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(57) Abstract

A cleaning solution, method, and apparatus for clean- :Peu\f Hidg A Covpe  Laviw
ing semiconductor substrates after chemical mechanical pol- 310
ishing of copper films is described. The present invention in- On A Semionducrr Susyreare
cludes a cleaning solution which combines deionized water, ) —
an organic compound, and a fluoride compound in an acidic
pH environment for cleaning the surface of a semiconductor
substrate after polishing a copper layer. Such methods of .
cleaning semiconductor substrates after copper CMP allevi-
ate the problems associated with brush loading and surface Pemna The “Peitned
and subsurface contamination.
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After barrier layer 130 is deposited the vias/trenches 120 are filled with
copper (Cu) layer 140, as illustrated in Figure 1d. Cu |ayer 140 may be
deposi ted usi wel | known deposition techniques, for exarrp%> }
chem cal vap gﬂ@ﬁﬁ”gl tion (CVD), physical vapor deposition %{//B?mg}n

el ectroplating. In order to isolate the copper interconnects, as

i1 lustrated in Figure le, the excess copper |ayer-140 and barrier
| ayer 130 nust be renoved. :
- 2- One nmethod for renoving the excess copper |ayer 140 and barrier

| ayer 130 is polishing the surface of the substrate, for exanple, polishing
usi ng chem cal nechanical polishing (CMWP). In a CVWP process, the

sem conductor substrate is polished with a slurry containing abrasive
particles, such ' ]«% ne n % such a ro

peroxi de. In the%ﬁg@g@,ﬂ’% ﬁ%% E&?ﬁ”& iLJBHEHS“%gE'FPYFMﬁ%de
particles and/or netal contam ngsmERPOUBHING cFMEERIFaMer 150, dielectric
surface 160, and in the dielectric subsurface 165. Regar dl ess of how
the CVMP process is perforned, the surface of sem conductor substrate nust
be cl eaned of congLOKERBEND OFME rexAdoN hese contam nants may af f ect
devi ce performance characteristics anc may cause device failure to occur at
faster rates than usudh. CEieldohthelngention conduct or substrate after

cher cal mechani cal  pofie iAol 08 rlBdiSrASERARALY ok -0 RMERKE SUch

contam nants fromthe copper ayer ectri
and cleaning a substrate, and more specifically to methods and apparatus

for cleaning semiconductor substrates after polishing of copper films.

2.  Background Information

In the manufacture of advanced semiconductor devices, copper
(Cu) is beginning to replace aluminum (Al) as the material for
metallization. Cu has become desirable due to its lower resistivity and
significantly improved electromigration lifetime, when compared to Al

One process for Cu metallization uses a dual damascene approach.
As illustrated in Figure 1a, a dielectric layer 110 is deposited above a
substrate 100. Dielectric layer 120 may be made up of materials such as
silicon dioxide. Vias and/or trenches 120 are then formed in the
dielectric layer 110, as illustrated in Figure 1b. Vias/trenches 120 may be
formed, for example, using dry etching techniques. Next, a thin layer of
barrier material (barrier layer) 130, for example, tantalum (Ta), titanium
(Ti), or titanium nitride (TiN) is deposited as illustrated in Figure 1c.
After barrier layer 130 is deposited the vias/trenches 120 are filled with
copper (Cu) layer 140, as illustrated in Figure 1d. Cu layer 140 may be
deposited using well known deposition techniques, for example,
chemical vapor deposition (CVD), physical vapor deposition (PVD), or
electroplating. In order to isolate the copper interconnects, as illustrated
in Figure 1le, the excess copper layer 140 and barrier layer 130 must be
removed.



One nethod for cleaning the sem conductor substrate after polishing:of the
copper layer is brush 'scrubbing. Brush scrubbing, whether single-sided or
doubl e- si ded brush scrubbing, is the industry standard f%% éﬁ%&ﬂﬂ_QXide
and tungst P ¥#229p| i cati ons. However, there are several proplens

associ ated wth applying brush scrubbing to post copper CMP cl eani ng.

One such problemis brush |oading. During the CMP process, the top surface
of the copper |ayer may be oxidized and forns copper oxide, for exanple
copper oxide (Cu20 or CuO) or copper hydroxide (Cu(OH)2). In basic or
neutral pH cleaning environnents, the copper oxide or copper hydroxi de does
not di ssolve and may be transferred to the brushes, thus | oading the

brushes. The cont am @ae swthast for sermeving sheexcess qopper layer 10andrharriehe copper
oxide of COPPer ek BubARE MY ARMALS of fhe IUDRRAL I8} LarB (IR UDS! r at e

during cl eani ng.
For tungsten andsinglchemiral shectmmidal pelishimg (CMP)sin 4 GhMP prpcessithed be curtail ed

Rt 20910 @ 9| W SRR SRS U chBaRG BFBECS L e
di ssol ved; howepsiticled}stich@s ahamina glartidiess and an origlaht, stdteaghydtogerarmoni um
copper oxi de. ABERNIdnAN 5 CHP RS o BmaR B RE R ERGB MR T or ) ut e
amoni um hydr oXirf#fudd Setticles and /or metal contamination on the copper layer 150,
dielectric surface 160, and in the dielectric subsurface 165.
Regardless of how the CMP process is performed, the surface of
semiconductor substrate must be cleaned of contaminants. If not
removed, these contaminants may affect device performance
characteristics and may cause device failure to occur at faster rates than
usual. Cleaning the semiconductor substrate after chemical mechanical
polishing of copper may be necessary to remove such contaminants from
the copper layer and dielectric layers.
One method for cleaning the semiconductor substrate after
polishing of the copper layer is brush scrubbing. Brush scrubbing,
whether single-sided or double-sided brush scrubbing, is the industry
standard for cleaning oxide and tungsten CMP applications. However,
there are several problems associated with applying brush scrubbing to
post copper CMP cleaning.
One such problem is brush loading. During the CMP process, the
top surface of the copper layer may be oxidized and forms copper oxide,
for example copper oxide {Cu20 or CuO) or copper hydroxide
(Cu(OH)3). In basic or neutral pH cleaning environments, the copper
oxide or copper hydroxide does not dissolve and may be transferred to
the brushes, thus loading the brushes. The contaminated (or loaded)
brushes may then transfer the copper oxide or copper hydroxide

contaminants to subsequently processed substrates during cleaning.



causes etching of the copper |ayer and may cause serious surface

r ougheni ng. Brush | oadi ng may al so. occur when alum na particles are
used in the GRIRARILEVP pProcess. In neutral or inorganic acigck@sszion.)

