-
e3e..|6Tuj i.. ao~, an, METHOD AND APPARATUS FOR ENABLI NG CGWENB E\IAL W RE
BONDI NG TO COPPER- BASED BOND PAD FEATURES NTI ON *Thé dUN V.i.174
i nvent iL?.'Mz'?ﬁ@t/%%Pt o thin film procegsing QNWW'I’IMC| fically, to the
field of processing techniques for sem conduct Q[ Jtegrat ed circuits

:enmpl oyi ng copper based netallization technol ogy. BACKGROUND OF THE

| NVENTI ONrtPHICIS ARTY APHARATESS péﬁﬁg@fﬁ@t@@%ﬁfr@yﬁmﬁpper {cu)

is to beginning to replace alum nu as the material for lization.
Cu has becone ' ' I resisti vi ignificantly

i nproved el ect %@Nﬁ&éﬂaﬁ@#@%%ﬁi%ﬁéﬁ %Ail%jnispr oblemw th Cu
based netal | urgy, however, involves the rate at which native oxides form on

exposeFIEEH ORINMENGHPRY . In a free air anbient, it is ~5 reported that

copper oxides grow 20 Angstrons (A) within the first mnute; while within

wat er envi r orHEeRlg FIRPERH X FdRs 96 Bin T ﬁ@dc@ééin%'&ﬁdﬁ M&de mnute.
Frequently these native oxides are undesirable. at is, as the copper

regi.on js _t.vpi I e pcal ly | rconnec j i ces

w Oh n EReeLT e e YR of BrcteRibE TR SO PRI et SO,
undesi rabl e reducti on 20 of copductance. Thus, cl eaning, anbient control
and/ or PreEESLI YHHbWHﬁﬁﬁé@sﬁﬁpﬁﬁ@ﬂﬁén%% OlRE%AI | ur gy based

manuf acturi ng processes are typically used to control mtigate, or at |east
limt, the effects of the oxide growth. ,2 0 JUN 200? LAMRP154.P /| ASP 2
One particul ar problem area concerns bondi ng pads used for i nput/output

(170 cpamectrOMANDOHENSoENegoict or chip to its associ ated package.
Speci ficalTy, copper based netallization technol ogi es havi ng copper bondi ng

pads experience bond gualit robl ens which are .caused by t row h of a
ol ot fvary (i e Tnametis ohalbereirecspesu don deBHS PR aty i a wire s
bonded as shown in Figure 1. Referring to Figure la, a capillary 10la

{hr Baddeksinumgo(rey ice alumirasndADas themateyiabaranellization.nguddsa | 102a
formed at the capillary tip 105a is centered over a chip's bond pad 103a
and (r ot @edieililé QuEitqus owby raptstivsgthraapntficahlly ibga@vell t he bond pad
103b. Then, io typically, either therndbsonic or thernoconpressive energy is
appl i ed il AVARE ne the ball 102b to the bond pad
103b. A%@&s‘ﬁ%@m%ﬁ%ﬁ%iﬂgfg%se'k@\eé%gg‘iﬁaa?e‘g?%‘rl'the bal | 102c is adhered to the

bond pad 103c, the capillary 10lc npves to a package | ead 106 where the
wire 104d i sARmeSmanith (ukasgd meaburEy Somray epdawalies thggatepd which

native oxides form on exposed regions of copper. In a free air ambient, it is
15 reported that copper oxides grow 20 Angstroms (A) within the first minute;

while within water environments copper oxides grow 50A within the first
minute. Frequently these native oxides are undesirable. That is, as the copper
region is typically used to electrically interconnect various devices within an
electrical circuit, the formation of the oxide represents an ﬁndesirable reduction
20 of conductance. Thus, cleaning, ambient control and/or processing approaches

unique to copper metallurgy based manufacturing processes are typically used

to control mitigate, or at least limit, the effects of the oxide growth.
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is Unfortunately, in standard manufacturing processes, a native %i dj &not
shown in Figure la) forns over the copper bond pad 103a before t l]b U 2002
102a makesneontraaipwi th t he pad 103a. 2The native oxide prevents a bond from
form ng between the wire and the underlying copper pad. Good bonds
typically exhibit an internmetallic |ayer between the ball 102 and the bond

pad 103. 20 hSRHSES ' j % JR4: gl to the
application f)?n§g§ bal 1rg%h§g%?%%¥%g%ﬁ%§%ﬁ%gﬁ St an%gr%Emnuf acturing

processes_t ypi cal rmthe. bo structure.i di.at.ely fallow ng the
ot CorPRP B i PAIPrOa R ol e SRS o BRr 1B oo R Loy ' of
the interconnect structure of the seni ¢gonductor fer. After the | ast
metal | i %?aaewé}gﬁagq I GPRIREF, PasRe *ﬁ%ﬁa&zarlayé?dﬁ\ﬁaa$m§m EBPST by a
Chem cal Mechanical Polish (CWP)) to a specified thickness range. After
pol i shi rmndihg padsiexperdercedondadeality probleamewhich arenmused byatheatowth
particul ates fromthe surface of the wafer, nost of which result fromthe

priors p%ﬂa%@lﬂﬁre%%%k nBav b vb&idoad tRachipe ‘B_%ﬁdf;%dmd after polishing and
before cl eaning may be renoved by the cl'eani ng ‘process dependi ng on the

cl eaning chem.st.ry. used. After . cheaning, .t sem uct or, fers, are
G od, et ed A datirei bind TR Matian i FRRE Y TEREHS o MR
carrier and epoxied at el evated tenperature to a di e package before the
Wi re borf@ipildaryrled e dureaded with edtypiqally eatd tau) goll) viredftadavingadadl
descri bed above results in copper bond pad exposure to an oxygen based

anbi ent / Hdifoaneg at thad capddanyt wpmnesaisidettared ekt aahip’s bandgpddhed3mand uri ng
oven for substantial periods of tine. As a result, it isis difficult to

prevent @@n%ﬁﬁg AR LAR lflgﬁ‘f‘%gb)‘;é‘rae%%e;dr ?ﬂﬂ&%ﬂg??&domg%o‘ﬁdﬁ&&ﬁowtTQQHCi ng

costly c %tl ons manuf act uri ng sequence | ust descri bed
(for exanpl e, one approach is to plasna etch and then deposjt relatively
t hi cl® | ay@rcasy, @ﬁ%ﬂ@ﬁrwﬂe?%cmth?%wagesws? eDRTRY Wﬁﬂlfﬁl%%tnt?‘@e fol | owed
by a second deposition of palladiumand/or gold). 20 Thus, a cost effective

way of capillayltimyOithe aditéree¢hekalidOgh tmthe lmmd ped A6BpeAstbvodvipats i s
needed. 2 0 JUN 20D2 LAMRP154.P | ASP SUWARY OF THE | NVENTI ON A et hod

and apparigiiss B sdlegdftdaHe ball 102emvddHerad tOMdiBohd paHA O3H! thace and then
commenci ng application of a passivation layer to the surface within 5

seconds of 1S M1k I8or &R AbackhDE 1S4 | RCSNIRY 2% e GBRASE sTBid kG uy

wedge bonded to the package lead 106.

15 Unfortunately, in standard manufacturing processes, a native oxide (not
shown in Figure 1a) forms over the copper bond pad 103a before the ball 102a
makes contact with the pad 103a. The native oxide prevents a bond from
forming between the wire and the underlying copper pad. Good bonds typically
exhibit an intermetallic layer between the ball 102 and the bond pad 103.

20 As discussed, the native oxide is formed prior to the application of the ball
102 to the bond pad 103. Standard manufacturing processes typically form the

bond pad structure immediately following the last (or highest) metallization



whi ch may further conprise a bonding pad surface. Renoving the oxbd@hjw
further conprise agpl ying a solution conprising citric and or hydko |2@02
aci d. hY-PYWePpassi vation | ayer Aay further conprise applying a
solution conprising a nenber of the azole famly where the azole famly
menber nmay further conprise BTA. The nethod pmay al so further conprise

conpl et aayeriy the mtprepgneristyaciure ol thg semigandistorn wadsrd AHer e lastmenci ng

its application. 2 0 JUN 2002 LAMRP154.P / ASP 5 BRI EF DESCRI PTION OF THE
DRAW NGSndfallizatidpelayer i8 erthed thiesnétal lagbr Rimslishedwas. My £KHEphieannd not
limtation in the figures of the acconpanying drawi ngs, in which |like

referen i ) : 5 1A : L Leh: Figures 1A thru 1D show
gﬁécﬁ%}g&%msﬁ (E%Juﬂ)g &L §pEAkEd tﬁi’&ﬁnh& %g@.

