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Holland & Hart Ref. No. 73924.0003

- WAFER MANUFACTURING CLEANING APPARATUS, PROCESS, AND
METHOD OF USE
CROSS REFERENCE TO RELATED APPICATION

[0001] Thls appllcatlon claims priority through the appllcants prior U.S.

Prov151onal Patent Application entitled “WAFER MANUFACTURING CLEANING

APPARATUS, PROCESS AND METHOD OF USE,” filed April 14, 2009, Serial -

Number 61/169,007, which is hereby incorporated by reference in its entirety. It is to
be understood, however, that in the event of any inconsistency between this
specification and any information incorporated by reference in this specification, this

specification shall govern.

TECHNICAL FIELD-

[0002] The present disclosure relates generally to the field of cleaning

materials for integrated circuit manufacturing equipment.

-BACKGROUND

[0003] Integrated circuit chips are complex, typically highly miniaturized
electronic circuits that can be designed to perform 'a wide variety of functions in
electronics of néarly every kind. See an integrated circuit chip shown in Figure 1 for

example. Differing integrated chips include differing electrical componénts such as
2
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[ 0002] The present disclosure relates generally to the field of cleaning
materials for integrated circuit manufacturing equi prent. BACKGROUND

- [0003]Integrated circuit chips are conplex, typically highly mniaturized
el ectronic circuits that can be designed to performa w de variety of
functions in electronics of nearly every kind. See an integrated circuit
chip shown WP HHYBPE6 1 for exanple. Differing integratB/ERP949311Hc| ude
differing electrical conponents such as 2 1111111111112111111111111111111

transistors, resistors, capacitors and diodes connected to each other in different ways.
These components have differing behaviors, and assembling theée differing components
in myriad differing ways on chips yields similarly differing electronic functions
performed by the differing chips.

[0004]  As a result, integrated chips have become ubiquitous in electronics of
nearly évery type' in the modern industrialized world. Copsequently, the size of the
/worldwide'integrated, chip market has long been enormous.

' [0005] Integrated chips are, however, difﬁéult to manufacture", requiring supér clean
manufacturing environments and equipment. As these chips are manufactured, they too must be
maintained in a super clean condition. The chip manufacturing process, however, necessarily
leads to contamination of the chip manufacturing apparatus, which leads to cOntaminétion of the
manufactured chips. This contamination can and often does damage or even ruin the resulting
chii)s. Consequently, the chip manufacfuring industry has long been engaged in seeking more-
effective, more efficient, and less costly techniques for maintaining a super clean environment
during manufacturing of integrated circuit chips. See, e.g., U.S. Patent No. 6,777,966 to
Humphrey et al., which is here.b'y incorporated by reference. |

[0006] In this regafd, chips are commbnly manufactured on “stages” in the
chip manufacturing apparatus. Differing stages are.used to form differing ,portions. of
electronic circuitry componenté on the wafer. See, e.g., U.S. Patents. 6,2.56,555 to -
Bacchi et al, 6,155,768 to Bacchi et al. A stagé can often have a complex surface
structure, including burls, flat areas, vacuum ports, and other structures. Id |

[00_07] During wafer manufacturing, small particulate contaminate debris

builds up on the equipment and the stages. For example, thé build-up of particulate
' 3
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connected to each other in different ways. These conponents have differing

behavi ors, and assenbling these differing conponents in nyriad differing -

ways on chips yields simlarly differing electronic functions perforned by

the differi W§2011p1956 [ 0004] As a result, integrated chif3/aue0HeTome

ubi quitous in electronics of nearly every type in the nodern industrialized
wor | d. Consequently, the size of the worldw de integratedchip market has

| ong been enornpus. [0005]Integrated chips are, however, difficult to

manuf actegn@mipanggiioni siggesupasy affpeathe focus and accuracy of the photolithography

process during chip circuit production. Removing contaminants from the crevices, -
valleys, and other surface structure on the surface of the various stages and wafer
handling equipment has long presented a substantial challenge.

[0008] Offline clean.ing. of stages and hanaling equipmer;t commbnly requires
tool downtime and opening of the automated wafer handling equipment. The integratedl
circuit ma_nufac,turér incurs a significant cost as equipment downtime for this cleaning
operation lowers production throughput.

[0009] In-line cleaning techniques have sought to avoid the need to shut down
the wafer processing tool and to increase production efficiency and yield of integrated
circuit wafers. One in-line cleaning technique has involved using a non-tacky
polyimide surface on a cleaning wafer to collect debris via static charge on the wafer
manu'facturing stéges and manufacturing apparatus. See, e.g., processes of such
companies as Nitto Denko, Metron Technology, and Applied' Materials. Other in-line
cleaning téchniqu_es have utilized generally planar wafer_s or wafers with slight surface
_rou.ghness prodhced with viscoelastic, polymers such as silicone (e.g., see additional
processes of Nitto Denko, Metron Technologies, and Applied Materials). |

[0010] Typically, the cleaning wafer substrates of the prior art have not héd

”

~ sufficient surface adhesion, or “tackiness,” to achieve the desired level of debris
collection. The reason for this short-coming is that if the level of surface adhesion is
sufficient to remove the majority of the foreign particulates in a prior art planar wafer,

the adhesion between the cleaning surface and the contact surfaces of the hardware



- manuf acturing environnments and equi pment. As these chips are manufactured,
they too must be mmintained in a super clean condition. The chip _
manuf act uri ng process, however, necessarily |eads to contam nation of the
chi p manuf acturi ng apparatus, which |eads to contam nation of the

“manuf actured chips. This contam nation can and often does damage or even
ruin the redRW0M0g0%BHi ps. Consequently, the chip manuf BEHUR201843112dust ry has
| ong been engaged in seeking nore effective, nore efficient, and |ess
costly techniques for maintaining a super clean environnent during

manuf acturi ng of |ntegrated circuit .chips. See, e.g., U S. Patent No.

6, 777, 96%taTo hag PRy eyedradgquate \feicase jagd hesmaypl |°rfc81€pélf°&t”éﬂ wferrefremence
[0006]In this regard, chips are commonly nmanufactured on "stages" in the
chip nan@@%ﬂ?ﬁﬂﬂﬁ@hﬁﬂwaﬁawﬁgfSB@F%@FFH@=§tages are used to formdiffering
portions of electronic circuitry conmponents on the wafer. See, e.g., U S
Patents. 6,2880H45 Consquemly. etheapriop a15zlepgmet (bvaﬁ‘déc]l*ﬁ"eefypéﬂa“YAb%‘tnage can
often have. a conPIex surface structure, including burls, flat areas, vacuum
ports, adfdigsethavithslimited QF ag tackgthe result peing thadihs Ry oot eleaning weiertinm ng,
smal | particul ate contam nate dgbrls bui | ds up on t he eqylpnent and the
stages. POPTeXAfbrEbs Eite BT AdIpS bt pmﬂt}eémrazﬂ@ figient adhesive properties
2010/120956P /U82010/§311 7 nts on ges can af f ect the f ocus
and acoUPRER TS MaE et SHECHHY HG: Sty VB deaosed g BAly o Petipyiaies.
productl,g}?eT REHDVIH% contam nants fromthe creyvices, valleys, and, other
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is often accomplished by applying a vacuum, forcing the compressible cleaning wafer to

deform against a mating surface of the surface to be cleaned by the cleaning wafer.

. _[00'12] Also available are off-line cleaning methods such as use of a

grindstone abrasion (ASML) combined §vith vacuum based particle collection to remﬁve '

debris remaining after usihg the previously described cleaning wafer techniques. This

type of Clea_-ning process is an add-on feature at considerable cost. The grindstone

cleanihg also typically requires tool downtime and opening of the automated wafer

'handiing equipment..



‘tool downtine and opening of the automated wafer handling equi pnent. The
integrated circuit manufacturer incurs a significant cost as equi pnent
downtime for this cleaning operation |owers production throughput.

[ 0009] I n-1ine cleaning techni ques have sought to avoid the need to shut
down the wafer processing tool and to increase production efficiency and
yi el d of inwegprtizdsecircuit wafers. One in-line cleanikg/useabpilitple has
i nvol ved using a non-tacky polyimde surface on a cleaning wafer to collect
debris via static charge on the wafer manufacturing stages and
manuf act uri ng apparatus. See, e:g., processes of such conpanies as Nitto
Denko, Metron Technol ogy, and AppSUMMRMRtYerials. Other in-line cleaning

t echni ques have utilized generally planar wafers or wafers with slight
surface roughfddl pffcbdmpegcmw hayd gueetedsa pleanipg|wafer or sukstrates relateidcone
(e.g., see additional processes of Nitto Denko, Metron Technol ogi es, and
Appl i ed BENsapad metlpys pfTy#udegtvsg andneseciopadmens aheethisgheemardofof t he
prior art have not had sufficient surface adhesion, or "tackiness," to -
achi eve ferrig@saitereand Rajdsuletes dopy fustacet phettpwated PR manyabintaespicd ghip

short-comng is.that if the l'evel of surface adhesion is sufficient to
r enove t’h@“ﬁaéjtlﬁf’igt Rardyarep uch psestagss g Mefe Fhutksand psspeiptebstrugtyrey dftar
waf er, the adhesion between the cleaning surface and the contagt surfaces
of the FaMdweRBodifentsothy rshars @peTPiySIel Grigbutes 7ot the flergingy malatneted
adequat e rﬁéggfe and, renoval of cl eani ng wafer from nmanufactuyin

th
har dwar PEIRERE s PRyisle VASYIng (SHERSE TepUBT PeMELRa] FARLES SHEOYY OF 2Bt -

-cl eani ng, waf ers haye typically been
g!he varying contours Xpthe surf\éce toebe cleaned on an stage, chuck, or other aspect of

chip handling or manufacturing equipment to be cleaned by the c-leaning wafer.