cl eaning environnents, there is an electrostatic attracti on between al um na
particles and the silicon dioxide surface which nmakes it difficult to
renove the alum na particles fromthe surface of the dielectric material.
Because of the electrostati.c .attractive force, the aJumna particles rAay

al so adhere to the brush and ‘cause anot hersbr ush l'oadi ng problem with
simlar effects to those discussed above. ™ Yet anot her probl em caused

by the CVWP process is_that the surface and subsurface of the dielectric
| ayer may become cont gﬁfﬁﬁ‘t@@“cﬂﬂdi‘ﬁg ide applicafipns, brushiloading goukdbe opper

| ayer and bar! i ereutiied by adaflg a tu@'difhoRRM AYIRANISNILLTH f BeU' 1Y

During the CVWP process, ctontam nants, especially netal contam nants, may
penetrate into tlprestineé s NHOH paet of the copperpxide way ébryn COINERESt r ons (A)

fromthe surface. Again, these cgontam nants may affect device performance
characteristics éﬁWﬁ%a%%W%éﬁ?s@quéﬁPWF‘é‘?ngFem i Btﬂ, what is needed
is a cleani ng ennkaoRBRNt 3R diTRleRRohRIm Aly@AXidhaAbekn $QRRE o BVP _
substrates that alleviate the problens of brush |oading wthout affecting

the quality of tHesuffigieat tepreventbrshieading pbeapper oxide.” Additionally, it
has been found that scrubbing with dilute ammonium hydroxide also

causes etching of the copper layer and may cause serious surface
roughening.

Brush loading may also occur when alumina particles are used in
the copper CMP process. In neutral or inorganic acid (e.g. HC) cleaning
environments, there is an electrostatic attraction between alumina
particles and the silicon dioxide surface which makes it difficult to
remove the alumina particles from the surface of the dielectric material.
Because of the electrostatic attractive force, the alumina particles may
also adhere to the brush and cause another brush loading problem with
similar effects to those discussed above.

Yet another problem caused by the CMP process is that the surface
and subsurface of the dielectric layer may become contaminated during
polishing with metal from the copper layer and barrier layer as well as
other contaminants from the slurry. During the CMP process,
contaminants, especially metal contaminants, may penetrate into the
dielectric layer up to approximately 100 angstroms (A) from the surface.
Again, these contaminants may affect device performance characteristics

and may cause device failure.

Thus, what is needed is a cleaning environment and methods for
cleaning post copper CMP substrates that alleviate the problems of brush
loading without affecting the quality of the copper and dielectric layers.



-4- Furthernore, what is needed is a cleaning environnent and nethods for
cl eani ng post copper CMP substrates that have the capability of renoving
surface and subsurface contam nants fromthe copper and dgﬁhﬁﬁb 1673l avers.
SUMVARY OF WEZEENTI ON A cl eaning sol ution, methods and appar at us
for cleaning sem conductor substrates after chem cal nechanical polishing
of copper filns is described. The present invention includes a cleaning

sol uti on whi ch conbi nes dei oni zed water, an organi c conpound, and a -
fluoride conpound in an acidic pH environnent for cleaning the surface of a

sem conductor substrate after polishing a4'copper | ayer. Addi ti onal
features and benefits of the present invention will becone Qa’ﬁgarent from
the detail ed dedurthermore, whagisneeded isch dearing envirormpentiandehetvods foBRI EF

DESCRI PTI ON OF T. W N i | @8 Sei | | ustrated by
way of exanple adrﬁnn |$'rh§?%etricc§\4p isﬁﬁ%ﬂagéﬁggﬁn%df%:ég&f @9@‘3?’& I n which:
Fi gure la il | ustrembeingsustace and sulssirface airgamatanthfxomihe copperlandt ri c | ayer

deposi ted thereodg.l . Figure |Ib illustrates the sem conductor substrate
of Figure la aft ?eqflﬁéayzfﬁsd/o_r trenches are forned in the dielectric |ayer.

Figure 1c il !l ustSuAMRMARVOBTHEINVBNTION substrate of Figure |b after a thin
barrier |ayer has been deposited thereon. _ Figqure 1d illustrates the
semi conduct or subst rét@eﬁa“ﬁf“@)‘&ﬂ@nffﬁe‘g‘f’a%?n%apﬁifé}“sg réfﬂﬂi’éﬁ materi al has
been deposited thgfi@Mductor substrdtésifte? chémical metizai@$ pblighise 6l pctor
substrate of Figure 1d after chem cal nechanic pol i shing of the excess

I
copper | ayer andilpgis describad.cThe present invention inaudes a cleaning solution
which combines deionized water, an organic compound, and a fluoride

compound in an acidic pH environment for cleaning the surface of a
semiconductor sﬁBstrate after polishiﬁg a c-dpper layer.

Additional features and benefits of the present invention will
become apparent from the detailed description, figures, and claims set
forth below.

BRIEF DESCRIPTION OF THE DRAWINGS

The present invention is illustrated by way of example and not
limitation in the accompanying figures in which:

Figure 1a illustrates a semiconductor substrate having a dielectric
layer deposited thereon.

Figure 1b illustrates the semiconductor substrate of Figure 1a after
vias and/or trenches are formed in the dielectric layer.

Figure 1c illustrates the semiconductor substrate of Figure 1b after
a thin barrier layer has been deposited thereon.

Figure 1d illustrates the semiconductor substrate of Figure 1c after
a layer of Copper material has been deposited thereon.

Figure 1e illustrates the semiconductor substrate of Figure 1d after
chemical mechanical polishing of the excess copper layer and barrier

layer.



- 5- cFigure 2 illustrates one enbodi mrent of a scrubber system

Figure 3 illustrates a flowhart of one enbodi nent of the process of the
present i nve%&gﬂzn TAI LED DESCRI TION Met hods and ApRpairaishidi21bar -
C eani ng Sem conductor Substrates After Polishing of Copper Filmare

di sclosed. In the follow ng description, nunerous specific details are set
forth such as specific materials, processes, paraneters, dinensions, etc.
in order to provide a thorough understanding of the present invention.- It
wi || be obvious, however, to one skilled in the art that these specific
details need not be enployed to practice t e present invention. |In other

I nstances, well known nmaterials or nethods have not been described in

detail in order to avoFigurmhillustratesiong egtbodimentpfiatseryhbes eystemnvent i on.

The follow ng descri ptg: ' ' ' d
apparatus for cleani nghgﬂgégfnﬁgfghﬁﬁé%ta glr&g%%gﬂtdr}g)tng%a tdg(r?r“ Fﬁggf;tgggg?ﬁe% of
copper i nt er conneof the)present ivention! nechani cal pol i shing

(CWP)/ pl anari zat i . ophat~L Nt erconnect (s). It should be noted that
t he processes for=fg A AN I nterconnects in sem conductor device
fabrication are wel |l Kkiedwodsandhkpparataior GleaningSeatiostdueir Sidsahieged i n
detail herein. k,t ,i_ggulg al so(ﬁ noted that, aJthqough the term

seni conduct or subéfter Polis &8 Goppgr, EHSER elpsedyily n®} k’éﬁ"a&d_ claims the
term sem conduct Ofes¥iptiohdh@mefoud SBeCiliOdE@{18hrd Rt forfH $UhOR spedficonduct or

substrate or a part thereof, such as gallium arseni de, upon which device
materials, processes, parameters, dimensions, etc. in order to provide a

thorough understanding of the present invention. It will be obvious,
however, to one skilled in the art that these specific details need not be
employed to practice the present invention. In other instances, well
known materials or methods have not been described in detail in order to
avoid unnecessarily obscuring the present invention.

