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For purposes of discussion only, Figure 1 shows a simplified wafer cleaning system

15  having a brush box 100. After a copper CMP process, the wafer is sometimes put'thrbugh
HF containing cleaning process in the wafer cleaning system. The wafer enters the brush
box 100 where the wafer may be inserted between a top brush 104a and a bottom brush
104b. The wafer is typically. rotated by the brushes 104 and a set of rollers (not shown),
thereby enabling the brushes 104 to adequately clean the top and bottom surfaces of the

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

typically a clear plastic material.

Flgure 2A shows a partxal cross-sectlona] view of an exemplary sexmconductor chxp .

o 201 after the top layer has __un_dergon_e a copper CMP _process. Usmg standard 1mpunty s
implantation, photolithography, and etching techniques, P-type transistors and N-type

25 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 tramsistors and substrate 200.

30 Conventional photolithography, etching, and deposition techniques are used to create
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the brushes are properly cleaning the wafers), causes a catastrophic corrosion effect.

20 In this cross-sectional example, the copper lines, copper vias, or tungsten plugs are
electrically connected to different parts of the P/N junction. The cleaning solution used to
clean the wafer surface, which is typically an electrolite, closes the electrical circuit as
electrons ¢ and holes 4" are transferred across the P/N junctions. The electron/hole pairs
photo-generated in the junction are separated by the electrical field. The introduced carriers

25  induce a potential difference between the two sides of the junction. This potential difference .
increases with light intensity. Accordingly, at the electrode connected to the P-side of the

| junction, the copper is corroded: Cu > Cu™ + 2¢". The produced soluble ionic species can
diffuse to the other electrode, where the reduction can occur: Cu* + 2¢ = Cu. Note that the
general corrosion formula for any metal is M > M™ + ne’, and the general reduction formula

30 for any metal is M™ + ne’ > M.

Unfortunately, this type of photo-corrosion displaces the copper lines and destroys the
intended physical topography of the copper features, as shown in Figure 2B. At some
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This article is hereby incorporated by reference.

In view of the foregoing, there is a need for a cleariing process that avoids the
20  problems of the prior art by implementing improved techniques for reducing the photo-

corrosion effect on wafers during cleaning.

SUMMARY OF THE INVENTION

Broadly speaking, the present invention fills these needs by providing a method and
system for substantially eliminating the photo-corrbsion effect in semiconductor wafers
25 durng cleaning operations. It should be appreciated that the presént invention can be
implemented in nﬁmer_ous wayé, including'as a procéss, an apparatus, a system, a device or
amethod. Several inventive embodiments of the present invention are described below.
In one embodiment, a method for making a composite material is disclosed. A first
tré_nsparent layer is formed. A transparency tunable layér is formed over the first transparent
30 layer. Electrical connections are defined between a first portion and a second portion of the
n‘énsparency tunable layer. And a second transparent layer is formed over the transparency

tunable layer.
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a waf er c? at prefera e tune rom beilng
substgntially transparent t.o being, opa .S QP ok
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nearly el idfdifsnl BiOprobRliodTBEN e for £vaRE Cleaftinglsygbin thawpreferably the beaired from
surface. In addition to stand-al one cleaning systens, the 20 cover can al so
be i nt egrleingl sibstantially demspsrenti todbeing opaghec aWhss| the ifoxer {speRaquenthe eleaning ng
process can be run in the substantial absence of light, thereby nearly eliminating the damaging
effects of light energy on the wafer surface. In addition to stand-alone cleaning systems, the
20 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 aiso 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. Typically, these modules

are joined or connected by way of special wafer handling equipment.

25 - 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.
Fewer chips will have to be discarded, yield will preferably increase, and the cost of running

the fabrication process will not unduly increase.

30 Other aspects and advantages of the present invention will become apparent from the
following detailed description, taken in conjunction with the accompanying drawings,

illustrating by way of example the principles of the present invention.
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Figure 3C shows a side view of a wafer cleaning system, in accordance with one

15 embodiment of the present invention.

Figure 4A shows a side view of a composite material used for the cover on a wafer

cleaning system, in accordance with one embodiment of the present invention.

