechiapnl thapiesasteduce
the possibiw%ﬁdpggﬁg{ﬁ?g& Afapinants to the substrate. 15 Another benefit of integrating the

A

proximity head with t ating assembly may be the reduction in the physical footprint of the process

station andfdeéds thoduibodincet alsppanat€igrocess sibtithe onlpriogesES thodidievis ne torgkrrequired
to rinse/ dryi‘ﬁé"lif oPeS”?tteer%H?FF‘?rt cesBIRtonsyang %anpr%?gdsslﬁ#%d%%d@% REGORSBuSIRA o by

physically smaller. Alternatively, the space saved by integrating the proximity head can be used to add
different processstationstablewiregistose Apahatransntdigapeffarmhedividhaomptocasssn6daulend0051] In

another e %Lment the plating apparatus 120 can.be a de-plating apparatus. With minor
ol Gt Bty s R e
a substrateofngiteiial (i indeifieaiions maynaoiutie sbibi gt & erdipideid goneaisersing 2hk galariy of the

electrodes., Thus, the cathogde in the plating operatjon becomes an anode, for a de-plating operation.
Simlarly. 878 BOES) S5 R Ao WOALL At FAe e D e hess THB iy iing the
substrate apla@dendnidhemacse, sheapaldsief dieaplatingpanafe mayopenievarzed Eeswiingin the

plating anode becoming a de-plating cathode. Additional modification of the plating apparatus may be
necessary tHSHAR ﬁg-ﬁ‘fgﬁﬁﬂlt‘?nlzﬁadﬁﬁdtrﬁégﬁig%ﬁiB@lﬁg r@ﬁ%?fé@&é@o@‘b%a‘@&g‘ﬂf‘fﬁ]é’ecfe-plating

process. [00§3)/F wthenduinhae-plating, thedssubstrateszasy be piaagiikinfherRenissusingmany
ways. For instance, the substrate can first be placed in a de-plating position and then the de-plating

meniscus cHPRERETRAE G Bt RRs 1o 1 5148 sl BIRIRRIG A 11eB!H PIARCEBSBISEYS The de-plating
meniscus q@0seRafopRet sl 2ddhendng suRstiigienaced iR HadReRiEeHsbly 120 in

accordance with one embodiment of the present invention. Visible in Figure 6A is the top
section 120a, mid-section 120b and bottom section 120c. In the embodiment shown in
Figure 6A the anode chamber 122a and 122b are shown connected to the plating fluid
chamber 122c. The substrate 150 can be seen partially inserted into the substrate path 190.
Also shown on the embodiment of mid-section 120b are multiple ports to the interior
chambers of the plating assembly 120. Note that the ports shown in Figure 6A are
exemplary and should not inclusive of the possible ports on the plating assembly 120. The
ports can be used to supply the curtain gas or processing fluids such as de-ionized water,

isopropyl alcohol, carbon dioxide, inert gases, or plating fluid. The ports can also be used to



[0053] In another embodiment, the substrate, once in the de-plating position, can be moved or
traversed in a direction, and the direction can either be linear or rotation. The handling of the substrate
can therefore take on many forms and the connections to the substrate can be made such that the
electric connection is moved or shifted to enable full de-plating of the material, even when the
substrate is handled by a charged handler. The hamgiler can take on many forms, and such forms may
include rollers, grippers, plurality of pins or rollers with metallic connections at contact regions, such
that the suldsirate candaenstppartednitdhspaciel], rotatqdaaing aembvise HE)dato{@aSddvar additional
information, Wgaq.respect to the proximity head noted abov%dfréefer ce cgn be madE to.an e>‘<§ plary

proximity hE8H S8 -d &I B%aS ﬂglﬂ}. LSQISEN .tol%%l, 772 50 Blgr?ge%f ?ﬁt?grag,s )03 and
entitled "MEJiiD{ 8 ORIV cERbR R @ INPIE S thildnAN T AND IR | MGduTEhis b BoRiBdeiie,

Application, which is assigned to Lam Research Corpgoratiaon, the assignee of the subject application,
is incorporéfead%étriﬁtﬁx)’/‘%e@}gﬁ]&%PE@B@%]E‘?SSPE’&Eil%%aﬁ%f%‘?’f‘n%ﬁ%ﬂté%ﬂfﬂfﬁ hBegdatsth henisci,

reference ca® keatadRl todhrexanpiacs meniseus sasdisanses ifidd InRRRNE AP PHSRTIR Ne.
10/330,843, filed on December 24, 2002 and entitled "MENISCUS, VACUUM, IPA VAPOR, DRYING