The following descriptio'n describes a cleaning solution, methods,
and apparatus for cleaning a semiconductor substrate after the formation
of copper interconnect(s) and chemical mechanical polishing
(CMP)/planarization of that copper interconnect(s). It should be noted
that the processes for formation of copper interconnects in semiconductor
device fabrication are well known in the art and are therefore not
described in detail herein.

1t should also be noted that, although the term semiconductor
substrate is used throughout this disclosure and claims the term
semiconductor substrate is used to refer to a silicon semiconductor
substrate or a part thereof, such as gallium arsenide, upon which device
layers have been or are going to be formed. 1t should also be noted that
the term substrate includes but is not limited to: fully processed, semi-
processed, or unprocessed substrates with semiconductor materials

thereon.



| ayers have been or are going to be formed. It should al so be-noted-:that
the term substrate includes but is-not limted to: fully processed, sem -
processed, or unprocessed substrates with sem conduct or nﬁa(%l_ 'gg% _1 hereon.

- 6- WO2nal |y it should be noted that, althoug ent
I nvention is described in conjunction with the scrubbing of a sem conductor
substrate or wafer, it will be appreciated that any simlarly shaped, i.e.

generally flat substrate, may be processed by the nmethods and apparati of
the present invention. Further, it will be appreciated that reference to a .
sem conductor substrate or wafer may incbude a bare or pure sem conductor
substrate, with or wi thout doping, a sem conductor substrate with epitaxial
| ayers, a seni conducAdditionaly itaheuldbeaioped that, aithough e presentdevi ce | ayers

at any stage of, progessipng, .other types of ,supstrates incorporating one or
more seni condchFnP%@%g%rM}H@E%‘g‘ﬁ??%W ﬁﬁrﬂbﬁ’é‘gﬁ’?éonductor on

i nsul ator (Sl O shhgubsdifotorSubstheior Waler, ftavillletpposdidied eidtgry appar ati and
devi ces such as fl at -panel _displa mul tj chi p nodul es, etc,

S ) yS As
described in th@"b’éﬁh(@h@ﬂ?ﬁjle%W@‘YMﬁFbW%ﬂﬂbqh@%ﬁ%BYﬂF‘ht erconnect s
on-a_ Sert Conduch gt o A A SrdiEn kel ADEHGHE SR A, echni ques, 1t

i's necessary to clean t tor substrate and Tenmpve any
cont am nant's f rappretistedithatreference to alsemidonductor subsirate or wafer may

include a bare or pure semiconductor substrate, with or without doping,
a semiconductor substrate with epitaxial layers, a semiconductor
substrate incorporating one or more device layers at any stage of
processing, other types of substrates incorporating one or more
semiconductor layers such as substrates having semiconductor on
insulator (SIO) devices, or substrates for processing other apparati and
devices such as flat panel displays, multichip modules, etc.

As described in the background of the invention after the copper
interconnects on a semiconductor substrate have been planarized using
CMP techniques, it is necessary to clean the semiconductor substrate and
remove any contaminants from the surface and subsurface of the
semiconductor substrate.’ One such technique for removing
contaminants from the semiconductor substrate is scrubbing the
semiconductor substrate (substrate).

As an example, and not by limitation, the present invention is
described in conjunction with a scrubbing process, more specifically, a
scrubbing process in which both sides of the wafer are scrubbed
simultaneously. The scrubber may include a number of stations. Each of
these stations represents one or more steps in the substrate cleaning
process. Contaminated substrates are loaded at one end of the system

and cleaned and dried substrates are unloaded from the other end of the

system. Example of a systems of this type are the DSS-200™ Scrubber



sem conduct or substrate. One such technique for renoving contam nants from
the sem conductor substrate is scrubbing the sem conductor substrate
(substrate). wooopizaeAS an exanple, and not by limtation, therpsmsaeTs -

i nvention is described in conjunction with a scrubbing process, nore
specifically, a scrubbing process in which both sides of the wafer are
scrubbed simul taneously. The scrubber may include a nunber of stations.
Each of these stations represents one or nore steps in the substrate -

cl eani ng process. Contam nated substrates gre | oaded at one end of the
system and cl eaned and dried substrates are unl oaded fromthe other end of

the system Exanple of a systens of this ti/pe are the DSS-200[err] Scrubber
-7- and the SynengltheSyneigyr ufpabbeavailabledfrom Onlmpk Systempsinenef “ 1 nc. of

Ml pitas, Califorgpigit lifornidUr € 2 represents a cross sectional view of a
Synergy confi guralgll5 g}\a ‘'c aea(Flljlﬁng systen). Usually, the contani nated

substrates are deli ve@@lm&p&s@h@arﬂwgﬁaﬁdr@m&w sﬁ'as}hﬁaﬂgﬁ’aﬂ nmechani cal
pl anari zation (CWP), from a wet,  bench, Ohﬁfr mgther rocesses resulting in
cont ami nation. Atcongigugatign (cleaningsystegy, Usyally, she canta aé?ﬁﬁéb%t%ﬁjbst rat es

are |oaded into %r\ﬁ%ﬁ{re@a%aﬂiéaeaaﬁﬁ  EpASH R thaihal MBctaadagt te 280 is

then placed into the wet send indexer station-210. After cassette 280 is
pl aced into wet spladatizationd CMR)afrosna wepbendhe orfrpat otherprogessearasulting cal |y

removed from the GasaelhRa68R APthd¥iat %ﬁtheoagan"ftr\g ﬁr&cle%%ntaminated

substrates are loaded into a wafer cassette 280 (cassette) and the cassette
280 is then placed into the wet send indexer station 210. After cassette
280 is placed into wet send indexer station 210, the substrates are
automatically removed from the cassette 280 and placed, one at a time,
into the outside brush station 220.

In the outside brush station 220, a substrate is processed through a
first scrub. During the first scrub, the cleaning solution may be applied
to the substrate in several different ways. For example, in one |
embodiment the cleaning solution is sprayed onto the substrate. In
another embodiment the cleaning solution is applied to the substrate
through brushes 221. Yet another embodiment applies the cleaning
solution by dripping the cleaning solution onto the substrate.

* The scrubbed substrate is then automatically removed from the
outside brush station 220 and placed into the inside brush station 230. In
the inside brush station 230, the substrate is processed through a second
scrub. In the inside brush station 230 the cleaning solution may be
applied to the substrate in a similar manner as in outside brush station
220.

After the second scrub the substrate is then automa tically removed
from the inside brush station 230 and placed into the rinse, spin and dry
station 240. Rinse, spin, and dry station 240 rinses, spins, and dries the
substrate. At this point the wafer has been cleaned.