a typic ng process. Figure 2 shows dn exanple of a brush
scrubbing system FH.qure shows an exanple.of, a brush used wi thin .the

b ush scr ubb Aespeiding e Rt BucE RS 19 Hefned 5 et SRR RG 1 o
formng a wire bond to a copper to surface. LAMRP 154.P / ASP 6 DETAILED
DESCRI PTpatkiciatdsddemdhe supfage af theewater emgetef whidh fesultgrometbeipriomaf ers. I n

the follow ng description, nunerous details are set forth, such as

di st ancesolipingeeRpsOoNagiRetond paddegides forphel affer Pblishihf avid befbfe appar ent,
however, to one skilled in the art, that the present invention nay be

Cl Tuct uraeihd P bERERPREEY UhE HRhBlesdiock Saophl M M Rheartfecr, T

detail, in order to avoid obscuring the present inventjon, In one

enbodi nedhemistiy usaduhfer dleaning the saxicendeeor wifeswedsigd tested@ncopper
based netallization technology are inproved with the processing techni ques
descri bedicbér Each irdlivichppeie Suhbr pladeddmacdnip icarrdersaraképlexiedratat i on,

met hods and apparatuses descri bed herein control the detrinental effects

causpd DylelRdQXnger4LPMd 1A Idisé‘}?%g@ BRRAE TRE Wwird Bén @i bagrof wafers

i ncl udes renovi ng-an oxi de rom’a surface and then~comenci ng
application of a passivation layer to the surface (e.g., a copper surface,
a bondi "PPEESHY f ace, etc.). The oxi de may be rempved by applying a
solution of either citric acid or hydrochloric and to the surface. The

passi vati on | Byeentire/ nnst dlephing] prpcessplepiribed aboveiresuodistin coppes bpndce,

where the solution is a nenber of the azole famly (e.g., BTA etc.). In
pad exposure to an oxygen based ambient/environment at room temperature as

well as in an a thermal curing oven for substantial periods of time. As a result, it
15  is difficult to prevent native oxide growth on the exposed bond pads without
introducing costly complications to the standard manufacturing sequence just
described (for example, one approach is to plasma etch and then deposit a
relatively thick layer of another metal film, such as Ni; this would then be
followed by a second deposition of palladium and/or gold).
20 Thus, a cost effective way of controlling the native oxide growth on the

copper bond pads is needed.



20 one enbodi ment, the passivation layer is applied within 5 seconds ﬁf Qe
oxide renoval and is conpl eted approximately 35 seconds after cdbﬁbﬂg ngm
its applUAMRPIBBIF./ASP! ~ O . DO.2 LAMZP154P / ASP In one enbodi nent, the
application of the passivation layer is perfornmed by the use of a brush and
.aliquid {e.g., a wet chemstry) supplied to a brush. Such a technique is
equal | y ApIMARY QF{IGTE AR VANTIONt i on of other layers as well. In one
enbodi ment, the liquid reacts with the wafer surface to formthe layer. In

one enbodi n'erlﬁ_imétﬂ@d%ﬂ%})fﬁyttﬁ%r@a&crﬂfedafo%é&bym eRINAGryskem that is
typically designed for brdsh scrubbing and the liquid is provided to the

core of I r 1 Lve ough .t he, bru te that

chem calsg'lggalc?\?grat}h{ﬂlg r %ﬁg’ﬁ‘g}%@ B?gisl%a\ﬁdg%%{]ﬁ ?Sleég‘(ﬁt%"erhlag’ﬁa%? r?é‘&\?‘i“:fﬁf% may be
dri pped, for example, onto the brush for application thereby. These and
ot her erBiBimdpeoends of Hee pxideaamavalchire srfaegmBpy hecmtopper surfagecor dance
with the follow ng teachings and it should be evident that various

nodi fsi cathihsmanduehangeaprisy a BendBtepad stiffecd. ORbPIGVIYY tieaskidegaayd t hout
departing fromthe broader spirit and scope of the invention. The

st r At e ErreabelAned Plufor SorpRiit: cti RB ARt AR
et ow | <EPARE B RORIAPart/ e ey ThAREn preeRe arPLERg BN o

semn conductor | C bond pads, it will be evident to those skilled in the art
that thecosnprsing aswepbespf threazale fnily sviese she anely fpmibpplerelen magt her

t echnol ogi es enpl oying materials susceptible to aggressive 20 and/ or
unvant edu@itied @ohrPriRIBTA. Them&kadRrhey altBdaethet coR§R{sei ddgnpletédlgnet o
optical based processes simlarly involve transition netals (such as Iron,

Cobo| ¢ |.ckel) . L I § C f s d oxi de
i R elyby e B S5 e e T RRPHERD Y e
teachi ngs herein may al so be enployed to sem conductor based processes
using other materials (besides copper) that simlarly suffer from
aggressive or unwanted oxide growh. Further still, the teachings herein
may al so be applied to other packagi ng technol ogi es (besides wi re bonds),
for exanple: flip chip technologies as well as ball grid arrays and pin
grid arrays. The bond pads are typically fornmed after the final |ayer of
interconnect nmetallization is formed. Therefore, m nimal anount of

di sruption is added to




t he manuf acturing process by enploying a brush scrubber after the post C%P
lo waferAﬁbgﬁﬁkqg'ﬁéep to renove the gxide and deposit the passivatﬂqﬂﬂl 002
| ayer. k  23hount of di sruption“to the overall manufacturing process
may also result if the oxide renpval and passivation |ayer application

-met hods ChIF i r fer is tested or just prior to
wre bo - siter } pi cal nmethod used to clean a wafer
with a brush 15 scrubber is now described. Figure 2 shows an exenpl ary
brush scr ubbédrhe(rresentrinf entieniis iblustratedslys wary)of ekaepde andbest limitiatides a
nunber of stations. Each of these stations typically represents one or nore

steps i ranm@ﬁgﬁf@:,rofqheafeéc?ﬂg&ﬁ}%gsgam@ﬂgé,mm@ik\é@‘éf%&én&é&rma%ﬁé rates)

are | oaded at "one end o system and cl eaned and dried substrates are
unIoade%.fﬁon”%h%ggtheh.qu of the 20 system That is, contam nated
subst r atEEH g B SAFe 4o %‘ af er cassette 280 and the cassette 280 is

then placed into the wet send index station 210. After cassette 280 is

pl acéd i nto thguigstlAsHuy L) daswra iypagal avirobonding puassssates are 2 0 JUN
Z0dZ LAMRP154. P / ASP automatically renmoved fromthe cassette 280 and

pl aced, one dligardl sisows ahexhinpledof sbeestbsarabbitteadyiseein220. I n t he out si de
brush station 220, a substrate is processed through a first scrub.

Typically, ! MReatbsRabeah oxbit 6fla trih fs@Pluidtnd BHGh a3uBBTRAI UM
hydr oxi de (NH46FD, HF or SCl) during the first scrub. The solution is

applied to th b t hrough the brushes 221. The substrate itself may
rotate underﬁ%ﬁ%ﬁn§?52ﬁ§55221 to help apply the solution. Wafers usually
traverse the brush stations 220, 230 vjia hardware that transport the wafer
from one end Higuresetp st skaw ermethadhiorderming Tmarsbendiied OPPStrate i s
then automatically renoved fromthe outside brush station 220 and pl aced

i nt oot he i nsiglgfdeeush station 230. Mdst scrubbers are capabl e of
transporting the wafer fromthe first to second station in 5 seconds or

| ess. In the inside brush station 230, the substrate is processed through a
second scrub. Again, the wafer is treated with another solution (for
exanple, ~5 diluted hydrofluoric acid (HF)) during the second scrub. As in
the first scrub step, the solution is applied to the substrate through
brushes 231. After the second scrub the substrate is then automatically
renoved fromthe inside brush station 230 and placed into the rinse, spin
and dry station 240. The substrate is then transported to the out put
station 250 and then placed into cassette 281. 20 An exenplary brushing
apparatus 300 used for scrubbing wafers as well as applying various
solutions is shown in Figure 3. A solutionis typically a mxture of nore
than one liquid (such as deionized (D) water and an acid). The



LAM2P154. P | ASP 10 enbodi nent of Figure 3 may supply liquids through
supply Li d 320. Various liquids may be applied sequenti @l {Jy '
is, oneképﬁgwgﬁzégpor in the alternative, at the sane tine. Suppls Pfﬂggﬁwﬂz
310 and 320 run into delivery tube 370. Delivery tube 370 delivers the

-sol uti on qgﬁée 330 of the brush 340 at a predeterm ned fl ow
rate. T 3 nd 320 are therefore in fluid comunication
with the brush core 330. Usually, as brush 340 is being saturated with
solution it Methodanad apparatuses ate disaribed fBproressing svalees,iloeth860 t ur ns
brush 340 in a clockw se (or counterclockw se) manner, which applies the

sol uti orpl dedeBipition] Auhturougtetilotase Syt bahesudbis dBeantsdebwieeh 340 is
wet to with solution, the sol ution which is brought in contact with the

waf er i | i . | h I .

t echnol %8@'8’%&‘5 ﬁggé%%sgc?f nrggf@%‘%’?nétg. g%egﬁ%.ﬁt’ %ég%&%fig&é{# P?’IH% g et hod
and Apparatus for. C eaning of Sem copductor Subsirates Using.Hydrofl uouric
At o2 P aH At dhe BT enb @R By BE PLMBIong i Bhilieee SPACASCotRisn
injecting 15 liquid into the core of a brush, applies fluid over the brush
or waf eldn othariesanees, svrdhknquinprentures sodetgyticassara shewrbirusleckhi ch
relatively uniformy applies solution to the wafer. Regardl ess of which
type of REeHaPARIHm, iratiRARheY &d degill Hebrder 3y al61a shiuridoie pledehd through a
brush or a systemthat applies liquid over a brush or wafer), both may be
referred totas equi pnent that applies liquid 20 wwth a brush, since the
brush i S"WEt*Bth 1 quid in both systens. The di scussion bel ow descri bes
vari ous nethods and apparati that nmay be enployed to address one or nore
probl ens, sudh one emodiviery, themanufagturability andy oy costrafvpwnsstpp/ofasp 11
probl ens, that occur on copper bondi ng pads for sem conductor ICs.

