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SEM CONDUCTOR WAFER AFTER CHEM CAL MECHANI CAL POLI SHI NG BACKZRMagh 2904THE
INVENTION 5 1. Field of the Invention The present invention relates
generally to sem conductor wafer cleaning and, nore particularly, to post
chem cal nechani cal polishing (CWP) copper cleaning. 2. Description of the
Rel ated Art 10 In the fabrication of sem conductor devices, there is a need
to perform chem cal nechani cal polishing (CVW) operations and wafer
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Figure 1A shows a cross-sectional view of a wafer having a copper layer 104

25 deposited over the top surface of the wafer. An oxide layer 100 is deposited over a
semiconductor substrate (not shown). Well-known photolithography and etching techniques
may be used to form patterned features in the oxide layer 100. Next, the top surface of the
wafer is coated with a copper layer 104 and the patterned features are thereby filled with
copper to form copper lines 102.

30 Figure 1B shows a cross-sectional view of the wafer of Figure 1A after the top
surface has undergone a chemical mechanical polishing (CMP) operation. The top surface is

polished until the top surface is planar and the oxide layer 100 is exposed.



deposited over the polished top surface of the wafer. Well-known
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Sever all5i nvent Unfortumatshih dleli raugh sopfer oRisle Jaxes dAb cpippd by ithh CHHR opraation may

bel ow. cause processing flaws. The damaged wafer surface, for example, may result in vias that

form inadequate bonds to metallization features. In other words, the rough copper oxide

layer 110 creates adhesion problems at the contact area between the conductive via 122 and

the copper line 102. The adhesive strength at the contact area is diminished where the left

20 over copper from the CMP operations interferes with the adhesive bond between the barrier

layer 120 and the copper line 102. Thus, the barrier layer 120 will not form an adequately
adhesive bond with the copper line 102.

Another fabrication problem created by a typical CMP operation is faulty electrical

connections between vias 122 and copper lines 102 caused by the rough copper oxide layer

25 110. For instance, the rough copper layer 110 may increase the resistance of the connection

between the copper lines 102 and the conductive vias 122 to an unacceptably high level. A

resistance that is too high for one via connection will cause an entire semiconductor device

to be inoperable or produce slower devices. As can be appreciated, the fabrication process

becomes very costly when a multitude of devices must be discarded due to faulty electrical

30 connections between vias and copper lines.



In one enbodi nent, a nmethod is provided for cleaning a surface of a

sem conduct or wafer after a CWVP operation. An inproved cIeahﬁHMa@ﬁéﬁpéal
(ICC) is applied to the surface of the wafer. The ICCis configured to
transforma small portion of copper filmon the surface of the wafer into a
wat er soluble form T he wafer surface is scrubbed. The wafer is 15 then
rinsed with a liquid. The rinsing is configured to renove the water sol uble
copper fromthe surface of the wafer and the brush, wherein the applying,
the scrubbing, and the rinsing can be performed in a brush box or agghother
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15 then rinsed with a liquid. The rinsing is configured to remove the water soluble copper from
the surface of the wafer and the brush, wherein the applying, the scrubbing, and the rinsing
can be performed in a brush box or any other brush cleaning apparatus.

In another embodiment, a method is provided for removing surface materials from a
wafer after a CMP operation. The wafer is scrubbed with an oxide etching chemical or HF

20 to etch a small amount of silicon dioxide. The wafer is then scrubbed with deionized (DI)
water to rinse the oxide etching chemical and/or HF. Next, the wafer is scrubbed with an
improved cleaning chemical (ICC) after the scrubbing with the DI water. The wafer is then
scrubbed with DI water after the scrubbing with the 1CC.

In yet another embodiment, a method of treating a surface of a substrate is disclosed.

25 The method includes: (a) transforming a copper film on the surface of the substrate into a
water soluble form; (b) scrubbing the surface of the substrate with a brush; and (c) rinsing
the substrate with a liquid, the rinsing being configured to remove post-CMP residues, the
ICC, and the water soluble copper from the surface of the substrate and the brush.