Figure 4B shows a top view of a composite material used for the cover on a wafer

cleaning system, in accordance with one embodiment of the present invention.

20 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.

Figure 6A shows a flow chart of a method for forming a composite material, in

accordance with one embodiment of the present invention.

Figure 6B shows a flow chart of a method for forming a transparency tunable cover

25  for a wafer cleaning system, in accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

An invention for methods and systems for reducing photo-assisted copper corrosion
during a wafer cleaning process are disclosed. In the following description, numerous

specific details are set forth in order to provide a thorough understanding of the present
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t he waf ermoféd Mo DEpis! hﬂﬁseh a:v&d@e(smpmﬂoﬂcsaao Th fige snbestaudm 30%; dbivksibeO@B'S
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placed through the SRD station 306, an unload handler 308 takes the wafer and moves it into

an outpui'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 trahsparent 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” means about none

25  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

- cleaning 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 further discussed

30 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
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oper at | Hifis Wl o 'afl Bperafdtt§ Bstelffink Wiithek idtbrish Wa# o bpdrdti | 5
ultra- \ylg)o eedf g?éo‘b\???}’%ﬁafe&sugectru%é Depeen I ng or‘l3 t eﬁr%{lt e?ipé?peagéd to
const r kad theiékecover, a change in transparency nay be acconpanied by a

correspondi ng change in color, as further discussed 30 below with

reference t gifired/aR 4t 4BVABOW! D16ide GNEW ahd aStoPStien] teapdcyivelyaas raacfdagposita user
can view the cleaning process. However, as discussed in greater detail
above, mhateyid 4000 ussd g@yﬂ@sgmr oM ac piares deleaning Speem\m (accouiange with. one

PCT/USQ0/ 26611 | i nes when cleaning is [ G

or SResmtRTRER of e PERRL S e Tt oReE e BT FaS bteRéraBly PARES 4e

cl eani Rgnsafdne Myep A4 LER0AD |tﬁén§p%i‘enbg lhyspeid4b Oariba @RASHACencyYBRable Bt Ng
operations are being perforned and substantially transparent when the

cl eani 486 ceatedbbetiveemtheseansparensy layers 404r t EherfranspasencyilayesngObarepseferably 2 o r un

a cleanjng 5 .operat.ion, when,t QVel 1S..: Lall but the
i nner 81°5‘g‘?'ﬁr¥llbg%‘6%}"ﬁ€ i%ﬁ@@@gh&gﬁ P lgs\gllg%\%g&é&néll %sl%sc a%/{maﬁp%gfﬁs%c\l/v an operator
to determ neg_whether the bryshes are .operating ptoperly, and the |ike.

i gures. 4A T8 UABSRTGNGY fugple 147eE A08 it PEETerapbys @RpOFRRDIlE oF viAcroclypmic
CORPOS : | c lca iRflde fbre in
accli:r%r dgﬁnageé’lav'f\[ﬁ%glﬁ‘.; h%%r?]elég%hbgang%@ ﬁ%‘m@%fg?ﬁga@{éelggﬁr%tﬁm?ﬁslg%t [ or? i 'Ir'h)e@ggrr?posi te
mat er i NB,OQWV,0rcTi€, 2@, Crol,Med,, £d0.rNiO,t rAmsers eftheseapaterialsorn, also becond

tr ansp%;lp g%ntlegyger_peﬁgiﬁg’ 0 ar}ﬂe aspteéiﬁgsgﬁlprl;%gt(fyn.t ulggrb lp%r[;o% s"'of this exemplary
discussion, reference will bé'made to tungsten oxide. To creaté the composite material, the
transparency tunable layér 406 is preferably sputtered onto the first transparency layer 404a

20  (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 of

the transparency tunable layer 406. When a bias voltage V" is applied across the transparency

25 tunable layer 406 bctWe_en 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.