Cenemal |gpppeebayed Iﬂgtémzﬂicgwe@hﬂolotg:g%:é@ﬁpv@v@(m tHelpriogeddingt renoved
fromthe gond pad 402 (as shown in Figures 4a and 4b) ‘and then a

passi +vat| 1S,k i \ i J:hi.n 5 seconds or
| ess) f3?&%3@qlég%ggﬁcﬁ‘%%ﬁ‘o@eéé‘?;ﬁ%m%5’{‘%%5%’0&3%%‘QeSi nce the
passi vation | ayer covers the bond pad, it prevents native oxide formation
during tfpgﬁéﬁem%M%@M@@Pwﬁ]ﬁbﬁ%gﬁwﬁc%eﬁcw&e i HRITIMFRERAG,
thermal annealing etc.). Furthernore, the passivation |ayer is designed
such t hatffectsecamise@ blyahe oide gnaivethh. i t s bonded, may be bonded through the
passivation layer to the copper pad (as shown in Figures 4d and 4e). As
such, to the pasy sabbAinéRty Ble PloeOssHQESS ware@!ilgauabg?éﬁmbvm%aﬁb&ﬁi@ with

the integrity of the bond forned between the wire bond and the copper

bondj.ng pad._ Th (passci \hati on layer is therefore a bar{.i en_to i ve oxide
f or it i orr\l\%ﬁrZa e and then commending application of & passivation layer to the

surface (e.g., a copper surface, a bonding pad surface, etc.). The oxide may be

removed by applying a solution of either citric acid or hydrochloric acid to the
surface. The passivation layer may be applied by applying a solution to the
surface, where the solution is a member of the azole family (e.g., BTA, etc.). In
20  one embodiment, the passivation layer is applied within 5 seconds of the oxide
removal and is completed approximately 35 seconds after commencing its

application.



permtting the wire bonding. In order to prevent native oxide for tgm 9
the bonding pad, the ~5 passivation |ayer has enough thi ckness ana™d 330-
t o adequaAMIRIS4R/ARENt the interactionZof oxygen anbients with the surface

of the copper pad. Furthernore, in order to be transparent to the wire

‘bondi ng process, the passivation |layer is not too thick (such that its
presence si gnirfonegmbodimenty therappligatinniof sheppssivatien lyer és paefosvednt t hat
the bond's integrity falls beneath acceptable standards). Thus 20 the

t hi cknesly enustests baushawve @lifuidste. groanet dedreistiy)aetippliedxiodebarsbint h

dynam cs and a second bound determ ned by w re bondi ng dynam cs. ~ 0 JuN

2aa2 LA 4 P L. _ wre : o
rahesi onouctns ignhidiils bty LBBHGRIE o BRRAMMALR SUEESIRts L L ent Trom
f i oned | fil h as Ni/A Ni/ Pd) depasi t h

o or oy sned el 11 (o 23, 8, W20, Seps s grer e

bet ween the copper bond pad and the wire bond itself. That is, the wire
bond fandonéembogimenty e erash mapn be pavndfa wafermrocessing systam thadis whi ch
ultimately pronotes overall nechanical connection of the wire bond to the

di e. HowgNfEallysddtigndd@r 24068 b@bbayeind trelielihides §re\dddRitHeoRE Y ent

direct contact between the copper pad and thé wiré bond, it nust be

ectcort act .. . | I
10 to s e iR bRy PorcElefeliten o KEiE Bad BB R g B e

adhesion | ayer. By contrast, the_ passivation |ayer discussed herein is
desi gnedthreuph the heusbdis et seqptires and shediqeidimasibedpppedsior examplen t here
is sone direct contact between the wire bond and the conducting pad. Thus,

wi t h passhiaghedtush f@yidicatiuntherebyry or may not flow through the
passivation |ayer since at |east sonme current flows directly to/fromthe
bond

ad fro t ! : i : f l:Ji zati on
and 175 assoct Apsr oupeh et Rt bR EE B Ao fray Bl
cleaning, drying, testi dj ci ng .and t her ngl neal ing. After the
i ndi vi duBFCOERRHE with the 2‘%&)‘” RIS ygy&wayeﬁl%g%%@t VATIQUShi p
carrier and then epoxied to its package prior to wire bonding. The native
oxi de mayndshficaimnseohdactdinges mpgsisd wadiedn thafalovaing ieedhiaggwhidheuini t hi n t he
af orenenti oned process. For exanple, after testing, the wafer may be 20

JUN 2002 dephRiFkortom theA2bade spiil 88d SebpoftheqValRiGieNTHalspetitiRatioh| owed by
a passivation lfayer application step.

and drawings are, accordingly, to be regarded in an illustrative rather than
15 restrictive sense and the invention is measured only in terms of the claims.

For example, although the discussion below is directed mostly to copper
based process technologies for semiconductor IC bond pads, it will be evident to
those skilled in the art that the broader scope of the teachings herein may be
applied to other technologies employing materials susceptible to aggressive

20 and/or unwanted oxide formation. For example, magnetic recording or
magneto optical based processes similarly involve transition metals (such as Iron,

Cobolt and Nickel) or their alloys which may suffer from unwanted oxide film



As di scussed, native oxides formrapidly on copper that is expos?d to
.environnents that conprise oxygen (such as air or water). Thus, i BJuyn M
envi r ontlBN2P154B¢ASE he native oxide is8renoved, the passivation |ayer should
be applied as soon as practicable in order to reduce native oxide regrow h.
Al'ternatively, the native oxide may be renoved in an oxygen free and/or

r educi ngrewth.r Burthatmote the tegchimgs dieteinxyigealsp eadrhplyeditdes may not grow,
allowing for greater delay between the renoval of the native oxide and the

1o appl iegliddidtod Skasatd Q8 I%B j ' nt remains
oxygen fr eec?gir E%eg]%ﬁlragﬁi gér%%lo%‘ tﬂg%é%ray ?ﬂégﬁgt&tﬁgggﬁggea , the renoval
of the oxide,step as well as .the application, of t Ssi vat | | ayer may
e per t SUALEFIY SOLRy FO SEBERHEF o6 FPNAToR SIS BTN e B I aitth 158 "hat ho
sprays etc.). However, one enbodi ment 15 involves use of a brush scrubber
(descri Weathimgs hdreiremey also b¢ gpplied R atihgr Ppckagingdedpplegieasbésidehot h
renovi ng the oxide and applying the passivation |ayer. The di scussi on above
concer niwige bbads)p firadxaaiplef fliphehip esdhplobdgiey ad wellHsdetistsd atrdyeasid seven
process paraneters may be involved in the application of solutions through
scr ubbi %Eﬂ.fs 1) the rotational speed of the brush (i.e., 20 brush
speed);r}tg’)’l eﬁg?%sér force of the brush (i.e., brush force) which typically
correlates wi_th the height of the brush qver, the fer and the type/ shape
of bristles omebpndpadharedypiqallydpungds EfHéEEwlY@ygr ?ﬁa indercoppefler speed)
used to rotate Z 0 JUN 7?00~ LAMRP154.P / ASP 14 the wafer beneath the

br ush( eshetalljzatioa ib émghéd.oTherefore minirmal spends of disauptiehiisad@ede¢o, process
time); 5) the flowrates of the liquids applied to the brushes (i.e., flow
rate); Q}leﬁﬁ%xﬁ%tﬂ_}ir%;p&%%_ éhﬁbﬁﬁﬁ%rhsﬁ%eﬁ%ey aftbPtte FOKACMT at | ONns of
the specific solutio applied and“finally, 7 the tenperature. Generally,
for any syste the roller speed and waf.e r ss ti.nme.determ ng the
numblr GFAEL EET IS 8P BT ORE R OGRSk ARSI RE SRSSHRHORIRYEr Apeeds and
waf er process tines described herein were perfornmed on 200 nm di armet er

waf er s imirdmgy sremrtiaf disyuptomto dheneerall mahitachiritgproesss ooanglsadi scussi on
addresses these paraneters settings for both the to renoval of a copper

native oxb@leifthe WRide ASMOTE aARBRYdsSRLORA 187 eraiAREHYAhOhJARYGE. AS
di scussed, brush scrubbing systens are traditionally used for cleaning

wafers. IS LIVelNes dNenl eouAL of §RDLAmANS | e bigaker m of di screet

T
parti cul BT AN as The cleani sol ution

itself (during the rinse, spin and dry stage), The foll ow ng descriped
met hod, - howe A PrieF RYBIARaLOR 6 2itEPisal auséhcagaﬁ@%&gsanafw ﬁ%tlééﬁlfﬂﬁ?‘ng
technology to the intentional deposition of a thin filmlayer ée.g., t he
passisvatscombbenjienpwt desarihefl e Figure2ashowsman exempiary bruske scivbbes §alsp her ei n
is also unique in that it teaches the formation of an ultra thin

referred to as a system). The scrubber includes a number of stations. Each of

these stations typically represents one or more steps in the wafer cleaning
process. Contaminated wafers (or substrates) are loaded at one end of the
system and cleaned and dried substrates are unloaded from the other end of the
20  system. That is, contaminated substrates are loaded into a wafer cassette 280 and
the cassette 280 is then placed into the wet send index station 210. After cassette

