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met al | i zak iXield of thednyention associ ated diel ectric |ayers are formed, the need
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15  functional device. As is well known, patterned conductive layers are insulated from other
conductive layérs by dielectric materials, such as silicon dioxidg. As more métallization
levels and associated dielectric layers' are formed, the need to planarizé the dielectric material
grows.  Without planarization, fabrication of further metallization layers becomes
substantially more difficult due to the higher variations in the surface topography. In other

20  applications, metallization line patterns are formed in the dielectric material, and then, metal
CMP operations are performed to remove excess metallization. After any such CMP
operation, it is necessary that the planarized wafer be cleaned to remove particulates and
contaminants.

_ | l?_igure 1A shows a qross-secﬁonal view of a wafer having a copper layer 104

25  deposited over -t'he:'t'op_ 'smface of the wafer ‘An oxide layer 100 is déposiwd over a .
semiconductor substrate (not shown). Well-known photolithography .and etching técﬁniques
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.



30 Figure 1B shows a cross-sectional view of the wafer of Figure 1A after
the top surface has undergbne a chem cal nechanical polishing (CW)
operation. The top surface is polished wuntil the top surface is planar and
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bet ween the conductive via 122 and the copper |line 102. The adhesive
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from the oMp @B ih@ interferes with the adhesi ve bond between the
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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 over

20  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.
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that%?ke pr esent inventionigggﬂgggkﬁgﬂ%Teggg@giﬁm%unerous ways, including
as a process, an appa atu ste evi ce or nmet hqd. Sever al
inventive 16Te3l% gt prr"’tsﬂé ’BY‘QE%( Fﬁ'?Féﬁf‘F?ﬁ’ﬁ%ﬂrmHQ@Srﬁ Begod &row, | n
one eanquamgtandatréthqdw& #iep\d SRehidad méch8AcH Polishis) tém? oféradon. It

sem conductor wafer after a CWVP operation. An inproved cleaning cheni cal
(1C0) i §ha\§émeetpmqtqdemgnﬂnazresenbmvmmmbe inyplementet] jins nuweToug) WAyl t 0

transfor e rinto
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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 to
20 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 ICC.

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

illustrating by way of example the principles of the present invention.

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.
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present invention.

15 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
An invention for methods for cleaning a surface of a semiconductor wafer after
chemical mechanical polishing (CMP) with the use of an improved cleaning chemical (ICC)
is disclosed. In the following description, numerous specific details are set forth in order to
provide a thorough understanding of the present invention. It will be understood, however, to
20 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 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
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 to the

30 second brush box 204b where additional cleaning operations may be performed on the wafer.
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water is sprayed onto the surface of the wafer while the wafer is spun at a speed of between

about 100 and 400 revolutions per minute, and then is spun to dry. After the wafer has been

placed through the SRD station 304, an unload handler 310 takes the wafer and moves it into

20  an output station 306. The cleaning system 320 is programmed and controlled from system

electronics 308.

Figure 4A shows a flowchart of a method of performing cleaning operations on the
wafer in a brush box, in accordance with one embodiment of the present invention. The
method starts in operation 402 where a wafer is provided that has a deposited copper layer

25  over oxide etched features. At operation 404, the wafer is then subjected to a CMP operation

to remove and planarize a top layer of the deposited copper layer.

As discussed above, the CMP operation is likely to cause imperfections to the surface
of the wafer in such a way that vias may potentially form inadequate bonds to metallization
features. The methods of Figures 4 and 5 are examples of methods for treating the surface of

30 the wafer to prevent such a fabrication flaw.



15 After brushes have been applied to the wafer in the brush boxes 204, the
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removal of post 5 CMP residues, such as slurryi{g rticles, fromthe surface

of the Lis apRlicd by SrRYAt thellsr the amaount of coppgr sixide deft AR tesurfatet BoWaBT e for m
i n or der cdnObd %raié/%re%ise@nwn%h@dif @%Hﬁgﬁlmc%é o?choaﬁz'latifngoégemt ﬁeelﬁbiéﬁe)?(l%?iﬁg the

wafer. During the application of the 1 CC al so causes oxidation of
t he top letgasetioscid ). tAn dlismativoteddPTA xanjee, faneapmplrroxalic a¢id. | CC i ncl udes
an oxidizing agent. A strong chelating agent in the ICC in conbination

wi t hla wenk chhel 166G selption omferably cowaian NJOH, EPAd. ab%mndaieiqamgmﬁ water.
B Pace DipRlonRa BaRiobe bt 88 XATEHE oRboriBAPRED dLal oK B IRine LR, 1

oxi di zi ngrefegredpurpose of the EDTA component is to act as a strong chelating agent. The preferred

purpose of the H,0, component is to act as an oxidizing agent. The DI water component

makes up the balance of the solution.

