;| }e3e5t85q(6T8JP) 16 March 2004 1 A METHOD AND SYSTEM FOR REDUCI NG
PHOTO- ASSI STED CORROSI ON | N WAFERS DURI NG CLEANI NG PROCESSES16 Ma#Ftke2@)4of
the Invention 5 The present invention relates generally to sem conduct or
waf er cleaning and, nore particularly, to techniques for reducing

phot o-corrosion on wafers used to fabricate sem conductor devices. 2.
Description of the Related Art In the stm conductor chip fabrication
process, it is well-known that there is a need to 10 clean the surface of

E ?ﬁ) Wac}‘vg r Aalimnelncm SYSTENM FOR REP[HHNG PHQTOASSISTER @@RRQS%@W |
process | eaves_many types_o t s particles an

metallic ions on the mMﬁﬁE@N@égmBM$€$g necessary to

avoi d the degradation of the electrical characteristics of the dielectrics.

For purposes of discussion only, Figure 1 shows a sinplified water cleaning
syst em 151h&ydld¢f thelnwektidiox 100. After a copper CVMP process, the wafer is
sonetinmes put through HF containing cleaning process in.th I i ng
syst em5 The waflB¢ PEsteR 18VERION RS %B%aqb(‘f’ gﬁ@%nqeuﬁgorm“éafferr 8%%@%?‘? r@%rgt ed
between a o) S i@Rd for PRULARE bitesdicdidsktion e waldreruskd toy fibsiahtey
rotated b?srﬁ%%lgﬂy’ug%égé%bﬁﬁan%ra set iC@c’ﬂ%rol | ers (not shown), thereby

enabl i ng ténicondishrsletiods.t o adequately clean the top and bottom surfaces of
the 20 wafer. The cleani 3%‘4” ;e s can be viewed through the brush box
cover 1022 W¢semption ol the ‘98 Tt ear plastic material. Figure 2A shows a
partial cross- E{?ﬁlteis lg.?donaﬁéiw &iip %riea@gﬁ;ghaéexs,mmmqmnammrp i?Pteal tber
the top | ayer has undergone a copper > process. Using standard inpurity

i npl ani@t iclean tiheirfddetdfabe ayifsr, aftarch chepricalgmedenisalgplishing (GMB) Prosessi sfor s

and N-type 25 transistors are fabricated jnt J - rate
200. AsyEHBW?,‘ (GareME, Brgsss BWB%Q%}‘%‘%’&S? 8*, € %‘é‘@g?‘géﬁ%fpﬁrpzﬁkéﬁél&omﬂ}di’ﬁaﬁ’é
fabri cat eq OB RMOPSIrBLE \Thldnfng i¥ BerdRtd Adcassafy Rl dvalddici degradatiorpef the

transistors and N-type transistors creates a conpl enentary netal oxide

seni condueleotricalGMaBictedisticsoaf. thendikleckics.oxi de | ayer 202 is fabricated over the
transi stors and, substrat 00. .30 ent.i Y inelsGEikmg.
and depositi on%PéEWiﬁ’Pfﬁ?ég ‘fﬁ”@sﬁﬁ%ﬁ&?’o lg?}gafge]ﬁ%” &%@f“@kﬁﬁﬁgg&%%“‘g dsgcopper
lines ?slz-ha?_iﬂg A BHRESBSN 100, UASed Qoife® OMIP peicesy; tieowhfer Brvatetimen pubthrowshn
the copper Iihes 212 and the active features on the t,fansi tors. @ br%s%
Mar ch 20041R comaining dsaning pregess indbe yafer sleaning systgme JL Ry WAler GRICFS (g OTEY ge
| ayer 202 and copper Jines 2 ' LN AR aAYa betshivkesh and
deposi ti oPOF n\eﬁedgsfh% eﬁsréé) P%?I%\réggcg g%ﬁ%gpﬁéﬁg 220 aand %:opper | i nes
214 in t heapcand waxirds typiyaly RiMed Fnehechppies Mdamd22Setprfowllces (@peshowndal

connections between the copper _|ines 214 ln t he second I%¥er angacwgfﬁ%pper

| i nes 5 2therghy Fh@lipﬂﬁﬁ%ﬂ’é‘ﬁ B %th dgpqupte yh%lezlui Fl'get top aﬂ}lgrb tom Sur

20 wafer. The cleaning process can be viewed through the brush box cover 102, which is

typically a clear plastic material.
Figure 2A shows a partial cross-sectional view of an exemplary semiconductor chip
201 after the top layer has undergone a copper CMP process. Using standard impurity
implantation, photolithography, and etching techniques, P-type transistors and N-type
o5  transistors are fabricated into the P-type silicon substrate 200. As shown, each transistor has
a gate, source, and drain, which are fabricated into appropriate wells. The pattern of
alternating P-type transistors and N-type transistors creates a complementary metal oxide
semiconductor (CMOS) device.
A first oxide layer 202 is fabricated over the transistors and substrate 200.
30 Conventional photolithography, etching, and deposition techniques are used to create
tungsten plugs 210 and copper lines 212. The tungsten plugs 210 provide electrical

connections between the copper lines 212 and the active features on the transistors. A