Advantageously, the present invention provides a method for cleaning and treating a

30 semiconductor wafer after a CMP operation. The method includes operations for cleaning

embedded and left-over copper (Cu) material from a CMP operation. As discussed in the

background, left-over copper may cause a decrease in adhesive strength of bonds between



5 Anot her advantage of the present invention is the renoval of surface
corrosion of the copper lines. As the ICC cleans the wafer SAMawh2004 al so
renoves unwant ed corroded copper. Still another advantage is the prevention
of future corrosion of copper lines. By providing a | ayer of copper oxide
over copper features, the nethod protects the copper features fromfuture
corrosion. Note that copper oxide (CuOx) is far |less susceptible to 10
corrosion than pure copper (Cu) lines. 4Additionally, the brush life can be
extended since the cleaning techniques, and particularly the use of the
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20 BRIEF DESCRIPTION OF THE DRAWINGS

The present invention will be readily understood by the following detailed

description in conjunction with the accompanying drawings, in which like reference
numerals designate like structural elements.
Figure 1A shows a cross-sectional view of a wafer having a copper layer deposited
25 over the top surface of the wafer.
Figure 1B shows a cross-sectional view of the wafer of Figure 1A after the top
surface has undergone a chemical mechanical polishing (CMP) operation.
Figure 1C shows a cross-sectional view of the wafer of Figure 1B after a metal via

has been formed to make contact with the copper line.



15 DETAI LED DESCRI PTI ON OF THE PREFERRED EMBCDI MENTS An i nvention for

met hods for cleaning a surface of a semiconductor wafer aftel9 Mamhi20684
mechani cal polishing (CVWP) with the use of an inproved cl eaning chem cal
(ICC) is disclosed. In the follow ng description, nunmerous specific details
are set forth in order to provide a thorough understandi ng of the present
invention. It will be understood, however, 20 to one skilled in the art,
that the present invention may be practd ced wi thout sone or all of these
specific details. In other instances, well known process operations have
not been desch@eﬂ1shcebestaahighrlewerblsdmmanotdlagbam@ﬁ@d@gwi mechnniel palishing
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invention. The wafer cleaning system 320 typically includes an input
station 300SGHeMENHOD| urality of wafers nmay be inserted for cleaning

t hrough the system after the wafers have undergone CMP operations. Once the
wafers are inserted into the input statlon 300, a wafer na be taken from
the inpat stati DETAIDERRESCRIBTIONOY AH D PRIFHRE ENdi¥ ai ns a 10
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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.

Figure 2 shows a high-level schematic diagram of a chemical mechanical polishing
(CMP) system 202, and a wafer cleaning system 320, in accordance with one embodiment of

25 the present invention. After a semiconductor wafer undergoes a CMP operation in the CMP
system 202, the wafer is cleaned in a wafer cleaning system 320.

The wafer cleaning system 320 contains a first brush box 204a and a second brush
box 204b. The wafer enters the first brush box 204a, where cleaning operations, such as
brush scrubbing and rinsing, may be performed on the wafer. The wafer may then proceed

30 to the second brush box 204b where additional cleaning operations may be performed on the
wafer. Alternatively, after cleaning operations in the first brush box 204a, the wafer may

proceed directly to subsequent operations 208, such as spin, rinse, and dry. After the



about 100 and 400 revolutions per mnute, and then is spun to dry. After
the wafer has been placed through the SRD station 304, an undoMarchaRBs er
310 takes the wafer and noves it into an output station 306. The cl eaning
system 320 is programmed and controlled fromsystem el ectronics 308. 20
Figure 4A shows a flowhart of a nethod of perform ng cl eaning operations
on the wafer in a brush box, in accordance with one enbodi nent of the
present invention. The method starts i@ operation 402 where a wafer is
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preferred purEx(;se of the HZOz conponent _is to act aa an oxi qlﬁﬁif%g)%?nt'
The DI waBBEuRG! 8@HbHEnt Thaeaningsyska ) ismreerammed and gpnirglish fr cm
conposi ti %[ch?{mib@’ inthe ICC solution is preferably between about 0.035
wei ght percent and about 0.21 weight percent, nore preferably between about
0. 05 wenght peFigm¢ 4Andowbaulovichartwdiaghtthpd ot performangiclaayng pparsieonssinythabout

0.07 wei ght percent., The conposition.of EDTA is eter abl > ahout
0.005 wei dﬁ‘tfgp‘&r%glﬁ‘ﬁh bi% Boaeheoig O\REiCSWPd%e?‘EQE?'}G %%’%Pglﬁ‘%‘ﬁ@?%bﬁ@g
bet ween abgufioDstAeH HRELRdY 402MeIRRE aaih(ﬂerabgkﬂvi&dqgatvﬁis ahdeppsiicd @0pperdibr MoSt
preferably about 0.01 weight percent. The H202 conposition js contained in

the sol ut jover prida etehedofeaiuagsat iAFeoperntionedd) thiatvafercisnibenisubisaicd ai s GME | on