20 The composition of NH,OH in the ICC solution is preferably between about 0.035
weight percent and about 0.21 weight percent, more preferably between about 0.05 weight
percent and about 1.0 weight percent, and most preferably about 0.01 weight percent. The
composition of EDTA is preferably between about 0.005 weight percent and about 0.03
weight percent, more preferably between about 0.0075 weight _percent and about 0.02 weight

25  percent, and most preferably about 0.01 weight percent. The H,0, composition is contained in
the solution in a ratio mlaﬁve to the DI water composition. This ratio of H,0, to DI water by
volume is preferably between about 1:30 and about 1:200, more preferably between about

1:50 and about 1:70, and most preferably about 1:120.

Thus, the most prefened ICC solution contains NH,OH in about 0.07 weight percent,
30 EDTA in about 0.01 weight percent, and a volumetric ratio of FL0, to DI water of about
1:120. Such a solution composition removes between about 100 angstroms and about 150

angstroms of copper oxide_' from the surface of the wafer as the brushes make contact with the
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that is applied by way of the I CC, the amount of copper oxide left on the
surface of the waf er can be nore precisely controlled. An exanple of a
chel ating a e i s ethel enediamine tetraacetic acid (EDTA). An alternative
to EDTA c¥® for exanpl e, oxalic acid. 15 The | CC sol BETHS0027BPer abl y
cont ai ns NH4C]-|, EDTA, H202, and deiopized (D) water. The preferred

pur pose of the NHACOH conponent is to act as a weak chel ati ng agent. The

pr ef er r eghférsuiFaceToPh picd@ermildl ScpioR O Bitle. i18 oftfer ¥6kdsAhe SolatibrPRshsEdiftls Wd NY
agent. The pref erred purpose of the H2Q2 conponent_ is to act_as an

oxi di zi $gPREgdaier torepmor owéﬁ,ewrr@dh@mwer intaca watgs sphblepiormnard 8fe waer
solutio gﬁg&p N lggﬁ'SM ution is preferably

bet Weenga o%tf&gﬁg N?ﬁﬁagée}%%ent g;?lgd&ls‘%out 5 1 wei ght percent, nore
preferably b &Q@ rcent
and nost pre]ﬁtgr aﬁéy&lg%ht&gg‘% %t pgéﬁ@ﬁkaf’e?.ﬁs Mﬁﬁlbseiq‘{vl onﬂ’g?t

pr ef 8r alstgoniie tang @bowt il secOnd3D ﬁlome pgdﬁ&rahﬂgrheav&en aabdutaB® stcoidO and \abotghtto
percent, m)re referab et weep_abou 075 weig rcent an t 0.02
e gt SeSURAE oBf oSt rptalably BRE S Pergnds. aWDRH e Mo Shri SR BAOR D 1002
conposi lskddnds, ab&aNde laﬁg%e}om@ of é&p?eﬁ%dalh fdindvad frofnithé Surfa8é af th¥ vaf@. t he DI

wat er corrp05|t|on This ratio of H202 to DI water by volune is preferably

bet ween abOUtAfiérﬁQpl?iﬂgt}ﬁztl@@ the: riBéiflod FBVE tBloBErafidd 10 WY BRI WA idlrinsdd 50 and
about 1:70, and npbst preferably about 1:120. Thus, the nost preferred I CC

sol ut i orwithoRT saies toursmIe ithe ‘amsoluble zoRpst grd cqu:@ﬁ@e frogothe wafer syrfageout
%8‘”8 gg&"meoaé&ﬁg sysﬁeﬂf’ i3, Y yﬁ‘SB{e"sj CTB@He og" ré#é% {1 0avie J%@Je@ﬁ aBbur 30Ut

ch a so Ion ¢ nﬁ05| on reanes ettheen  about rons and
about 1iﬁgstmmyand @bsut 3D angqn]nms of xopher bridenoh e top istrfiace of thet \hafewaﬁde moass t he

brushes IC%E b W t h t Thi s S‘I}ee Has Been, dpl aﬁed [ 1] Ilg+| L.
111111 \RE ‘)’Z é‘l‘ﬁ'ﬂ@ﬁ’d 99PRET 0%dg Y QIC CORPETLRIACOYFT e SPRRFE SUFASE ffed
period @fvdntdgBeus!ifl thak Rkot¥édy @8 unddilyitpdoppér@ront EdtuRion! AFtek BR tof QRERE id ayer
to copper oxide, turns the top layer 1nto a water soluble form and the

water  &9pashthe methad may Underae) 2 apimy Tinse. apd Ay (SBPD) operation and then Precged 8l ow.