[0014] In-some embodiments, the cleaning wafer is especialiy suited to clean
non-planar surfaces and interact non-destructive.ly with those surfaces and their
environment.

-[0015] | In certain embodiments, the structural surface and other features of a
cleaning wafer, the size, shape, orientation, and location of the structural features may
be varied significantly to accc;mmodate different process tools,.stages, chucks, or other
components to be cleaned by the cleaning wafer.

[0016] In certain embodiments, these .structur_al surface features may be -
formed in an elastic polymer substrate underneath the cleaning layer or added as
separate features bonded to or laminated onto the cleaning substrate. The structural
feature may consist of one or more cleaning polymers 'and underlying primary
substrates, other elastic polymers having varyihg tack levels, other polymers of variable

compressibility, or other polymers that exhibit little or no tack properties.



- designed with lirmted or no tack, the result being that the use of a
cleaning wafer in a planar wafer substrate w thout adhesive properties or
i nsufficient adhesive properties typically has not sufficiently and '
effectively renoved foreign matter or particulates. The prior art wafers
have al so commonly had pl anar- surfaces, relying upon deformation of these
surfaces wh¥Q 01129/ act with surfaces to be cl eaned DRCTYUSRGH/03MT
deformation is often acconplished by applying a vacuum forcing the
conpr essi bl e cl eaning wafer to deform against a nmating surface of the
surface to be cleaned by the cleaning wafer. [0012] Al so avail able -
are of f-1inel®@hni dp certaivoersbedimkntys theselegfing wafemissmade obipolygiesror( ASML)
conbi ned wi th vacuum based particle collection to renove debris renaining
aft er usiimgar rrsilispeirateris] yntgwcwpw guréagniof gheralicaning avalesi igyutficiemlys t ype
of cleaning process is an add-on feature at considerable cost. The
gri ndst otfanRiaBkie degora awwung gheckurisyandanisre-burls el callsghdsbris thatdnapbaiieng of
. the autonmat ed wafer handling equi pnent. WO 2010/ 120956PCT/ US2010/ 031127
SUMVARY Fegemsiptedearapist theappripheravel thawnimcerfag wirfaghiond siip arangfactuiingt r at e,
rel ated apparatus, and nethods of manufacture and use for, anong other
t hi ngs, Y®§foval of foreign matter and particul ates from surfaces of
aut omat ed and r’r%nual i ntegrated chip nmanufacturing hardware, such as stages
or wafer chud®&i8ing 1aseme cmbadimants, (yrgieadnaties mayrRe wmoyerd fraftthe Wl shape
and physical attributes of the cleaning wafer are preforned to provide
varyi ng Ranfiing ardware ansk steses: bynuting freyadhggug or tacky serfdty ¢rthasifaninge

varyi ng contou tﬁ O[f the syrface to be cleaned on an stage, chuck, or ot her
aspect o*‘l‘"’ﬁ"l’f?f)f PR Y6 ®'fmanuf act uri ng equi pnent to be cl eaned by the
cl eani ng waf ln sone gnbodi ments, the @ﬁg@{}i ng wafer is
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wafer. In some embodiménts, these features can reduce or prevent surface contact with
the wafer handling hardware, stage, or chuck until vacuum, electrostatic, or other force
collapses the target offset or other surface feature or projection.

[0020] In some embodiments, upon compression of the wafer’s projecting
compressible offset surface features, greater, and in some cases, full surface contact of
the cleaning media can be made with the surface to be cleaned.

[0021] In certain embodiments, upon release of the vacuum, electrostatic or
other force, the wafer’s projecting compressible offset or varying features can have

+ sufficient resilience to rebound and release the adhesive cleaning surface from the chip

manufacturing hardware, stage, or chuck, thereby removing the foreign particles from

the cleaned surface.



cl eaning wafer, the size, shape, orientation, and |ocation of the
structural features may be varied significantly to accommobdate different
process ‘tools, stages, chucks, or other conponents to be cl eaned by the

cl eaning wafer. [0016]In certain enbodi nents, these structural surface
features may be forned in an el astic pol yner substrate underneath the

cl eani ng | ay@ro1izoedded as separate features bonded t @c@iiysioaiisi@t ed onto
the cl eaning substrate. The structural feature nmay consist of one or nore
cl eani ng pol yners and underlying primary Substrates, other elastic polyners
havi ng varying tack levels, other polyners of .variable conpressibility, or

ot her pol yngwe23]hat Ine¥dthdieibotinidn€s, Ofaridfs tass ¢ ORLplidn®and geometrical
W)2010/ 120956PCT/ US2010/ 031127 [0017]In certai n enbodi nents, the cleaning

wafer i featmele oaf thpodlydilng Giibsiatd bafventesdthsuophicnidheidnat aandiffekar clepani ng
surface of the cleaning wafer is sufficiently conpliant to deform around
t he bur héthante Materdrabdlingaminsglacsaienesdqueleder i s t hat may have accunul at ed
around the periphery of the pin contact surface on a chip nmanufacturing
stage. [ 001gpe23]danertanivatbodiments, tht abmplipncerahdratteristios dfethe elaniegl wafedm t he
waf er handl i ng hardware and stages by using the adhesive or tacky property
of the elbswa¢ npyecdliered wyf intlnéing Inaduiple dpyeafoersections with different compliance
properties to improve the conformability around the geometric features of the chip
manufacturing hardware, such as stage, in order to achieve maximum foreign particle contact
and removal.
[0024] In some embodiments that include a pin or burl chuck on the stage, for example,
the cleaning wafer’s projecting compressible offset features can be pre-positioned at locations
outside the pin area or in specific locations within the pitch of the pins and burls so a differing
wafer section, such as, for example, a .ﬂat, tacky cleaning surface, may contact the pin tips or
other desired section of the chuck, to remove debris:
[0025] In some embodiments, the featured structures of the cleaning wafer may be
formed from a non-tacky resin to provide offset to the surface so that the cleaning polymer may
be positioned in the recessed area between the offset or varying structures in or on the cleaning
wafer.
[0026] In certain embodiments, the predetermined substrate features or
protrusioné may consist of cleaning materials arid the bare wafer or non-tacky resin may
‘reside between the protrusiorns to provide cleaning into corresponding adjacent recessed
areas of a stage or other structure to be cleaned.

[0027] In some embodiments, some wafer handling hardware, stages, and chucks may

have limited and discrete components that may be damaged by contact with cleaning media. In
' 8



[0019] Certain enbodi ments include one or nore cOnpreSsibIe of fsets or other
~specifically located surface features or projections on or formed within a
cl eaning wafer. In sone enbodi nents, these features can reduce or prevent
surface contact with the wafer handling hardware, stage, or chuck until
vacuum electrostatic, or other force collapses the target. offset or other
surface feaw®iooizo9es o) ection. [0020] 1 n sone enbodi MmengSLULIPOB3IGHNPr €SSi on
of the wafer's projecting conpressible offset surface features, greater,
and in sonme cases, full surface contact of the cleaning nedia can be nade
with the surface to be cleaned. [0021]In certain enbodi nents, upon release
of the vaechitasps, dleabianiog afer hap havetdiffsring cections Wwilttevanghg dégseep bbDjuefate tack
conpressi ble offset or varying features can have sufficient resilience to
- rebound tantlow eleardmgofl foe exatipés eje@orgimsan isprgife bufl arces Witlohigh hefachiiagk while
manuf act uri ng hardware, stage, or chuck, thereby renoving the foreign
parti cl esnditi@mrtpheblent amas such s ket éor cleding 6l Gtdr2@A5GREE/ &R b6/ ral3tvER7
-[0022] I n some enbodi ments, various types of conpliant and geonetri cal
less or no tack, in order, for example, to allow vacuum sealing to, and release from, the ring upon
removal of the vacuum.
[0028] In some embodiments, the features may be molded directly into the cleaning
material eliminating the need for additional materials in the structure. In certain embodiments,
instead of forming the surface features from a single polymeric material, various features may be
created and located across the cleaning surface by adhering separate geometric features made
from the same or differing elastomeric polymer or resin materials. For example, geometric
offset features such as hemisp'heres; pyramids, or other geometries may be formed separately
from a hard resin and then adhesively bonded to the cleaning polymer surface.
[0029] In some embodiments that include a cleaning wafer handling chuck with one or
more vacuum ports, grooves, or nipples, the locations of the compressible offset features are
predetermined and located on the cleaning wafer to facilitate debris collection from within the
area circumscribed by the vacuum features,
[0030] In at least one embodiment, one or more components of a chip manufacturing
and handling system (such as transport equipment, rotation and alignment equipment, stages, or
chucks) can be cleaned by the use of a cleanihg wafer having a shape predetermined to facilitate
transport of the cleaning wafer through the wafer processing equipment.
[0031] In some embodiments, abrasive filler pafticles of aluminum-oxide, silicon-

carbide, diamond, or other materials may be utilized in conjunction with a cleaning wafer to

provide a scrubbing action, in order to dislodge tenacious particulates from the flat surface or-the
9



features on the cl eaning substrate prevent catastrophi c adherence at

different steps within the wafer handling and pl acenent sequence.