of H202 to Dl ..water by vo L | : 30 and about

1: 200, m)rogerﬁpce”fl Eeorrg 0¥e 6%4 ﬁlggar{izgggéﬂa%% tgen{}j)ﬁ%tg%%?[b O?Eé%g%?:e}'and nost
preferalgly abowuts disclidfdd aBOvel iesCMPhgperatsi isdikefyatoroatkelififedaltions mthe entatns
NHAO0H i n about 0,07 wei ght percent, EDTA La g@gut 0, 01 mﬁ%ﬁpt perﬁﬁntq and
a vol uret ff he wakiep insuchpacpay thapyiayaees potsptiaffyolorm inadsguateshoss fo mgtalfizatign
CONMpOSi t i QR [ RUOYES nBGUEEIFiBhRYY 2389 AANISpRIDS Aathcdl Rititreh R the 28 ARIGEN
2004 8 angstrons of copper oXide fromthe surface of the water as the
brushes nekewafentaptvant sichthfabuedtion flewr f ace for a predeterm ned period of
time. In other words, the solution transforns the copper |ayer to copper
oxide, turns the top layer into a water soluble form and the water sol uble
formis rinsed away in operation 410, as discussed below 5 The tine of
brush contact with the surface of the wafer is preferably between about 20
seconds and about 50 seconds, nore preferably between about 30 seconds and
about 40 seconds, and nost preferably about 35 seconds. \Wen the tine of
brush contact is about 35 seconds, about 100 angstrons of copper oxide is
renoved fromthe surface of the wafer. After applying the ICC, the nethod
noves to operation 410 where the wafer is rinsed 10 with DI water to renove
t he wat er sol ubl e copper and copper oxide fromthe wafer surface and the

cl eaning system (i.e., the brushes). The nethod preferably | eaves between
about 5 angstronms and about 30 angstrons of copper oxide on the top surface

Y Y o, Y N o A~ o



proceed to operation 412 where the cl eaned wafer is stored. The foregoing
process may be repeated for any additional wafers. The net ho'%?Mﬁbeﬁpg"f
enbodi ment can be perfornmed in any cl eaning system whether or not the

cl eani ng system uses a brush box or other type of cleaning apparatus. 20
Figure 4B shows a flowhart of a nethod of perform ng cl eaning operations
on the wafer using two brush boxes, in _accordance with one enbodi nent of
the present invention. The preferred pdrpose of the first brush is to clean

the silicon dioxide |layer and renove a controlled anount of the cogiiper
| ayer. It shouCehtimeingdhe discusaionof Eigusnbdaattes thedgMFeapersiirnaf Q4 4bs Waler i nor e
than just cleaning trace ampunts of co the I Y% d
copper ZSPIH‘A‘E‘@BitQIE.‘ Clleﬁgmgrsé’?tgplr &O%ﬁ?%&(;nggﬁ%f 1o lgecg%g%}bgrﬂgﬁ o%llﬁl?rg{’qto
cl ean t hegsipfidAeiRnftaltl(fECYR pplivdhid e cLases g thchwafer us ressform & hep beeooid

brush box. The nmethod starts in operation 502 inhere a \Aﬁ.f.er }i1$ rov#(g{ted
that has eopgepmdd eemterciobiie faper Thy 8rC anayadse be paef oofciialg ! CIWPIl%g i on
504, the wa hS. L he j.ec p ' P ilceiane and &pgpari ze
a top Iiy%orsft'gl\df H%SI%‘éag’oi# eag %%Syp?rgrtﬁgggg ° Tﬁ%asggﬁ%e%hoc? then moves to the
cl eani ng ghRHLOR tiasPahddino pester GdBbledematn omsr tooremorat cohleolledramopat of t he

Above. | cwppRhirem thomuiane abe o e Rl atcor LA Cl i 1T B0 FResSe
i ntr Oducegxi?ﬂéo% rrogft;{,]% @ﬁg@@égﬁbﬁ%&&ﬁ t!gpp%} 60k (CueYSs tm%actmddwﬁacfuumn

brush box; operation $08 where an ICC is apgl ied to the
vaf er usi pgidbingsdpest. oA striveg Eliclaing agers in exI GG it cvrnbioktiotowith & veaak icbelatinbpper

material into a water, soluble_ for The copper.nateriak is tr 0 into
et 670 sabpe 8 PofFmeriCeR GUPVE Bhe g0 ETaRg ot TR alnBuliio? SpheaE NP6
from the &%LJ@&%:&E tﬁ@ﬁfr‘e?cfs%f-thér ReafteCiinbAembbGimehE W Vidigolliig BOPRRINAT

a re

di scussed ove Wth erence to operation 408 of Fi gure 4A. Next, in
oper at i ono&iflzing dgeniehatis applipd b eraybifythe 1GHs thei asravat PF eerpehexide deft oprthsh