15 operation 412 where the cleaned wafer is stored. The foregoing process may be repeated for
any additional wafers. The method of this embodiment can be performed in any cleaning
system, whether or not the cleaning system uses a brush box or other type of cleaning

apparatus,

Figure 4B shows a flowchart of a2 method of performing cleaning operations on the

20  wafer using two brush boxes, 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
material. The preferred purpose of the second brush box is to clean the surface of the wafer

25  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 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

30 surface of the wafer in order to prevent subsequent processing flaws, which were discussed

above.



The tinme of brush contact with the surface of the wafer is preferably

bet ween about 20 5 seconds and about 50 seconds,” nore preferably between
about 30 seconds and about 40 seconds, and nost preferably about 35
seconds. WWMWIRME4t i ne of brush contact is about 35 secoPQEUSMBTa? 100
angstrons of copper oxide is renoved promthe surface of the wafer. After
applying the I1CC, the nethod noves to operation 410 where the wafer is

rinsed wth Rccyringly, i® op&aBore506) eha\whfer isSintrodiiced 4o REfirsEBisls 8O BF theXi de
fromthe wafer surface 10 and the cleaning system (i.e brushes). The

., the
met hod prigeaingsysieme Iy e fisetmishrboxnthe method Taaves shapeaaiion 398 whesranlCEsisT ons
of copper | wahe , r about
10 angst ragﬁ%é dgffa ti(3§pper %ﬁ@d@gﬁggﬁg t%%%gﬁm‘gfi{bgé t(())ver ({Tﬁg&c%%%@%ﬁsﬁp#%ce i's
advant agenaterial into laawatértsojublet founs The copped erateyiahiy teansfoemed intora sater geluble.

After .the top surface is rins t he t hod | nder go i ne ri-nse, and
ry*( SryTotsh By Sitb R Emave pehPE aindtp S cbbhes ot HACREAS: 6 B whrer BRCy o)
waf er i s techfigaes fof fandvirigo@hei coppddabs discussedyabbee withadferticd @ opeddtionadgidri onal

waf ers. The nethod of this enbodi nent can be perfornmed in any cl eaning

system - or not the cleani ng systemuses a brush box or other type
of cleaning apparatus., Fisgure 4B shows_ a_flowchart of a nethod of
B i

perform ng cl &gkt HyeRsFdion Sl the wafer ppreforsblyrapsitioagd fom e fisstrushboxde, i n

accor a”glti‘e %Mﬁ%x{aftﬂﬂs% IR0 QPR ok brbdhFbdR! Emgeﬂsik%thdcf%ﬁ 1t9'8 %ng 51 whérd b ©

pur pose Irst brush is to clean t 1 con di ox ayer and renove
a cdft r skdosd IGGUs Applisd to ithe swfspeef thaywafer usingdimashesiobthe socand brgshtboxlin
renoval r i ' t ual ; I in r unts
of " copperrdeh. S . e SpusE AR it BE Dulslelof Uieet” TR SSErERT Y

pur pose @bnthinehe emcheimioas borbposition s checlCGEM thé €irss bhish bexoReghdiesnbdfthe 25

whi | e cleﬁlni,n t he brushes in the second brush _box. Th t hod tag&ls in
operati off %Egvﬁ?é}{’@m&" QBYCVEIs BV? Et RURfee Wgsﬁ%sﬁ’é’ﬁ‘gs}_ Felf 1OCBHBre | ayer
over OXi @eushdsCdt@dpheéddintllottfer rhaterfiBeihat e halibechteaned fom fhe Ve suttateect ed

to a_ CM operation to renove and planarize a top |ayer of the deposited
coppdf | e peconhiCC ispreferablysppliadforbetvesniahautd ssgonds gndabout Yhsecendser f or m
post - CUT operations to treat the 30 surface of the wafer in order to

prevent subsefiferethed geapspaegds toapsratio 5 14 wiere dhejwaler issinged sith,deionizesl
01/24234 (ﬁﬂa&g%gilng bhutfles 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 operations

on the wafer using two brush boxes, in accordance with one embodiment of the present