MANIFOLDNtegRed Bith At Appstitatortchinereishiagigrrdites L shirisab Sethenirpbralishinge
assignee offfgugubiact apRlicAtAR pRincoRRIAtedRelsiRily farenrRalAQR6 Kobadaiin g,

information with respect to fluids, reference can be made to the exemplary processes and systems, as
disclosed ifUtkRt rassirag dreation centolled Phsngiirad &5 AckisEedolpons shtPedimer. the

"PROCESSER O anftedifeVin BORENGINEENG MbPRAER wHREAGMFRRGARLAGNE
METAL DEPOSITION". This U.S. Patent Application, which is assigned to Lam Research Corporation,

the assignadtes trepdiibleanssplicatioeOiRpintorpirenBtihaYdinT Byerafardeivaen{UoBF Hehapiional

information abit gglildﬁsse[tﬁgeeﬂﬁgegan be made to the exemplary processes and systems, as
disclosed in U.S. Patent Application No. 11/514,038, filed on August 30, 2006 and entitled

"PROCES$BHA Nz 8Y SB-MOWOR ERGINEERING ABPaRRIFRYG URMKCEPFORIQO PRERN

D s Ty e I 1 RO o A it
is shown along with frames 154a/b and membranes 126a/b. The frames 154a/b can be used
to hold the membranes 126a/b. In one embodiment the plating fluid chamber 122c¢ includes
recessed areas to accommodate the frames 154a/b and the membranes 126a/b. The frames
154a/b and corresponding membranes 126a/b may be attached to the plating fluid chamber
122c¢ using a variety of fastening techniques including mechanical fasteners, adhesives, etc.
[0045] As previously discussed, the membranes 126a/b retain most of the plating fluid
within the plating fluid chamber while allowing the passage of electroplating ions from the
anodes 124a/b. As shown in Figure 6B, the anodes 124a/b and the anode chambers 122a/b
can be attached to the plating fluid chamber 122c¢ using mechanical fasteners such as
screws. In other embodiments different fastening techniques may be used such as adhesives.
The anodes 124a/b may include features that facilitate attaching the anodes 124a/b to the
anode chamber 122a/b.
[0046] Because substrate processing can be highly sensitive to contamination the choice of
material for the plating fluid chamber 122¢ and anode chambers 122a/b can include, but are
not limited to, plastics and other materials that do not create contaminants when exposed to
an electroplating environment. One example of a plastic that can be used for the plating
fluid chamber 122¢ and the anode chamber 122a/b is polycarbonate. Because the anodes are

consumed during the electroplating process, the use of a clear or substantially clear



[0058] For additional information about fluids, reference can be made to the exemplary processes and
systems, as disclosed in U.S. Patent Application (Attorney Docket No. LAM2P568C), filed on August
30, 2006 and entitled "PROCESSES AND SYS 'EMS FOR ENGINEERING A SILICON-TYPE
SURFACE FOR SELECTIVE METAL DEPOSITION TO FORM A METAL SILICIDE". This U.S. Patent
Application, which is assigned to Lam Research Cadporation, the assignee of the subject application,
is incorporated herein by reference. [0059] For additional information regarding plating fluids, plating
materials op¢liatanigpaatetfonsheciareiocehaavde hiRdéterdiidaxemplaiyspoltitonsfasclisaddseddn U.S.