[0023] In certain enbodi nents, the conpliance characteristics of the

cl eaning wafer substrate nay be altered by including multiple |ayers or

sections with different conpliance properties to inprove the conformability

around t he wemtei9ss features of the chip manufacturi mgrivazodwasir; such as
stage, in order to achieve nmaxi mumforeign particle contact and. renoval.

- [0024] In sone enbodi nents that include a pin or burl chuck on the stage,
for exanple, the cleaning wafer's projecting conpressible offset features
~can be purix-apdsidrotunie df the whafecetuckins out si de the pin area or in specific

| ocations within the pitch of the pins and burls so a differing wafer

- section, sucli03g, nfsone embodithants, ehefeleatrostdtia chaygecdfelendlenging wafea c@rfaceregy cont act -
the pin tips or other desired section of the chuck, to renove debris.

[ 0025] . btalzcdeo idroti theeattractio tocfofeiatpatiealats tmattert ur es of t he. cl eani ng wafer
may be fornmed froma non-tacky resin to provide offset to the surface so
t hat the cl €@8033hgnpohy mebodimgntd) eoplostivieifileenlay be ddded tocthe semgbsigive af thet ween
the offset or varying structures in or on the cleaning wafer. [ 0026]
| n cert desningnhof@déarpelymer arher ipribeleleaning wafer. s Ubsome embédiments, edoingrsopant r usi ons
may consi st of cleaning materials and the bare wafer or non-tacky resin may
resi de benroxedhe ¢lépningrvfarissicotestatio heldwlovn éored weleniusry t plean waferebygksandi ng

.adj acent recessed areas of a stage or other structure to be cl eaned.

[0027] | n sdf@34nibsemerembadimentyrihegichring wafed pi substiater mayathen besimplpmentednd
chucks may have limted and discrete conponents that may be danaged by
cont act instandard petamatad) waterhandling qguiparey undg as Bt procsssind oordBipee 7 Sy cases,

the cleaning wafer may have differing sections with varying degrees of

sur f aceaqageR cayPment Y Alsohsi wilizesh butfip sonas sirpdiments, apg apeqsiof theleasigeci f i c
burl areas with high surface tack while sensitive or_problem areas, such as
that f oProggsesa lgware efubetleaning|iv ligs quring the wafer mapagtingaressssyang withowyr no
tack, in qrder, for exanple, to allow vacuum sealing to, and rel ease from
the ri nBecdfifurteRBedsaupmethe vacuum '

[0035] It is understood that the foregoing Background and Summary recites some
but not a}l aspects of the background art and some, but not all aspects, features, and
advahtages of differing embodiments of this speciﬁcatl;on.. It is therefore also to be -
understood thét all embodiments will not necessarily address issues noted in the‘
Baékground. Additional aspects, features, and advantages of the embodiments of this.

specification will become apparent as this specification proceeds.

10



[0028] In sone enbodi nents, the features nmay be nolded directly into the
cleaning material elimnating the need for additional materials in the
structure. In certain enbodinments, instead of formng the surface features
froma single polymeric material, various features may be created and

| ocat ed across the cleaning surface by adhering separate geonetric features
“made fromt w® ame0%6¢ di ffering el astoneric pol ynmer orpecms2on0nmu®sri als. For
exanpl e, geonetric offset features such as hem spheres, pyram ds, -or other
geonetries may be forned separately froma hard resin and then adhesively
bonded to the cl eaning pol yner surface. [0029] In sone enbodi nents
-that include a cleaning wafer handling chuck with one or nore vacuum ports,
grooves, or nipples, the gractpERRIPTIORDOCIARIBRAWINGOf fset features are
predeterm ned and | ocated on the cleaning wafer to facilitate debris

col | ecti on f de¥6Ibddnplicands’ preferred aslotherdnijedimgnts fre sebfotrhin Assaciatians .
100301 In at | east one enbodi nent, one or nore conponents of a chip

manuf act with ghy agermpeasiagidnayvisgsinavhidsuch as transport equi pnment, rotation
and al i gnment equi pnent, stages, or chucks) can be cleaned by the use of a
cl eani ng waf d003@hvignes 1ds 8 iparseeqsive siewenf ipnietiant integratedicireniechip;ansport of t he
cl eaning wafer through the wafer processing equipnment. - [0031] In sone
enbodi ment s, [&138hEiguee 7 isld perspertive sthematif viemueof the mndsisidle, cleaningcside cfr bi de,
di anond, or other materials may be utilized in conjunction with a cleaning
waf er t oongr ewbaiémentsf audidaning wafer with muitiple geotradingl peintsdyepepkmerténsiing
particulates fromthe flat surface or the WD 2010/ 120956PCT/ US2010/ 031127
bur | s anfdomities wivface of the clednéngredfer; chuck. [ 0032] In sone enbodi nents,
the electrostati.c charge of the cleaning wafer surface may be altered to

i mprove t he d08393Eiguren 3t ds faorperspactper tvicovuloft @ plgening . wafer with 0®38fed n sone
embodi ments, conductive filler nay be added to the conposition of the

cl eani ngpretrafigee pol ymer on or in the cleaning wafer. I n sone enbodi nents,
doi ng so can inprove the cleaning wafer's el ectrostatic hol d-down force
when used t o [89494Rignesr dris chgenspective view of an embodiment of a chuck cleaning '

wafer having multiple preformed radial ridges extending outwardly from the surface of
‘the cleaning wafer;

[0041]Figure 5 is a perspective view of an embodiment of a chuck cleaning
wafer having differing protruding circular ridges;

[0042]Figure 6 is a perspective view of underside of a chuck cleaning wafer
embodiment have a protruding edge ring;

[0043] Figure 7 i; a perspective view of an exemplary .ﬂat cleaning wafer with |
differing circular tack areas;

[0044] Figure 8 is a perspective view of a wafer handling arm retrieving the
cleaning wafer from a wafer tray;

[0045] Figure 9 is a plan view of a bronze end effector with a vacuum cavity and
port;

11



100341 In sone enbodi nents, the cleaning wafer or substrate may then be

i npl emented in standard aut omated wafer handling equi prent under nor mal
processing conditions. Specially adapted equi pnent nay al so be utilized,
but in sone enbodi ments, one aspect of the cleaning process -can allow use
of the cleaning in line during the wafer manufacturing process and w t hout
need for cusbomamessequi pnment. ~  [0035] It is undecstemdodshay the

f oregoi ng Background and Summary recites sone but not all aspects of the
background art and sonme, but not all aspects, features, and advantages of
differing enbodi ments of this specification. It is therefore also to be
understood that all enbodinents will not necessarily address issues noted
in the Background. Additional aspects, features, and advantages of the
enbodi ment s [904€liigure d€cis fa plaw ivagw of k2l stdirlcemsteed pardr effectaaswithiasvacuum

speci fication proceeds. W?2010/120956PCT/ US2010/ 031127 BRI EF DESCRI PTI ON
‘OF THE DRAW audort; [ 0036] The applicants' preferred and other _
enbodi ments are set forth in association with the acconpanying draw ngs in
whi ch: [ 003710047 Idiiguse 11jisa plageriepof aibyenzgidingle proy epd eifecter vith mudidplat ed
circuit chip;, [0038] Figure 2 is a perspective schematic view of the
under si dacuug eayiissgndip@esof one embodi ment of a cleaning wafer with '
mul tiple protruding points or peaks extending fromthe surface of the

cl eani ng waf WP481Figure 12 5B 9iapi yeveofsn stainessetteg) aptatigral\ghagk dor wakareani ng

waf er w }.h rounded protrusions;
alignment,

[0049]Figure 13 is a-plan view of a Teflon rotational chuck for wafer alignment;

[0050]Figure 15 is a perspective view Qf a quartz pin chuck showing the pin/bufl
pattern; |

[0051]Figure 16 is a perspective view of debris to be removed from a wafer
handling arm by the cleaning wafer; | |

[0052] Figure 17 is a perspective view of a cleaning wafer being loaded onto a
wafer stage, con’;acting the surface, removing particulate matter, and releasing from the
stage;

[0053]Figure 18 is a pe;spective view of a compliant cleaning polymer °
conforming around> the burls and micro-burls on a pin_ chuck stage; |

[0054]Figure 19 is a séries of phqtogréphs showing a pin array on a pin chuck
surface, a higher magniﬁcation' of debris on the pins, a higher magnification of the pins
after cleaning with the chuck cleaning wafer, and a higher magnification of debris.
captured on the cleaning polymer surface;

[0055]Figure 20 ié a side view of the surface features compressing and allowing

contact between the cleaning polymer and a flat wafer stage.
' 12



[00401Figure 4 is a perspective view of an enbodi ment of a chuck cl eaning
waf er having nmultiple prefornmed radial ridges extending outwardly fromthe

surface of -the cleaning wafer; - [00411Figure 5 is a perspective view
of "an enbodi ment of a chuck cl eaning wafer having differing protruding
circul ar ridges; [0042] Figure 6 is a perspective view of underside

- of a chuck wloeammeseaf er enbodi nent have a protrudi nge@EwgRHIIQ27

100431 Figure 7 is a perspective view of an exenplary flat cleaning wafer
with differing circular tack areas; 100441 Figure 8 is a perspective
view of a wafer handling armretrieving the cleaning wafer froma wafer
tray; [0045] [S$lFigu R ia apflaw chagwshoiwisg bxomze mocksefsfepstfor use i aa vacuum
cavity and port; W?2010/120956PCT/ US2010/ 031127

cleaning wafer in an automated integrated chip wafer manufacturing tool;

[0057]) Throughout the drawings, identical reference characters and descriptions
indicate similar, but not necessarily identical, eleme;nts. While the exemplary
embodimeﬁts described herein are susceptible to various modifications and alternative
forms, specific embodiments ha-ve been shown by way of example in ihe' drawings and
will be described in detail herein. However, one of ordinary skill in the art will
understand that the exemplary'embodiments described herein are not intended to be

limited to the particular forms disclosed.