25 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
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9 Accordingly, in operation 506, the wafer is introduced into a first brush
box of the «cleaning system In the first brush box, the method nmoves to
operation 508 where an ICCis applied to the wafer using brushes of the
first brustPBY¥2¥ control | ably transform copper materi &CHUSI2H3INAL EF
soluble form The copper material isigransfornmed into a water soluble 5
formin order to renove a controlled ambunt of copper fromthe surface of
the waf emethbaher oRey BIGR ¢1Mmninge SRIN S beforfO PRRICNIP SpeiafiGhts &,egegbﬁge with
reference {o operation 408 of I gure 4A. Next, in operation 510, the wafer
i s pref eFU3FS OF tarreafer igraderite Fravenfesubseauent pressssingflaws whithewsrsatisedssed ush
box. In ffgesecond brush box, the method noves to operation 512 where a 10
second ICCis applied to the surface of the wafer using brushes of the

4 I ur f d.cle th rushes
of copper . Treenhilg! ipehflof 686/ nk Wit ScBilea il £ i Tl as ¢ ne
| CC it t¢leaning systetx (Néxthia)operRigm608, es sxide etcgﬁlg mbr_mambanleﬁ m:uptpigéd tbft;the .

f th ] | CC to clean _the brushes
o1 oo p et B T W, o hE P ishinia Aot Heaier R AROCEIFh GO NS o
sur f ace. EXdmpldtcof 28 @RI chhing dheRical QeaRl dre3RBIoFMANE R4id PAEYERMMBRE b
s e 514

seconds and about 10 seconds. The nethod then proceeds to operati
wher e t HaeaRafMEC).s which seamtaips; Rydreflensiczacid. (Far) additional isforrgationueh@dC6L t he

d . r..Sur t he
br ushes. Ciract o bO kTR T1f U8, PREM Kppihiod R 09633 mufe pET R
secofds ANRd ARPARATIOS s EOBn (GLEANING tSEM(E@NDpfﬂ’FﬂR oﬂﬁ?SFEWTFSﬁmgr 'lcjzha

h i 0 r >
box. "N EIHNGTRICORRERPRI L S AT o et 3 B i AL e L
T oy o o ot mwoagt?mhianmﬂe?%???ri onAfa)rI:L waf e?IFl?SI?FéEt wo br Ssﬁf
c

boxes, | ISt RAL O SURS TR TR R POL NG OF GORFAR FM, ssddiied om The
pref er'r MarbhiDPEAR. ThedeltE:s! daich afiidaonk arethgag%gmo gc;sﬂ]elr&&c@.”% Bgfof

oxi de fromthe wafer surface. e preferre urpose e Ssecon Ush box
i s tld r enevBleof anopxide etchingaghominal cleancoip buffered roxidecetoln (BOE3.UrThecwafand

glof(’an t NGRS Ecreited 36 didodife et&hﬁf&{eﬂgcatl E']%ar%rr lf)?e gi'zslbli}' rflortatl.l)gut %ngg&dg.r ush

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 controllably 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 techniques 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 2 SRD
station. The method then proceeds to operation 620 where the wafer is stored in an output
station,



The nethod starts in operation 602 where a wafer is provided that has a
deposited 30 copper |ayer over oxide etched features. In operation 604,
the wafer is then subjected to a CM operation to renove and planarize a
top | ayer WP U4 eposited copper |ayer. The WO 01/ 24234 POTNUSUBINN7139 10
met hod then noves to the cleaning station to perform post CMP operations to
treat the surface of the wafer in order to prevent subsequent processing

flaws, which weile tids svefsonchas BE@Vdescrided o g bp/sevéril Sp}eﬁﬁaa eRBodiRents ibe
wafer is introduced into a first brush box of the cl eani ng system Next,

i n oper aWilbpe arpacciated diat Heseskilled iy thegtynon reading:the prepedingsneridigatians apd
surface : WeitfFinesh i [ shem £ gﬁ&g h
silicon %&?}ggfth Exar%%%se‘ks}mo ﬁ{azg%gﬁ(?%tem tg‘tqtéﬁ'?hga C en rsﬁ (? a c?%‘gﬁag(ri@gl?gal%g
hydr of | utheieof.aFotiexanipje, althoughysperifio paferencedk azade (90/B0sh bakésc hny otherbmsh
hydr of l uori,c.acid. FEor additigonal infornati.on. qgn reference can be
e of Sty apoosttiL, o e Rom, e petiog Badfndy or ind Brébl et 10
COPPER FLLM anc. {110 oh-Gotober 2he TO07 and o) LS Batent o e o