~ As the desired voltage application V* is increased, a current I that runs across the
30 transparency tunable layer 406 proportionately increases. This increase in current causes
electrons e’ to flow and excite the atoms in the photochromic or electrochromic material. This

excitation of atoms causes a change in transparency level, which may be accompanied by a



.406 coated between the trans'parency | ayers 404. The transparency |ayers 404

are preferggloynmszcl ear acrylic material. Al though, other kpewishd/asii CS
and/ or glass can al so*be ‘used. The transparency tunable |ayer 406 is

preferably a photochronic or electrochrbdnmic 15 material, such as tungsten
oxide (WO3, WOE). Alternative materials can include, for exanple, NB2CH

V207, Ti Gthangnid, cabere CBungsten, oxide fonexamplay isghbighityellnwish ealee allesseraxcied o

be inplenented depending..on the .specjld N r -af . this
exenpl ar P4 ‘gls{i’g&lﬁﬂfmg gtfee'f]u@ﬁgg l\ﬁﬁrl 4®e&$§%§{lwyﬁ%§£ﬁ (;f({#{ &ggﬁ-?“g“‘g lesa{]e
t he conmpqgi BIeRbRY ifth mdrd Excilcd 3156 A& 86y ndakinglthetunalyle layed @06 paque! dn atiny
sputtered onto the first transparency | ayer 404a 20 (or the second

t r anspar enbow Ivaltege ¥Daamses theoconsr to denswbstantially transparent ivkide Britigh doltagre Ve

t he tran%ﬁarggc tuna{;le | ayer 404a is, for exanple, forned by a "sol-gel™
process. SRS "c%‘h" T P OR4 -ency | ayer 404b is formed atop the
transparency tunabl e | ayer 406, Sets, of el I cal- connectj.ans .4

023 and
402b are cond lﬁ?‘?eﬂl})&f theyipeaive @rqfsraglyr ?P_S%g#ré‘il“%%f"ﬁ'@ntarbgﬂg r‘é‘ﬂ@f”ﬁ@ﬁgﬁq 3
vaver 40%eniN il pRidably Hehh A%t  URPACEARE 1 35VoltsGnd KRR DRIFERABY abét

tunabl e | ayer e portions, an electrical circuit "definéd by

t he el ectr.28ablts.orWaeiei mngstél) dxided(WidE) fs aselp ahiee nolyageulalprafetablye ranges fiom

cl osed. As shown in a preferred _enbodinment in Figure 4, a first portion is
on a fir chetweamcabgpt §.fyolts andhout f ¥plts. andmnest prsferablyggout Jxeltsy second
portion is on a second side of the transparency tunable |ayer 406. As the
desi 1@d vol t agEheaglipiensians ofithietcompasite mederiad 408 age prefarably defiaed byrat least Bea

the 30 transparency tunable |ayer, 40 rti Ly i ; i .

i ncrease HaFFTE%PESe °8§?fg81§kmeésrs2>c/ otﬁg?gpﬁi’geng %rlwtﬁg%é%(gféif% ?‘%’:e?g?lg% s|§lr’1“f he
phot ochr QL farsdly SR I 'cBf MRS abB i Sfer Bhickndst & is Predrhbly ibetweth HoQB.5GanaRd a
change in transparency | evel, which may be acconpanied by a WD 01/ 24232
PCT/ USOQ/ab661 10 118, axidamoss preferablyoabouldpyst en oxi de, for exanple, is a light
yel l owi sh color in a | esser excited state, thereby making théstunabl e

| ayer 406 subsFigirei khows a highplevelndcheihatig sliagram f peefesed systemkcdmpoments| for
in a nore excited state, thereby naking the tunabl el ag/erf 406 oEa ue. In
sum 153 |thetupgble frpBsrArency FONer. {1hacco et‘“ﬂt?"b‘%!’es‘?i’gqué‘ﬂ‘? ) the PresrRIyetion.
while a hi ' £ £ Shiin) (cBuMRd B USectfeA Roahdcriond 462
vol t age \%‘gglrt%é%eéoggﬁl;}éﬁsggggg%%?omdﬁ;@\%een a )ou?ﬂo. 5 volts and about 3
vol t's, nuoind, therbes albdblishestasien valaget V'1acvass tthatransphreacy tunabledlayer, 4060 Al unirsg
pref erably about . . . . .
control circuitry 504 that receives input from a control unit 506 provides the appropriate state
for the voltage controller 502. The control unit 506 provides a user with operation control
20 512 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.