13



[ 0046] Figure 10 is a plan view of a stainless steel end effector with a
vacuum cavity and port; - [0047] Figure 11 is a plan view of a bronze
di pole armend effector with multiple vacuumcavities and ports;

[ 00481Figure 12 is a plan view of a stainless steel rotational chuck for
waf er alignnent; [ 00491 Figure 13 is a plan view of ‘a Teflon rotational
chuck for wedesosdossgnnent; 100501 Figure 15 is a perspesiusiogonsiew of a
gquartz pin chuck showi ng the pin/burl pattern; [0051]Figure 16 is a
perspective view of debris to be renoved froma wafer handling arm by the
cl eani ng wafer; [0052] Figure 17 is a perspective view of a cleaning
waf er being | oaded onto a wafer stage, contacting the surface, renoving
particulate natter, and releasing fromthe stage; [0053] Figure 18 is

a perspective vi eypis ;REHOHRSERIFTIONSGE EXEMPLXR®EBDAMENES around t he

burls and mcro-burfs on a pin chuck stage, TO054TFigure 19 is a
series of phpbegvaphscehawt ROFaRuR D, aWakdr ubsi@atbill i hifikedSter { dlegning hi gher
magni fication of debris on the pins, a higher nmagnification of the pins
after clheBferGh¥dttdr dl&mind vedface! EARIMROthead @hingdpélymehisEdRe N 2 n@afidingat i on of
debris captured on the cleaning pol yner surface; [ 0055] Figure 20 is
a si de Jisewt®prdthdirpuaidothet 8atfidee fealPEP SShovh andomikhlow pgramedul] dft
bet ween the cl eaning polyner and a flat wafer stage.

Figure 2). In some embodiments, these discrete protruding surface features 14 are

compressible. - The wafer substrate 10 is disc shaped and is made of silicon or any
other material fhat allows processing through wafer handling equipment. In certain
embodiments, the geometry is such that it is compatible with wafer handling equipment,
such as, for e);ample handling equipment sized 150 mm, 200 mm, 300 mm or 450 mm in
diameter and about 0.022 inches to.0.03v3 inches in thickness. In some embodiments,
the cleaning polymer 12 is comprised of an elastic polymer and may be an acrylic
rubber, a urethane rubber, a butadiene rubber, a styrene rubber, a nitrile rubber, or
silicoﬁe rubber or any other polymer that has a controlled surface tack, or surface
adhesion, and does not transfer materials.

[0059]) Referring now to Figure 20, the elastic cleaning polymer 50 may be
formed on the wafer base surface or substate 48 to produce protruding surface features,
e.g., 52, that provide offset or minimal contact with the flat surfaces 54 of the wafer -
handling hardware 51 until a vacuum or electrostatic force is applied. The application
of predetermined force to the cleaning wafer 49 can collapse the offset features e.g., 52,
enabling the cleaning polyrﬁer 50 to come into contact with, and matingly abut, the
surface 54 of the wafer handling- hardware 51. With the release of the compression

~ force, the resiliency of the protruding and compressible surface features, e.g., 52, urge
14



- WD 2010/ 120956PCT/ US2010/ 031127 [0056] Figure 21 is a flow chart
showi ng exanpl e process steps for use of a-cleaning wafer in an automated
i ntegrated chip wafer manufacturing tool; 100571 Throughout the
drawi ngs, identical reference characters and descriptions indicate simlar,
but not necessarily identical, elenents. While the exenplary enbodi nents
descri bed hwswelomn/aeses suscepti ble to various nodifi catimmsusandoahizer nati ve -
forms, specific enbodi mrents have been shown by way of exanple in the

drawi ngs and will be described in detail herein. However, one of ordinary
skill in the art will understand that the exenplary enbodi nents descri bed
“her ei n athemntotresumee thdedformerbshape,nii ¢. exbrt-conpresspadfonng Lb aherkby sepadits theosed.
WD 2010/ 120956PCMJS2010/ 031127 DETAI LED DESCRI PTI ON OF EXEMPLARY :
EMBQODI VEaSic cleaning pORs8F 30 fromr bt endace 54 @f Fhgwaerhandlingherdvendh §irat e 10
is affixed to a cleaning polynmer sheet or cleaning surface 12 with the

cl eani ngDpolty ey seifasst adb@sion rmrapertiesyoflitlec Flspming rpol ymgti §1y thadindedimblesur f ace
features 14 (shown as conical or pyramdal in Figure 2). In sone

enmbodi medrbsis adhese tathe lanmgopaymerds hepdsisrthecenfored (noastheflagiserface 54
conpressi ble. The wafer substrate 10 is disc shaped and is made of silicon
or any oefitbe wafardwapdiing eadwark|5dws processi ng t hrough wafer handling

equi pment. In certain enbodinents, the eonetr¥ is such that it is

conpati bl e wl?%%{ﬂespmﬁaﬁmhqdﬁgeréauwffﬁ'eﬁg,an@acsw geate myterial Qplsemadeneli i ng
equi prent_sized 150 mm 200 nmm 300 mmor 450 mmin di anmeter and about

0. 022 i ntHeape; aerglioamplyyethane phamhpibrhelastic polymenthat msydienferned withe

cl eaning polynmer 12 is conprised of an elastic polynmer and nmay be an

acryl i c y4ifsse tackaprgperth Aetvepny gbeit 0- b ppugnddi @ mel. r libpretain gmbediments, thebber, a
‘nitrile rubber, or silicone rubber or any other polyner that has a

cont r ol | gasticualeaning polymer atesal fhisPracnseas torbe durbleiprder nencated aadlite

mat eri al s, &0059] Referring now to Figure 20, the el astic .cl eani ng
pol ymer Bohotiy Bavqtiontasugace e nePapms £sbod lenss dhcomaterinl avEidisntie
produce protrudi ng surface features, e.g., 52, that provide offset or

M ni el BSRgesed 08 ph crasiked sugh kel pas Bt o %r@ﬁmﬁ&rﬁarﬁaﬁeg h&fdwar e 51

until a vagcuum qr electrostatic force is applied. . The application of

b etet or ML e dhaf S iRer I Malen THE maP DG CHFK 6013 BPSRed! b P
features e . g., 52, enabljng the cleani polymer 50 to cone into contact
wheh et dod o wERly thetrmaiiab L GRe i A RERATEY PR AN | PTG GVr o 51
Wth thesurbgtlraetase of the conpression force, the resiliency of the protruding
and conpressi Bl e surface features, e. g., 52, urge

[0061]]In some embodiments, control of surface tack and materiél transference of
the elastic cleaning polymer 50 is achieved in the polymer phase by the level .of
érosslinking density after procéssing. In a silicone embodiment, the tack of the
polymer surféce can be controlled by the ratio of platinum catalys;r and multi-functional
crésslinking resin to the long chain gum polymer in the addition cure system. Some
embodiments may also use a free radical curing system with th¢ addition of peroxide
curing agents in a poly-dimethylsiquane polyﬁer system. Higher levels of catalyst and
crosslinking resin résult in lower surface tack polymers in the addition cure system.