an iled on Cctober : ;.an . S.  Pat ent
Appl i cat PEHMN andyeresn ps BB as ather fizes and Abapespdt ﬁlﬁh‘/’f?f)ﬁﬁm&fﬂﬁ thatghapresert NG
SEM CONDYiGeh(el3n SHESIRATIE Sudi TiciRariinb, Siidithéais OperiobiRoR, FinkiMquivatbls bz el
March 9, 1998. These U. S. patent applications are hereby incorporated by
r ef er encwithingles taerspir and seope ef &b invention. de et chi ng chemical cl eaner is
buffered oxide etch (BOE). The wafer surface is scrubbed with the oxide
etching chem cal cleaner preferably for about 30 seconds. The nethod then
noves to operation 610 where DI water is applied to the wafer to
substantially renpove the oxide etching chem cal cleaner fromthe surface of
the wafer. Thée wafer surface is scrubbed with the DI water preferably for
about 20 seconds. 20 The nethod then proceeds to operation 612 where the
wafer is transitioned fromthe first brush box to a second brush box. In
operation 614, an ICCis then applied to the wafer using brushes of the
second brush box to controllably transform copper material into a water )
sol uble form The copper material is transfornmed into a water soluble form
in order to renove a controlled amount of copper fromthe surface of the
waf er. The techniques for



25 renoving the copper are discussed above with reference to operation 408
of Figure 4A. The nethod then noves to operation 616 where the wafer is

ri nsed WIRQ 5) ter using brushes of the second brush box to renove the

| CC from t'ha r and the brushes. The wafer is rinsed HSTAISOZHBY for

bet ween about 20 seconds and about 42 seconds, and nost preferably about 20
seconds. 30 Next, in operation 618, the wafer is transitioned out of the
second brush box to a SRD station. CIlagMset hod t hen proceeds to operation
620 where the wafer is stored in an output station. WO 01/24234

PCT/ USOQ 27130 11A \Buthad dfhtiSanin}y & R0ifase dfos shRieOndiene wadirdaften of eiefficadf
several preferred enbodi nents, it wl] be appreciated that those skilled
in the alechapisal nolishing CYRLORSFRICBFOHPrEN8ei i cati ons and studying the
drawings will realize various alterations, additions, pernutations_and

equi val ents aPRBiRgGAn imprpvedicleasing chemiqeh (HC)Spdhs syrface of heowaler.ithe Iglde t o
brus bog&i% ' Fzlelal:) ' he

met h(l;sd tea ?‘ﬁ‘gf“‘%?h‘?ﬁémﬁreség?ﬁ’%gfe}ﬁ?ﬁgﬁ Ag%fjflﬁ‘gna r?,ﬁl%t tevgtgfé(gﬁ%%g
enbodi neform; can be applied to any size wafer, such as, 200 nm 300 nm and
| arger, as well as other sizes and shapes. It is therefore intended that

t he present scrubbingitiersurfacd ofdbswaflet withiebrnwhf andat i ons, additi ons,

pernut ations, and equivalents that fall wthin the true spirit and scope
of the inventriming he wifér2witB4 Rfliid, UBE GindingIking] ConfighteliBo remore nit vatdr of

cl eani ng urface of sem.conquctor wafer after, a chem cal chani cal
Pl | ahi SR PR G o SHEGAH G TUEror b Jien ity MASFONEA BPDaR Joe
cheniceal schibbial, il thE finsikg 4r8 perférineti fea BRkRbox.t he | CC 5 being configured to
transforma copper filmon the surface of the wafer into a water soluble

form scrubbing the surface of the wafer with a brush; and rinsing the
wafer with a liquid, the rinsing being configured to renove the water

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.
15

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 ICC is a solution

selected from the group consisting of’
H,O, + NH,OH + EDTA + deionized (DI) water; and

20 H,0, + NH,OH + oxalic acid + DI water.

4. A method of cleaning a surface of a semiconductor wafer after a chemical
mechanical polishing (CMP) operation as recited in claim 3, wherein the NH,OH component
is configured to be a weak copper chelating agent and the EDTA component is configured to

25  be a strong copper chelating agent.