Patent Appljcati No. 11/382,906, filed May 11, 2006 and entjtled "PLATING SOLUTION FOR
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reference. the toughness and transparent qualities of polycarbonate are not necessary. Thus, the frames
154a/b can also be made from plastics such as nylon.
[0047] Figure 7 shows a schematic of the gripper 121 in accordance with one embodiment
of the present invention. In one embodiment the gripper 121 can include electrodes 180.
The electrodes can move from a first position not in contact with the substrate 150 to a
second position contacting the substrate 150. When contacting the substrate 150 the
electrodes 180 may impart an electrical charge that enables the substrate 150 to act as a
cathode. Note that in some embodiments an electrical charge is applied to the substrate 150
when the electrodes contact the substrate. In other embodiments the electrical charge can be
controlled so the electrodes 180 may be in contact with the substrate 150 without passing a
charge.
[0048] Figure 8 shows a schematic of the gripper 121, the plating assembly 120, and the
substrate 150 in accordance with one embodiment of the present invention. A substrate 150
is shown partially inserted into the plating assembly 120. For clarity, a gripper is not shown
holding the substrate 150. The gripper 121 is shown on the output side of the plating
assembly 120. In this example, the substrate 150 has not emerged from the plating
assembly.
[0049] Figure 9 shows a schematic of a process module 102 that includes the plating
module 120 in accordance with one embodiment of the present invention. The plating
assembly is shown connected to the computer 106. Also connected to the computer 106 are
grippers 121. Ports on the plating assembly are attached to facilities.
[0050] The ability for the plating assembly 120 to accept a dry substrate 150 and output a
plated, clean and dry is enabled by the integration of the rinse/dry head, also known as a
proximity head, with the plating assembly 120. One of the many benefits of integrating the
proximity head is that the substrate does not need to be moved to a separate clean/dry
station either within the process station or within a separate process module. Because the
substrate does not need to travel to another station or module handling of the substrate is

reduced and that can reduce the possibility of introducing contaminants to the substrate.



[0060] Additional information regarding plating fluids and plating solutions can be found by referencing
the exemplary solutions as disclosed in U.S. Patent Application No. 11/472,266, filed on June 28, 2006
and entitled "PLATING SOLUTIONS FOR ELECTROLESS DEPOSITION OF COPPER". This U.S.
Patent Application, which is assigned to Lam Research Corporation, the assignee of the subject
application, is incorporated herein by reference. [0061] Aspects of the control, programming or
interfacing may be practiced with other computer system configurations including hand-held devices,
microproceasortsysbenesit noicineirassgaibdasei mitpragidmmhable qaasugesseieblyomes,be the
minicomputers, mainfrargye cgmpuﬁfs and the Iiﬁae. The invention maialso be prag%%edsin distributing
computing léer‘iklfﬁgﬂ%ght WREPS'TASKS %{P&B}eﬁgr %d’%ﬂ??%sm%f‘él?ﬂo%ré ﬁﬁ%?@vfﬁlg at-2r&Sirdked
through a nepapit. pEsie23 Withotherahove embadienients ionyindedusbouldhedodenstont dhakthe
invention may employ various computer-implemﬁnted operations involving data stored in c?mputer

systems. THESE Q5SFatlBNens it H¥e RS ERAY AP ¥R NSRS Ionb4iRaY HeathtitEe igsually,
though not AreezsAkly, thespdeamiiesyiake dheifermegielaatiical-an MagneticsigNala aapable of

being stored, transferred, combined, compared, and otherwise manipulated. Further, the

manipulatidheSeHERHEY aHe BRsmare PRer 1 RS b Petferad pruBinci orfsh iy determining, or

comparing (8¢ IARnahthe-arp@HRme, dgscphed Nersinihal formn Rartsefl thedyentigp grgingeful
machine operations. The invention also relates to a device or an apparatus for performing these

operations AP HphaPaiilisTAES BROSHBCIHIN CORStRIRIBE DMLY JUPeRBURSOLES SUEHYehe carrier
network disqussed ARRYE! AFdhMAY BEAGeTSABURASSRMRUIEE SElsalivelARiAPtheraenfigured

by a computer program stored in the computer. In particular, various general-purposemachines may
be used witvcafipureliptbetainsondangd iz cotaanceiwihn HecteadshingBtetbin cathpdady Beemore

convenien f&t%%%%gé{ﬁhﬁr{‘i)g%%ﬁ@?ﬁl‘?‘ﬁﬁ‘éﬁe%%rﬁé%?&Hﬂ%eé[)%'iﬂhﬂ?f? §%ﬂﬂ£[ﬁ'9 %eeg%ihqﬂj 4PaRA] The

invention can al e embodied as computer readable code on a computer féadable medium. The
computer rebatgbleppiditoritis sutypidaitarstoralge bievdtershdt harebyorakdagthehidistcain thevealter be

read by a Cﬁl%%}%o%g,s E%g'l pgﬂ%&o{ﬂp %ﬁtéa'&)ﬁgﬁ‘l‘?ga tggoﬂ]eegilg}rfn be reversed resulting in the plating

anode becoming a de-plating cathode. Additional modification of the plating apparatus may
be necessary to enable de-plating including modifications to remove gaseous byproducts of
the de-plating process.