When the user is using the emergency control 514, the tuning control circuitry 504

25  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

other cases, the emergency control 514 will be advantageous when the power unexpectedly

30 shuts off and the operator needs to view the inside of the cleaner to determine the current state

of a cleaning session.



1.25 volts. Where tungsten oxide (WD is used, the voltage It preferably
ranges f ween about 0.5 volts and about 5 volts, apd nopst preferably
about 3 ngg%‘%o The di nensions of the conposite natefi apc%’é“%%‘gll
preferably defined by at |least two pmraneters, the cover thickness b and

t he tunabl e | ayer thickness a. The cover thickness b is preferably about 1
cm The tunaBigard 6Xxahowliacflove sharaof 8 nutkddfaalfoymingtaemnpasite uhatéridl 400) and . .
about 10 pm and nost preferably about 3 pm Figure 5 shows a high-1evel
schenat A¢oMlaneR withgmeprabodimenf ofyfae PFRSERINBYFLIONS i"b‘f method; fiarts imgpsraion

t ranspa 0 ' COr : ' ifﬂg{l’ et

i nvenlto i Z@%i&v%ﬁ%éfégmggﬁgﬁgg%%%?% @gﬂ(ﬁ (rag es %%dgtfze&ss%\l%e coup Oé‘d to
t he el ewhéfecal ramparenty aomabld dayeand, farmedebyer ¢het dirdti trmsparenbi lagery ol Thege |C
across the transparency tunable | ayer 406. Tuning control circuitry 504

t hat> r cE#ISPUENGH S¥Aablg ﬁmg Rrsterably “has ¢harasterisiies, iSYel ashihogppisgusset &idy at e
for the | ery BO2 C I ' .M th
operati %ﬁ&%‘%ﬁg §gﬁ £1%£ gli‘z&éln 'el\n%ggg}lec@%gﬁtnrl%&{&gaigéﬁﬁéﬁvlp gﬁ]lfgcégﬁ%céysi ng
t he opedcrht@ions Giné idefinédl Betwicke at fiwst portioncaridr @lsecondcportioy fOthe tramgpatercya

state of regul ar oReration 510 to the voltage controller, K 502. Og ratjon
cont r ol tugabie layepndhe methpdethen maves o eesating ‘ﬁ)ég\@h?lsva %eopd YANSPAEPE RIFHE on

t he tri%ﬂﬁ?@ﬁ\?ér?gl?(e %{"f‘ﬁgﬁeﬁ%ﬂme iag,glui red. When the user is using the

emer gency con uning-control circuitry 504 25 preferably

rovj des a vglta shut-off to the volta contr.ol | er 2. \Wen t.he vol tage
Pelhars of 1Reumab ke A flow Shakt $.4 Mehid Tof Siffle affantparenall itaip Soygl, '
t r anspaoe RtwatbALRaniny Sy stEME i) 8toYdahed With! ore lémbEImes: BFtie Hidsdn®iinventies When

the cl eaning system éxperiences a problem e.g., a broken wafer, and the
user néeBus methaiks startsaim ophratipn o802 whereead ifisste frgnsparent deyesr isc deraned fore a

energency.control 514 w ||l. be advant ageou en the [ G ly 30
Shut o GPRIGRACERE EREPE oS08 - Theomenion Ao Probtsns WPhetdR sk igy ¥
det er i fshdrbnc§ULRDM 1a§biis Pornfeld ovefthe Eindt MAnSERSEt ¢yer WO 01/ 24232 _ C
PCT/ USQQ 26611° 9 Figure :6A shows a flow chart of a nethod for fornmng a

conosi t e ”ﬁ]&r&o@bﬁ%@m&p haS CRREHARCR applopriafderRihe ehaB ilhiyhs dageent
I nventi on. e net stafts in operatioh “702 where a first transparent
| ayer itherttoramdenatilea cuerehiofow hasrdissnssed adth reerenperta tfigure 284 Thearrentflow

Lranspag eney AL e P Skedofe LM theo¥Sler %t b WAUSRAIS Widhhe T

cleaning system in opcratio_nal; and the cleaning is being performed after a copper CMP, the

photo-assisted corrosion wﬂ_l be advantageously prevented. This is a substantial advance in
20  cleaning technology, in that conventional cleaning systems all use one-state clear covers that
allow light to freely pass tﬁerethrough. 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 betwceli each extreme, depending on the users needs and the type of