b h brush box. | he.
oper at | onsusse ARGV AR 6oL bt Bl PAEFE SRRy opiupk IF REAORe TRUR e

usi ng brushegn@iiarhiie S@5R06E REUSBDIPY. | An GligeRativo 1 EBAM Ccie beafoerexsmpleace
and cl ean the brushes of copper. The second |ICC may contain the sane

cheni cab owalisawidi on as the ICCin the first brush box. Regardl ess of the
chem cal conpositiop, v r u t e g i's
to clean the b t‘%ﬁgg %C;f?&(l:opgléc?er%ﬂgg C@E‘ ﬁ!an(rg Iﬁaﬁ?%irqi al's t’h%olr’rg?drs]‘%\@ bee@)

cl eaned f pamrt Mae pasffetcdpirperef tHONAMGH@apoden GOo &t py & fvenlabhefatngpigerid f or

bet ween about 3 seconds and about 10 seconds. The net hodBFt]eMr ocee;iiﬁ to
oper at i on Tha prefpraedeperpeseeff e HIATA cAmpanaRf thioRs ah2AYANE BN§'aRE it A
brushes o S&F 8RfiAifCaddnp MR D MRLRY
surface akg%{}lﬁcgs@%gg‘%e@rﬂﬁﬂiez%ogﬁogﬁrﬁgg%ta?ﬁari nsedlplr%g?éernabl y for between
about 20 sempmttst ankcsalpaut bdénsaed dmd®lut®@. After the operations in the

second brush bgx, the netho .t ration 516 wher he feral
transferred t ocﬁ:}e é:BF‘R?S’P?‘thN?gﬁ?H’r@‘e ?@E[f)othg‘to&tlﬁ (B’ﬁqferfiﬁlygbﬁi‘?’%etn;ﬂ%ﬁugg@,%t he
vafer may e prest Sldebhou0 2D vRLEH Perceh@nid2d preférblly ebvdehAibBuE0.0S wedhar t
of a nmethod of perform ng cleaning and etching operations on the wafer

usi ng t wo pbreaathandmbest 1.0rweight petkent @ndimast preterdith sbunddY7 weighhperomt.pddg ent
i nvention. The .prefer purpgse, of. the fj.r .| n 'l ed
anount of CSS?PH%B?'} 8?71]{[%@\\/1\/% ge?er%ly fbaegvé‘?en'l%be()%ép g‘b gf‘?%lgﬁtpéje?f)%i %H%]‘?a b§ ﬁeé'ggcond
brush Bex weight pefcenDi@raprefefibl bétedematmun0.0075 weigheperéanoand dteunaDaweight f ace
and clean the wafer surface while cleaning the br\rngigﬁ)s in the second, brush

box. The meteidaad apslprelsrapebont B! swmhhRgicenta 2 CRMBPYNFHE FORREE has
a deposi t & (0HARACH. 4 AYSH Qe NhADISEANDNI PS8 Thid AuRSE 200 PI4,

the wafer 1s t%en sﬁil%j ecte operation’to renove and planarize a
top | ayer vedterttyevolieposiprefdrablydpewednapent. 1: Ihandwbiohbt 200 avprerpraderably betvecen

cl eaning station to perform post-CVP at.i ons, treat the 29 March
2004 10 st P'é\tcle%?nd_tﬁ’ “{/\gﬁg&’ ap HWFH@F%F%’E%?I)&E%&@Ubseque_nt processi ng
flaws, 4phi ch wertgs the GlésSsefeALOYCC sd¥ubion Boighy NH,OHIRQB&!I0NT ©8i6ht gefgenyaf er
is introduced into a first brush box of the cleaning system Next,

oper at | on HIBBA inrboxi 81 arcight nercesiontd avolinsiie ratiosotia Dt waieh ! Sbout
rati on I it norcopiens .
o1 con o R B roal Ry b RERRDE AN AnoG R flesiBhs 3hd oGk 430

silicon oxi S (0)¢ ing chiemca

hydrof luoric acid (HF) and m xed copper clean (MCC), which contains

hydrof l uoric acid. For additional information on MCC, reference can be nade
to: (1) U S. Patent Application No. 08/955, 393, entitled METHODS AND
APPARATUS FOR CLEANI NG SEM CONDUCTOR SUBSTRATES AFTER



10 PCLI SHI NG OF COPPER FILM and filed on Cctober 21, 1997; and (2) U.S.
Pat ent Application No. 09/037,586, entitled METHODS AND APPARAersh 2okt
CLEANI NG SEM CONDUCTOR SUBSTRATES AFTER PCLI SHI NG OF COPPER FILM and fil ed
on March 9, 1998. These U. S. patent applications are hereby incorporated by
ref erence. Anot her exanple of an oxide etching chem cal cleaner is buffered
oxide etch (BOE). The 15 wafer surface is scrubbed with the oxide etching
chemical cleaner preferably for about 30 seconds. The method then noves to

operation 610 where DI water is applied to the wafer to substantially
remove t hamgexome obtappengxidhdrone e srfeemel the veatsr e hrushesemake ?‘H\éa%éf%"é‘r .