[0052] Further, during de-plating, the substrate can be placed within the meniscus in many
ways. For instance, the substrate can first be placed in a de-plating position and then the
de-plating meniscus can be activated and allowed to be placed over the surface of the
substrate. The de-plating meniscus can also be formed first, and then the substrate is placed
into the meniscus.

[0053] In another embodiment, the substrate, once in the de-plating position, can be moved
or traversed in a direction, and the direction can either be linear or rotation. The handling
of the substrate can therefore take on many forms and the connections to the substrate can
be made such that the electric connection is moved or shifted to enable full de-plating of the
material, even when the substrate is handled by a charged handler. The handler can take on
many forms, and such forms may include rollers, grippers, plurality of pins or rollers with
metallic connections at contact regions, such that the substrate can be supported,
transported, rotated and otherwise handled.

[0054] For additional information with respect to the proximity head noted above, reference

can be made to an exemplary proximity head, as described in the U.S. Patent No.



18 can also be distributed over a network coupled computer systems so that the computer readable
code is stored and executed in a distributed fashion. [0065] Although the foregoing invention has been
described in some detail for purposes of clarity of understanding, it will be apparent that certain
changes and modifications may be practiced within the scope of the appended claims. For instance, in
another embodiment, a meniscus can be formed taléhe size or larger than the substrate, and the
substrate can be exposed to the meniscus in a clam shell operating-like process (to either one or both
sides of the gillostiate)sstibé olarBeplatitapedattingdikedracaksl cavirisoixe rased ke prlateMiney entire

face of the substrate, if the substrate js first place in positi then a fluid is allowed to contact
the SubsraL LT COT LB st 0 COBR RIS T ORGSR A ATl e

plating assemiphyrisisnodiiedsignsizst, thandbieg: apysliostssmpofhcAgrentiaglyrdinshotdttRadsnderstood
that many madification, ﬁ.e.rmutations, adjustments and configuration are possible, so long as the basic

elements ofifRPdiEfhadditiogal MEdrpAian REALIARE TN ROHABL B HIASLIF B FoSRFETAR MRLNAAG to

application{0QeEIPEErHinakcu e PEsasi/MpadingnisAra fpIRaEaNsidener:as, tistatiye,and not
restrictive, and the invention is not to be limited to the details given herein, but may be modified within

the scope aMFERbA8n D87 tRedagipilide MRS 1 ¥ €1AINISP A XARRN SRION GBI XM E S Bostrate,

COmMPrisingThis U.S. Patent Application, which is assigned to Lam Research Corporation, the assignee
of the subject application, is incorporated herein by reference.
[0056] For additional information with respect to fluids, reference can be made to the
exemplary processes and systems, as disclosed in U.S. Patent Application No. 11/513,634,
filed on August 30, 2006 and entitled "PROCESSES AND SYSTEMS FOR ENGINEEING A COPPER
SURFACE FOR SELECTIVE METAL DEPOSITION". This U.S. Patent Application, which is
assigned to Lam Research Corporation, the assignee of the subject application, is
incorporated herein by reference.
[0057] For additional information about fluids, reference can be made to the exemplary
processes and systems, as disclosed in U.S. Patent Application No. 11/514,038, filed on
August 30, 2006 and entitled "PROCESSES AND SYSTEMS FOR ENGINEERING A BARRIER
SURFACE FOR COPPER DEPOSITION". This U.S. Patent Application, which is assigned to Lam
Research Corporation, the assignee of the subject application, is incorporated herein by
reference.
[0058] For additional information about fluids, reference can be made to the exemplary
processes and systems, as disclosed in U.S. Patent Application (Attorney Docket
No. LAM2P568C), filed on August 30, 2006 and entitled "PROCESSES AND SYSTEMS FOR
ENGINEERING A SILICON-TYPE SURFACE FOR SELECTIVE METAL DEPOSITION TO FORM A METAL
SILICIDE". This U.S. Patent Application, which is assigned to Lam Research Corporation,
the assignee of the subject application, is incorporated herein by reference.
[0059] For additional information regarding plating fluids, plating materials or plating
solutions, reference can be made to the exemplary solutions as disclosed in U.S. Patent

Application No. 11/382,906, filed on May 11, 2006 and entitled "PLATING SOLUTION FOR