25 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 transpare_hcy 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 equivalents



.5 tranpsparency tunabl e |ayer preferably has characteristics..: such as
those dis th reference to Figures 4A and 4B. Next,

noves to §g§§§?|§% 706 where el ectrical connections are de |neg&@%?meen a
first portion and a. second portion of 10he transparency tunable |ayer. The
met hod then noves to operation 708 where a second transparent |ayer is

f or med owberevfheFor exsapple calthpughy spdsiific refyxence isompde) tar bokesysiny , othi¢rdwush

i o L
inventi 0 Or n@g@gw&eﬁﬁ  ERbbAnRRR’ @hi RNappBéd W0 @A si2e Wald s@rmaooeﬂh

| ayer conductor cl eaniig station cover.
met hod. t 1590 mmoamiahlsgdroamél at other 334 andl shapea. Ittis etmsqfareentc;adccuﬁabﬂm presest

is formed over the firs arent 15 The .cover pref.erably. ha

e ect éodéeveatwapwwﬁ les ﬁdé %w@ﬁaea?%ne?ﬁvcaﬁwsﬁt%s b paRveIRRSS dg Tell
enable a Hﬁﬁ tfﬁa ﬂPMhﬁghreference to Figure 4B. The
current f rouﬁﬁh e cover w erefore enabl e the cover to change
in transparency When the cleaning systemin operational, and the cleaning
is being perfornmed after a copper CWP, the photo-assisted corrosion wll
be advantageously prevented. 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 system
using this tunable cover can now programthe state of transparency to be
substantially dark when the cleaning is in progress and 1|ight when no

cl eaning operation is being perforned. O course, the | evel of transparency
can vary anywhere in between each extrene, depending on the users needs
and the type of 25 cleaning being perforned. Next, the nmethod noves to
operation 806 where electrical connections are defined between. a first
portion and a second portion of the transparency tunable |ayer. The nethod
t hen noves to operation 808 where a second transparent |ayer is forned over
the transparency tunable layer. 30 Wiile this invention has been descri bed

internms of several preferred enbodinents, it wll be appreciated that
those skilled in the art upon reading the precedi ng specifications and
studying the drawings will realize various alterations, additions,

pernut ati ons and equi val ents WD 01/ 24232 PCT/ USO0/ 26611 10



thereof.. For exanple, although specific reference is nade to brush boxes, .
any other brush scrubbing apparatus cap .b nefit fromthe nethod teachings
of "the pr@IA22 nvention. Additionally, the cleaning entfS§d/PRNLEan be
applied to any size wafer, such as, 000 nrm 300 mm and |larger, as well as

ot her sizes and shapes. It is therefore intended that the present 5

I nvention includes all such alterations, additions, pernu ' ;

equi valents that fall wthin the true spirit and s of ‘the invention.
WO 01/ 24232 WhaklilSknea6611 11 What is clainmed is: g ju”t””,l | rlln
1112 1111 L~ rS CLAIMS 1. A nethod for maki‘ng =a ? rial,

conprising: 5 formng a first transpapgRt | ayer; formng a trahsparency

tunabl e | ayer over the first transparent |ayer; defining electrical

connecti ons ,bet ween f.if St portion an 0 .11.on of the :
transparencJ'tuné%?’ggﬂogggrr?m@ﬂéafcg?lﬁl%ﬂgerga%'g%lo%%’@?% sparent | ayer over th
trapsparency tunable | ayer. 0 2. A method of making a conposite materi al
as Pn cl aj miemMupgAfELraRPALEYEE:  configuring the transparency tunable
| ayer to be one of a photochromc and electrochromc material. 15 3. A
met hod of né¢aming a trenspatescy dunghledpyegioverthe Argt trapspagent [ayeF.ei n t he
transparency tunable |layer is tungsten oxide. 4. A nethod of nmaking a
conposi t e natfminglelextridah cohmectiods, bétweein @r fixst pprtiopi ang: a secomdj partiom @f tthe
first and the secopnd . transparent |ayers to be acrylic. 20 5. A

seni cotataERCyAmablepeE ANy system conprising: a cover having a first
portion and a second portion, the cover being a multi-|layer conposite

mat eri al t hfemiipgg g@@gg transparent layer over the transparency tunable layer.