The wafer surface is scrubhed wth the DIL. water 450
seconds. 90 W SH@?‘?‘?&@?R@ etﬁ%lgg(g%l({%o&él[%g? a iO(t)l%; gffgds\?ﬁg?égfu? Egﬁgwaf er s
transi ti ofedofic@Myeh® dppéitoxtide)Stinbie toplagersiawandater scltblbéorm, land dperatei on
614, an ICCis then applied to the wafer using brushes of the second brush

box to comtubdé faah iy rinsespstayrimopespipe 4 i pedis@IsSadRe®™ wat er sol ubl e form
The copper nmaterial is.tr r it | : 5
g 'g\‘lﬁ ﬁlale é)?rgﬁu ?1‘ r}ﬁpﬁg{;ﬂggh X Sirfdc fe ﬁlg w%?&“i? p?ef&%hlg] BefwQnOBbuf

remove contr er fromt urface of t waf er. The
t echni ques) fQondParldesmomi HU séddRdS; aRpeE predigrablgibetues atioatitvecodstandebentefte to
operation 408 of Figure 4A. the nethod then m)\éles_ to eration 6{1@ V\ti;g(e
t he waf ersdcends, ardbarowi preforblyghont 33 55cRpdsH W e dime ofbrush-cantach s pbpu to

TP el AT O e s racege

pr ef er abl P etween out 40 seconds, and nost
preferably abonfieRppsfiagtRdCC3thehizothod mnvapeoptraben $MBwherp ehawdfer isirpsed

transitioned out of the second bru k[“gox to a, SRD station. \I]?e qgrt’{&? o4 hen
proceed® withdpevaes Oremoye Wiseydey Wi“ fFoppef and CoRPEHOYIHe g‘ﬁ’"b put “'st'att on.
29 March glgc?é)e cilmﬁlbﬁ'(sj&ﬂl' .ei,rt’l‘{efelgilﬁgl&@?.hﬁﬁe hrapRdqeserfabhicdatel beaid¥h abbut 5

e

several preferre Iments, it will be appreciated that those skilled in
the art upagtomadidgbdit 80 pngstedismg cope okide anithmwpandacstaidle wafer.kad @oshi ngs

will realize various alteration additio [ N d j ts
t hereof . P ef%@& ?‘&,ﬁaﬂngﬂb(ﬁ%oé‘ﬁ%g?rquééer erﬁdé?égﬁoggy l|I @El!rifcagier?% %Oiggllh 61)8(‘25,
any 5 othgr aaraﬂégecﬁeriﬂbdahm Jﬁ_@ﬂéét&aehélﬁn%[yiﬁgeﬁ@éﬂet ffonoRirbsionTetAfed theashi ngs
of the present 1nvention. ditionally, the cleani rhg enbodi ments can

TH

b
appl i edst sutfavy is rinscdntifcamethedi ey amderzo@ SpiR. 190 ARt Ty ARPhPRfEationan F'i'e as
th i h It st f ' t , ' t]

"ot udes BPEoSbiroTagh At otErt IR iReRiswul SAGRe) N3k rgoRE GRS mAYBL!! o

that fall ;Wehfli Portdh§ adaiOnARI ek, TR nRdRASS Ofis tdbodimesntah o perfo2edvhroh
2004 12 CLAIM5S 1. A nethod of cleaning a surface of a sem conduct or vva%er

f
after a cllsanioglsypemhariictsr opalof 4k REATIBR/PYStEPEYSEs BoRUSl BRH A SUT: YBHSE yvi ng

el uti ng e RRBEE g agent b strong chel ating agent and n oxi di zer,
t he 1 C@of or nul #Figgle 4B shows afftrwohart ofppeethdéd bfrpaforttieg slearfisg epaftiansednvihe er
'nto a Wat\x%rfersu%linlfgbtlw% grgghn%oxes, in accordance with one embodiment of the present invention.
The preferred purpose of the first brush is to clean the silicon dioxide layer and remove a
controlled amount of the copper layer. It should be noted that the removal of copper oxide is
actually more than just cleaning trace amounts of copper, but the actual removal of copper
25 material. The preferred purpose of the second brush box is to clean the surface of the wafer
while cleaning the brushes in the second brush box.
The method starts in operation 502 where a wafer is provided that has a deposited
copper layer over oxide etched features. In operation 504, the watfer is then subjected to a
CMP operation to remove and planarize a top layer of the deposited copper layer. The
30 method then moves to the cleaning station to perform post-CMP operations to treat the
surface of the wafer in order to prevent subsequent processing flaws, which were discussed

above.