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

mechanical polishing (CMP) operation as recited in claim 3, further comprising:

" Iy




sol ubl e copper fromthe surface of the wafer and the brush, wherein the
applying, the 10 scrubbing, and the rinsing are performed in a brush box.
2. A nethad of cleaning a surface of a sem conductor wafer after a chem ca
mechani cal VB8M# ng (CWP) operation as recited in cl ai mPET/U§E2AN t he | CC
I ncludes a copper chelating agent. 4% 3. A nethod of cleaning a surface of
a sem conductor wafer after a chem cal nechanical polishing (CWP)
operation as fuaingitRescinibbirgipstation vdlesvei atoppet okidEfilis o thedduiacOof the Ghfeet ed
fromthe grou congisting_of:_ H20, + NHAOH + EDTA + deionized (D) water;
and 20 ¥iicknesgohbgivacnpbgpt Jangstroms,andjabyt 30 angsiroms of gOBRSHOMAC.c| eani ng a
surface of a sem conductor wafer after a chem cal nechanical polishing
(CMP) operation as recited in claim3, wherein the NHACH conmponent is
configured to be a weak copper chel ating agent and the EDTA conponent is

confi gured tob 25 Hengthed phpelganing gcsurfasecoiat semicengduator waifersafiestahehemigal
cl eang ng feoP MelaTels 1l P &ai ftﬁﬁ:?1 &E@H nmechani cal
pol i s%i ngé‘(‘%klkg kopgﬁrn;ll%l on'ggl%r?em %égﬁfclx n cﬁ:gﬁlﬁq%, grrt roe nprising: This
Sheet Has Bee : LR I o I "
SEERRREEARE |‘fl\ﬂi%§%?gfﬁg Af“%bb{% WX%& rﬁ'@%ﬁ%"ﬁ%gi‘nﬁ % femovel mie,
scr ubbi noangipg betweemabont | @rangsteomomdaboutd0 degstroinsoHeopplrepes mifitee of t he
wafer at a thickness of between about 5 angstrons and about 30 angstrons
of copper oxide. 6. A nethod of cleaning a surface of a sem conductor wafer
after a chemcal 5 mechanical polishing (CVWP) operation as recited in
claim3, further congethal ofgclemminy h Guithoegoft 1 sensicsridobton &vafdreafRt ia0dheinftal enove
the copper filmat ar al rate rapgjng between about, 100 angstrons and
abouf0 15@"‘%@@5&} lﬂﬁ((; Ferahiop a?rfeﬁﬁ%e'.“%]ﬁ‘mk' -%mnwsageam ng a surface
of a sem conduc or_vva&ﬁrqﬁft r a chemcal ,1Q nechani %al ol i shi ng 3(CIVP)
operation as oBHEWHEE NH.QH 49 fave acgmppsition, jsojugign of between about 0.035

weight percent and about 0.21 weight percent.

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

15  mechanical polishing (CMP) operation as recited in claim 3, further comprising:

configuring EDTA to have a composition in the solution of between about 0.005
weight percent and about 0.03 weight percent.

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

20 mechanical polishing (CMP) operation as recited in claim 3, further comprising:

configuring H,0, to DI water to have a ratio of between about 1:30 and about 1:200.

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

mechanical polishing (CMP) operation as recited in claim 3, further comprising:

25 configuring NH,OH to have a composition in the solution of between about 0.035

weight percent and about 0.21 weight percent;

configuring EDTA to have a composition in the solution of between about 0.005

weight percent and about 0.03 weight percent; and
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configuring NHAOH to have a conposition in the solution of between about

0. 035 weight percent and about 0.21 wei ght percent. 8. A nethod of
cleaning a surface of a sem conductor wafer after a chem cal 15 nechani cal
pol i shi ng W@PB42Mper ation as recited in claim3, further RIWAGSON/SI188Y:
configuring EDTA to have a conpositigp in the solution of between about

0. 005 weight percent and about 0.03 weight percent. 9. A nethod of
cleaning a s . Of ' C ) chani cal
pol | ohi ng-( OV PRI FLO,RDL HRiGEIdRlaRt « ML bAWEE st RO0uEE wour 205!
configuring HZO2 to DI water to have a ratio of between about 1:30 and
about 1:200. 10. A nethod of cleaning a surface of a sem conductor wafer
after a chemgal Wi | Shi ( j it oqclaim
3, further coﬂbrismg: gﬁgﬁ% ?Fiﬁg&ﬁk%é?@eﬁg@gbg%%%p%@e?ﬁ ‘g{r%nillér%lthe
sol ut i onmedhahiesl\pelishing (CNMPYPoidion e regiitd jnetaimrP, fuather edyoprising: 21 wei ght
percent; configuring EDTA to have a conposition in the solution of between
about5 0. 005 ooefigiringithe sorulibirgcpesdtion to Bave 2 tines of brughatonent, whareth whénsth&heet
Has Been.Replaced | LLUIILL FrLEEl "1 J1 b L L]

SERRREER ki B* PHifH gqnitast fs betype ahppiRp) ssaonds aﬁ‘éﬁ‘?‘lﬂé&f&"?ﬁ% betpeen gbaut 309 ng
H202 t 0 dlgst¥ihPindlaBottAS0 afgdt@ins@f Bdppeirdaioval $iém the 3@ faed about 1:200.