Higher levels of peroxide curing agent result in lower surface tack polymers in the free
15 '



WO 2010/ 120956PCT/ US2010/ 031127 themto resunme their fornmer shape, i.e.,
non- conpressed form to thereby separate the elastic cl eaning polyner 50
fromthe surface 54 of the wafer handling hardware 51. Due to the surface
adhesi on properties of the cleaning polynmer 50, the undesirable debris
adheres to the cleaning polynmer 50 and is thus renoved fromthe flat
surface 54 wd21b&20v8f er handl i ng hardware 51. 130GR%20h s10332ME

enbodi ments, wafer cleaning substrate naterial 50 is nade of silicone,
acrylic, polyurethane or any other elastic polyner that nay be fornmed with
a surface tack property between about 0.1 psi and 10 psi. In certain

enbodi meatieal cuteesysieast Low chdanei tack pallymesrwitipéxduibing Sborei & dpropegdetit o be
dur abl e under repeated handling without a reduction in surface tack. In
sone emabaken@tvehilet igh serifaritatk palymefst witl etiibiy a (fhomes sindoraetelf loss thaoss| i nked
such that transference fromthe cleaning surface to the wafer handling

har dwar 8551Anwxhmplesofageh syntmuad &acktruSiticdumsEhestosibdd L4670 andi Watkerbe
under st ood, however, that materials other than polyners may be used to

- provi de Silieonbs Elaatosil R401/70. Fogoarbeéssingrte achibexldesined surfacertaclolevels agdr f ace
tack and material transference of the elastic cleaning polynmer 50 is

achi evedo i ismone Po¢ ylewr npHessdarpyveight valeile ofaterjabstpl MR hgoduipte yoaf t er
processing. In a silicone enbodinment, the tack of the polynmer surface can
be cont twwhsfernps istaempleied at 200°6|ta B PO Crder apguam afndf | Hg fordQdninaieal
crosslinking resin to the long chain gum polynmer in the addition cure

syst em nSaunenboeimeembodimynta) this Rreeesa can easve trofeduge eralinnpatgynaterialwi t h t he
addi ti on of peroxide curing agents in a poly-dinethylsil oxane pol yner

syst em Off gifsing| acgerdingto gast ehrpmetography rtesbig; #kl WGCriesitd miwtast Lowl ower
surface tack polyners in the addition cure system Hi gher |evels of _
per oxi dédefulafg vesdgiit vPREHA tmptgriplswean she f ddeen fIk pol Seer Srpvel E8Sfree WO
2010/ 120956PCT/ US2010/ 031127 radi cal cure. system Low surface tack pol yners
wil | ex§himategraphyy testing) apd e idionplogropslinkingecayo be \ihicred dying ther BeY t ack
polymers will exhibit a Shore-A duroneter |ess than 35. An exanple of each
system PEOOGITREFYCLy £ E6MAY 2pnfLFasE i dyomsten 2ad majeatak Bprdafssitestiigs El ast osi |

Famove it r oo TOREREY BRAE, rhaRiery o nlET Inet ettt B 18Shag B REut o <o

t f i t ed. 200C. t o, 300 d - f.25in... f 60
S o ) oSt S 200G, Lo, 300G Mk MRCUUm L 23 bl for

T50C foPcud i dRise o bOARR ITRES hrdie SERI PEARRE B RASH a7 ven
of { as geen through. ags, chr om.oar aphy, Lest) ua. and additlonal crges! i nki ng
can be aenieved uring f'he® go's processing cycl & as Seerhy an-i'ncrease in
duronet %attég?hq? Igﬁ%:dsr@f{ia grbﬁféqﬁsgﬁ h &e%gxteit{a}%hcféant Int ag%gﬁher' Hleca?g)fi@elt{&n of

enbodi nmen erra nay 0 asfic eani ng pol yner

. 50 to ady : f - . [ oV de. l.i shi ng
act on The Slsaif s JREEleRE fypef 8RR LIF oGl linn REnh XGRS BRR ' 00,
tack an ' I 5..2cMLEeV Lot u he

addi | ool Poptfl AR reTEH R Bl BRyRE, ST AR PY Rhuch

describ ' hat [ | | e ¢l | fer

eS| DSBS Sl ek 3 anT300Sored BERORRE YEBHAD ikl L AAUAGube! ot
typi cal ¢&BBaRfht, 8L VRRP nahifialliAfiLintnth SRIAENGIIP R ¥UEheOParfieRI RN Est he
added abrasive filler materials and the wafer handling equipnment surfaces.

In at | easton9RCa EoHARE SYEIIR, of IR thial L&hpsBUSKdight. I ThearfidIDWITE QXA gl th an

average particle size of 0.5 mcrons at a | oading of 70% of the total

CONPOUN@rote D QBtmicldiCtoPZy bR afll 2 GIEht wmdﬂ‘n?m&a%aﬁfmr%pfb $®,27 NMcron
and the weight % | oading can vary fronb%to 90% of the total conpound

wei ght . tHh@tdlicompbumbivtighl. eTReFiglet pattishRQuledtcdansuia Have dnasmeBMbser
: ' 16



WO 2010/ 120956PCT/ US2010/ 031127 on the Mohs scale of 6 mninum In sone
enbodi nents, the addition of filler particulate can affect Shore A hardness
of the conmpound from bel ow 35 to above 80 as the | oading | evel increases.
[0063] In sone enbodi nents, the electrostatic capability of the cleaning
waf er 49 is enhanced with an electrostatic filler, for exanple a netallic
conposi ti onworzomaepsand i nterspersed within the cl eanipugysediyoar750
material in a fashion well known in the art. This electrostatic filler can
then be urged as desired into contact with the associated structure in the
waf er manufacturing and wafer handling equi pment that use electrostatic

f orce syst ¢hes Mohs scale 0064 mihimunef efreseme nowbadomentguthe 4dlitiom ofit fillgast one
enbodi ment, the thickness of the cleaning polymer sheet 38 is preferably
about 0.@@dculate lves affect GhOfiOAI redness of the Sompownbonbeiive 35 thebavei &kasess of
the cl eaning polynmer sheet 38 is sufficient to allowthe material to deform
around ttheldsdmedevad ingreasdst, and micro-burls, and collect debris, e.g., 42,
t hat has accunul ated around the periphery of the pin, e.g., 40, contact
surface. Typil@M3ilp seoieyarhrodiaens dheieleetrestatisxdapahitityndfghe slgating avaferd® | evel s,
such as above 3.0 psi, that deformnore readily with a duroneter |evel

bel ow Shiér enhangd wifh |anpelegisesgaticofillgaf dor ehareRric pp nmatetipy sompagitimvar | ar ge
pins and | arger pitch between pins. Typically pol ymer conpounds that

exhi bi t 908WoENg fra%répqr@s@kwnt@vémesele%ruemp@lgmsreﬁaéwa@r@l insg fashiga wedl knomas s
conpliant, such as duroneter above 50, will be used for wafer chuck pin
arrays - tiRahe ReveTkimglqctrptayc diklgr samthendher piged @t Wewredpints cumert tigt Bkor e hi gh
pin count per surface area. [00651Referring again to Figure 2, in certain
enbodi meATEeCIated sirgfitureipthe WogsT Jepngfeeng auebeandling £4uipmeRlthakusr i ent ed
on the wafer substrate 10 to (i) contact or avoid certain areas of wafer
handl i ncf'$rA8REE doTemBYSteA®BWN in Figure 2) and the flat stage (not shown in
Figure 2) su vacuum ports, etc, i to avojd . the burls on a pin

chuck surf ac_i&tﬁiﬂ" HeirACS H°‘l"—‘i‘@§|i%"?)‘g’r i|n§5t'a%asrea"s?mb9@m@%&aﬁ ihesknesst he

protTudl g, petete Bt ace. LSRR S Bor e RRAb S NGE e, 2
T T S PR TR BB S5 PR 38 IR e
% 2 B ReBERARe o RO SR AR SRl RiE Y Tl
the f eaté‘.‘é.?ﬁl that has accumulated around the periphery of the pin, e.g., 40, contact surface..
Typicaliy polymer compounds that exhibit high surface tack l'evels, such as above 3.0
psi, that deform more readily with a durometer level below Shore A 50, will be used for
wafer chuck pin arrays that have.large pins aﬁd larger pitch between pins. Typically

- polymer compounds that exhibit low surface tack levels, such as below 3.0 psi, that are
less compliant, such as durometer above 50, will be used for wafer chuck pin arrays that
have small pins and small pitch between pins and therefore high pin count per surface .
area.

[0065] Referring again to Figure 2, in certain embodiments, the discrete

protruding surface features, e.g., 14, may be formed up to about 0.080 inches high and
17 |



100661 In sone enbodinents, an.adhesive |ayer such as silicone or acrylic
pressure sensitive adhesive (not shown in Figure 2) bonds the cleaning

pol yner sheet 12 to the bare silicon wafer used as wafer substrate 10. In
sone enbodi nents, the cleaning polynmer sheet 12 extends across the wafer or
waf er-1i ke substrate surface 10 for conpl ete coverage w thout any excl usion
area. I n cewbaswnmesodi nents, as needed, an edge excl wgiras20imeaiizshown in
Figure 2) to expose the wafer bead or protrusion, e.g., 14, may be

i ncor porated. An edge exclusion can be created by |aser renoval of the _
outer one to two millineters of the cleaning polyner sheet 12. [ 0067]
W t h r efigdyebrceridmedog tieewdfer subsahrer1 ostol(Ht doataet dPavadd aérain @aekak of Waercl eani ng
pol ymer sheet 12 with the cl eaning polynmer sheet containing ring-shaped
pr ot r usihandlsny hadeafee@btislasyn M BignrelB) anbthehe rilaigtagh qpedshomat inlUidigmg Xeat ur es,
e.g., 16, may be forned up to about 0.080 inches high fromthe wafer's base
sur f ace sacidasraycubm moriseRteedr (i) bheoikatherbusls ata pinehlitk swfwor(hacthoveat ur es
on the wafer handling hardware in order to prevent or dimnish contact of

t he cl edniFigurpa).yirest lehe @he winbhdieent, ahé panmdingofisasetk esurfaddFeatures, e.g.,