The wafer then typically undergoes a copper CMP process to planarize the
surface of the wafer, leaving a | evel surface as shown in Fi gérMar2200 t er
t he copper CMP process, the wafer is cleaned in the wafer cleaning system
as discussed above with reference to Figure 1. Figure 2B shows the parti al
cross-sectional view of the conventional sem conductor 10 wafer of Figure
2A after the wafer has undergone a cleating in the wafer cleaning system of
Figure 1. As shown, the copper lines 214 on the top | ayer have been

subj ect edsécond bride tnier 084 may de fibnigatet ever thafitsh gxide tayes202 ardecopper lines 212.
photo-corrosion is believed to be partially, caused.by |ight photons that
pass t hr o&gRvensiengl phgtolithogzanhy, etehing, afgyeggsqq{btcgl}rﬁ@%sg&(us%go Al SaBRY e s
the P/ N j j i Ch: . 20kh i
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| i ghti ng. eldofrieal conataions betaiesn dreonopperdines @i s tHeisgbnnd layrraindithe ¢ppper kimdsy
needed to_view the cleanin rocess (i.e., view whether the brushes are
proper 1%y 8ﬂ%amhﬁ¢uaa%@nw§%gé%é5,m ﬁ’ﬁtﬁzr%@a)é?r'cat astrophic corrosion effect. In
this cross-sectd Pfélﬂﬁ leohd I'to\y izOthe sUAS&I AN
pl ugs are el ec?P?%hrﬁ co h%gltl% teg ?f%fcgb%ér?\?ﬁﬂpg?%&%fmﬁ\%ﬁgfﬂ jeuncti on.
The cl eantlrgwaiol, ldaving alsed sudfa@schesn it Riguwaiier Afiar tha ceppenfiMR prasess, the

typically an electrqliite, closes.the electrical circuit, as.electrans and
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introduced carriers induce a potential difference between the two sides of
t he j urtct wafer of FigurpdAendter tie wiiférf ks andergomecs dasndng i the Wafesiaieaningesysiemyof

Accordingly, at the el ectyrode connec tag the P-side of the.?2 ngtion,
t he c_oppellﬁ/g"ée éor&%ﬁi‘&’d‘f“’&e CORBEY ﬂn@rs %@d?n %WetoBrIWﬁ@él&e ggﬁfnu%q%éec?c ni cp%so I|¢t)0eci es
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2e -~ Cu. Note that the general corrosion fornula for an is M-> M~
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transistors, the photo-corrosion effect may 16 March 2004 3 cause

corroded ©bppunal|lightsvinchisgengiayneededyto gieys thedepningpprocessi(esvispevhgther
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transistors, t e tahotmssations exampld elat coppyr limsss eoppeppias, aepngstén FAAgs tie be
formed. This distorted topography, in%I udiB&;_the CO{FLOS' on of the 5 co‘gper
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sol uti ons jxtkRe atpateatiglodiffeRhes betwednte swo FdeddH (RS juatti®i TKIS bokniidl Riifdértfdes
i nclude conpl exi ng agents or passivating agents. This nethod of altering

t he cheni degreaseewithright intensitsn Adsordngly., atiibe cleeitodsrepnaeriedtopthe Fasde af ey

effectjve.. For re infornation Qn b0- COr rpsi f refer an
be. e ¢ dison BF Eou ¥ AT LY o8 Gt 52" P BReS ey P hre R RLRPRIFEes
During Cu difgudenth @h& SiMBEEILERTHeCvBianRi thd Soductich & suehtialied 2d 4@y, 1R6te" thiRCS
Meeting, Honolulu, Hawaii (October 1999). This article is hereby

i ncor por attk géneral efoencsion dormhula foreamyofetahés MoredBi rgne’'t el theigsneraheddctiar a
cl eani ng process that avoqidsg,the problens of the prior art by inplenenting
i npr oved tf%’B’PI‘H?E‘Ué’é'yFWaIr‘ citi§ T phot ocorrosion effect on wafers during

cl eaning. 20 SLQM\(ﬁﬁ)/ T, B y-ﬁ)@ﬁgg : :
invention fills t esneagr?g’egsg ‘I@V E’%\i}% cﬁéﬁgﬂheth 0 alrtl %Ofg'?g%ﬁéfsgarﬁﬁn&esmyb
subst agoi ahd intaldediphgsical gopdpeaphlyaifahe ooppes faatures, fas shown irs Eigueod ABu cAtosome
waf ers during cleanin erations. |t should be appreciated that th

b eqent - | AOGNIPHS AR A 3T S TA PBirhe Ea1VPH ARy Do ipLo-CorRT P 42a¥a
process, an apparatus, a system a device or a nethod. Several inventive
enbodi ments of the present invention are described below. In one

enbodi nent, a nethod for nmaking a conposite material is disclosed. A first
transparent layer is fornmed. A transparency tunable layer is fornmed over
the first transparent |ayer. Electrical connections are defined between a
first portion and a second portion of the 30 transparency tunabl e |ayer.
And a second transparent layer is forned over the transparency tunable