Into the outside brush station 220. In the outside brush station
220, a substrate is processed through a first scrub. During the first

scrub, the\.,\g?eé%lbg(g solution may be applied to the subst r?&?/ulbsfbﬁtﬁyef al
: r

di fferent exanpl e, in one enbodi nent the cleaning solution is
sprayed onto the substrate. In another enbodi nent the cleaning solution is
applied to the substrate through brushes 221. Yet another enbodi nent
applies the cleaning solution by dripping the cleaning solution ontg the

substrat e. The scrubbed substratesi_s then automatically renoved from
the outside brush station 220 and placed into the inside brush station 230.

In the inside brush station, 230, ,the substrate is processedq through a
second scrub. In theéP?Fs'ilr'_ﬁé‘rﬁFt??m'él‘Q%ﬁteEQBaYﬂéeeE‘ICegmj'#ﬁgéléﬂ ution may be
applied to the gylsakdisthdritranspoblel Font Bt ¥ihsedspih ardidiy sétider 24dlp St at i on
220. After the second sCrub the substrate is thén automatically
removed from t hthe oiputstations250swhere dhe substratewill balacadqintp ¢aseette nse, spin

d d tati . . . P . s, q
ri s The oubat 75k o fritifer i Bty R oy 4oBBuL A WiliaPhes G 1S o1
-8- Oncesubistrate ogtef thepringe, spid, ahvd/diyt siatiori 40 ytiteadgesapd et ed t he

Pubstrate, 1, Rl RIRARA S oL 1. Bl AL aid o ibspgon 210 1
281. The transf er ta anotiseraldaningponprecessing spstem. r obotic armwhich lifts the
| It will be clear to one of ordinary skill in the art that some of the
steps in the cleaning system described above may occur in another order
and/or with various solutions depending upon the substrate or substrate
layer being cleaned. For example, different cleaning solutions, such as
water, citric acid, ammonium hydroxide, ammonium citrate, and
hydrofluoric acid solution (or mixtures of solutions) may be used in one
_ of the brush stations. Also, other systems may include one brush station,
or more than two brush stations. Moreover, other systems may omit one
or more of the above stations/steps and may include additional
processing stations, such as a CMP station.

It should be noted that while the following description illustrates
the use of the present invention in a cleaning system in which both sides
of the substrate are scrubbed simultaneously, the present invention may
be used in other cleaning systems and processes. For example, a cleaning
system in which only a single side of the substrate is scrubbed or a
cleaning system in which the substrate is cleaned with chemical spray.

Figure 3 illustrates one embodiment of the process of the present
invention. At step 310, the copper layer is planarized using chemical
mechanical polishing. It should be noted that other techniques for
planarization of the copper layer may be used and that it may still be

desirable to clean the semiconductor substrate using the present



substrate 'out of- the rinse, spin, and dry station 240 by its edges and
places it into the cassette 281. The cassette is then transferred to
storage or tgodpehiler cleaning or processing system Mmfge cl ear
to one of ordinary skill in the-art that sone of the steps |n eani ng
syst em descri bed above may occur in another order ‘and/or wth varr ous

sol utions dependi ng upon the substrate or substrate |ayer being cl eaned.
For exanple, different cleaning solutions, such as water, citric acid,
ammoni um hydr oxi de, ammoniumcitrate, andghydrofluoric acid solution (or

m xtures of sol utions) may be used in one“of the brush stations. Al so,

ot her systens ma. clu one, br,ush. st.ati.on nore than t brush
stations. MoreoV Mswm Ifofﬂfét‘bfe%Yeep‘Emet‘#e) above

st ati ons/ st eps ara;ﬁtammanfst&md&haﬁtﬁbsuamlrfa@éaﬁa?étsﬁ@sﬁifﬁéé ons, such as a
CWVP station. | t shoyipsl qi‘ﬁ‘gthat while the follow n ]gdescrlptron
illustrates the use &8t isped gemicgRdypctonsulsiratn s gheypleesd im whi ch

both sides of thesceublsde! The sabstrate isthbe Seribbed ta@&%g@sbxormsv@&%gem

i nvention may be used in other. cleaning systems and processes r exanpl e,
a cl eani ng syst WFWWP@WaBFﬁ@/bhthQjIS@%R@C@ﬁ angwbmhbmg ai s scrubbed

or 2 ol eani ng sysieih el diied 10d QlkGuk if o£AIGE A Ly e cal spray.

Figure 3 illustrates focess of t egent

invention. At st@i&cm&: thelremoyphefithe agruamlmrm mdehlS IChi@n m cal
i G 01 Sy e Rl 1.
desirabl e to cl etatidn230senbathrbdiish stationsis héwsﬁryﬁcbfrthe bdrabbéraaFigure

2.

In one embodiment, the present invention uses a cleaning solution
that is made up of deionized water, an organic compound, and a fluoride
compound, all of which are combined in an acidic pH environment for
cleaning the surface of a semiconductor substrate after polishing a copper
layer. The use of an acidic pH environment helps dissolve copper oxide
and alleviates some of the problems of brush loading discussed in the
background of the invention. It should be noted that it is desirable to
keep the acidic pH environment within a pH level range of
approximately 1-6. In one embodiment of the present invention, the
acidic pH environment has a pH level in the range of approximately 2-4.

The use of an organic compound helps to change the electrostatic
forces between the particles and surfaces of the brush and substrate in
order to make them repulsive. Thus, the particles repel the brushes and
the substrate and the substrate and brushes repel the particles providing
favorable conditions for particle removal. The organic compound used
may be an organic acid, the ammonium salt of an organic acid, or an
anionic surfactant. Some examples of potential organic acids may be:
citric acid, malic acid, malonic acid, succinic acid, or any combination of
such organic acids.



-9- invention after such planarization in order to renove potential
contam nants fromthe substrate surface and/ or subsurface. At step
320, the polished sem conductor substrate is then placed iﬂl‘rﬁl ber. The
substrate | ¥Q¥M&#228cr ubbed, at step 330, to renove the contam nants caused -
by the polishing process. During scrubbing, a cleaning solution is applied
to the substrate in order to aid and/or effectuate the renoval of the
contam nants (step 340). This cleaning solution my be used in either
out si de brush station 220 or inside brush station 230, or both brush
stations if necessary, of the scrubber imOFigure 2. I n one

enbodi nent, the present invention uses a cleaning solution that is nade up
of deioni zed wat er, dtslanddibe notedrthatinis,desinable td dissolivelthecwgpuiand, al | of
whi ch are conbi ned in aci di.c DH_enyk f ' ' he surface of
a seni conduct or %‘Fﬁl “EFF?’B?"‘%B’P%%K% if%%%\ﬁ%&f%ﬁﬂ%@%ﬁfe use of an

aci di ¢ pH envi r cipprokintitely100ppRab 2% owpight.oln afe emitbdinentofthes sone of