2010/ 120956PCT/ US2010/ 031127 handl ing hardware and fl at stage areas, such
as, for ldxargp!.620 viwbes ivighoardsare @ompraskion omoldedimo ohwoto tarsiefees ¢hdie shown
in Figure 5). [ 0068] Referring nowto Figure 7, a wafer substrate 10
i s affixézhning mhterigl. e@hé mplding ynperfaimedt will? awiotmpressidn gtlata dnotashewnof
different surface tack 18. The thickness of the distinct area of different
sur f ace Rigwk 2) 8vithsa saityt @at shwiwnyint Fgursahidhazingtthe shdpe apdithgydgsdred featutgr ea 12.
The tack | evel of the distinct area of different surface tack or vari ant
tack ar @att¢® angl geohfetnyi ehe cempriession plate neeseis wpicady heldoals B5G°ECofer 36r t ai n
waf er . handl i ng equi pmrent such as a vacuumring (not shown in Figure 7). The
vari ant miggles anpdel 1118 npgpndeprsaesre dechopresstee indpen thafsaturest e 10 in various
geonetries to contact or avoid certain areas of wafer handling hardware
(not shown h&NEP] &y Eamgsembeshimentanph eadhgsiva davep ol a5 Sifipenss of iagryfic

[ 0069] For exanple, with reference nowto Figure 20, in some enbodi ments a
cl eani ngPrEERIS SeAY XS aphgsivergofushasyn Wy Bigkreatlebopd's the rlpaping pobumsrigedur f ace
50, and conpressible offset surface features, e.g., 52, nay_also have: (i)
sect i ons' 20 e befs pilicen mpdsr usgd gs waler suhstratgel G| g'anwge frabedimeptss e 50
that may conme into contact with sensitive features on the opposing surface
54 of t IfécaRieeRol FRfgFheRt | & Guiepieptrossithe Naler arswalsklikemspbitiate sriace ﬁas (not

shown-in Figure 20)); as.yell as (ii) areas of positive tack, e.g., 55, on
the. pol yREFIEIES foNost ey 58 exthustongitivol® Febar FPRGSASIS b Fgibe 7. the
var] N 5 L0005 BB e P R G AR
SR B W R | A O R
Figure 7), hetueen, s g fidd 32a205.b5 (150 g Ag! yrer 1ayer 18. In some
[0067] With reference to Figure' S, a wafer substrate 10 is affixed to the cleaning

polymer sheet 12 with the cleaning polymer sheet containing ring-shaped protrusion

surface features, e.g., 16. The ring-shaped protruding features, e.g., 16, may be formed

up to about 0.080 inches high f1;0m the wafer’s base surface and may be oriented on the

wafer substrate 10 to contact features on the wafer handling hardware in order to

prevent or diminish contact of the cleaning polymer sheet with certain areas of wafer -
18



- WO 2010/ 120956PCT/ US2010/ 031127 adhesive is a silicone or acrylic pressure
sensitive adhesive. Also, in sone enbodinents the rigid, tack free filmis
conpri sed of polyethylene terepthal ate (PET). 1007111 n sone

enbodi nents the adhesive [ayer (not shown in Figure 7) is conprised of
silicone or.acrylic pressure sensitive adhesive. The thickness of the
adhesi ve | ag@ro{onedoseshown) can range from 0. 0001 i nchesctus2@0051827i nches
with the thickness in some enbodi nents being 0.003 inches. The adhesive

wi |l have an adhesion level of 1.5 to 2.5 pounds force per |inear inch w de
according to the PSTC101 test nethod. In sone enbodi nents, the adhesive is
pr essur ehandlisg hardearehondefla rstage hecaadivel iav.cfomayariys e avacoumtpaetk yoromidi ong
adhesive such as a heat seal, seal ant or thernoset adhesive conprised of

si | i coneg piachytk surfaoe(nyairsbewmirefigoseaoacryl at e or any ot her suitable

mat eri al . 100721 The cl eaning pol yner sheet 12 extends across the
waf er or waf ¢0048] [Refegtibgnpatte Fgure dce whderfsabstoatenhf éxt effiged &y thgelegntnigout  any
exclusion area. If desired, the cleaning wafer substrate may have an edge
excl usi apelpmer sheetsEcwitba distimet sleawhi differéritgurfecempck 18 eipobiskndse ofitlfeer bead
(not shown in Figure 7). 100731 Wth reference to Figure 8, in sone
ermbodi nedisténct omen of differenic budcectaciariiSng swbantizlle the sam@ asrthy denjngocessed,
| oaded into, and unl oaded by, a wafer handling arm 20, froma wafer carrier
or waf erpqurayr aga Eapabiedads e&dmfahndwgn@rpéemf drﬁfue@ntbl@émm@ckvmf@ngnt e.g.
22. The wafer handling arm20 is part of the wafer processing tool (not
shown i ntafk gigael 8gis. Suﬁgﬂ1Sntv98faéllowp§hédéa§slllﬁgt°tTG@PSG(‘rﬁymb@f@”pWQfeOIhﬂtl‘HU@r aphy
tool such as a stepper or scanner. The tool may al so be a chem cal vapor
deposi t i WHiRTRRS SpEVE) a orackRpIrigntaoy siwrn HePigsre Vbon Theorrigpyegk ardde types
of tools are supplied by conpanies such as Applied Materials, ASM, Canon,
Ni kon, efey be\gpentsdoym tgosseCTrhigar1 ) i yanqus geometrlqsommt@@mlawmdng Wi th
ref erence to Fi gure 8, the end effector 21 (als with reference to
Figure SeT80: atas rpf, Wrisr diandling herdyiare (ne), Shf’()"" \WF‘tePl St“é‘? Pedectdmrgure 11,
80, with reference to Figure 12, 90, and with reference to Figure 13, 100)
of the WHCBYMRIHILT H@gsa?‘?ryzo is typically the device at the end of the

waf er movi ng 0 that contacts the clea 22 and secures it, in
some enbodi m ﬁ‘[@ i PRMPIS M A5 T ENES NAY tony aféf% ipsome qrobadiments & | fted
and nove t he wafer handling_arm 20. | od| ment t fe

hand| i ngqf J'X'fg (vrggetr SWp"i’ﬂn%i‘%ﬁ?r S‘E?ftrﬁtﬁ Ly 2 RP ‘Un‘? ﬁ%ﬂjﬁ% SE'ﬁ?ﬁe g(ho%m

Figure 8 tha estrenth thev uum.seal. bet ween th

cl eani ng°)° ess'béezo c'isf’hfgcev\é]até’fesh ﬁdl énaéfrailﬁo Gngiaecé‘fof’%ﬁ\e? S‘ffacelf t he

vacuum to hol d the I n| n waf er 22 securely on the
waf er h?ﬁ@* arl’n t 5?18%%&&?' 5?{ cngS(\Sl:va Brmap qome o L8uiaE W th

sensitive features on the opposing surface 54 of the wafer handling equipment 51 (such
as vacuum ports or rings (not shown in Figure 20)); as well as (ii) areas of positive
tack, e.g., 55, on the polymer cleaning surface 50.

[0070] Returning now to Figure 7, the variant tack area 18 of the cleaning wafer
polymer surface 12 is produced by the placement of a rigid, tack'free ﬁlastic film 13
that has similar thickness to the adjacent cl_eaning polymer layer 18. The rigid, tack
free film 13 is bonded to the silicon wafer with an adhesive layer (not shown in Figure

7) between the film 13 and the cleaning polymer layer 18. In some embodiments the
19



100751 I n some enbodi nents, upon being transported through the wafer

handl i ng equi pnment by the wafer handling arm 24, the cleaning wafer 22 is
posi tioned over the surface.of the wafer handling stage (not shown in
Figure 8) to be cleaned and pl aced upon the wafer handling stage's
retractable ejector pins (not shown in Figure 8). In sone enbodi nents, the
ej ector pinso2oundkd in the wafer stage, al so use a wagwstmdeie to hold
and position the chuck cleaning water 22 in place. The wafer handling

equi pnent then handles the cleaning wafer 22 as it would a.chip wafer. That
is, the wafer stage's ejector pins retract, placing the cleaning wafer 22
on t he adhdsaee iofa tshidconaflf er deayld! ippesseguisgrsiiite tadhdsévec| eAhsd; int Bemel eani ng
wafer 22 is inpelled into contact with the wafer handling equi pnent, _

i npel | edmbbdimearsahpligid, lack feeeUim isebmptisalsdfgiol pethydénenerdpeniaalPEOr ces; t he
cl eaning wafer 22 is then released by the forces inpelling it into contact
w th the waf @#07hdndonteg embodiorent the uidheciee (lapdr Gloovehown ini Figuee &) ;ist he

waf er WO 2010/ 120956PCT/ US2010/ 031127 stage's ejector pins extend and
convey tbmpdiedani nijicond or a2fylivapilessund cemsitpas pdlhiesivewh@he thikknesmndbfethtect or 21
of wafer handling arm 24 re-attaches to the cleaning wafer 22; and the _
waf er hadlisiveglagiem{m4 shewn) ean tringecfremn?d.A90 warfcbes 20 KGl@ninches withethe handl i ng
conponent and returns it, in sonme enbodinents, to a wafer carrier or wafer
tray 24thickness ifi0®T8] embsdimentnbeidg b3S inchse. clTbarddhgsivafveitl bavechrani ng
~wafers 22 are automatically renmoved fromthe wafer carrier or wafer tray 24
by the waliesionHayadlof A tarksd pourdadorey perelinaahinshgtidpresoedisg to ik ASHE10bol  under
normal conditions. The cleaning wafer 22 is cycled with the cleaning nedia
t ypi cal tept msghady Howpme embadimsnts. the adhesyei ia Pressucessasisiye;t hewwevehethe| eani ng
pol ymer sheet 12 (not shown in Figure 8) may contact the flat surfaces of