16 March 2004 4 In another enbodi nent, a sem conductor wafer cleanin
systemis disclosed. The system conprises a cover having a filﬁé‘darpbﬂg@‘bn
and a second portion, the cover being a nmulti-layer conposite material. The
cover includes a first transparent |ayer; a transparency tunable |ayer over
the first transparent layer; a first set of electrical connections attached
to 5 the transparency tunable |ayer at 8he first portion; a second set of
el ectrical connections attached to the transparency tunable | ayer at the

second porausororradndl eoppeciired 224 an spmplsialy disyelredoanper Heest 324n dp tlas syords,

tunable I gyer. .In sti.ll another, .enbodi tra u I r is
1 oar oeed terpiowBombdion o SoiierElyP@RrolE The cBprch H1E RALEREY he A0S 150KS

first trapgp@l O the VRE hewd, 0eH the NogipeeRAsisbBs, I ghotcstorfisiba «ifedt mag caseond
side; a transparency tunable | ayer coated over the first transparent | ayer;

a first seoppst depasiit222delbe d -t This distosted denasyaphy, ingludigdbe gomesiemel dgat ed

transparency. tunabl e,l ayer. at the first sidg Se f e Lcal
conneetd ofePReb g b ery e dsfise ety 8 ol e PufERE ubEhuR GhERqe
| ayer at Ubdcs afeaid ki dire alig Bus erodiscakdod s rdzoicaliny gicld aad eldhsdvaly thhe
transparency tunabl e | ayer and extendi ng between the first side and the 15

second si @eflre Aeafernthug detisying alief the ehipnen thevater &h‘%@&%%éﬂctr??éesp‘g‘ﬁﬁf’sém of
phot o- assi fga@(jicﬁ%rxlr osion by providing a cover for a wafer cleaning system
t hat pref8 fy can be tuned from bei ng substantially transparent to being
opaque. \Wen t Narieoyflems Bpedisen niabie tciedact thg corasi@sphenameivn. r One attentie
substanti al absence of |ight, thereby nearly elim n@t i.ng the 20 danagi.ng

ef f ect ¥ ofnviolvshtadding epFrasion; mbibiigre i shpmugdlecleaning, solutionnused ©r dpn e

cl eani ng Al i j - voSiE Ab Gl
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phot o- assiThisefhethodr afsalening Rheotohemiral sleening sohwionphoweverahasondtepnoven e ded by

integrating such a _cover to an inte ratedﬁ% t ool . .Ing%rate CVP to%ls
are t hoseadyachnplifediegt Hyimor ofraahiag o fQsCOfFRFION SrofgrRce 541 be
Typi cal Iy, fhege da‘{‘_llri]cﬁé ﬂgeAJ. OBBGAInG" of YINCCPiAb-LY¥&Yn OEfEAEC DRinYALE"
handl i ng equr pnent. us, waf er being cleaned preferably will not be
ef fect e Dyterebmieation Glemings, ™t toalte pltdishat s theolisér ECS Méeeting.dHomelulud Eewaiy s

the intended {opoaraphy of. 1he copper features. .As a result, device defects
that r enqg&‘f’f’ﬁé @%h Bg}i%ﬁri“ﬁfeilﬁBﬁégﬁw%th?JWer_e WB¥antial Iy reduced.. 30

Fewer chips w I} Ry &fliRe Bsregbing adRdis ¥ingbd Y hlcldanRicepablsy thilCARAESIheand
the cost of running, the fabrication process wll not undu!g%tcl ncr ease. 16

March 200¢rabidmes ofidhpeptier amdyamplemenjng iniproved iseknieyes fonvedwcingnthgj photo-
beconme apparent fromthe.foll ow detail ed description, taken in

conj unct i SATRIETHelfEes on waters dunne deaping o< © i Tustrating by way of exanpl e
t he primci ples of the present invention. 16 March 2004 6 BRI EF

DESCRI PTI ON OF THE DRAW NGS The present invention will be readily
under st ood by the foll owi ng deSHMMARK  INVENTION unction with the

el Rt g.\.l aRY¥ =
acconpanyi ng dia f1gSpeakihgMHe Plesehtaviiich i Gfese needs by providing a method and

system for substantially eliminating the photo-corrosion effect in semiconductor wafers

during cleaning operations. It should be appreciated that the present invention can be
25 implemented in numerous ways, including as a process, an apparatus, a system, a device or a
method. Several inventive embodiments of the present invention are described below.

In one embodiment, a method for making a composite material is disclosed. A first
transparent layer is formed. A transparency tunable layer is formed over the first transparent
layer. Electrical connections are defined between a first portion and a second portion of the

30 transparency tunable layer. And a second transparent layer is formed over the transparency

tunable layer.



nuneral s designate |like structural elenents. 5 Figure 1 shows a wafer

cl eani ng system having a brush box. Figure 2A shows a cross- déMaremaf04/i ew
of a conventional sem conductor chip after the top | ayer has undergone a
copper CMP process. Figure 2B shows a cross-sectional view of the
conventional sem conductor chip of Figure 2A after the wafer has undergone
a cleaning in the wafer cleaning systenfof Figure 1. 10 Figure 3A shows a
top view of a wafer cleaning system in accordance wi th one enbodi nent of
the present i nirentdther. erfbagiiment3B semosanducteri wafey cleanipg systorifis disclasehi dde

system in accordance wth qgne.enbadinent of ih sent: | ' .Fj gure
36 shows WiEORPBRT ot clvardPEinect e o dnd e RirREi o METolctheirg 8 2
embodi menty @ 1dyRE cAh FERB Imdt e ENtThe Rovdriiftlides MYighRiviparei k@ery b etangfargncy
conposite material used for the cover on a wafer cleaning syste '

: m in
accor danc ainableHayen @venthe dirsteransesrent Heyesy & Biesh seti of \edaetricsh conmeglins atiacheddas a

t i f ' terial d for.. i
Syt em? i HeaRePane niePR 151 %, 8 ARty % RRERD sBhaf cHBLEA Cofeaigh
Figure 5 gfQed 3o h’ﬁegfi‘adsgm%hcysﬁlhﬁlﬁlatlﬁykr dt agr «ovsd pprtieheinded ssopntl @ransparent

conponents for the tunable transparency cover, in accordance with one
enbodi mentiayef oven ¢hegransparendyrivedbld \gyer. Fi gure 6A shows a flow chart of a

met hod for form a co i terl ' r : ' |aent
of the present i HOLACBRERBpYele el (iRER GRENE ol eICHA®
form ng a;tr@nsRAdRINg Yechhid sidk ané Qdﬁﬁrié’e@ d first aanvphent Riyeaniterglinylstreeen iha
accordance with one enbodi nent of the present .invention.