280 is placed into the wet send indexer station 210 the substrates are



| ayer (such as 20A or |ess). As discussed ahead, however, pr ocessez UHIUW%GZ
varied to obtain | ayers of thickness above or bel ow 20A. Even furtfer,

ultra t HMPE4RAAPs are created with% wet chenistry process (i.e., the
application of liquids to a wafer process). Typically, wet chem stry
‘processes (such as sprays .or baths) produces filmthicknesses on the order

of mi cr cAompigally reraoyed fem he Fasstie ggoen Blacegoone Akpiimesinto thasp 15

Wi thin a brush scrubbing systemas a device to apply a | ayer of material

i nvol vesowtsidlertresh efatiom 2R contri buti ons. Consistent with this, the
apparatus of Figure 2 may now al so be viewed sinply as a brushing system as

opposed to o b S WI‘:E eguire
cl eaning (wi W@?lﬁgggﬁgﬁ?%hgg %?é%ﬁ%nﬂése& g%élte%cgaf ter bsd 1gsqloxi de
renmoval and passjvation | ayer applicaiion steps mgy he applied, i nmediately
after trﬁ%‘gb\aiképlcé ¥a eng‘%éFéEF. 15 I"’rFa%%FLH”%’ha Fﬁg‘iﬂaggé‘}a‘t AT e Hay be

reinserted into the wafer input cassette 280 (referring briefly back to
Fi gurie 2hydnoridi QYELQHRf HErortHKey daring thediretisdrnbmIhiesobutipuis apgkedte to
281 (the system having just perforned the post CMP wafer cleaning). Also,

i nduSt 1 ytol theRBsRAR thst 0 EAYbABREIIEL ThE sGYRBR itslBiayWotdtebr ush cl eani ng
systens. Integrated systens nmay or nmay not prohibit reuSe of the wafer

brush cl i e i i Bisl 4 r hng
tation thgte saAEBRisReyTf RFREBRE O B5A0R, Motk e BaRE WS br ush
scrubbing use, a i5 separate stand-al one brush_scrupber nmay be |.oyed to
i npl enenbrq5§ét4mr1ﬁo?@0d§%%mab@adma nat trangpest higrwa rﬁé‘m%f)de ggthe

previ ously suggested, the oxide renoval and passivation |ayer application
may al sobheshistestért sdttetotheher manuf acturing st ages, besides just after CW
such as just after wafer testing or just prior to wire bonding or in a

rewofk cycle yhé 6RQubBeH 4HBStrAA8S erdi ABBHTtRAIIS rERDveBUFdAEhEI&siden Ot her
possi bl e alternative enbodinents, it may be nécessary to passivate copper

metal i zation bene t he,hi ghest netal, l.evel uc 0 ~uN 20~z
vppr5abpish S g2 dandpiaker 510 i io8de Rt sRohAA0 MOt UPREEN. i on
herein may al so be used for such an application. The native oxide nust be
rempoved &eefeapablene! tpanspiovting dhe wajerrfrom thefirstely. seTomd statioreiroR iseeondsy be
removed by a number of different solution chem stries. Usually, an acid or
ot her sobples®NIn thedhbidledFush staltionet3er the'%ﬂbs&é@é@'ﬁo@ééséﬂ%\%lhav' ng a 0.2%

concentration in DI water and a ph level of 2.0, "hydrochloric acid (HCO)
havi ng as&oi‘t%sﬁﬂmeﬂtgﬁﬁ{, R0 WaerRh pMBLR] Witﬁaalr{o%@tcgéiuagxi(f& &a@nﬁl%o,
15 diluted hydrofluoric acid (HF)) during the second scrub. As in the first scrub
step, the solution is applied to the substrate through brushes 231. After the
second scrub the substrate is then automatically removed from the inside brush
station 230 and placed into the rinse, spin and dry station 240. The substrate is
then transported to the output station 250 and then placed into cassette 281.
20 An exemplary brushing apparatus 300 used for scrubbing wafers as well

as applying various solutions is shown in Figure 3. A solution is typically a

mixture of more than one liquid (such as deionized (DI) water and an acid). The



concentration in DI water or malonic acid having a 0.2% concentra?i ﬁnﬂm ﬂz
water may ali be used where all concentration |evels are by wei ght. "1
Furt her mpvepia®ghaspf these concentratijoon | evels nmay be v aried dependi ng
on, for exanple, the thickness of the oxide to be renoved or the desired
‘processing tinme. Thus ranges at |east as wide as .005%to 0.5%for citric,
mal i ¢ argniedintnt ofFiglae3ntaf sGpphyt loqhide thedugh sd@plyiines|3i0 diel Ba®Ed.
Furthernore, any of the above described solutions may be further buffered
by (i.e. - ~ %-@f 11i,S ' X| her

sol uti or}éa@l%@ﬁgg{#gp%é)g HP%& rgee %‘?’%85’@&}%2%%3? g@%gbgldgip%ﬁ ed. The
process tinme and solution flow rates may be typical values currently

enpl oy elEIRAHGE, St Hifowaioe Watee DU EANES) b@é@‘éﬁg%u’(‘éﬂtﬂﬂ@]ﬂ%{}’ﬁp@@ess time
of 35 seconds and a solution flow rate of 500cc/mn). The general idea is

t hat t he8720 Dddivery slim 37D deiveubitecdodatidm irgndhgholotwutorer830osf thedurgbhti me to
substantially renove the oxi de wi thout causing damagi ng over etching

ef f et s 340 dtAgreBbRENIME] f16RSaEs, ”Qh@%}%ﬁ?hﬁe@@lgﬁh@%m&eﬁtﬂe%fbﬁé irf eat ures
on the wafer. "This 2 0 JUN 2002 LA 54.P / ASP |7 guideline also

ext ends t baove..descri hd] cent @t i | . that_is, higher
aci d Cm%‘g‘ﬁf?g‘%’%gﬁ“%gﬂ}?’? %gﬁ eghlg%h Og ?’?és@gﬁﬁﬁ%’oa%lrbgggﬁﬁé @é%-sggﬁ}g me and/ or
flow rates as conpared to | ower acjid concentration solutions. Al so

consi st esaturatechwithy splyiien & is netatedhby seariopateviraaal). Resatden deyiqeadélspeeds
and forces may be typical of those used for oxide water cleaning such as
120 r pmtudfis bmhaddd iR aclbdievise smeaiinteddockid se)mannst, eddsichaipyaiesfthe t hese
parameters are suitable provided the brushing is not too passive (resulting

in underso%&&% R d@ktAate Meggggro%ss fHSle%@S@.UEE&d&eiH}u‘éﬁfB% iQdieat ure

damage) . e tenperature may anywhere fromroomtenperature to 50C

Oxi de renpyal , dependence .10 on fenperatuyre is neral,l y: the higher, the
Compr ar i solfiety HEraRtpRaich S Brotys spieef pafinealietds 2B TRH myed
the passivation layer is applied. Before discussing the sg;ci fic processing
par amet eloghasubstvatehiMoterdethiluigh brigshsscaublbimgt teckpglbgy tthay bayahtainedwever, a
brief discussion concerning the dynam cs of the 15 transport of the wafer

W 'l be heting. Pafiht NS GLE63843 enditledaVietdiesn P A PRI B2 e giggr essi ve
growm h rates. Essentially, in an environnment having oxygen (such as the

grouth rates. Essenti. ! nment having oxygen
| a0 o e oSy e A B RRALLARL A S 107t Dbl Lo mini vt ze

the tinme between, the remval of, the  oxi de and the | i cat.ion of the
passi vating 20NTHASEROTeAGther GEwel STIbREW CEiPTSH g AT ANBRUAIEC B apabl e of
transporting the wafer fromthe first to second station in 5 seconds or
| essis Gehguial inyg thenere off e lbessh, tapphiep duid bveetheditush iyl veafnolherefereznpl oyed.
As a rule of thumb, the transport

such equipment also employs a wet brush which relatively uniformly applies

solution to the wafer. Regardless of which type of equipment is employed

(either a system that flows liquid through a brush or a system that applies liquid

over a brush or wafer), both may be referred to as equipment that applies liquid

20 with a brush, since the brush is wet with liquid in both systems.