wherein the cleaning chemcal is a solution selected fromthe group

consi sting of: HZOZ + NHQOH + EDTA + deionized (D) water; &9%dMezb2084 NHaOH
+ oxalic acid + DI water; 10 targeting a H202 to DI water ratio for the

cl eani ng chem cal between about 1:30 and about 1:200. scrubbing the surface
of the wafer with a brush; and rinsing the wafer and the brush with a
liquid, to renove the water sol uble copper fromthe surface of the wafer
and the brush, wherein the applying, tie scrubbing, and the 15 rinsing are
performed in a brush box. 2. A nmethod of cleaning a surface of a

seni conduct or medoedingllyt ar operatioeniOsathermeafbmisi ibupdysed ingnianersy bavel) bepef Hie on

nduct or sedoedinglyt i o _ |
20 3. A rileHiRE BReal- e g et Patdopelou s iR RRR LR SRk PRICERT

cheni cal {@%W‘ whRl iu§i'ﬂ% WushEMVE) (HRPErEbIHSH bag t6 e6itfctbiyntrarsiinm dapper
wherein t conponen 29 March 2004 13 is a weak copper chel E&I ng
u

agent andmbheaBDdRA satvposiehle forsn.aThe ceppgr owissial iscFapsrmpd)inig ayaterolugle

met hod of cl eaning a surface of a sem conductor r I C 5
rrechani_%afor‘ﬁ‘dpio_é‘iiﬁgﬁ@ THRRES) 2 ‘H@?‘%\lﬁi goxat echPeécf“ﬁftc %u?fr% ,Bf ?‘Sﬁ?ﬁg The
conpri si nQondidisner fMovaly ﬂ')@%?%r%@ﬂi@&ds@éﬂ ifovk edihereferamppe bpaxiice468 bin on
the surface of the wafer at a I ckness of between about 5 angstrons and
about 30 BEigst44%ns of copper oxide.

Next, in operation 510, the wafer is preferably transitioned from the first brush box to
the second brush box. In the second brush box, the method moves to operation 512 where a

10 second ICC is applied to the surface of the wafer using brushes of the second brush box in
order to clean the wafer surface and clean the brushes of copper. The second ICC may
contain the same chemical composition as the ICC in the first brush box. Regardless of the
chemical composition, however, the preferred purpose of the second ICC is to clean the
brushes of copper and other materials that may have been cleaned from the wafer surface.

15 The second ICC is preferably applied for between about 3 seconds and about 10 seconds.

The method then proceeds to operation 514 where the wafer is rinsed with deionized
(DI) water using brushes of the second brush box to remove the second ICC from the wafer
surface and the brushes. The wafer surface is rinsed preferably for between about 20
seconds and about 40 seconds.

20 After the operations in the second brush box, the method moves to operation 516
where the wafer is transferred to a spin, rinse, and dry (SRD) station. In operation 518, the
wafer may then be stored in an output station.

Figure 5 shows a flowchart of a method of performing cleaning and etching
operatioﬁs on the wafer using two brush boxes, in accordance with one embodiment of the

25 present invention. The preferred purpose of the first brush is to etch a controlled amount of
oxide from the wafer surface. The preferred purpose of the second brush box is to remove a
controlled amount of copper from the wafer surface and clean the wafer surface while
cleaning the brushes in the second brush box.

The method starts in operation 602 where a wafer is provided that has a deposited

30 copper layer over oxide etched features. In operation 604, the wafer is then subjected to a
CMP operation to remove and planarize a top layer of the deposited copper layer. The

method then moves to the cleaning station to perform post-CMP operations to treat the