t he” hanafhsstyedra o2 pprqtacky beading pakesivsoyeh por rgjricplasealangcathermasater from
"the handling arm surface. Handling of the cleaning wafer 22 by the handling
arm 20 PeheshEi pepeiivd oY silifene| adklihgPRlyristianc s Granpaeryiae 1oty @dheghown in
Figure 2 as discrete surface features 14, also shown in Figure 5 as

ri ng- shapéablsmptesiak features 16, which keep the cl eani ng surface 12 of fset

fromthe sur es_of fhe handling equipnment. Figure 7 illustrafes. exanple
variant tac kf@?@a@hﬁsfeﬁwas Pa?m%gﬂwgbégs%%dafac o5e the 23frny mﬁtﬂé-flkgz EE

facilitating rel ease_fromwafer handling arm 20., . 10?@&1.3 n?’e chuck
cl eani n§* Ifrsé‘”%?e ?95?%‘51”? GRS g’ﬂfﬁ‘f"&@é‘yteéﬁlk's‘ﬁflc?ﬁ%arti esigdctian t he
waf er chuck. énot shown in Fi gure 8), the .tack){. cleaniG% urfacei:.é12 as
showi ng “iI°A™E dlﬁf%‘ S?‘?“Eﬁte 3% hayeamedey sxsiusion 95 lipsaeiion (@oLieamdntigyfie £ at
sur face f an end effector, 21 .interfering. with the rel ease of the cleanin
waf er 22)’3 ef%oeseglé%(‘fvaffsef gfal%o(ﬁ.c’tlsh?é”ndpgﬁuéf 2)'surfa_ce features (14 as shown ig
Figure 2) ofighhonelPanihdietab ofighe 216 BREISLELTLNGA (o 1dEe af,cpini m ze

surface contact™ between e cleaning watrer en or 21 and

[ 1 | i 2 f h f 1
S0 BEaREPRR 1 S5 20 o S 8Ratal LAY el SHISELORR D
Techan ST B ARGy Gl S04 08 R BB D Sl She'pi O, e

(ot ShMC ic%aﬁ%%uagfeg%'ee.%p §9”‘9Tﬁm(i‘ér”ﬁéhtdﬁn tam% §6”1£ }%ﬁ I)leﬂ‘}eu(vgﬁrm the

cl eani ng waf er can esigned to reduce of mnimze contact wmth the

flat sugr&efs%goftoélhﬁowﬂo%ffncs; ure’-Js)an@thrsowl?érom'ce;smg&oﬁ NQhy SROYN i n

Figure 8) while sti all owi ng the vacuum seal to occur. Wthout a proper

_vacuum gﬁé’tb}ithﬁg%hﬁi‘m@guﬁﬁ% % RdppeP6r V&AL, hi*ﬂ@”tdo”rllﬁ?natcyfélkoﬁ@%tcléﬁf?m In

Figure 8) wll “report a vacuumerror and return the eaning wafer 22 to

the ori giaﬂﬁ-ldeb%ﬁn{‘g)otl r(@vD%r\eﬁ,hmwvda%Peep%ﬁhm fobl A3 FRSL s e ef fect

cleaning.” Wien all vacuuns are pulled, full contact does place 'usually - at
| east epudirels@pRiedady ddrfpahResudngd Al Aeaté@A9 ASML, Canon, Nikon, etc.
: 20



100781 In sone enbodi nents, end effectors (e.g., those referenced in Figure
9 through Figure 13 and cited in paragraph [0074] above) are sonewhat

i nt erchangeabl e and their design typically varies fromtool to differing °
tool. The predeterm ned design of the discrete feature pattern on the chuck
cleaning wafer 22 is based on the geonetry and operation of the end

ef fect or 21wamo/e@se exanpl e, rotational rings (not sheswwsenobsigre 8).
Thus, in sonme enbodi nents the cleaning wafer 22 can be custom zed to
conformto the particular geonmetry and operation of the particul ar wafer
handl i ng tool conponent to be cl eaned by the cl eani ng wafer. 100791
Wt h referent@®@MpCoatguing ith irefesapetocRigort §tehd snd effétanZie(atsode. ef fvdtht or 60
has a vacuum port 64 connected to, and evacuated through, vacuumtube 66 in
order t aeteage do FhgurePeahi wigh velérence wolfigsiroMn 70nwithgefeeen@e buFignee1 Fi gure 8,
22) during transport. The cleaning wafer will typically contact the end

ef f ect or806@vithrrefdrenceltatFigure flac®0,aand awitl6 &fere® @OAIGE210956PGH th&2016/ 031127
10080] Wth reference to Figure 10, in another .enbodi nent, a stainless

st eel ertkndlfifigetrn2076 typisally thepdédce anthaceridngf theewafentrevingf ammh @0 gh&ani ng
waf er (not shown in Figure 12), a vacuum port 74 connected to a vacuum tube
76, and. dohtactsatheadeanihgt wafee 22 camdasscags by in veome| @vbmdirgemaf with a\Wrhchemt he
geonetry of each end effector, e.g. 70, determ nes the placenent of

cl eani nngW&faérths oaferc® fsetapigalby lifigd fand imavedthy bk exat¢migandhine eeh @dsdnof t he
cl eaning wafer, the material conposition of the end effector, e.g., 70, can
af fect a@mss¢rbodimentpetheawripr dandlingetool dnofi showraineFigare §) heha vdcemmi ng

- wafer. The adhesion |evel of specific netal, plastic, or ceram c conponents
of the efyeefrdchown ie Figure 8D that ragsironshe dreneth ohibe vereun seal Riwene 12)
and mai n chuck (not shown in Figure 12) can be accounted for during design
of the dh%a}??wgngaﬁf@rﬂ and the wafgrghandippg H“Péf@r@ﬁd’éfetcﬁ’rliilgdfféhel&acu}"ﬁ anot her
enbodi nent, an end effector 80, has a tip 82 that serves to contact the
center orakisdorsuiisient taheld thy ﬁlaemgﬁowﬁew ﬁcw%oqﬁ)e walisr Bandligeedfpect or 80
has five vacm;wports 84 that can secure the cleaning wafer during

t r anspord® Hif kalsrrige Srlar idAet BPY€ct or 80 if desired. - [0082] Wth
reference to e 12, i.n another enbodi nment tai I ess st rotational
end effector | ‘5‘7% ssoé{’ered‘?té’tdi”ﬁ?‘lﬁ’f UROM H‘&t“‘?"ﬁlf%{f%s éﬁ‘? aﬁé ?‘ﬁ'édllfllgeanl ng

waf er durin Si n in the nuf act appar at.us é ot shown
in Fi gur@“¥ g‘)el%t %ﬁé ?8’13 h8ﬂ &g %%’ftbgtc N ”&EH“E %\??r%p‘%%bm{%rﬂvﬁ °rings 92
"with vacu Q to secur eani ng.waf e %not i,n Fl ure 12)
- during opgfrrg]%% f)lilhe ﬁfer g%?cginlgoﬁa @ﬁﬁs%ﬂ r? F'rgug’o c Eltsgnct hARd RIASS gr of the
cl eanin f v ecur ni n it n the
o foct oruedB e AR BGHAT,BERY ERa0 e SGRY 08 By Ghen 4R ke 8,
enbodi ma%&'ﬁ l?odﬁ)lgeryt% thr aefeclflcgjrr ﬁg% h%lol?n & t}-xleewaper sqage,atafsgnuasle aa{'arI:]ULelrrr}d
effector I's sim
force to hold and position the chuck cleaning water 22 in place. The wafer handling
equipment then handles the cleaning wafer 22 as it would a chip wafer. That is, the
wafer stage’s ejector pins retract, placing the cleaning wafer 22 on the surface of the
wafer handling equipment to be cleaned; the cleaning wafer 22 is impelled into contact
with the wafer handling equipment, impelled, for example, by vacuum, electrostatic, or

mechanical forces; the cleaning wafer 22 is then released by the forces impelling it into

contact with the wafer handling component surface (not shown in Figure 8); the wafer
' 21