DESCRI 1oT| &irst oikleang thREFERIREDe EVBEIIPRENTS ymbledgxss cogad PB?fqggtAf\lﬁﬁLiggnéﬁ?&em
o) Sani ng. PshaSL of PRkRiCAEEhRLAReE SRRHIGH HASERRN e aRd B GHarcncy
tunable layer at the first side; a second set of electrical connections conductively integrated
to the coated transparency tunable layer at the second side; and a second transparent layer
coated over the transparency tunable layer and extending between the first side and the

15 second side.

Advantageously, the present invention addresses the problem of photo-assisted
corrosion by providing a cover for a wafer cleaning system that preferably can be tuned from
being substantially transparent to being opaque. When the cover is opaque, the cleaning
process can be run in the substantial absence of light, thereby nearly eliminating the

20 damaging effects of light energy on the wafer surface. In addition to stand-alone cleaning
systems, the cover can also be integrated into a post-chemical mechanical polishing (post-
CMP) cleaning system in order to minimize photo-assisted corrosion. Photo-assisted
corrosion can also be minimized by integrating such a cover to an integrated CMP tool.
Integrated CMP tools are those that implement both a cleaning module and a CMP module.

25 Typically, these modules are joined or connected by way of special wafer handling
equipment.

Thus, a wafer being cleaned preferably will not be effected by photo-corrosion that
displaces copper lines and that destroys the intended topography of the copper features. As a
result, device defects that render the entire chip inoperable will be substantially reduced.

30 Fewer chips will have to be discarded, yield will preferably increase, and the cost of running

the fabrication process will not unduly increase.



30 specific details are set forth in order to provide a thorough
under st andi ng of the present 16 March 2004 7 invention. |t 1¢iMairckhg004
under st ood, however, to one skilled in the art, that the present invention
may be practiced without sonme or all of these specific details. In other

i nstances, well known process operations have not been described in detai
in order not to unnecessarily obscure the present invention. 5 Figures 3A,
3B and 3C show a top view and side views, respectively, of a wafer cleaning
system in accOtltansgectsiand adnantageb ofi thepnesent invénsiop vl dacome gpnerdnd fromthe

waf er cl eanjng sy m,300 typically includes. an input station. a
pl ural i ty?(gifo“aﬁﬁ éﬁia%ﬁﬁﬁeﬁ%rlﬁiﬁ’gej?@ﬁ POFOIHF%CEWPnB’“B ht?ﬁ%u%cﬁg'%’ hgﬂ}é]?gt% égn%}géger

t he waf er gmd@ aflyR BB OFiAtipRE of thopeehtlifve@ibar S are inserted into
t he inputﬁgggyﬁ%n 305,92§Qg?§r ngy bg taken 10 fromthe input station 302
and noved into the brush box 304, which contains a first brush box 304a and
a second brush box 304b. Inside the brush box, various cleaning operations
may be applied to the wafer. After brushes have been applied to the wafer
in the brush boxes 304, the wafer is noved into a spin, rinse, and dry
(SRD) station 306. In the SRD station 306, de-ionized (D) 15 water is
sprayed onto the surface of the wafer while the wafer is spun at a speed of
bet ween about 100 and 400 revolutions per mnute, and then is spun to dry.
After the wafer has been placed through the SRD station 306, an unl oad
handl er 308 takes the wafer and noves it into an output station 310. The

cl eaning system 300 i s programed and controlled fromsystem el ectronics
312. 20 The transparency |evel of the cover of the wafer cleaning system
300 is preferably tunable from being substantially transparent to being
opaque, as shown in Figure 3C. the "cover" is the portion of the wafer

cl eani ng systemthat houses the wafer cleaning operations. The term
"substantially transparent” nmeans substantially all of the light that is
directed toward the outer surface of the cover passes through the cover.
The term "opaque' 25 neans about none of the light that is directed toward
the outer surface of the cover passes through the cover. The "outer surface
of the cover"” refers to the surface of the cover that is not facing the

waf er cl eaning operations. The term™"light" refers to light that is within
the ultra-violet (UV) and visible spectrum Depending on the material used
to construct the cover, a change in transparency nmay be acconpani ed by a
correspondi ng change in color, as 30 further discussed below with reference
to Figure 4A. Wien the cover is substantially transparent, a user can view
the cl eaning process. However, as discussed in greater detail above, I|ight
energy nmay assist in corroding copper 16 March 2004 8 |ines when cleaning
is perforned after a copper CWVMP process. Accordingly, the present invention
provi des a cover for the cleaning systemthat preferably can be tuned to be
opaque when cl eaning operations are being perfornmed and substantially
transparent when the cleaning is not being perfornmed. In certain cases, it
may be desired to run a cleaning 5 operation when the cover is
substantially opaque, but the inner cleaning operations can still be
viewed. This will allow an operator to determ ne whether the brushes are
operating properly, and the like. Figures 4A and 4B show a side view and a
top view, respectively, of a conposite nmaterial 400 used for the cover on a
waf er cl eaning system in accordance with one 10 enbodi ment of the present

i nvention. The conposite material 400 preferably includes a first
transparent |ayer 404a, a second transparency |ayer 404b, and a
transparency tunabl e | ayer 406 coated between the transparency |ayers 404.
The transparency | ayers 404 are preferably a cleat acrylic material.