t he problens of brush:| oad] nghdi scussed in the ba(ﬁkgéou§ﬁgof k\?ﬂ}i nventi on.
It should be notRRgsenirventionthearganigompong is disselyed jny sb\gf‘é i r onment
within a pH | evehelcah@anation RRigeds BppRiximately. 200ppaine® 0:2% b iweagtit. of t he
present invention, the acidic envi ronmenii_ G}as a pH I%\éel I n the range of
approxi mately 2-4.  Theusepfaflueride campanpd Aelps to FpBRYRI S SPR@MiBaRtAange t he
el ectrostatic f%&ﬁ%@%ﬁ%ﬂdﬁ&g&&@%% aﬁréc&wlagaesrhe_fprééaﬂt brush and

substrate in order to ma emrepul sive. Thus, the particles repel the

brushes and t he wbBtiomireomedates theupsof flnpdderemppurdesichapbydregenpar ti cl es
oo my bean oRySdeada FET: ARimoRRLn HEbAdh FUPNF) in O e e o "or an
ani oni ¢ sur f act agslutidéonHF ex bufferesl HF (gaoinentvima fluoridemisedwiithd TReschies: citric
e Bl 0o il Qb Trdls, QG e SorBbihg bl AR @bkidl of such

layer is also etched. For example during the brush scrubbing process,

typically between 10-100 A of the oxide layer is removed, leaving clean,

uncontaminated dielectric surface on the substrate.

It should be noted that it is desirable to dissolve the fluoride

compound in deionized water (DIW) in a concentration range of

-approximately 0.1% to 5% by weight. In one embodiment of the present

invention the fluoride compound is dissolved in DIW such that the

concentration range is approximately 0.2% to 1% by weight.

The cleaning solution of the present invention is a mixture of

chemicals in DIW containing a fluoride compound such as HF or NHF;

an organic acid, an-ammonium salt of an organic acid, or an anionic

surfactant; in an acidic pH environment. It should be noted, however,

that hydrochloric acid (FHCl) may also be added to the solution to adjust

pH and help dissolve copper oxide. It should also be noted that the

chemicals of the present invention are pre-mixed in the same cleaning

solution to simultaneously solve several problems related to post copper

CMP cleaning using a brush scrubber. Cross contamination from



-10- . It should be noted that it is desirable to dissolve the organic
conpound in deionized water (DIW in a concentration range of approxi mately
100ppmto 2%.b ﬁ?%zght. I n one ermbodi nent of the present inpepbssRAIGRE .
organi c conp di ssolved in DIWsuch that the“concentration range is
approxi mately 200ppmto 0.2% by wei ght. The use of a fluoride
conpound hel ps to renove the contam nants fromthe surface and subsurface
of the dielectric layer. The present invention incorporates the use off
fluoride conmpounds such as hydrogen fluorige acid (HF) or anunoni um
fluoride (NHerr]F) in the cleaning solution. HF or buffered HF (amnoni um
fluoride m xed with HFz?xtetches silicon dioxide. Thus, during the scrubbing
process the sili coWpstiatedp gubstefe and within thegampspbsirate arg gseoreiuri ng t he
brush_scrubbi NG NAGESPsutlstNefalyl o dveh PRevlrdl HRiRPId iprgiile | aver s
renmoved, | eaving clean, uncontam nate Ielectric surface on the substrate.
It should be noted thdPnéexampldeftheabany diffeserisvaysdnfornylating thie conpound

i n deionized wate i . rabsd, A r QX4 y 0.1%to
596 by vel gt . 1 n Usiaibngolfiof i 83E R CLRIERHA, B SAN RKLOR LY, o,
conmpound i s di ssoeigtt imixdd iV DIWhH The pH lelvel afahe solitian irothis exageple 3s
approximately 0.2%to 1%b i ght . The cl eani solutjon qf the
present inventi onaREroém?‘ﬁtﬁlg'@r t%?m'ﬂﬂ?ﬁ?&%ﬂdshqvﬁe‘ﬁfﬂfiﬁéﬁtﬂ’gﬁr?ﬁeﬁbmé’eﬂl%ri de
conpound such as (dvey va¥idiis: foARuRBASHOthe @ledning oRTOH) htddsdlehclef an
organic acid, or an anionic _surfactant; in an aci d(h&e?H environnent. |t

shoul d be noted, fEnRRent in thesohstiongray be replagedby engghemicabthgbhasided t o

tn 25630{ E; 't O?hte 0 adinifat phbperfies. hThils theholy End APPRANRtbH&earihg Shoul d al so be

semiconductor substrates after polishing of copper film have been
described. Although specific embodiments, including specific
equipment, parameters, methods, and materials have been described,
various modifications to the disclosed embodiments will be apparent to
one of ordinary skill in the art upon reading this disclosure. Therefore, it
is to be understood that such embodiments are merely illustrative of and
not restrictive on the broad invention and that this invention is not

limited to the specific embodiments shown and described.



chem cals of the present invention are pre-mxed in the sane ¢l eani ng
solution to sinultaneously solve several problens related to post copper

CMP cl eani ng usi ng a brush scrubber. Cross contam nation

T RSo8121073 -
-11- subs?’&h‘l’@r{z substrate and within the same substrate aradheref ore
reduced substantially, or even prevented in this sinple approach. One

exanpl e of the many different ways in fornulating the cleaning solution is:
0.5% HF, 0.1%Citric Acid, and 0.4% NH err] OH by weight m xed in DIW The
pH | evel of the solution in this exanple is approximately 3. It should be
noted however, that the present inventid®& covers various formul ations of
the cl eaning solution, and that each conponent in the solution may be

repl aced by different chem cal that has simlar properties. Thus, nethods
and appar at us &giéggﬁaning sem conductor substrates after polishing of
copper film ha descri bed. Al though specific enbodi nents, including
speci fic equi privinat isehaimedtser s, net hods, and materials have been descri bed,

various nodificatjons to the.disclosed enbodi ts will be apparent to one
of ordinary ki iAdkaping solfic Bh cRRtite AR EuaP el tirares ComRRRINED: e it s
to be understood t hatfirstehoentsid deisriigedwateterely il lustrative of and not
restrictive on the broad jnvention and that . this inventionis not limted

to the specific enb@df® amopptef anprsaRic efiflhed.

a third amount of a fluoride compound;

wherein said deionized water, said organic acid, and said fluoride

compound are combined in an acidic pH environment.

2. The cleaning solution as described in claim 1 wherein said acidic pH

environment is a buffered acidic pH environment.

3. The cleaning solution as described in claim 1 wherein said acidic pH

environmernt has a pH level in the range of approximately 1-6.

4. The cleaning solution as described in claim 1 wherein said acidic pH

environment has a pH level in the range of approximately 2-4.

5. The cleaning solution as described in claim 1 wherein said second
amount of organic acid is dissolved in said first amount of deionized
water such that said second amount of organic acid has a concentration

range of approximately 100ppm to 2% by weight.

6. The cleaning solution as described in claim 1 wherein said second
amount of organic acid is dissolved in said first amount of deionized
water such that said second amount of organic acid has a concentration

range of approximately 200ppm to 0.2% by weight.