ELECTROLESS DEPOSITION OF COPPER". This U.S. Patent Application, which is assigned to



providing a plating assembly having a plating source in a plating fluid and a plating facilitator in the
plating fluid,; defining a plating meniscus between the plating source and the plating facilitator, the
plating meniscus being contained in a path of the plating assembly; traversing a substrate through
the path of the plating assembly, the substrate being charged so that plating ions are attracted to a
surface of the substrate when the plating meniscuslis present on the surface of the substrate, and the
substrate traversing through the path of the plating assembly enables plating across the surface of the
substrate; dnath Rededubiappomtionnthbargesirdns pathsuianeabysiphaibng inarisqusdsdolsres, such
that charge from the plating source is substantially uniformly directed toward the plating facilitator as
the substraté th ?g%%arged moves through the path of the plating assembly. 2. The method for

plating a sybeyete\agitreitedrifoaiainvd redaedain Hietinaifonmachaags g agammapolarity asuhe
substrate being charged. 3. The method for plating a substrate as recited in claim 1, further

comprisingPProFASHTRY B rElo & ATALANG SORHRR a2 rdHrlesrt i clsScohttfAb o AR iolh NP the
plating assemb}y; 2481 filedraversing 1Re Burstiatedntritae prawet Meniseisheirre iersybsikate

encounters the plating meniscus. 4. The method for plating a substrate as recited in claim 1, further

comprisingPEPOSITION OF copPPER". This U.S. Patent Application, which is assigned to Lam Research
Corporation, the assignee of the subject application, is incorporated herein by reference.
[0061] Aspects of the control, programming or interfacing may be practiced with other
computer system configurations including hand-held devices, microprocessor systems,
microprocessor-based or programmable consumer electronics, minicomputers, mainframe
computers and the like. The invention may also be practiced in distributing computing
environments where tasks are performed by remote processing devices that are linked
through a network.
[0062] With the above embodiments in mind, it should be understood that the invention
may employ various computer-implemented operations involving data stored in computer
systems. These operations are those requiring physical manipulation of physical quantities.
Usually, though not necessarily, these quantities take the form of electrical or magnetic
signals capable of being stored, transferred, combined, compared, and otherwise
manipulated. Further, the manipulations performed are often referred to in terms, such as
producing, identifying, determining, or comparing.
[0063] Any of the operations described herein that form part of the invention are useful
machine operations. The invention also relates to a device or an apparatus for performing
these operations. The apparatus may be specially constructed for the required purposes,
such as the carrier network discussed above, or it may be a general purpose computer
selectively activated or configured by a computer program stored in the computer. In
particular, various general-purpose machines may be used with computer programs written
in accordance with the teachings herein, or it may be more convenient to construct a more
specialized apparatus to perform the required operations.
[0064] The invention can also be embodied as computer readable code on a computer
readable medium. The computer readable medium is any data storage device that can store

data, which can thereafter be read by a computer system. The computer readable medium



providing a rinse and dry area in the path of the plating assembly; and traversing the substrate into
the rinse and dry as the substrate exits the plating assembly. 20 5. A method for plating a substrate,
comprising: forming a meniscus from a electrolytic fluid, the meniscus being formed between a
plating source and a plating facilitator; moving a substrate through a path that intersects the
meniscus, the substrate being charged so that platit8g material in the plating fluid are attracted to a
surface of the substrate when the meniscus is present on the surface of the substrate, and the
substrate neariatdhbeudiktiitemenisaus enabiels plaipiglacsogsithie suréace wf thet shbstoatenand

iljlrﬂ?(;ir?]glyya d&%@(()ﬁﬁt%@g&h ﬁi?%%ﬂjﬂ%?ﬁf%ﬁ%%hﬁ gigﬂt%@g 5[1%1111 .the plating source is substantially

[0065] Although the foregoing invention has been described in some detail for purposes of
clarity of understanding, it will be apparent that certain changes and modifications may be
practiced within the scope of the appended claims. For instance, in another embodiment, a
meniscus can be formed to the size or larger than the substrate, and the substrate can be
exposed to the meniscus in a clam shell operating-like process (to either one or both sides
of the substrate). The clam shell operating-like process can also be used to de-plate the
entire surface of the substrate, if the substrate is first place in position and then a fluid is
allowed to contact the substrate surface. In such embodiments, the substrate is provided
with electrical contact and the plating assembly is modified for size, handling, and/or
support. Accordingly, it should be understood that many modification, permutations,
adjustments and configuration are possible, so long as the basic elements of the claims that
are appended hereto are understood in their broadest terms and application.