Al t hough, other known plastics and/or glass can al so be used. The
transparency tunable |layer 406 is preferably a photochrom c or

el ectrochromic 15 material, such as tungsten oxide (W3, WX). Alternative
materials can include, for exanple, NBzZOS, VzO-, Ti Oz~ ZnO Cz03, MOQz,
CoO, N Oz. Any one of these materials can al so be inplenented depending on
the specific application. For purposes of this exenplary discussion,
reference will be made to tungsten oxide. To create the conposite nmaterial,
the transparency tunable | ayer 406 is preferably sputtered onto the first
20 transparency | ayer 404a (or the second transparency |ayer 404b). Anot her
technique is a spin-on technique, where the transparency tunable | ayer 404a
is, for exanple, forned by a "sol-gel" process. The second transparency

| ayer 404b is formed atop the transparency tunable |ayer 406.



Sets of electrical connections 402a and 402b are conductively integrated to
portions 25 of the transparency tunable | ayer 406. \Wen a bi dé Mah agt Vv
is applied across the transparency tunable | ayer 406 between the portions,
an electrical circuit defined by the electrical connections 402 and the
transparency tunable |ayer 406 is closed. As shown in a preferred

enbodi ment in Figure 4, a first portionBis on a first side of the
transparency tunable. |ayer 406, and a second portion is on a second side
of the transparency tunBREF BESCRIPTIONOETHEDRAWINGS vol t age
application V' is increased, a current 1 that runs across the'.
transparency tyRabpRsdndyRivedtf RFNPBE ticadift alndeiswodebpete Tdlowihgcdetikd i n
current causes electrons a to flow and excite the atons in the photochromnc
or el ect r deseriptiow inmeanjingtion with ethymicePmpEUAND drawiggexii #4uGHo hike f refarencs

causes a chan pn.tra enc whi ch may be acconpani ed by a change
in color. “‘ﬁﬁ‘ﬁ%‘gﬁ‘Fﬁ‘%%ﬁeg@‘,g%%au‘é&gﬁ%?}é‘?- is alight yellowsh color in a

| esser gexcit ed paduad €shdvied @bér BRkniNgG sfsian hawiaph brushyex. 406 substantially
transparent. Tungsten oxide is a dark blue color in a nore excited, state,

t her eby maki ngFigwee 2ArBws 3 cigesrseaiimnak visHaefui Convenueny semicepiugir ichipoatier
causes the cover tpo b I arent, while a high voltage V
causes th ect8B§arye{@asﬁzld%%gg%%f%@e%lﬁgg{)@?&?he voltage V' preferably ranges
from bet ween alpguire OBSho@k tascragickeatisnial vidweof the, come¢miopaledeariadndyctbe thip enf

about 1 volt and about 1.S volts, and nost pref eratbl%/ ahout 1.25 volts.
Wher e t ungigush24,aftgethe wadgr has updesgonerafdeapyig in dhe watehtlgaunggysipm %%&reflr om
10 betyeen abo v t sh R 3
vol ts.wﬁhe di n%bs |eo§é %iogvt%h%&g)oan%g’gﬁg‘yﬁag%re?% 200 ar’eﬁp%f'e:?{edr%a %yﬁgg‘ﬁ%ned
by at | easmbbilinepaottiepesent iieatiomver thi ckness b and the tunable |ayer
t hi ckness a. The coyer .thickness,b i prgff eraztl)rléf\{ about 1 cm The ttl}H]abl e

\

| ayer t hi cknes&igrg $Bpshopsratids vissy Qb arvafei cleanifiss sysismn P a458irands Wit oigngd
nost pref ?&%Bh' eﬁp%eémgégti&@nﬁblgure S shows a high-level schematic

di agram of pretferred system conponents for the tunable transparency cover,
i n accordance Wigune 3Geshemsadside vievobf aheafpr dsaming isysten; inoaccomlaned witheone
control l er 502 haseletlhect rodes (not shown) coupled to the electrical
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state of a cleaning session. 16 March 2004 10 Figure 6A shows a flow
chart of a nethod for formng a conposite material 400, in accordance with
one enbodi nent f t he rsen i invent ion. Ehe t d SE i noperati on 702