—
L



-12- CLAIM5S What is claimed is: 1. A cleaning solution for cleaning

sem conduct or substrates conpri sing: a first anount of a deionized
wat er ; % ﬁB@d amount of an organic acid; a t hiduRemion of a
fluoride codﬁh?g, wherein said deionized water, said organic acid
and said fluoride conpound are conbined in an acidic pH environnent. 2.
The cl eaning solution as described in claim1l wherein said acidic pH
environnent is a buffered acidic pH environnent. . 3. The cl eaning solution
as described in claim1 wherein said aci?hg pH environment has a pH | evel
in the range of approximately 1-6. 4. “cl eaning solution as descri bed

in claiml wherein _said acidic pH environnent has a _pH level in the range
of approxi nat el y 72-The cleaning solution as described in claim 1 wherein said third

amount of said fluoride compound is dissolved in said first amount of
deionized water such that said third amount of said fluoride compound

has a concentration range of approximately 0.1% to 5% by weight.

8. The cleaning solution as described in claim 1 wherein said third
amount of said fluoride compound is dissolved in said first amount of
deionized water such that said third amount of said fluoride compound

has a concentration range of 'approximately 0.2% to 1% by weight.

9. The cleaning solution as described in claim 1 wherein said second
amount of organic acid is selected from the group consisting of: citric
acid, malic acid, malonic acid, succinic acid, and any combination

thereof.

10. The cleaning solution as described in claim 1 wherein said third
amount of said fluoride compound is selected from the group consisting
of: hydrogen fluoride (HF), ammonium fluoride (NH4F), buffered
hydrogen fluoride (ammonium fluoride mixed with hydrogen fluoride),

and any combination thereof.

- 11. A cleaning solution for cleaning semiconductor substrates
comprising: '
a first amount of a deionized water;
a second amount of an ammonium salt of an organic acid;
a third amount of a fluoride compound;
wherein said deionized water, said ammonium salt, and said

fluoride compound are combined in an acidic pH environment.

T



5. The cleaning solution as described in claim1 wherein said-second anount
of organic acid is dissolved in said first anount of deionized water such
that said second apount of organic acid has a concentrati f
approxinateWP?ﬁf“ mto 2% by wei ght. 6. The cl eaning sg?ﬂ@%%%%gg‘
described in claim1 wherein said second amobunt of organic acid is

di ssolved in said first anount of deionized water such that said second
anount of organic acid has a concentration range of approximtely 200ppmto
0. 2% by wei ght . -13- 7. The
cl eaning solution as described in cl ai muwherein said third anount of said
fluoride conpound is dissolved in said first anmount of deionized water such

that said third 13dm3becleaninggplntionasdeseribed in slair 1A ahezeipsaiskasidiaptbn r ange
of approxi mat el : 10 RBY U PR i . J.eani ng sol ution as
described in cl )aélngnl gtrlgién sal\aﬁiﬁ"?lrcha%ovd;rE’?ﬁ})%’sai d fluoride compound is
di ssolved in said first anount of deionized water such that said third
amount of said fhuggj ' range. of . xi mately
0. 2%t 0 1% by Welll;z.g The 9&&%@_@8%%@%%&&%&9&%&%&&%erem%aldoaa.f}PBiP
environment has a pH level in the range of approximately 2-4. '

14. The cleaning solution as described in claim 11 wherein said second
amount of organic acid is dissolved in said first amount of deionized
water such that said second amount of organic acid has a concentration

range of approximately 200ppm to 0.2% by weight.

15. The cleaning solution as described in claim 11 wherein said third
amount of said fluoride compound is dissolved in said first amount of
deionized water such that said third amount of said fluoride compound

has a concentration range of approximately 0.2% to 1% by weight.

16. The cleaning solution as described in claim 11 wherein said third
amount of said fluoride compound is selected from the group consisting
of: hydrogen fluoride, ammonium fluoride, buffered hydrogen fluoride,

and any combination thereof.

17. A cleaning solution for cleaning semiconductor substrates
comprising:

a first amount of a deionized water;

a second amount of an anionic surfactant;

a third amount of a fluoride compound;

wherein said deionized water, said anionic surfactant, and said

fluoride compound are combined in an acidic pH environment.

I
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9. The cleaning solution as described.in claim1l wherein said second anount
of organi-c acid is selected fromthe group consisting of: citric acid,
nalic acid, n@bgbG,@cid, succinic acid, and any conbinati opciRé@abs - 10.
The cleaning sol'ution as described in claim1 wherein said third anount of
said fluoride conpound is selected fromthe group consisting of: hydrogen
fluoride (HF), amonium fluoride (NH4F), buffered hydrogen fluoride
(ammoni um fl uoride mi xed wi th hydrogen fluoride), .and any conbination *

t her eof . 11. A cleaning solution for cleﬁglng sem conduct or substrates
conpri si ng: a first amount of a dei Oi zed wat er ; a second

anount of an ammnl It of an organic acid third amount of a
fluori de corrpound 8. The 39%&#@8§P‘r¥t‘9§|38 dﬂ@‘&?ﬂé@@%ﬂ@rWh@aincﬁaMmﬁ salt,

and sai d {1 uori decRARRAHES 8k BubRRN RRHc pB Avifhinisd. PH envi ronnent
-14-
19. The cleaning solution as described in claim 17 wherein said acidic pH

environment has a pH level in the range of approxima.tely 2-4,

20. The cleaning solution as described in claim 17 wherein said second
amount of organic acid is dissolved in said first amount of deionized
water such that said second amount of organic acid has a concentration

range of approximately 200ppm to 0.2% by weight.

21. The cleaning solution as described in claim 17 wherein said third
amount of said fluoride compound is dissolved in said first amount of
deionized water such that said third amount of said fluoride compound

has a concentration range of approximately 0.2% to 1% by weight.

22. The cleaning solution as described in claim 17 wherein said third
amount of said fluoride compound is selected from the group consisting
of: hydrogen fluoride, ammonium fluoride, buffered hydrogen fluoride,
and any combination thereof.

23. A method to remove contaminants from a semiconductor substrate
comprising:

placing said semiconductor substrate having a polished copper
layer in a scrubbing apparatus; and

scrubbing said semiconductor substrate in an acidic cleaning

solution.

———
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12. The cl eaning solution as described in claim1l wherein said acidic pH
environnent is a buffered acidic pH environnent. 13. The cl eaning
solution as described in claim 1l wherein said acidic pH 'J nt has a
pH | evel i WOARE12%nge of approximately 2-4.  14. The cl ggﬂ/lxlhg?gg@?ufion as
described in claim11l wherein said second anount of organic acid is

di ssolved in said first anount of deionized water such that said second
anount of organic acid has a concentration range of approximtely 200ppmto
0. 2% by wei ght. 15. The cl eaning solution as described in claim11l
wherein said third anmount of said fluortlée conpound is dissolved in said
first anmount of deionized water such that said third amount of said

. fluoride conpougad Thesnéthed as dedctibed aclhiat 2 wikred BAiQ 4l @ahifly 2% t 0 1% by
wei ght . 16. The ¢l eaning solution as described in claim11l wherein said

third amount ofSOHAM OMRFISEe conpound is sel ected fromthe group

consi sting of: hydr qgage drho\eit di @ defsiiiRid whtef;| uori de, buffered hydrogen
fluoride, and any conbination thereof. 17. A cl eaning solution for

cl eani ng semi conducRd@econdameuntof ap organieacid;and a first amunt of a
dei oni zed water; thi ionic surfactant; a
o SERARR e Gl

third amount of a fluori erein said deionized water,
said anionic surfactant, and said fluoride conpound are conbined in an

acidic pH envi r431 'ﬁl@ﬂnethod as described in claim 23 wherein said acidic cleaning

- solution is a buffered acidic cleaning solution.