10
2. A method of making a composite material as in claim 1, further comprising:

configuring the transparency tunable layer to be one of a photochromic and -

electrochromic material.

15 -3 A method of making a composite material as in claim 2, wherein the

transparency tunable layer is tungsten oxide.

4. A method of making a composite material as in claim 1, further comprising:
configuring the first and the second transparent layers to be acrylic.

20
5. A semiconductor wafer cleaning system, comprising:

a cover having a first portion and a second portion, the cover being a multi-layer

composite material that includes,
a first transparent layer;
25 a transparency tunable layer over the first transparent layer;

a first set of electrical connections attached to the transparency tunable layer at

the first portion; '
~ This Sheet Has Been Replaced

T



.a first transparent layer; 25 a transparency tunable | ayer over the first
transparerfobpy@s: a first set of electrical connections atper/ossb/Zepr1t he
transparency tunable |ayer at the first portion; This Sheet Has Been
Replaced IFIINITIITI NNITITIIT WO 01/ 2%¥232 PCT/ USOQ 26611 12 a second set

of electrical connections attached to the trans en tunable | a at
the second porti on? sg¢rndsetefelerdneal spaneotions atiagl tocfg%Fa?W@Ieﬂ’F&ﬁ'géE{eelﬁw

tunabl e | ayer tée@ecd%dﬁ:%?ﬁ&f)gﬂ&mtor waf er cleaning systemas recited in
claimb, furt Rer conprising:. a voltage controller having a first el ectrode

connector and a secaond el.ectro ' duct or waf er

cl eani ng system as 2568 etﬁanﬁgn%rﬁé?%ggpgr&hgﬁg?%g{%gy |n'r%§{plgg ectrode
connector is coupled to the first set of electrical connections and the
second electrode connector is coupled to the second set of electrical
connections. 8. A sem conductor wafer cleaning systemas recited in claim
7, the 15 sefi conducemicandpetpr cWalshi lepnings S¥stemy a8 nisFiteh ipr PR gSt fhTthg
control c¢ircui.try that integrates with the voltage controller, the tuning
contr ol 8?“uﬂ?Péy being configured to set a bias voltage to the
transparency tunagbl e | ayer, tqQ cause hange i n a transparency level in the
cover. 20 9. A ¥‘3Fﬁg80?ﬂﬁ’?518¥ q’\ﬂé(’fn@r acﬁ’ésgn‘?qﬁgméiﬁs?%eggr r%@i ?eaélcloﬂgcﬁﬁﬁtfﬂ ,
wherein a&uwhﬁﬁrease in the magni tude of the bias voltage decreases the
transparency level in the cover. 10. A sem conductor wafer cleaning system
as recited in claim8, wherein a decrease in the magnitude of the bias

vol tage increases the transparency |level in.the cover. 25 11. A

sem gonductor jvaf er, cl ol Nt Yo Tidmine S skefitad el PinM8im NGh&LR N F

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.

8. A semiconductor wafer cleaning system as recited in claim 7, the

15 semiconductor wafer cleaning system further comprising tuning control circuitry that
integrates with the voltage controller, the tuning control circuitry being configured to set a

bias voltage to the transparency tunable layer to cause a change in a transparency level in the

cover.

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

increase in the magnitude of the bias voltage decreases the transparency level in the cover.

10. A semiconductor wafer cleaning system as recited in claim 8, wherein a

decrease in the magnitude of the bias voltage increases the transparency level in the cover.