11. A method of cleaning a surface of a sem conductor wafer after a

chem cal nechanical polishing (CMP) operation as recited in claimS3,
further conprising: 5 configuring the scrubbing operation to have a tine of

brush cont actyy Whey Gehot&cibdifing b isiacl of d BSHicGRRLRT twdfer Bﬁ?gﬁ%@ﬁ&?“t 20

seconds and about 50 seconds, between about 100 angstrons an bout 150
angsi® onpeahhnicd polishing (CYIBhepesation aprecit¢rbinslaitde the methodfurtherteothpdsing: eani ng
a surface of a sem conductor wafer after a chem cal 10 nechani cal

pol i shi ng ( CNfpsitipring theovaferdoasedondbrushbex;ai m 1, the net hod furt her
conprising: transitioning the wafer to a second brush box; scrubbing the
surface of t serubbingrthevsurface of aho wdfer ®@Gthus iscognd IGCuUssing a binksb is eébo satond

brush box to clean copper from the brush in the second brush box; and

rinsing the wafer with DI water using the brush in the second brush box to flush the
15  brush in the second brush box of the second ICC.

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

mechanical polishing (CMP) operation as recited in claim 12, further comprising:

configuring the scrubbing to last for a time of between about 3 seconds and about 10
20 seconds.

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

mechanical polishing (CMP) operation as recited in claim 12, further comprising:

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

25 seconds.

15. A method for removing surface materials from a wafer after a chemical

mechanical polishing (CMP) operation, comprising:
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brush box to cl ean copper fromthe brush in the second brush box; and
rinsing the wafer with DI water using the brush in the second brush box to
flush the 15 brush in the second brush box of the second ICC. 13. A nethod
of cl eani nYYO9124B4 ace of a seniconductor wafer after a chHeGwagsop2713®:chani cal
polishing (CVMP) operation as recited fgn claim 12, further conprising:
configuring the scrubbing to last for a tinme of between about 3 seconds and

about 10 20 §&ﬁg§ig§me%fu%m%mme(&chﬁ{gﬁ&m a surface of a sem conductor-
waf er after a chemcal nechanical polis CMP) operation as recited in

claim12, fur Watep CaUd i gBdr f I me of
bet ween about Ts‘ggsbslg%(%s angmzli‘bout 1%(‘)! mg%agoﬁdgg%%%ﬁ%lﬂré%mdﬂ§ cRide!

r enovi ng eshingabemicak erial s froma wafer after a chemical mechani caI
polishing (CWP) operation, conprising: This - Sheet Has Been Replaced - |
|~ 11" 1 111118criighing thel wafed with a@ itnptoved cleaning Ichemical (ICC) lafted the se@bbihg24234
PCT/ USOOI“Q%EE IS scr#bbi ng-the wafer with an oxide etching chem cal,
scrubbi ng %Wgﬁﬁ "Wfh dei oni zed (D) water after the scrubbing with the

oxi de etchin SCI. i ng the wafer i oved cl eani ng
cheni cal CC?"E? Fﬁléfe&’r"ﬁg:g[i%%“ e{/\ﬁ\ﬁﬂﬁ“f"ﬂ’én%wlt e‘gﬁ,&( and scrubbing the
waf er vm'th DI water after the scrubbing wwth the I1CC. 16. A nethod for
renoving surface materials froma wafer after a chem cal mechanical

i shi t t ed laim 15 furth
Cont i guring 1A s6 r%ﬁ‘:“ﬂ% 1B R e, ERCEHE R o WBIEE (ARG PCHBFREI  and

the scr wiabhdAstaPpoli %Uritfbn% otk @ in AdikETS, hﬁﬂ&eﬁ&fmﬂiﬂﬂgg with the
oxi de et ching chem ca e perforned in a first brush box; and
10 configuring the scrubbmg of the wafer with the oxide etching chemical and the

scrubbing of the wafer with DI water after the scrubbing with the oxide etching chemical, to
be performed in a first brush box; and

configuring the scrubbing of the wafer with an ICC and the scrubbing of the wafer
with DI water after the scrubbing with the ICC, to be performed in a second brush box.
15
17. A method for removing surface materials from a wafer after a chemical

mechanical polishing (CMP) operation as recited in claim 15, further comprising:

configuring the oxide etching chemical to include hydrofluoric acid (HF).