The discussion below describes various methods and apparati that may be

employed to address one or more problems, such as the oxide formation



~2 0 . J~~~~ LAM2P154. P / ASP 18 time shoul d consune 5 seconds or rzeqs .
However, as discussed ahead, this tine period my be extended depenti g‘%m
t he anouhAMeZR156PCASINt | eft on the surflace. In a scrubbing system the wafer
noves horizontally fromthe first (i.e., oxide renoval) brushing station

220 to the second (i.e., passivation |layer application) brushing station

230 (r ef problempspihaé beguriraceopper Bagpalieg Pads forrsemminendutten éas.h Gemeraldy er .

That is, the wafer surface is perpendicular to the direction of gravity as

it moves réfé%%ﬂﬁfi kS, Rehdives3E@0d0RRFiSE AdrhoVed Aot thEbhRE ﬁlaf@ﬁm‘@f er is
typically "rightside up" (neaning the devices and netallization are facing

t he upper_ b es).of _th n L nce. r ). are. ved
from t ho o AN Barrie B SRS Ly er R TRy SE R TR € g
station; a coating of oxide renoval solution (i.e., the solution enployed
in the f{irestcoprmencest withimp seeordser less)tfpemad over e berd pad 402 @EBves from
the first to second brushing station. This has a beneficial effect as

di scusseehdehawFiguretdap Hinies hies passivativdlayer toversaliebordrfaglc ¢t previches waf er
| eft the station 15 the oxide renoval solution would be wi ped off of the
waf er, e i { J i <« | the
sol uti onﬁ\%gfga\% pefgi-rg%]ﬂﬁ?ﬁglrgﬁ ué% ?ggéé%eﬂﬁgac%{)vgg%&%? rggﬁgﬁ‘\%ﬁﬁgﬁ% exposed
to free air. resulti in_Jjmedjate u siyed oxide growh. wever, since
bar | cul il Bt et amneainertal R Emd, it StiolBRER T om
Ontrak Systens) sinply lift 20 the brushes in the first brushing station
just bef designad suelt eratibgivise bon@ 204, whem itadbadedsmagtbadborded fiepmgh
resulting in a protective "puddl e" of oxide etching LAMRP154. P / ASP 19
sol uti on tiypassivigiotdhger Heaoppehbal (Q@élﬂiw&n@%ﬂ’%u@@ﬂlmm)d Ws 8gcH he
waf er transport between the scrubbing stations. us | eaving the oxide

r enoval I f face | i l.e: I i one
g £ ot Pt Ryl 2si s bt Hlieartiy Gt it pifly B
application. Neverthel ess, given the rate of copper, oxid rowm h, the

passi vat ibéﬁdlfayﬁ?dgﬁ%’?@ Q??‘S(Hﬁlh%ﬂi @%@%r%@m Bagr glB\eacti cabl e once
the oxide is renoved. Cenerally, the passivation |ayer should be applied

W t hi n 5 paegioatisn tiyet bethexefdee o amnied tostatpre oiids forenatiqrvemhileet ti ngs shoul d
be set to transport the wafer between stations but the puddl e of etchant

shoul d p:];%' i wiRE ghAakeyond this time. As an alternate approach, the
oxi de rernoval solution as wel1l as the passivation |ayer solution may be

both applied within the first scrubhi station., That .is. the,oxide renpoval
S0l Ut on 1 ot PSPk Tresef DHTGE PRRe OunaErs ARPE BARAETE BRECE, a 11 ow o
t he passivation layer solution wth the sanme first_ station 15 brush. This
appr 0dch RESHBRHPR cayer has sneugh dhickngss and dendty wodeqvetelyqyevent Bisssage to
a second station. Furthernore, the timng between application of the
renmoval sntenadtom efnakygenlambiehtswith thbsupfass of/ite appeayad. shirtiéranores no

| onger

in order to be transparent to the wire bonding process, the passivation layer is

not too thick (such that its presence significantly interferes with the wire bonding

to the extent that the bond’s integrity falls beneath acceptable standards). Thus
20 the thickness and density have a first bound determined by oxide growth

dynamics and a second bound determined by wire bonding dynamics.



limted by the hardware responsible for transporting the wafer frztnptl“ij 2002
first to second scrubbing station. 20 Continuing with the "two-st oTk

appr oachL&M2Rip RAAT DI e, once the wafet2 enters the second station a solution
is immediately applied (through the brushes) that converts to a solid,

-stabl e passivation | ayer after exposure to the 2 0 JUN ZzOQZ LAMRP 154.P /

ASP 20 copperFushermert, passivation fyerd argalifferent &tagn adbesiehamdtbrt o as a

film The solution chem stry is generally conprised of nmenbers of the azole

fam |y. paeleddaydsch Rembsiaiesiondaler is BléhforafRnkioped rhetab How @fich
protection agai'nst the growth of native oxides on copper. BTA is currently

the nost_w - d ssivat i agent for Copper a iS_the j or
corrponen?S F ‘%érﬂ?ﬁg‘c{rﬁ%P%ﬁ%ﬁgylﬁﬁﬁpgp%?ﬁg| 8?%“’-358& xf%Bog pper oxide
prevention (such as StopOx~ from Applied Chem cal Technol ogies, Inc.).

Ot her azdidbesiondayeravee béwmsiipsdlayer betwssarthegpppepbend padeand the wike

| ndazol e, Benzi xni dazol e, Indole and Methyl Benzotriazole. Furthernore,

si nces P(hbmd itdelf PTBat isethieneire hyndnpidothe copppepad rheh adhaechsly tpahei vat i on
chem stries based on triazole and imdazole (used in the Oxganic

Sol der abir‘ah&il‘ioﬁrlﬁ&r Mﬁf&\"tﬁﬁn(a@ﬁ@?roﬂﬁﬁ@s bGéralGRe RGO TBRheBon BF 8% be
used. BTA and other azoles form'a protective |ayer according to a chem cal

reaction, .Before,. the ¢henical reactign, pure BTA {or,a.diluted selution of
brar | o R hSErd e GRCTIGBtvdiodata b adiifonfioet Madptatlipdsagial Lon o
reaction causing a solid passivating filmon the copper results,

Par t i cul RESENS dareghgordastthatwenan sheepnrer padsand the wirehandudeusbPymer s) .

These particul ates formthe passivation |ayer. For BTA the chem cal

react i oncorsduaiial. [Wittoautesivedagers, electeieXurrérltAd dbs-rot[flaw dédeitly + HBO
Equation 1 2 0 JUN 2002 LAMRP154. P / ASP 21 where [Cu-BTA]" is the solid

fil tel] j i - : . [ Cu with
di srsr:l) vegwéz%m%sﬂgg%égsdsd:%?ﬁvﬁgYl?%?‘%%n%%z&%’?t}{o%g@p%;ség?légﬁ ?%SBPS%P may have
a m ni mum bound necessary to substantially prevent further oxide growh and
an upper‘a8¥&tind necessary to remain transparent to the bonding process. The
speci fic bondi ng paraneters (such as frequency or tine) needed to form
accept abl e boBgsomnast; aing passpertitimigyendishessedricréinob denigmedctolreer as wel |
as the passivation |ayer thickness and its associated uniformty.

Coner | ot e, oasca o R ah el s 1 chness
able to %&Qtla%t ggt@veee%rthle SAte bond and the conducting pad. Thus, with passivation
15 layers, current may or may not flow through the passivation layer since at least
some current flows directly to/from the bond pad from/to the wire bond.
As discussed, after the final metallization and its associated polish, the
wafer is typically further subjected to cleaning, drying, testing, dicing and
thermal annealing. After the individual chips are diced, each one is typically
20 placed in a chip carrier and then epoxied to its package prior to wire bonding.