25
11. A semiconductor wafer cleaning system as recited in claim 8, wherein when
the magnitude of the bias voltage is about zero, the cover is substantially transparent.
This Sheet Has Been Replaced
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the magni tude of the bias voltage is about zero, the cover is substantially .
transparent. This Sheet Has Been Replaced .. | V' I'"II 111 _~~" " ""[| [I"l |
1~ ~1) WOOLR4232_\ || ||| Cy~L~ MWD 01/24232 PCT/ USOUFBEEPR66113 10 A
cover, the cover having a first sideiand a second side, the cover
conprising: a first transparent |ayer extending between the first side and

the second sizle; A cover)teaoeahavingnafidsesilayrt a seardsidepmhe cover coinptiting:
transparent layer; a first set of electrical connections conductively

i ntegrat ed t&fifsh&a&?ﬁfeﬂgla&é@&%@rﬁdwe& the! fird sRielandl @ie REodd@dd;i rst. side;

a second set of electrical connections-conductively integrated to the

coated tr ar‘fﬁ?ﬁsﬁﬁ%ﬁcg{ feﬁggﬂl: ‘falje?ﬁ&&ed%ve} b ﬁiﬁﬁ?ﬁﬂgﬁ’b Qaye#d a second

transparent Taye ove e transparency tunabl e [ayer and extending

bet ween the fLrst si.d nd.the second side. . 1 cpver recited in
claim 12, \A/r?eif_‘@? ﬁett%f?et? & c?%nef:ﬁ saqqné‘écqﬁ'ﬁlya&&]g?eaat%ﬁog&\és%%@gr%ra?g&aéenngp'ose a
subsit r augatlilalyBiat theARL Side; t he cl eaning system further conprising: a .
voltage controller having a first el ectrode connector and a second

el ectrode Caogkgg&mtdorset ot %ﬁcuﬁap%ﬁg fons | Gindhatively fitedtditd o WHETRhRAt he

first electrode connector Is couple to the tirst” set of electrical
connecttransparemty thifableshyearat thd secondxide;@andnect or is coupled to the second
set of electrical connections. 20 15. A cover as recited in claim14, the

cl eani ng ' sy st @Fohd! tlah§iareh® @yel Sbited Vel the tra@spirémly tahdblelldyey ahd@ktending
integrates with the voltage controller, the tuning control circuitry being
conf i gthetweendhe first sidg @nd thecseq@idisidfe application to the transparency tunable
| ayer to cause a change in color in the cover. 25 16. A cover as recited
inlOl aim15, wherein the change in color is configured to either limt or
I ncrease an anount of |ight that may pass through the cover.

13. A cover as recited in claim 12, wherein the cover is installed in a cleaning

system to enclose a substrate during cleaning, the cleaning system further comprising:

a voltage controller having a first electrode connector and a second electrode

connector.

15

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.

20 15. A cover as recited in claim 14, the cleaning system further comprising tuning
control circuitry that integrates with the voltage controller, the tuning control circuitry being
coﬁfigured to set a desired voltage application to the transparency tunable layer to cause a

change in color in the cover.

25 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.

I
heet Has Been Replaced
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.This Sheet Has Been Replaced 111lillillUIIl iiiij 1111111 . * CL MIIIT WO
01/ 24232 RPCT/ 26611 14 17. A cover as recited in clai In the
cover is P#g ver a brush box cleaning station. 18. A%é%?%ﬁecited
in claim12, wherein the cover is defimed in a post-chem cal 5 nechani cal
pol i shing (post-CUP) cleaning systemto mnimze photo-assi sted corrosion.
19. A cover ag7 eciA edvérmsatdtedif 2]aimhls, evherdihehe cower is defiret axyenh dafushnbax an
integrated CMP tool to mnimze photo-assisted corrosion. 10 20. A cover as
recited icleapingistatiPR. wherein the transparency tunable layer is made froma
material selected fromthe group consisting of W3, WOK, NB2O5, V207, Ti 021
Zn0, C 233, M1Q,, CoO, and N 02. This Sheet Has Been Repl aced
1111111112122 10k 1 121 C

18. A cover as recited in claim 12, wherein the cover is defined in a post-chemical

5  mechanical polishing (post-CMP) cleaning system to minimize photo-assisted corrosion.

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

integrated CMP tool to minimize photo-assisted corrosion.

10 20. A cover as recited in claim 12, wherein the transparency tunable layer is made
from a material selected from the group consisting of WO,, WO,, NB,O,, V,0,, TiO,, ZnO,
Cr,0,, MnO,, CoO, and NiO,.
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