5. A nmethod of cleaning a surface of a sem conductor wafer after a chem ca
10 mechani cal polishing (CWP) operation as recited in clai m2MaghZhe4
conpri sing: designing the scrubbing operation to renove the copper film at
a renoval rate ranging between about 100 angstrons and about 150 angstrons
of copper per mnute. 6. A nethod of cleaning a surface of a sem conductor
wafer after a chem cal 15 nechanical polishing (CW) operation as recited
in claiml1, wherein the NHaOH has a conifosition in the solution of between
about 0.035 wei ght percent and about 0.21 weight percent. 7. A nethod of

cl eani ng surfave bate vafferinsedirdopdweniosubsaient ppeessing flewenvkigh weor diseissd cal
polishing (CMP) operation as recited in claiml, wherein the EDTA has a
29 Mar ch 392 14 conposition in the solution of between about 0.005 wei ght

percent and abﬂl:’éor@ng@, W&@ﬁtidﬁ%&?ﬂ{e-wﬁer A irebordd dfto cl fenbragh dos i fitece of
a sem conductor wafer “after a chem cal 5 nechanical polishing

4 g (CWP
opfar at | onclfati)mgs;istead Nextcinegperation (B8 an oxidengiciipg chemigal CéFae‘}%TrfﬁééPltqdéH they t he
solution o et n ahbout . 0. 035, wei ght percent 0 1.vel ;
per cent? %‘}’i@cﬁﬁ\ﬁgﬁé’éﬁg' c O oEes Stﬁgli"ﬁ ﬁqﬁgl%glcb%%ﬁ%n&g} Hltts)%% \}\%e?ll a%lg&%ldg'. 005
wei ght  pefeahble A0k ARQM otBhifs chvmitdltcldapérced hydioflu@ic-i (HI9 abl miatdcoppet i 0

I S between about 1:30 and about 1:200. 10 9. A nethod of cleanin rface
of a semi cleard (MCsE), welfiehr camipias la/dtqumléeﬂm%cﬁﬁ)&rﬁd@&l(’nﬁbFﬂfQW%@n(%éE’

operation as 1eciled hieGbAuts. bAEd MIpLERI NG d8%55,393, entitled METHODS
AND APPARATUS FOR CLEANING SEMICONDUCTOR SUBSTRATES AFTER

10 POLISHING OF COPPER FILM, and filed on October 21, 1997; and (2) U.S. Patent
Application No. 09/037,586, entitted METHODS AND APPARATUS FOR CLEANING
SEMICONDUCTOR SUBSTRATES AFTER POLISHING OF COPPER FILM, and filed
on March 9, 1998. These U.S. patent applications are hereby incorporated by reference.
Another example of an oxide etching chemical cleaner is buffered oxide etch (BOE). The

15 wafer surface is scrubbed with the oxide etching chemical cleaner preferably for about 30
seconds.

The method then moves to operation 610 where DI water is applied to the wafer to
substantially remove the oxide etching chemical cleaner from the surface of the wafer. The
wafer surface is scrubbed with the DI water preferably for about 20 seconds.

20 The method then proceeds to operation 612 where the wafer is transitioned from the
first brush box to a second brush box. In operation 614, an ICC is then applied to the wafer
using brushes of the second brush box to controliably transform copper material into a water
soluble form. The copper material is transformed into a water soluble form in order to
remove a controlled amount of copper from the surface of the wafer. The technigues for

25 removing the copper are discussed above with reference to operation 408 of Figure 4A. the
method then moves to operation 616 where the wafer is rinsed with DI water using brushes
of the second brush box to remove the ICC from the wafer and the brushes. The wafer is
rinsed preferably for between about 20 seconds and about 40 seconds, and most preferably
about 20 seconds.

30 Next, in operation 618, the wafer is transitioned out of the second brush box to a
SRD station. The method then proceeds to operation 620 where the wafer is stored in an

output station.



designing the scrubbing operation to have a tinme of brush contact, wherein
when the tine of brush contact is between about 20 seconds atftMatsb 040
seconds, between about |00 15 angstronms and about 150 angstronms of copper
are renoved fromthe surface. 10. A nethod of cleaning a surface of a

sem conductor wafer after a chem cal mechanical polishing (CVWP) operation
as recited in claiml, the nethod further conprising: transitioning the
wafer to a second brush box; 20 scrubbillg the surface of the wafer with a
second I CC using a brush in the second brush box to clean copper_ fromthe
brush in the sWhdnthibmyehtidnoes bagridescriteg ingarai op srygral greferpeg erapodiaeniiafler

with DI water using.t rush.i.n t.he s o s £ b h in
t he secon‘HﬂE?%@?r%‘g%@e(g&la{ngses%%lgeﬁdn?@PQ@% &5@}%3&%‘%8@ é‘gﬁc{kﬁ%a%gn%%ﬁ ace
of a sem gemduct@E waAkahgsafiBr raliehevirval Hter@phaniadaitiono! pakiutgiopCMa)d
operation as recited in claim10, further conprising: dgsignigg t he