26. The method as described in claim 23 wherein said acidic cleaning

solution has a pH level in the range of approximately 1-6.

27. The method as described in claim 23 wherein said acidic cleaning

solution has a pH level in the range of approximately 2-4.

28. The method as described in claim 24 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such
that said second amount of organic acid has a concentration range of

approximately 100ppm to 2% by weight.

29. The method as described in claim 24 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such
that said second amount of organic acid has a concentration range of

approximately 200ppm to 0.2% by weight.

30. The method as described in claim 24 wherein said third amount of
said fluoride compound is dissolved in said first amount of deionized
water such that said third amount of said fluoride compound has a

concentration range of approximately 0.1% to 5% by weight.

_
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-15- 18. The cleaning solution as described in claim17 wherein said

acidic pH environment is a buffered acidic pH environnent. 19. The
cl eani ng sol yt| as described in claim 17 wherein said aci gbfruidadniers -
envi r onment Hﬁé%@ | evel in the range of approximately 2- 4& 20. The

cl eaning solution as described in claim17 wherein said second anount of
organic acid is dissolved in said first anount of deionized water such t hat
sai d second anount of organic acid has a concentrati.on range of

approxi mately 200ppm.to 0.2% by wei ght. 21. The cl eaning solution as
described in claim 17 wherein said third a®unt of said fluoride conmpound
Is dissolved in said first amount of deionized water such that said third
anount of said fluoride conpound has a concentration range of approxi mately

0.2%to 1% by wei gnt The, cl egan S0l n as d bed i | ai m 17
wherein said thi rg{] a5 Jefcy Mﬁ%m%ﬁfmﬂ‘ ?"‘é&?}e‘r‘ieﬂ?& F?fgm t he
group consi sting said fluoride compound is dissolved in said first amount of deionized

water such that said third amount of said fluoride compound has a

concentration range of approximately 0.2% to 1% by weight.

32. The method as described in claim 24 wherein said second amount of
organic acid is selected from the group consisting of: citric acid, malic

acid, malonic acid, succinic acid, and any combination thereof.

-33. The method as described in claim 24 wherein said third amount of
said fluoride compound is selected from the group consisting of:
hydrogen fluoride (HF), ammonium fluoride (NH4F), buffered hydrogen
fluoride (ammonium fluoride mixed with hydrogen fluoride), and any

combination thereof.

34. The method as described in claim 23 wherein said acidic cleaning
solution comprises:

a first amnount of a deionized water;

a second amount of an ammonium salt; and

a third amount of a fluoride compound.

35. The method as described in claim 23 wherein said acidic cieaning
solution comprises:

a first amount of a deionized water;

a second amount of an anionic surfactant; and

a third amount of a fluoride compound.

Hllllll Iy !Illl !I Illl



of : hydrogen fluoride, amonium fluoride, buffered hydrogen fl-uoride, and

any conbi nation thereof. 23. A nmethod to renove contam nants from a
sem conduct or _substrate conpri sing: pl aci ng said sem Z"&g% or
substrate MRMA®L polished copper Iayer in a scrubbing ler * and

scrubbi ng said sem conductor substrate in an acidic cleaning solution.
-16- 24. The nethod as described in claim23 wherein said acidic cleaning
sol ution conprises: a first amount of a deionized water; - a
second anmount of an organic acid; and a third amount of a fluoride
conpound. 25. The method as descri bed-¥n claim 23 wherein said acidic
cleaning solution is a buffered acidic cleaning solution.

36. A method to remove contaminants from a semiconductor substrate

comprising:
placing said semiconductor substrate having a polished copper
layer in a scrubbing apparatus; and
scrubbing said semiconductor substrate in an acidic cleaning
solution, wherein said acidic cleaning solution comprises:
a first amount of a deionized water;
a second amount of an organic acid; and

" a third amount of a fluoride compound.

37. The method as described in claim 36 wherein said acidic cleaning

solution is a buffered acidic cleaning solution.

38. The method as described in claim 36 wherein said acidic cleaning

solution has a pH level in the range of approximately 1-6.

39. The method as described in claim 36 wherein said acidic cleaning

solution has a pH level in the range of approximately 2-4.

40. The method as described in claim 36 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such
that said second amount of organic acid has a concentration range of

approximately 100ppm to 2% by weight.

41. The method as described in claim 36 wherein said second amount of
organic acid is dissolved in said first amount of deionized water such
that said second amount of organic acid has a concentration range of

approximately 200ppm to 0.2% by weight.

_—
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26. The nethod as described in claim23 wherein said acidic cleaning

solution has a pH level in the range of approxi mtely 1-6. 27. The net hod
as descri bed oM 23 Wherein said acidic cleaning sol utpgguSasigsPH
| evel in thedr"g?lgielﬂof approxi mately 2-4. 28. .The net hod as G(Uscri'bed in

cl aim 24 wherein said second anmount of organic acid is dissolved in said
first amount of deionized water such that said second anount of organic
acid has a concentration range of approxi mately 100ppmto 2% by wei ght".

29. The nmethod as described in claim24 whgrein said second amount of
organic acid is dissolved in said first antint of dei oni zed water such that

sai d second amount or cid_has a concentration. range of
appr oxi mat el y 200 ?1{7156“8& ; in claim$6 whgreipsaichthirkameuntofbed in
claim 24 wherein $id fubAdé @oxﬁ?‘@ﬁﬂ& 1@(‘13%&1 ﬁ\'édﬁf ﬁﬁ?aﬁﬁﬁﬁpb‘f@elbﬁzéusso' ved

in said first ampunt of deionized water such that said third anount of said
f1uoride corrpoundWﬁ'G%Sﬂdb@\%%ﬂiﬂrtM‘ﬂéﬁl%hgf-:s%‘i ﬂappﬂ@mmapem}has 4% to 5% by
wei ght . concentration range of approximately 0.1% to 5% by weight.

43. The method as described in claim 36 wherein said third amount of
said fluoride compound is dissolved in said first amount of deionized
water such that said third amount of said fluoride compound has a

concentration range of approximately 0.2% to 1% by weight.

44. The method as described in claim 36 wherein said second amount of
organic acid is selected from the group consisting of: citric acid, malic

acid, malonic acid, succinic acid, and any combination thereof.

45. The method as described in claim 36 wherein said third amount of
said fluoride compound is selected from the group consisting of:
hydrogen fluoride (HF), ammonium fluoride (NH4F), buffered hydrogen
fluoride (ammonium fluoride mixed with hydrogen fluoride), and any

combination thereof.