transpar ent | ayer invéhdéorbfor meotlsqiaraad cysttms &bl redicinypephqpe-afséstabopphaeorrosion
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transparency tunable |layer. The nethod then noves to operation 708 ‘'where a
second transparent l|layer is formed over the transparency tunable |ayer. 10
Figure 6B shows a flow chart of a nethod for formng a transparency tunable
cover for a wafer cleaning system in accordance with one enbodi nent of the
present invention. The nethod starts in operation 802 where a first
transparent layer is fornmed for a sem conductor cleaning station cover. The
met hod then proceeds to operation 804 where a transparency tunable layer is
formed over the first transparent layer. 15 The cover preferably has
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cl eaning systemin operational, and the cleaning is being perforned after a
copper CWP, the photo-assisted corrosion will be advant ageoudie\Wpkkgend ed.
This is a substantial advance in 20 cl eaning technol ogy, in that
conventional cleaning systens all use one-state clear covers that allow
light to freely pass therethrough. A cleaning systemusing this tunable
cover can now programthe state of trangparency to be substantially dark
when the cleaning is in progress and |ight when no cleaning operation is
bei ng per imenmich. OWwilt bauaderstobd, Hoeredr, of onicrshillef dn treayt, danthegresennpwérdioa i n

bet ween each extrene,, depending on th sers need ndl, 25 the type of
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1. A net h%yf&rapﬁﬁéﬁ@gh@wﬁﬁﬂposi te material to be used in nmaking a cover
defined in a sem conductor substrate cleaning system the nethod )
conprising: 5 fAdtenibneshes hivesheenrappigchicethe walgein theduush baxsp BDhgthg wafer is

et WIS, A o S TR o SRR Mt 97
por ti ofs Okyatdd€s §praytaiRaite® eYsuk Bl the hwaye wHikQhg wainds pminrit AgpeedsEdRken
transpar eg{mtlteill)(/)(e) ran 183 ll?e)vo?u\{i?)ils 'I[)gemi'&}{l%? grE)datrhgx? (i:syspgxg ?(? Brly.e Af%f):/retlrlé wafer has been
placed through the SRD station 306, an unload handler 308 takes the wafer and moves it into
an output station 310. The cleaning system 300 is programmed and controlled from system
electronics 312.
20 The transparency level of the cover of the wafer cleaning system 300 is preferably
tunable from being substantially transparent to being opaque, as shown in Figure 3C. the
“cover” is the portion of the wafer cleaning system that houses the wafer cleaning
operations. The term “substantially transparent” means substantially all of the light that is
directed toward the outer surface of the cover passes through the cover. The term “opaque”
25 means about none of the light that is directed toward the outer surface of the cover passes
through the cover. The “outer surface of the cover” refers to the surface of the cover that is
not facing the wafer cieaning operations. The term “light” refers to light that is within the
ultra-violet (UV) and visible spectrum. Depending on the material used to construct the
cover, a change in transparency may be accompanied by a corresponding change in color, as
80 further discussed below with reference to Figure 4A.
When the cover is substantially transparent, a user can view the cleaning process.

However, as discussed in greater detail above, light energy may assist in corroding copper



2. Anethod as recited in claim1, further conprising: configuring the
transparency tunable | ayer (406) to be one of a photochrom c 1&March 2004

el ectrochromic material. 15 3. A nmethod as recited in claim2, wherein the
transparency tunable |ayer (406) is tungsten oxide. 4. A nethod as recited
in claiml, further conprising: configuring the first (404a) and the second
transparent | ayers (404b) to be acrylicg 20 S. A sem conductor wafer

cl eani ng apparatus, the apparatus, conprising: a cover enclosing the

appar at us linthehen \cRaning\is pgrfarmiéd sfterpocéppen CME proceer oAdcqdinglonhe phesemover
being a multi-Ilayer conposite material that | ncle[L%des, I ISt trggsgarent

| ayer (40iyntion pugvidss 8 covesdar the cleaping AXSigm &t pr %fﬁ‘almcgﬂfba&wd(fa PPYIPE
the first Jh%ﬁ%@ﬁh%?géﬁﬁ@ﬁs ﬁfeosabg e;?clrfo'rﬂll?& aagfé @Etaﬁﬁ:ﬁ@t f&ih@hreﬁp RARG! freNS

attached to the arency tuna ayer (4 at t t portion; a
second setleahinglieatot ibehlg pofunmed. dnsceatairacdses) it enayhbe wesiresptar emcy cleanimgl e 5

| ayer (406) at the second portjon;.gnd a second transpar.ent |ayer (404
ovor |t o OPEASAPERE e P shscupSpially seaE, Bt e Wi EBAUOE OBy SlgAsnn Ul

cl eani ng PRARLH!S TRR WAF allGH An“%ﬁérﬁbmédetéﬂﬁih@%he%mﬁé Bhidfes 4@ GpeYingage
controller (502) having a first el ectrode connector and a second el ectrode

properly, and the like.
Figures 4A and 4B show a side view and a top view, respectively, of a composite
material 400 used for the cover on a wafer cleaning system, in accordance with one
10 embodiment of the present invention. The composite material 400 preferably includes a first
transparent layer 404a, a second transparency layer 404b, and a transparency tunable layer
406 coated between the transparency layers 404, The transparency layers 404 are preferably
a clear acrylic material. Although, other known plastics and/or glass can also be used.
The transparency tunable layer 406 is preferably a photochromic or electrochromic
15 material, such as tungsten oxide (WQi;, WOx). Alternative materials can include, for
example, NB,Os, V205, TiO, ZnO, Cr,03, MnO,, CoO, NiO,. Any one of these materials
can also be implemented depending on the specific application. For purposes of this
exemplary discussion, reference will be made to tungsten oxide. To create the composite
material, the transparency tunable layer 406 is preferably sputtered onto the first
20 transparency layer 404a (or the second transparency layer 404b). Another technique is a
spin-on technique, where the transparency tunable layer 404a is, for example, formed by a
“sol-gel” process. The second transparency layer 404b is formed atop the transparency
tunable layer 406.
Sets of electrical connections 402a and 402b are conductively integrated to portions
25 of the transparency tunable layer 406, When a bias voltage V' is applied across the
transparency tunable layer 406 between the portions, an electrical circuit defined by the
electrical connections 402 and the transparency tunable layer 406 is closed. As shown in a
preferred embodiment in Figure 4, a first portion is on a first side of the transparency tunable
layer 406, and a second portion is on a second side of the transparency tunable layer 406.
30 As the desired voltage application V' is increased, a current I that runs across the
transparency tunable layer 406 proportionately increases. This increase in current causes

clectrons e to flow and excite the atoms in the photochromic or electrochromic material.