20 18. A method for removing surface materials from a wafer after a chemical

mechanical polishing (CMP) operation as recited in claim 15, further comprising:

configuring the scrubbing of the wafer with the oxide etching chemical to last for a

time of about 30 seconds.

25 19. A method for removing surface materials from a wafer after a chemical

mechanical polishing (CMP) operation as recited in claim 15, further comprising:

configuring the scrubbing of the wafer with DI water after the scrubbing with the

oxide etching chemical to last for a time of about 20 seconds.
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configuring the scrubbing of the wafer with an 1 CC and the scrubbing of the
wafer with DI water after the scrubbing with the ICC, to be perfornmed in a
second brush box. 15 17. A nethod for renoving surface materials froma

waf er af t YOU2¥ni cal nechanical polishing (CWP) oper atAGHWSAY2H®: i ted in
claim15, further conprising: configuasing the oxide etching chemcal to

I ncl ude hydrofluoric acid (IF). 20 18. A nethod for renoving surface
materials froma wafer after a chemical nechanical polishing (CWP)
operation as recited in claim15, further conprising: configuring the

scrubbing of idie vafBéhyd ok iddoving ShafRE Ghittghle FRM @alvated dfdfla Eimical tinme
of about 30 seconds. 25 19. A nethod for renoving surface materials froma

waf er af meghagicalpolishing (CME) oneratien asysritedHin sipimdvryhessty teil6k i@ sobdipred in

cl ai m 155 1dtiatele ¢ %m{i L8ingG@nf i guring the scrubbing of the wafer with
Di watersea1 ter t eh% crt?bcglhngn\%ith the oxide etching chemcal to last for a

L AR A B plefEka DB WARR A, 2000 | 1O 1T M
WO 01124234 R / . 16, thod for renoving surface materials
froma wafer %&zgﬂﬁ%%g%%a%dﬁggﬁﬁﬁ,e al polishing (CVMP) operation as
recited in claim15, wherein the ICCis a solution selected fromthe group
consisting of: 5 H202 + NHACH + EDTA + deionized (D) water; and H202 +
From a var or Gt orh ZoREh s ooyt SHTEEI PGS oM, & B¥beatBiehe
reci ted mechahirhlnpdlShing(OMP)ofREitioR e radited! in Zlaiml 08, anigaéin Gbstwesndataoad 40

angstrons of oxide are renoved fromthe surface of the wafer.
angstroms and about 40 angstroms of oxide are removed from the surface of the wafer.

22. A method for removing surface materials from a wafer after a chemical

mechanical polishing (CMP) operation as recited in claim 20, further comprising:

configuring the scrubbing of the wafer with the ICC to last for a time of about 35

15 seconds.

23. A method for removing surface materials from a wafer after a chemical

mechanical polishing (CMP) operation as recited in claim 19, further comprising:

configuring the scrubbing of the wafer with DI water after the scrubbing with the ICC
20  to last for a time of about 20 seconds.

24. A method of treating a surface of a substrate, comprising:
transforming a copper film on the surface of the substrate into a water soluble form;
scrubbing the surface of the substrate with a brush; and

25 rinsing the substrate with a liquid, the rinsing being configured to remove the water

soluble copper from the surface of the substrate and the brush.
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22. A nethod for renmoving surface materials froma wafer after a chem cal
mechani cal polishing (CMP) operation as recited in claim20, further
conprising: configuring the scrubbing of the wafer with the ICCto |ast for
a tinme of WOOL24236 15 seconds. 23. A nethod for renovi ngecavsomgasgat eri al s
froma wafer after a chem cal nechanjcal polishing (CMP) operation as
recited in claim19, further conprising: configuring the scrubbing of the
wafer with Dl ter . ' ' . . atime
of about 20 sgg’gndérﬁ%&\&%}%&? ﬁ%gy%?dcgrgfexa\%l%bgté&ggssljﬁ&&géég@rﬁghg‘ﬁ%{lra e,
conpri si neansforming isopenforredausigepeppén chabatmg dgest. sur f ace of the substrate into
a water soluble form scrubbing the surface of the substrate with a brush;
and 25 rinsing the substrate with a liquid, the rinsing being configured to
remove the water soluble copper fromthe surface of the substrate and the
brush. This Sheet Has Been Replaced ILITIITil123101//3/1)jj1/ 1INW

01/ 24234 PCT/ US00/ 27139 17 25. A nmethod of treating a surface of a
substrate as recited in claim?24, wherein the transformng is perforned
using a copper chelating agent. 1111111212122 (1000 tE0EELE 11 1iii * €~ ~'S

SIS

L

et AT AT CRVARITES SRR et S T R