46. A scrubber for processing a semiconductor substrate comprising:

an input to receive a semiconductor substrate having a polished
copper layer

a brush assembly coupled to said input

a cleaning solution delivery system for delivering a cleaning
solution comprising a deionized water, an organic acid, and a fluoride
compound, wherein said cleaning solution delivery system delivers said

cleaning solution premixed in an acidic pH environment to said

semiconductor substrate having a polished copper layer.

Hllllll IMIH IIIH Nlll H Illl



-17- 31. The nethod as described in claim24 wherein said third arount of
said fluoride conpound is dissolved in said first anmount of deionized water
such that .said third anount of said fluoride conmpound has_a con tration
range of ap¥P®@Mtely 0.2%to 1% by wei ght. 32. The netHf48° escri bed
in claim24 wherein said second anobunt of organic-acid is selected fromthe
group consisting of: citric acid, malic acid, malonic acid, succinic acid,
and any conbi nation thereof. 33. The nethod as described in claim24
wherein said third amount of said fluoride conmpound is selected fromthe
group consisting of: hydrogen fluoride 2F), anmoniumfluoride (NHerr]F),
buf fered hydrogen fluoride (amronium fluoride m xed with hydrogen

fluoride), and any conbi nation thereof. 34. The nethod as described in
claim 23 wherein_said idhﬁ- cleaning sol uti.on corg)rises: . a first
amount of a dei 8fi pfor processing a serisoRducr sHbsiRteCOmMPESING:um sal t; and

a third amount of a id ki #PreeeeQ4BRicondaGor FNRLER! NRehgs pdBReai bed in

cl aim 23 wherein said aCidic cleaning soluti-on conpri ses: a first
amount of a dei 6?PPREEdRA¥RAL er ; a second anmount of an anionic

surfactant; and a brush BBl b1 o Shill il de conpound.

a cleaning solution delivery system for delivering a cleaning

solution comprising a deionized water, an ammonium salt, and a fluoride
compound, wherein said cleaning solution delivery system delivers said
cleaning solution premixed in an acidic pH environment to said

semiconductor substrate having a polished copper layer.

48. A scrubber for processing a semiconductor substrate comprising:

an input to receive a semiconductor substrate having a polished
copper layer

a brush assembly coupled to said input

a cleaning solution delivery system for delivering a cleaning
solution comprising a deionized water, an anionic surfactant, and a
fluoride compound, wherein said cleaning solution delivery system

delivers said cleaning solution premixed in an acidic pH environmentto

said semiconductor substrate having a polished copper layer.

_—
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- 18-
conpri si ng:

copper Iayerdw9 1 rubbi ng appar at us;

sem conductor SsubStrate in an acidic cleaning solution

cl eani ng sol ution conpri ses:
wat er ;
third amount of a fluoride compound.

a second anount of an organig acid;

36. A nethed to renpbve contam nants froma sem conductor substrate
pl aci ng sai d sem conductor substrate having a polished

and scrubbi ng i
Me?g#@sgs&lgs acidic
a first anpbunt of a dei onized

and a

37. The nethod as described in ctlaim

36 wherein said acidic cleaning solution is a buffered acidic cleaning

sol ution.
cl eaning solution has a pH | evel

38. The method as described in claim 36 wherein said acidic
in the range of approximtely 1-6.

39.

The net hod as described in claim36 wherein said acidic cleaning solution
has a pH level in the range of approxi mately 24.

Y/ /7 777 o
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40. The nethod as described in claim36 wherein said second arount of
organic acid is dissolved in said first amount of deionized water such that
sai d second anount of organic acid has a concentration r%&gﬁls&flzl 3

appr oxi mat &GILEBBom t o 2% by wei ght. 41. The method adcaeseribad in
claim 36 wherein said second amobunt of organic acid is dissolved in said
first amount of deionized water such that s®4% second anount of organic
acid has a concentration range of approxi mtely 200ppmto 0.2% by wei ght.
-19- 42. The method as described in claim 36 wherein said third anmount of
said fluoride conmpound is dissolved in said first anount of deionized water
such that said third amount of said fI uori de corrpound has a.-d¥acentration

range of approxinately 0. %t . hod as descri bed
in claim36 Werein sai M‘ X Ql 032
di ssolved in said first { ® .= ; ‘ dthlrd

anount of said fluoride orfoup apprOX| mat el y

0.2%to 1%by i ¢
l/ J*fﬁa f




44. The nethod as described in claim36 wherein said second anount of
organic acid is selected fromthe group consisting of: citric acid, malic
aci d, mal oni Gu@§dHzesucci nic acid, and any conbination ther?e}msgmf{qs The
met hod as described in claim36 wherein said third amount of said fluoride
conpound is selected fromthe group-cogz'sting of : hydrogen fluoride (HF),
ammoni um fl uori de (NH4F), buffered hyd 6en fluoride (anmonium fl uori de

m xed with hydrogen fluoride), and any conbi nati on thereof. 46. A 7
scrubber for processing a sem conductor substrate conprising: an

I nput to receive a sem conductor substrate having a polished copper |ayer
a brush assenbly coupled to said input a cleaning solution delivery
system for delivering a cleaning solution conprising a deionized water, an
organic acid, and a ' ' i | eani ng sol ution
delivery system del it ] ing solution prem xed In an acl pH

ubgtrate having a polished copper jayer.

I

environnent to said m cond
- 20_

S—




47. A scrubber for processing a sem conductor substrate conprising:

an input to receive a sem conductor substrate having a polished copper

| ayer Q% h assenbly coupled to said input 5@,91 o -

sol ution deVPy éﬁsystenlfor delivering a cleaning solutionh conprising a
dei oni zed water, an ammonium salt, and a fluoride conpound, wherein said
cl eaning solution delivery systemdeliveys said cleaning solution prem xed
in an acidic pH environment to said sem conductor substrate having a

pol i shed copper | ayer. 48. A scrubber for processing a sem conductor
substrate conpri sing: an input to receive a sem conductor substrate
havi ng a polished copper |ayer a brush assenbly coupled to said input

a cleaning solution delivery stem for livering a cleaning solution
conprising a deionized water, qtgghﬁegcggurfactant, and a fluoride
conpound, wherein said cleanihg's nedel i very system delivers said

cl eaning solution prem xed in an acidic pH environnentto said sem conduct or
substrate having a polished copper |ayer.

Feoosring A Covpr Latew
gIO. 0;\1 A Stmtﬁuubu'ru&.Sues.‘ﬂhfi

.

?LM 1ty ‘rﬂi “Pocitre D

in A Scevrser | l

Seroger Ny Tae Tousatd

38 S g it aVR SiosTRATC

Bl

APP"‘W"“" A~ Acnc CganiNg

S‘u-m,q ’T~ The ?outnip

)"" ° S‘ p.s;ﬂbec’i 1, Suaﬁ’—hu 4

'Dug”.\q 5&!—033“4‘1 .