connector. 7. A sem conductor wafer cleaning apparatus as recited in claim
6, wherein the first electrode connector is coupled to the filéMarge200df

el ectrical connections and the second 15 el ectrode connector is coupled to
t he second set of electrical connections. 8. A sem conductor wafer cleaning
apparatus as recited in claim7, the sem conductor wafer cleaning apparatus
further conprising tuning control circu®try (504) that integrates with the
vol tage controller (502), the tuning control circuitryu£504) bei ng 20

conf i gur eThisexsitdtion dfiaasns/cﬂus%zechwgc hetrarrsampcazr leminh' andyebd ageempauied) to

cause a change in a trans aren e cover eni candu

waf er cl eg n‘glaﬁ%epg‘r Sl i&ngsé%’ly ?’Sge etjﬂr 81‘3:5’ gt z\,ﬁ%tpg CHO‘gﬁﬁ cﬁh’e‘gs efé%%r t he
magni t udeeﬁfltela h@atb] fh%re\ﬁg' thdBg IRE HAABIRSIabde4ld QLRRALSNE Yrahspdfint.i Mingeen
cover. 16 March 2004 10. " A sem conduct or wafer cleaning apparatus as
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I ncreases the trans eve n the caover e
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t he bi as mg!ht@,g@ dB*@dﬁ@éstthgedendtb‘eeo guer is substantlally transpar ent . 12.
A cover, the cover being a first side and a second side, the cove

conprising: a feperpily.ibhsgliaget preéyr@blycamafroekbeéwmwosb@ el @Irf’eahOPP%t
d d th |
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spa ectr
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| ayer (406) at the first side; a_second set of electrical connections
conductq vEpiyeem ekt QtSeYP“tS@n@ Aoy § yolis and most preferably about 3 vols.

The dimensions of the composite material 400 are preferably defined by at least two
parameters, the cover thickness b and the tunable layer thickness a. The cover thickness b is
preferably about 1 cm. The tunable layer thickness a is preferably between about 0.5 um
and about 10 ym, and most preferably about 3 ym.

15 Figure 5 shows a high-level schematic diagram of preferred system components for
the tunable transparency cover, in accordance with one embodiment of the present invention.
A voltage controller 502 has electrodes (not shown) coupled to the electrical connections
402 and, thercby, establishes a bias voltage V' across the transparency tunable layer 406.
Tuning control circuitry 504 that receives input from a control unit 506 provides the

20 appropriate state for the voltage controller 502, The control unit 506 provides a user with
operation control 512 and emergency control 514. When the user is using the operation
control 512, the tuning control circuitry 504 provides a state of regular operation 510 to the
voltage controller 502. Operation control 512 allows the user to tune the voltage low or
high, depending on the transparency level that is required.

25 When the user is using the emergency control 514, the tuning control circuitry 504
preferably provides a voltage shut-off to the voltage controller 502. When the voltage is
shut-off, the composite material 400 is preferably in about its most transparent state. The
emergency control 514 may be desired for cases when the cleaning system experiences a
problem, e.g., a broken wafer, and the user needs to ascertain the problem immediately. In

30 other cases, the emergency control 514 will be advantageous when the power unexpectedly
shuts off and the operator needs to view the inside of the cleaner to determine the current

state of a cleaning session.



transparency tunable | ayer (406) at the second side; and a second
transparent |ayer (404b) coated over the transparency tunabl é6Marel 200H06)
15 and extendi ng between the first side and the second side, wherein the
cover is installed in a cleaning systemto enclose a substrate during
cleaning. 13. A cover as recited in claim 12, the cleaning systemfurther
conprising: a voltage controller (502) ttaving a first el ectrode connector
and a second el ectrode 20 connector. 14. A cover as recited in claim 13,
wherein the fi Fiureb&chowsle floancieet afra msthod figr fledning a dvengfosite magetal 460, in

el ectrical connections and the second el ectrode conpectaqr . oupled.to the
second sefCcefdagre Mithi ong| emipdpaet iog dle presepis inygplgn. 23891 mf&")fSS.?ar% 10 RpSratign
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circuitry grate voltage controller (502), the
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application to the transparency, tunabl .(406 h -
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light that may pass through the cover. 17. A cover as recited in claim 16,
wher ei n t benmeotia@rs are ddfinedbetwever Grsbpogion bosd alsecond gaftiog oft the jteaaspargcy A

et TN CERERCES PN NN
System t 0 fyrmed over the transparency tunable layer.

10 Figure 6B shows a flow chart of a method for forming a transparency tunable cover
for a wafer cleaning system, in accordance with one embodiment of the present invention.
The method starts in operation 802 where a first transparent layer is formed for a
semiconductor cleaning station cover. The method then proceeds to operation 804 where a
transparency tunable layer is formed over the first transparent layer.