[0066] Accordingly, the present embodiments are to be considered as illustrative and not

restrictive, and the invention is not to be limited to the details given herein, but may be

modified within the scope and equivalents of the appended claims.



6. A method for plating a substrate as recited in claim 5, wherein charge distribution between the
plating source and the plating facilitator is kept substantially uniform both when the substrate is moved
through the plating meniscus and when the substrate is not exposed to the plating meniscus. 7. A
method for de-plating a substrate, comprising: forming a meniscus from an electrolytic fluid, the
meniscus being formed between a first metallic matérial and a second metallic material; and

placing the substrate at a location that intersects the meniscus, the substrate being charged so that
metallic material from a surface of the substrate g gitiggied away from the surface of the substrate
and toward one of either the first metallic material or the second metallic material. 8. A method for
de-plating a substrate as recited in claim 7, further comprising: charging the first metallic material to be

a cathode; f\nd Aqﬁg&g}gg@ggﬂggg%%%gé%lﬁgﬁgﬂ%:materiaI to be an anode, such that metallic

material from the surface of th trate Is removed through the electrolytic fluid of the meniscus and
moved toward thepfipsidingtalidatgesggmbly having a plating source in a plating fluid and a plating

facilitator in the plating fluid;

defining a plating meniscus between the plating source and the plating facilitator,
the plating meniscus being contained in a path of the plating assembly;

traversing a substrate through the path of the plating assembly, the substrate being
charged so that plating ions are attracted to a surface of the substrate when the plating
meniscus is present on the surface of the substrate, and the substrate traversing through the
path of the plating assembly enables plating across the surface of the substrate; and

inducing a uniform charge in the path where the plating meniscus is formed, such
that charge from the plating source is substantially uniformly directed toward the plating

facilitator as the substrate that is charged moves through the path of the plating assembly.

2. The method for plating a substrate as recited in claim 1, wherein the uniform charge

has a same polarity as the substrate being charged.

3. The method for plating a substrate as recited in claim 1, further comprising:
providing a pre-wet fluid and forming a pre-wet meniscus contained in the path of
the plating assembly; and
traversing the substrate into the pre-wet meniscus before the substrate encounters

the plating meniscus.

4. The method for plating a substrate as recited in claim 1, further comprising:
providing a rinse and dry area in the path of the plating assembly; and
traversing the substrate into the rinse and dry as the substrate exits the plating

assembly.



9.A method for de-plating a substrate as recited in claim 7, further comprising: charging the second
metallic material to be an cathode; and charging the substrate and the first material to be an
anode, such that metallic material from the surface of the substrate is removed through the electrolytic
fluid of the meniscus and moved toward the second metallic material.
20
5. A method for plating a substrate, comprising:
forming a meniscus from a electrolytic fluid, the meniscus being formed between a
plating source and a plating facilitator;
moving a substrate through a path that intersects the meniscus, the substrate being
charged so that plating material in the plating fluid are attracted to a surface of the substrate
when the meniscus is present on the surface of the substrate, and the substrate moving
through the meniscus enables plating across the surface of the substrate; and

inducing a charge through the meniscus, such that a charge from the plating source

is substantially uniformly directed toward the plating facilitator.

6. A method for plating a substrate as recited in claim 5, wherein charge distribution
between the plating source and the plating facilitator is kept substantially uniform both
when the substrate is moved through the plating meniscus and when the substrate is not

exposed to the plating meniscus.

7. A method for de-plating a substrate, comprising:

forming a meniscus from an electrolytic fluid, the meniscus being formed between a
first metallic material and a second metallic material; and

placing the substrate at a location that intersects the meniscus, the substrate being
charged so that metallic material from a surface of the substrate is attracted away from the
surface of the substrate and toward one of either the first metallic material or the second

metallic material.

8. A method for de-plating a substrate as recited in claim 7, further comprising:
charging the first metallic material to be a cathode; and
charging the substrate and the second material to be an anode, such that metallic
material from the surface of the substrate is removed through the electrolytic fluid of the

meniscus and moved toward the first metallic material.
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9. A method for de-plating a substrate as recited in claim 7, further comprising:
charging the second metallic material to be an cathode; and
charging the substrate and the first material to be an anode, such that metallic
material from the surface of the substrate is removed through the electrolytic fluid of the

meniscus and moved toward the second metallic material.