scr ubbi ngequivalenss theesof.a For pramle, piiharehnspspibigrelsrease dnirads indbrysih hpxesoany

seconds . t j ' f ter
2 chom Baf e SERsFboRle SRR S PR A m e el ROICREL I, 8 REechl 1
further cprpiticn ngddigetdliynthet deaniignantrglimentb ast bé applizdtto ey cizebeifersnchabout
20 seconds and about 40 seconds. 13. A nethod of treati ?g %s rface ﬁf a
waf er, co#peNe e 300gmem; and fasgeri a5gvell eopiBersizes apd ghapehe Isf theseiaregniepgicd

waf er int faf ti’l\@tp%seﬁplih'stélnﬁoﬂ OfbPludes all such alterations, additions, permutations, and

equivalents that fall within the true spirit and scope of the invention.




scrubbing the surface of the wafer with a brush; and rinsing the wafer and
the brush with a liquid, to renove the water sol uble copper #%Miarchp804
surface of the wafer and the brush, wherein a copper oxide filmof a
t hi ckness between about 5 angstrons and about 30 angstrons remains on the
surface of the wafer. 20 29 March 2004 16 14. A nethod of treating a
surface of a wafer as recited in claim13, wherein the transformng is
perforned using a copper chel ating agert.
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10 targeting a H»0O, to DI water ratio for the cleaning chemical between about 1:30 and
about 1:200.
scrubbing the surface of the wafer with a brush; and
rinsing the wafer and the brush with a liquid, to remove the water soluble copper
from the surface of the wafer and the brush, wherein the applying, the scrubbing, and the

15 rinsing are performed in a brush box.

2. A method of cleaning a surface of a semiconductor wafer after a chemical
mechanical polishing (CMP) operation as recited in claim 1, wherein the ICC includes a
copper chelating agent.

20

3. A method of cleaning a surface of a semiconductor wafer after a chemical

mechanical polishing (CMP) operation as recited in claim 1, wherein the NHsOH component
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5 mechanical polishing (CMP) operation as recited in claim 1, further comprising:

tuning the scrubbing operation to leave a copper oxide film on the surface of the

wafer at a thickness of between about 5 angstroms and about 30 angstroms of copper oxide.

S. A method of cleaning a surface of a semiconductor wafer after a chemical
10 mechanical polishing (CMP) operation as recited in claim 1, further comprising:
designing the scrubbing operation to remove the copper film at a removal rate

ranging between about 100 angstroms and about 150 angstroms of copper per minute.

6. A method of cleaning a surface of a semiconductor wafer after a chemical
15 mechanical polishing (CMP) operation as recited in claim 1, wherein the NH4OH has a
composition in the solution of between about 0.035 weight percent and about 0.21 weight

percent.

7. A method of cleaning a surface of a semiconductor wafer after a chemical

20 mechanical polishing (CMP) operation as recited in claim 1, wherein the EDTA has a
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composition in the solution of between about 0.035 weight percent and about 0.21 weight
percent, the EDTA has a composition in the solution of between about 0.005 weight percent

and about 0.03 weight percent and a H,O, to DI water ratio is between about 1:30 and about

1:200.

10
9. A method of cleaning a surface of a semiconductor wafer after a chemical
mechanical polishing {CMP) operation as recited in claim 1, further comprising:
designing the scrubbing operation to have a time of brush contact, wherein when the
time of brush contact is between about 20 seconds and about 50 seconds, between about 100

15 angstroms and about 150 angstroms of copper are removed from the surface.

10. A method of cleaning a surface of a semiconductor wafer after a chemical
mechanical polishing (CMP) operation as recited in claim 1, the method further comprising:
transitioning the wafer to a second brush box;
20 scrubbing the surface of the wafer with a second ICC using a brush in the second

brush box to clean copper from the brush in the second brush box; and
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5 mechanical polishing (CMP) operation as recited in claim 10, further comprising:

designing the scrubbing to last for a time of between about 3 seconds and about 10

seconds.

12. A method of cleaning a surface of a semiconductor wafer after a chemical
10 mechanical polishing (CMP) operation as recited in claim 10, further comprising:

setting the rinsing to last for a time of between about 20 seconds and about 40

seconds.
13. A method of treating a surface of a wafer, comprising:
15 transforming a copper film on the surface of the wafer into a water soluble form;

scrubbing the surface of the wafer with a brush; and

rinsing the wafer and the brush with a liquid, to remove the water soluble copper
from the surface of the wafer and the brush, wherein a copper oxide film of a thickness
between about 5 angstroms and about 30 angstroms remains on the surface of the wafer.

20
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