The native oxide may be removed and the passivation layer applied anywhere

within the aforementioned process. For example, after testing, the wafer may be



energy (and/or vary other paraneters) the upper bond of the passivation
-layer thickness may depend on the specific bonding tool enployed.} ﬁs]If]NrZU(]Z
the m n%wﬁ&pvgs BTA passi vation Ial)jer success is related to another

i mporta I C al? acteristic (besides thickness): density. Thick | ayers of
-~5 hi ghly porous BTA woul d be an unacceptabl e passivation |ayer since the

oxygen | C t hr n_t i,n the BTA
i maeef oA acBrembRalelf FARFk B R Rt t R AT Pl e, R m
porosity is related to the coating techniques applied (such as the type of
brush u$E®; the brush speed, flowrates etc.). Generally, techniques that
pronote BTA coverage over 20 the entirety of the wafer surface, rather than

spotty or bl ¢{schigcussed) megtve chidesniorm fapidli dry coppér thald e dltA~~1 2P154. P
/| ASP 22 Consistent with this, BTAfilmdensity is related to the

concent rat,t f i d t] I hi- o416y

concent regiﬂrgﬂg{eg’%@gl?xctog\%éteo% xg%gl\\/?%%ad{b%%? %P%@%‘?b\% ’ru gge overal% he waf er
f | ti i . filpe., H gh BTA centrati I ield

Chi cher SPTRBTSCGSIRE B PRSI PPN B RS PLACIPST SXBEdd 1 n

Equation 1. Thus, higher |evels of BTA concentration yield dense filns
(desi r atppliedias sogn @apaacticablednearder tmepskice atatizp oxide tegrowthe t ake

advant age of the benefits of higher BTA concentrations (i.e., nore dense
films) witdreativelyl tianeatsd yxide st bgrerfdvey BlafoRy g frieg aridyerpot ent i al
detrinments of higher BTA concentrations (i.e., thick filnms), BTA coating
uni form : t rQli.ed. I I ion

t echni qlféés{u%?glr%? lellag'?ié}{gb\i‘gflggg #ﬁgﬁt H%Féeg{rgéé{%ﬁpfggfgi[e%gﬁa nf ﬁglrtrgrfng%hount of
BTA is exposed over the entire wafer surface), the techni ques_ enpl oyed
shoul d AOWipgsppEeeatari dedayrpelyvesn thegemeyal aljdhemative oxdgiamdAbe he
variation in the amunt of BTA coverage over the entire wafer surface). ~5
Uni fior mappéicatigs ob thecpassBritiont legderipAovided thheneironneentateraissiokpgen hel p
keep thickness down while ensuring dense filns as di scussed below. Filns

not  exhigid fopghHaAFhHHEH bOHE dalag)end to require higher concentrations of BTA
in order to maintain acceptabl € 'density | evels. Non uniform BTA coverage of

hi ghly concentrated sal utignsg result SO fer regio exposed to high
anount s of 25?3%&‘:%%55&#??395?& T ok {}Ien‘?’fqaﬁls 535 Wit a(#ﬁgr waf er regions
exposed to noderate anmounts of BTA (resulting in less thick filmregions).
Thus t heapplication of Hag passisratioadayer mayibeparfraveed thack nésswavberssf t he waf er .
In such a case, since Z 0 ~u~ 2Q0? LAMRP 154.P / ASP 23
ways known in the art (such as baths, sprays etc.). However, one embodiment
15 involves use of a brush scrubber (described in reference to Figures 2 and 3) as the
apparatus for both removing the oxide and applying the passivation layer.
The discussion above concerning the operation of the scrubber system
suggests at least seven process parameters may be involved in the application of
solutions through scrubbing brushes: 1) the rotational speed of the brush (i.e.,
20  brush speed); 2) the shear force of the brush (i.e., brush force) which typically
correlates with the height of the brush over the wafer and the type/shape of

bristles on the brush; 3) the speed of the rollers (i.e., roller speed) used to rotate



t he BTA concentration was high, both the thick regions and | ess thick
regions have sufficient density to prey ent oxide growh) however2 §hfiN 2002
thick fiflpegiPnsptend to interfere yith the wire bonding process. An even
di stribution of BTAw Il therefore maintain filmdensity and mnimze

-t hi ckness across one entire wafer surface. Thus, successfully applying a

passi vaty 1 Hm.g . ié}?%}" at i level s and
t he procﬂgggv%g%gbn@%gﬁgﬂ§ﬁat ??'e@'fmgrlu r%}tﬁﬁ%gtﬁfgp%%%%%é g%gog\bout t he
target BTA filmthicknes ess than _or  equal t 0A). Uni form BTA cover age
" Johi b B PrOSEF SoRe) AR HE BRtEn g ! HF i AP Bed e e Brutiee (6t ut kom0

conprising the BTA. Uniform solution coatings are achi eved through higher
waf er arfiowratsh @)dhasphwionpmanpositien as wall arhga asfousengengatians ett s
uniformty. For exanple, flat brushes result in better global and | ocal

sol ut i onthenpeeifidisbyutsepplrdethd findlly M eke wniperatgié. €s. | n one embodi ment,
a passivation application process inplenented with: 15 a BTA concentration

of 5Q0ppmin r f ; IBW% i : 500 cc/ mn;
a br l(}gh havi n%éxﬁ%i%g?éfoﬁgggfsggﬁgg,cfhér rhtejs gggﬁe"govg?féf%b?%r%%@gr ol l er speed
of 40 rpm, a wafer process, tinme of 35 seconds; a hrysh force of 5 I bs and
a tenperi%tﬁvalr@rtﬁfs‘%me%wftr@aafmsaacwg&réaﬂbeﬁ%@éarﬁr ot THEFAIEA bet woen
15-20A in total thickness across the entire wafer. The m ni rum bound of the

20 passispeeidsanbayafer phoss dasesi desnbed harsin mtere perfuroiedeon @66 num pr event
oxide formation. Furthernore, the nmaxi num bound is net since the filmis

thin eno&ﬁ%éﬁgro ht?n E@?st’é’ir{ Ravediotgm Tiia?né%ef“fb’lle%@.oz LAMCP 154.P / ASP 24

I n anot her e I ment, a’passivation application process inplenmented wth:
a BTA concentrati of 100ppmin wat and a _ph of 7.0 ol ution flow
Cate of 500 cEhe{abEing detimneyadarestes hed R anirensnftags Brgt ey of
40 rpm a wafer process tinme of 35 seconds; a brush force of 1.5 | bs and a
t enpélr at 18RO of BCoppenhadve pridersapellbs thaappliation dfid passiwation layere
variation in thickness across the entire wafer surface. In both the

embodi meak HigeyeR], brisiv & UBBir gy sterhd Brairaditiona I AeA)fop eledniBewieneat h the
BTA | ayer during high tenperature curing of the fest sanples. 10 Finally,

as_di scusgady L, Lerpnab. lod e ol g AndeLe- aRpldicabLam ol de

passi vation tayer do not necessarily requi SCT i'ng appar at us.

o o PR e ot AT Tl o, ™ O
i mersion (e.g., bath) process or by a spray process. 15 Baths involve
conpl et ebpiniandedsi stggé)h Thwafollowing alesa@ibademetiadi owever, involves the
15 unique application of brush scrubbing technology to the intentional deposition of
a thin film layer (e.g., the passivation layer) to a wafer surface. Furthermore, the
discussion herein is also unique in that it teaches the formation of an ultra thin
layer (such as 20A or less). As discussed ahead, however, processes may be
varied to obtain layers of thickness above or below 20A. Even further, ultra thin
20 layers are created with a wet chemistry process (i.e., the application of liquids to

a wafer process). Typically, wet chemistry processes (such as sprays or baths)

produces film thicknesses on the order of microns. Thus, the use of a brush



solution. Processing paraneters include tinme, concentration, terrpgr@t_wna 2002
.and the anount of agitation (if any) applied to the bath. The sollUtTo

chem stryamimsaefgsp i s dipped into isigenerally the sane as that used with

t he scrubber system The time nmay range from seconds to m nutes dependi ng
-on the concentration of 20 the solution and the anount of agitation

suppl i edwithiime®raxh géubairg@stém aBal devige ipdpgdly a8y ér khRWRedis] IPP%}]%% :

specific processing paranetérs may be readily determ ned. Z P~~~
LA | ~I 2P, ; ROt i . i be: . db
an and s%?é{}% %gﬁ‘ %ﬁeﬂé&&t@@%@%ﬁ%%ngkéé‘?&%%%% t?%la%%’ag? %:(ﬁacgftﬁgg%te [ ony

The processi ng paraneters associated wth spraying include: volunetric flow
rate of #RRAHIYEYHDE I SIRIY a8 & R vushing iy stesn a6 PBROSERLC OFLRG angl e,
the acidic concentration in the sprayed solution, the tine and tenperature.
Agai n, sbnmsh soxublEingeysteal. by spray is fairly well known in the art,
specific processing paraneters nmay be readily determ ned. The passiv ation

| ayers may be APRIJsEEadRY “psfeg%%ggeQ}éa%ingsnaﬂh%r@gw%u%wm acassgee! |-
These include, anong others: i rsion (such as baths), sprays and spin

coat s. | i gati o Blns. bat hs .and_sprays i,nvol ve substantially the
same paf\gﬁ%‘feéra?%m%s?bﬁo %%’ée.m%ﬁﬁ qsglviaﬁl\qgll%ertqpﬁl,icagmrhé}gsaed, f1 ow
rate and sol ution concentratjon. Again, since application of films by these
met hods B3y herppliesbimnmesiataly %ft&r,tg@p@ fericleapingrstepi Ay speh amdnstanceay
simlarly be readily determned. 15 Finally, if process techni ques other

than a seidivafdarg ntgisherdifisatel e thd anterunpastaskbite PO CrRSSrrirsy beieflgr ned in
an oxygen free environnent), the passivation |ayer should be applied as

it i sOREEln HESrE7) SrlcRid ATRHEY ARy R oR] A LR L "o e

etchant to rgmai n on the wafer ?urfac until_ _the 20 passivation |ayer is
appl i'@d $Bb(iha systam havipgdusidraiarmedithe st CMY wafenglegnin®etMWsen oxi de
removal and passivation |ayer application. 2 0 JUN 2002 LAMRP154. P / ASP
26 CLAI MB\dMsty frends$ atemdrersly integratiegHlP palisherswiiy bi2ish)cleamogi ng an
oxide froma surface; and b) commenci ng application of a passivation |ayer
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cleaning apparatus (depending on accessibility of the brushing station input
cassette). If an integrated system prohibits individual brush scrubbing use, a