15 The cover preferably has electrodes at appropriate ends to enable circuitry to couple
thereto and enable a current flow, as discussed with reference to Figure 4B. The current
flow through the cover will therefore enable the cover to change in transparency. When the
cleaning system in operational, and the cleaning is being performed after a copper CMP, the
photo-assisted corrosion will be advantageously prevented. This is a substantial advance in

20 cleaning technology, in that conventional cleaning systems all usc one-state clear covers that
allow light to freely pass therethrough. A cleaning system using this tunable cover can now
program the state of transparency to be substantially dark when the cleaning is in progress
and light when no cleaning operation is being performed. Of course, the level of
transparency can vary anywhere in between each extreme, depending on the users needs and

25 the type of cleaning being performed.

Next, the method moves to operation 806 where electrical connections are defined
between a first portion and a second portion of the transparency tunable layer. The method
then moves to operation 808 where a second transparent layer is formed over the
transparency tunable layer.

30 While this invention has been described in terms of several preferred embodiments, it
will be appreciated that those skilled in the art upon reading the preceding specifications and

studying the drawings will realize various alterations, additions, permutations and



m nim ze photo-assisted corrosion. 15 19. A cover as recited in claim 12,
wherein the cover is integrated into an integrated CVP tool héwargh 2004

cl eani ng nodul e and a CVP nodule to minimze photo assisted corrosion. 20
20. A cover as recited in claim12, wherein the transparency tunable |ayer
(406) is made froma material selected fromthe group consisting of W3,
WOx, NBZGCS, V20, Ti02, ZnO Crz03, MQZJ1 CoO, and Ni02. /Nf\Z/NI\z/N# /N #
INS@B/ NI@N\Z/ NI\Z/NN@N\Z/ N\me/ Nl @@ NI #@ NI @/ Nf @ Mh1Hj : iyo
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defining electrical connections between a first portion and a second portion of the

transparency tunable layer (406); and
forming a second transparent layer (404b) over the transparency tunable layer.
10
2. A method as recited in claim 1, further comprising;

configuring the transparency tunable layer (406) to be one of a photochromic and

electrochromic material.

15 3. A method as recited in claim 2, wherein the transparency tunable layer (406)

is tungsten oxide.

4. A method as recited in claim 1, further comprising;
configuring the first (404a) and the second transparent layers (404b) to be acrylic.
20
3. A semiconductor wafer cleaning apparatus, the apparatus, comprising:
a cover enclosing the apparatus, the cover having a first portion and a second portion,
the cover being a multi-layer composite material that includes,

a first transparent layer (404a);
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5 layer (406) at the second portion; and

a second transparent layer (404b) over the transparency tunable layer (406).

6. A semiconductor wafer cleaning apparatus as recited in claim 5, further
comprising:
10 a voltage controller (502) having a first electrode connector and a second electrode
connector.
7. A semiconductor wafer cleaning apparatus as recited in claim 6, wherein the

first electrode connector is coupled to the first set of electrical connections and the second

15 electrode connector is coupled to the second set of electrical connections.

8. A semiconductor wafer cleaning apparatus as recited in claim 7, the
semiconductor wafer cleaning apparatus further comprising tuning control circuitry (504)
that integrates with the voltage controller (502), the tuning control circuitry (504) being

20 configured to set a bias voltage to the transparency tunable layer (406) to cause a change in a

transparency level in the cover.

9. A semiconductor wafer cleaning apparatus as recited in claim 8, wherein an

increase in the magnitude of the bias voltage decreases the transparency level in the cover.
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5 when the magnitude of the bias voltage is about zero, the cover is substantially transparent.

12. A cover, the cover being a first side and a second side, the cover comprising:
a first transparent layer (404a) extending between the first side and the second side;
a transparency tunable layer (406) coated over the first transparent layer (404a);
10 a first set of electrical connections conductively integrated to the coated transparency
tunable layer (406) at the first side;
a second set of electrical connections conductively integrated to the coated
transparency tunable layer (406) at the second side; and
a second transparent layer (404b) coated over the transparency tunable layer (406)
15 and extending between the first side and the second side, wherein the cover is installed in a

cleaning system to enclose a substrate during cleaning.

13. A cover as recited in claim 12, the cleaning system further comprising:
a voltage controller (502) having a first clectrode connector and a second electrode

20 connector.

14, A cover as recited in claim 13, wherein the first electrode connector is
coupled to the first set of electrical connections and the second electrode connector is

coupled to the second set of electrical connections.
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tunable layer (406) to cause a change in color in the cover.

16. A cover as recited in claim 15, wherein the change in color is configured to

either limit or increase an amount of light that may pass through the cover.

17. A cover as recited in claim 16, wherein the cover is defined over a brush box

10 cleaning station.

18. A cover as recited in claim 12, wherein the cover is defined in a post-
chemical mechanical polishing (post-CMP) semiconductor wafer cleaning system to
minimize photo-assisted corrosion.

15

19. A cover as recited in claim 12, wherein the cover is integrated into an

integrated CMP tool having a cleaning module and a CMP module to minimize photo-

assisted corrosion.

20 20. A cover as recited in claim 12, wherein the transparency tunable layer (406) is
made from a material selected from the group consisting of W03, WO,, NB;Os, V504, TiOa,

Zn0, Cr;03, MnO,, CoO, and NiGs.