15  separate stand-alone brush scrubber may be employed to implement the method

described ahead. In alternate embodiments, as previously suggested, the oxide
removal and passivation layer application may also be inserted at other
manufacturing stages, besides just after CMP, such as just after wafer testing or
just prior to wire bonding or in a rework cycle which includes these process

20  steps. Furthermore, in other possible alternative embodiments, it may be

necessary to passivate copper metallization beneath the highest metal level (such



3, The method of claim2 wherein the copper surface further conprises
.bondi ng pad surface. 1 4. The nethod of claim1 wherein the rem)Qlﬂlg]UN] 2002
oxi de f yraPIs4®QBpi ses 2 applying a gol ution conprising citric acid to the
surface. 5. The nmethod of claim1l wherein the renoving an oxide further
.conprises 2 applying a solution conprising hydrochloric acid to the
surface.aq th@ﬁpstwmemmg%%) Prhe ﬁ@%n%z»n]h&? Hﬁg@;&c@ﬁg ubd ol M 1
wherein the application of a passivation |ayer conpri ses applying
a solution, conprising a nmenber of the azole famly. 7. The nethod of claim
6 wher eiS chﬁsa&f&%“g%my nmenber further corrpri ses 2 BTA. 8. The method of
claim1l wherein the passivation |ayer is co etely applied 2 35 seconds
after said comestativiegxide gnushbggemsyed ntgsup@smzaappllwﬁgsapphqm dtoa
brush; 3 applying to a sem conductor wafer surface the liquid with the

brush; ame ®ath@f oRiA8 niay By ASmOved B§ aSRIhBONSHEIFREerBiitiSH chas stRisa
chem cal reaction between the liquid and the sem conductor wafer surface
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2 0 JUN 2002 LAMRP154. P / ASP 28 13. The nmethod of claim9 wherein the
brush i s(HE) havingaa daftecortrenshtisninfliwate?, mgkt ead Hatinglac).B%t hod of claim
9 wherein the layer further conprises a passivation z layer. 15. The net hod

of clai r‘&o%eﬂ‘@@t’i&ﬁﬁ\ﬁﬂ%vﬂéséx‘ Mma?éﬂ:@'acﬂd%{aef n%ldrdi%rco%‘égﬂ?&h%ﬁ iRTY nmember of
the azole famly. 16. The method of clainm15 wherein the azole famly
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brush | ocat ed in a brush system and 4 b) applying a second layer to the
waf el0 suFdrsbermgneheachsefdbase (drgantraon festalemayi hehvaried depandingen. fozat ed in
the brush system the second liquid having a reaction with the wafer

surface d@nisle/thelRickaesy st thayRide @ Be AnovidtBofHd@ekifdd pravesRihg tiwher ei n
the second l‘ayer is 20A or |ess. .2 0 JUN 2002 LAMRP154. P / ASP 29 1 19.
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23. The nmethod of claim 17 wherein the second | ayer further conprises a 2
passi vat destribagsplutibr@4naihe fushewbuiiéred =y (he2 2lsvhadad) 10Q pprpas@R% af i on
| ayer further conprises a 2 nmenber of the azole famly.
15 ammonium hydroxide. Other solutions known in the art for removing oxides
may also be applied.
The process time and solution flow rates may be typical values currently
employed during standard wafer cleaning processes (such as a process time of 35
seconds and a solution flow rate of 500cc/min). The general idea is that the
20  wafer should be subjected to enough solution for enough time to substantially

remove the oxide without causing damaging over etching effects to the

material(s) residing beneath the oxide and to other features on the wafer. This



t 25. The nethod of claim 24 wherein the a2:ole famly nenber furmﬂ N 200
-conprises 2 BTA. 1 26. The nethod of claim 17 wherein the sem con CHJ 2
waf er f uwaMIeIS4@IAEPi Ses 2 a sem condurt or wafer having netalliaation. 1 27.
The net hod of claim 26 wherein the sem conductor wafer further 2 conprises
‘a bond pad. 2 0 JUN 2002 LAMRP154.P / ASP 30 1 28. The nethod of claim 27
further gadelinealsg erepdy ito theaboraldé¢saribbd abiatid cé@nqemdratiorolegblst [#hatdsond
| ayer. 1 29. The method of claim 17 wherein said first brush and sai d
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further conprises a nenber 2 of the azole famly. 1 32. The apparatus of
cl ai m 3konkistesit rwithnélib igyidelirfey thehempbayredrbssh spaeds, told&: spieelsapwhr at us of
claim30 wherein the brush is located within a scrubbing 2 station of a
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conpri sing ving an oxide |ayer froma wafer surface vvlth a first

l'iquid applie i £ h st. brush located in a.br ste appl yi ng
2 passi FIE B R P achEthar B Rin, PREREF vtk LU B Rt 2Pl | et
with a second brush | ocated in the brush system_the I|qU|d havi ng a

react i orfuiiable Previded the Binshingismetitee presike Gepwlting pyunderatahed applying a
bond to the wafer surface by punchixtg through the s passivation layer. 1
3~. The oxtéont tob agigaéssiv@irestitingiim wededom&hturesianhazgs). fTivettherperatipei ses a
2 copper bond pad. 1 36. The nethod of claim 34 wherein said second
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cl aim 36 wher el ald second sol ution further corrprl ses 2 BTA
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After the oxide is removed the passivation layer is applied. Before
discussing the specific processing parameters used within the brushing station to
apply the layer, however, a brief discussion concerning the dynamics of the
15 transport of the wafer will be helpful. As discussed, native oxides on copper
have very aggressive growth rates. Essentially, in an environment having
oxygen (such as the free air ambient within a brushing station), oxides begin to
grow immediately after they are cleaned. As such, it is desirable to minimize the
time between the removal of the oxide and the application of the passivating
20 layer. As discussed, most scrubbing equipment is capable of transporting the

wafer from the first to second station in 5 seconds or less. Generally, the quickest

transport time achievable should be employed. As a rule of thumb, the transport
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growth, the passivation layer should be applied as soon as possible or practicable
once the oxide is removed. Generally, the passivation layer should be applied
within 5 seconds of the oxide removal step. Thus, equipment settings should be
set to transport the wafer between stations but the puddle of etchant should
10  provide some margin beyond this time.
As an alternate approach, the oxide removal solution as well as the
passivation layer solution may be both applied within the first scrubbing station.
That is, the oxide removal solution is first applied with a first station brush
followed by a flow of the passivation layer solution with the same first station
15 brush. This approach simplifies the procedure as the wafer does not require
passage to a second station. Furthermore, the timing between application of the
removal solution and application of the passivation layer solution is no longer

limited by the hardware responsible for transporting the wafer from the first to
second scrubbing station.

20 Continuing with the “two-station” approach as an example, once the
wafer enters the second station a solution is immediately applied (through the

brushes) that converts to a solid, stable passivation layer after exposure to the
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growth of native oxides on copper. BTA is currently the most widely-used
5 passivating agent for Copper and is the major component of many commercially
available solutions used for copper oxide prevention (such as StopOx™ from
Applied Chemical Technologies, Inc.). Other azoles that have been used for
copper oxide prevention include Indazole, Benzimidazole, Indole and Methyl
Benzotriazole. Furthermore, since PC board (PCB) technology employs copper
10 interconnects, passivation chemistries based on triazole and imidazole (used in
the Organic Solderability Preservatives (OSPs) used for PCB processes) may also
be used.
BTA and other azoles form a protective layer according to a chemical
reaction. Before the chemical reaction, pure BTA (or a diluted solution of BTA) is
15 inaliquid state. However, upon exposure to copper, a chemical reaction causing
a solid passivating film on the copper results. Particulates are any matter in a
solid phase (which includes polymers). These particulates form the passivation

layer. For BTA the chemical reaction is usually expressed as:

20 Cu, 0+ BTA/H = [Cu-BTA], + HO Equation 1
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010X (gou?}lgd ngez&s?a&}y(t)o substantially prevent further oxide growth and an upper
5 bound necessary to remain transparent to the bonding process. The specific
bonding parameters (such as frequency or time) needed to form acceptable
bonds may vary depending on the bond tool manufacturer as well as the
passivation layer thickness and its associated uniformity. Generally, more
bonding energy may be needed as passivation layer thickness (or thickness
10  variation) increases. As various bonding tools may be able to apply more or less
energy (and/or vary other parameters) the upper bond of the passivation layer
thickness may depend on the specific bonding tool employed.
As for the minimum bound, BTA passivation layer success is related to
another important film characteristic (besides thickness): density. Thick layers of
15 highly porous BTA would be an unacceptable passivation layer since the oxygen
would make contact to the copper pad through the pores in the BTA film. Thus
thin films of dense (i.e. low porosity) BTA are desirable. Film porosity is related
to the coating techniques applied (such as the type of brush used, the brush
speed, flow rates etc.). Generally, techniques that promote BTA coverage over

20  the entirety of the wafer surface, rather than spotty or blotchy coverage, diminish

porosity.
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BTA concentrations also yield thicker films since more BTA is available for the
5 reaction expressed in Equation 1. Thus, higher levels of BTA concentration yield
dense films (desirable) with greater thickness (undesirable).
In order to take advantage of the benefits of higher BTA concentrations
(i.e., more dense films) while simultaneously reducing, or even minimizing, the
potential detriments of higher BTA concentrations (i.e., thick films), BTA coating

10  uniformity should be controlled. Thus not only should the application
techniques promote BTA coverage (i.e., ensure at least a minimum amount of
BTA is exposed over the entire wafer surface), the techniques employed should
also promote uniformity of the coverage (i.e., minimize the variation in the
amount of BTA coverage over the entire wafer surface).

15 Uniform coatings of concentrated BTA over the entire wafer surface help
keep thickness down while ensuring dense films as discussed below. Films not
exhibiting good uniformity tend to require higher concentrations of BTA in order
to maintain acceptable density levels. Non uniform BTA coverage of highly
concentrated solutions results in some wafer regions exposed to high amounts of

20 BTA (resulting in thick film regions) and other wafer regions exposed to
moderate amounts of BTA (resulting in less thick film regions). Thus the film is

characterized as having uneven thickness across the wafer. In such a case, since
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will therefore maintain film density and minimize thickness across one entire

5  wafer surface.

Thus, successfully applying a passivation film depends upon a
combination of BTA concentration levels and the process parameters that affect
uniformity of the BTA coverage about the target BTA film thickness (less than or
equal to 20A). Uniform BTA coverage is achieved mostly through ensuring

10 uniform coating of the solution comprising the BTA. Uniform solution coatings
are achieved through higher wafer and brush rotation speed. Also, the shape of
the brush affects uniformity. For example, flat brushes result in better global and

local solution uniformity as compared to brushes with nodules.

In one embodiment, a passivation application process implemented with:

15 a BTA concentration of 500ppm in DI water and a ph of 7.0; a solution flow rate
of 500 ce/min; a brush having nodule needles and a brush speed of 120 rpm; a
roller speed of 40 rpm; a wafer process time of 35 seconds; a brush force of 1.5 Ibs
and a temperature of 25°C resulted in acceptably dense films that varied between
15-20A in total thickness across the entire wafer. The minimum bound of the

20 passivation layer thickness is met since it is thick enough to prevent oxide
formation. Furthermore, the maximum bound is met since the film is thin

enough to enable the wire bonding.
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rate of 500 cc/min; a flat brush at a speed of 139 rpm; a roller speed of 40 rpm; a

wafer process time of 35 seconds; a brush force of 1.5 Ibs and a temperature of
5 25°C resulted in acceptably dense, 15A films with little variation in thickness
across the entire wafer surface.

In both the embodiments above, insubstantial oxide growth (10-40A)
occurred beneath the BTA layer during high temperature curing of the test
samples.

10 Finally, as discussed, the removal of the oxide and the application of the
passivation layer do not necessarily require a brush scrubbing apparatus. Nor
does the process require implementation immediately after the final CMP wafer
clean step. For example, the oxide layer may be removed by an immersion (e.g.,
bath) process or by a spray process.

15 Baths involve completely immersing the wafer in an oxide etchant
solution. Processing parameters include time, concentration, temperature and
the amount of agitation (if any) applied to the bath. The solution chemistry the
wafer is dipped into is generally the same as that used with the scrubber system.
The time may range from seconds to minutes depending on the concentration of

20  the solution and the amount of agitation supplied. Since oxide removal by bath

is fairly well known in the art, specific processing parameters may be readily

determined.
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solution, linear flow rate of the solution, the spray angle, the acidic concentration

5 in the sprayed solution, the time and temperature. Again, since oxide removal
by spray is fairly well known in the art, specific processing parameters may be
readily determined.

The passivation layer may be applied by processes other than a brush
scrubbing as well. These include, among others: immersion (such as baths),

10  sprays and spin coats. Application of films by baths and sprays involve
substantially the same parameters discussed above. Spin coats involve time, spin
speed, flow rate and solution concentration. Again, since application of films by
these methods are well known in the art, specific processing parameters may
similarly be readily determined.

15 Finally, if process techniques other than a scrubbing system’s are used
(and unless the process is performed in an oxygen free environment), the
passivation layer should be applied as quickly after the oxide is removed as
possible or practicable. Again, within 5 seconds is a good rule of thumb.
Furthermore, allowing the oxide etchant to remain on the wafer surface until the

20 passivation layer is applied should similarly expand the allowable time margin

between oxide removal and passivation layer application.
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1 1. A method, comprising:

2 a) removing an oxide from a surface; and
3 b) commencing application of a passivation layer to the surface within 5
4 seconds of the oxide removal.

1 2. The method of claim 1 wherein the surface further comprises a copper

2 surface.

1 3. The method of claim 2 wherein the copper surface further comprises a

2 bonding pad surface.

1 4. The method of claim 1 wherein the removing an oxide further comprises

2 applying a solution comprising citric acid to the surface.

1 5. The method of claim 1 wherein the removing an oxide further comprises

2 applying a solution comprising hydrochloric acid to the surface.
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2 BTA.

1 8 The method of claim 1 wherein the passivation layer is completely applied

2 35 seconds after said commencing.

1 9. A method, comprising:

2 applying a liquid to a brush;

3 applying to a semiconductor wafer surface the liquid with the brush; and
4 forming a layer on the semiconductor wafer surface by a chemical

5 reaction between the liquid and the semiconductor wafer surface.

1 10. The method of claim 9 wherein the layer is 20A or less.

1 11. The method of claim 9 wherein the semiconductor wafer further comprises a

2 semiconductor wafer having metallization.

1  12. The method of claim 9 wherein the semiconductor wafer surface further

2 comprises a bonding pad surface.
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1 14, The method of claim 9 wherein the layer further comprises a passivation

2 layer.

1 15. The method of claim 14 wherein the passivation layer further comprises a

2 member of the azole family.

1 16. The method of claim 15 wherein the azole family member further comprises

2 BTA.

1 17. A method, comprising:

2

a) removing a first layer from a wafer surface with a first liquid applied

3 with a first brush located in a brush system; and

4 b) applying a second layer to the wafer surface with a second liquid

5 applied with a second brush located in the brush system, the second
6 liquid having a reaction with the wafer surface to form the second

7 layer.

1 18. The method of claim 17 wherein the second layer is 20A or less.
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4 & ( ) E@OP Bhe} rne&\ %I 4IJ claim 19 wherein the first liquid is a solution.

1 21, The method of claim 20 wherein the solution comprises citric acid.

1 22. The method of claim 20 wherein the solution comprises hydrochloric acid.

1 23. The method of claim 17 wherein the second layer further comprises a

[{®]

passivation layer.

1 24. The method of claim 23 wherein the passivation layer further comprises a

2 member of the azole family.

1 25. The method of claim 24 wherein the azole family member further comprises

2 BTA.

1 26. The method of claim 17 wherein the semiconductor wafer further comprises

2 a semiconductor wafer having metallization.

1 27. The method of claim 26 wherein the semiconductor wafer further

2 comprises a bond pad.
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29. The method of claim 17 wherein said first brush and said second brush are

—

2 the same brush.

1 30. Anapparatus, comprising:

2 a supply line configured to apply a liquid to a brush; and
3 the brush located over the surface of a wafer, the brush used to form a layer
4 on the wafer surface with the liquid.

1 31. The apparatus of claim 30 wherein the liquid further comprises a member

2 of the azole family.

1 32. The apparatus of claim 31 wherein the liquid further comprises BTA.

1 33, The apparatus of claim 30 wherein the brush is located within a scrubbing

2 station of a brush system.
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4 b. applying a passivation layer to the wafer surface with a second liquid
5 applied with a second brush located in the brush system, the liquid

6 having a reaction with the wafer surface to form the second layer; and
7 ¢. applying a bond to the wafer surface by punching through the

8 passivation layer.

1 35. The method of claim 34, wherein said wafer surface further comprises a

2 copper bond pad.

1 36. The method of claim 34 wherein said second solution comprises a member

2 of the azole family.

1 37. The method of claim 36 wherein said second solution further comprises

2 BTA.