WO 2010/ 120956PCT/ US2010/ 031127 to the stainless steel rotational end:
effector 90 of Figure 12. This rotational armend effector 100 contains two
vacuum ports 104 in its rotating disk 102. 100841 Fromt hese
exanples, it is evident that the geonetry and surface feature pattern of
each- chuck cl eaning wafer can be custom desi gned for surface geonetry and
mat eri al compoembmiogss of each differing type of end ef frecivszoi@esdizeach waf er
handl i ng tool . [ 00851 Wth reference to Figure 14, one enbodi nent of
a flat electrostatic chuck 110 has concentric vacuumrings 112 contai ni ng
vacuum ports (not shown in Figure 14), ejector pin holes 114, and a fl at
waf er cetagas gjestor pasexichd. and cohearntheagleasihe waferdt? isdek\imtoi apdsitgpurwehetd) i s
held in place on the chuck 110 by electrostatic force and upon renoval of

t hat f otheendtdifectr @dmfngafenhandlisg aondassittatlesab ftbetlesning aaéerfRatnd es (see
Figure 2, 14, and Figure 20, 52) facilitate rel ease through stored elastic
force fthenwaeniredsigoam Phesamovenheesisanihg voiférs@? feum fthe avafeabandbsg ar e
arranged to avoid contact with the vacuumrings 112 in this case. It is

evi dent céthpdnethandolesamd nginwame remblodianrintg te s Wabs eafreatoumager tragt24shown i n
Figure 14) nust be custom designed for each wafer handling tool, accounting
for the end [88Tddn somer embedimants, ¢hrucleaniagdwater norptleaming evafetsr 33taei ¢
chuck, e.g., 110, while also accounting for the geonetry and nateri al
conposi aytematiesllyersatoved fromethe walepsprsier or wafer tray pddgcthe Wwafer handlingnce to
Figure 15, an enbodi nent of a pin chuck 120 with the material conposition
bei ng q#at 26 aphaydeohthaeyed nipenssasdif ik sichundsr nprmalsonditigns. Thocleaning he
surface that contact the cl|eaning wafer (not shown in Figure 15) along with
vacuum pafer 22 és gycled pmith Bbg clagpingsmediagtypicalip faging ¢gvethoughaws theg. The
‘tacky surface of the c] eaning wafer contacts the pins and burls, e.g., 122,
and is PRAGYDEPrecsss aetthwheagﬁ&amg pohreroshgry 3 §aePrMugactiers3R122Y Upon

rel ease of the vacuum_  the debris on the pins is bonded to the_ cleaning

vaf er smrft%féethanﬁétr ShrbRred ofi the pandlige et 1Y theredy . removing heaty ORIgRi nent s,
the protrudi ng surfgce features on the cl eaning fer are arranged to avoid
cont act p%‘fwag’ﬁéatﬁﬁrr{g’“&mﬁ ndling agn sprfacg, Hlangdling obihe s{ganipervafer HobYi ons of
the cleaning wafer surface to contact and clean-the pin array w th contact

" being ef é@gélanﬂom B0 i Betlied Py dhodeinas aelymer by acetlgleatupps shewe e

| i ng. waf toth i K 0. 0087 /th, to Fi

To. 1 Bievder Brt e aBuEe fetores (et SPIRYY REVE S35 T PORTLTERES wiih
it | i | i t. sh in, Eiq 1 f aci the fl at f
24”of ¢ R0 B HRuFRgPeFiedot S Trret Ty Bt ardiceadrtncimnaliee vt or
25 the.fl at f 24 of th dl.i 20 d. t | i. f 22
s pi ckerr el WheSiana R ari S et LD ISy P ERRHBR ALY ot age,
duri i . waf 2 h f the handli
arm 20, MeATARRE yUPERE R B R R PP BERSIRE aliaDos o ¢ he cl oani ng-

pol ymer sur f[ﬁﬁ'?ﬂ%ﬁme LJHQ& Jlgaln%?%g'gf%ist %%%Pgéﬁg?ggﬂglt%;ﬁg %?%L{?&tg%t%??%handl ing

arm 20 for the next process s articul a 5is

col | ect aqamhézggf&' SRk NGot'Rh&kn SHTFiBER &2 (ROGad3' bbSHndW¥ald o Lhe

handl i ng arm

showing in Figure 7) of the cleaning wafer 22 tends to adhere to the flat surfaces of an
end effector 21 interfering with the release of the cleaning wafer 22 at the next station.
T_he discrete surface feateres (14 as shown in Figure 2) of the cleaning wafer 22 are
predetermined to reduce or minimize surface contact between the cleaning wafer 22 and

the end effector 21 and allow the cleaning wafer 22 to release from the end effector 21
22 '



[0088] Wth reference to Figure 17, in.sonme enbodi nents, the cleaning wafer
28 with a cleaning polyner side 30 is positioned onto a wafer stage 26.
Upon application of a force such as a vacuum at approxinately 16 to 24 in.
Hg, the cl eaning surface 30 of the cleaning wafer 28 nakes contact with the
-surface of the wafer stage 26. If there is foreign particulate matter,

e.g., 32, pmeswmvizemse t he surface of the wafer stage 26pCTésmooupyn rel ease
of the force holding the cleaning wafer 28 to the wafer stage 26, the WO -
2010/ 120956PCT/ US2010/ 031127.foreign particul ate matter 32 adheres to the
cl eaning surface 30 of the cleaning wafer 28 and is thereby renoved from

t he waf eandspthge cpgponents of[ hgg9pfer nhandling emedhenigml ,fosteixlampi/eeﬂ@r Mafey t o
Figure 17, the cleaning polyner side 30.of the cleaning wafer 30 has

~ pr ot r udi Mgdiregrpre 28 white il setpining, therwsface dackmeguired for prapergamorsl & gure
20, 52) designed to inhibit contact between the cleaning wafer 28 cleaning
sur f ace deREs 19 thavraderechugk (nof shapet erFigergfe. I sqime pmbedipgetyuihe surface
electrostatic force is applied. Once the force collapses the conpressible
of fset flagtpse the clenring|vweafen 24 cppby AeYigrgdde, reduceodr miumideciontash Wilhf er 30,
t he tacky pol ynmer surface or cleaning polynmer side 30 contacts the surface
of the e dlet spepees o the end adlestor gl ednghrpditanpk rings &xot sboyn inFiguneB)t he case
of pin or burl chucks the conpressible offset features are positioned at

| ocat i onhibustdi gloving the ryasiusm sedl tp pceWeci Vithoyt ot Bropeh ¥aqyuimhssal.t 9@epi t ch of
the pins and burls _(see Figure 18, 44, 46) so that the_tacky cleaning

sur f ace SFtbodieents g5 enﬁafﬁbgm@wgseoln@w shove okigute: SWVHhrepRE BYafutips t o
renove debris., The snmooth pol yner 30 is sufficiently _conpliant to, deform

ar ound t%%f“t’i‘ﬂ?l’?“’é‘n‘ge CBRIBEpYASTL2 1 dhe prigipldoading Ay 226‘?‘“’3%}”&8?%55‘& debris
t hat has_accunul ated ground the periphery of the pin_ contact surface. In
Lhe. casd" B SSOEHELRS GITER Sstethbm B @? VeshuEs ate Pfedy L chnias pRtedacenot

o L kb5 LRI TR BE TGRS S S1Leet [t e o
Foure 10, i WUBHE SioarreiEnS ErERHFRER e Nonb e ERBSH I Mo 20) 1o
Contor g Sifle® 47 R 4 2E'n B45RRRI0F LTS e 0BG 1S RRRBE R | an
ho. v areabRBEEE oFRR Vahet o BB b 15T T8 B Ghingh ey = "
col I ecti gy a9 cfefRYRre phliTh LRGhIBIEk FLAMS WIS 24 % JHi6 SRR LM etry

and operation of the end effector- 2.1 and, for example, rotational rings (not shown in

Figure 8). Thus, in some embodiments the cleaning wafer 22 can be éustomized to

coﬁform to the particular_geometry and operation of the particular wafer handling tool

component to be cleaned by the cleaning wafer.

[0079]With reference to Figure 9, in some embodiments; a bronze end effector
60 has a vacuum port 64 connected to, and evacuated through, vacuum tube 66 in order
to secure the cleaning wafer (not shown in Figure 9 but see Figure 8, 22) during

transport. The cleaning wafer will typically contact the end effector 60 on the flat

surface areas 68.
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pol ymer 38 may al so conform around mcro-burls, e.g., 44, on a wafer stage
pins, e.g., 40 to contact the foreign particulate matter, e.g., 46, for
collection and renoval fromthe wafer stage 41. 100911 In certain
enbodi nents, with reference nowto Figure 18, the conpliant cleaning -
wafer's cleaning polymer 38 conforns around the pins 40 on the wafer pin

st age upon w@péibgabicon of a vacuum force. In sone enbedirmsmusositzhe pol yner
38 is sufficiently conpliant to deform around the burls or pins 40 and

m cro-buds, e.g., 44,and collect debris e.g., 42, 46 that has accunul at ed
around the perlphery of a pin contact surface, e.g., 44. The protruding
conpr essi bl /0089]13¥ith sefefencetof Bigtner Kk if awethethayplo dimerii gutainlg¢B)stechend| eani ng
waf er (not shown in Figure 18) placed outside of the pins, e.g., 40, allows
t he rel effected Y0 haspotih 7acertaging the centenefi the cleafiog waddry(met sh@@ntip Fégpme act t he
pin surfaces, e.g. 40. The protruding conpressible of fset surface features
(not sho¥n aivackinypee 743 pnnegjedi® pracen tube Adtand flad ertas GAd0 bF comtectadn port s,
grooves, or vacuum ni pples (not shown in Figure 18) to facilitate debris
col | ect bpnhd rloaning twifer. t Wailvabugeari@at of exch(endtefElotmane.gn 9, gareeming} .

100921 Wth reference to Figure 19, in at |east one enbodi nent, wafer

handl i nghegjeqepreahef ¢learnies Upgeaﬁéﬂa@cfﬂ@tarqqéo facififatetcieaping andueleasagfche t he
surface of which are an array of pins, e.g., section 8. A 1. During the

phot ol i £léajpapwater. ntsumateriak cagppyiberef hadensr PHFcton ©8eaith rrgnvatlest t he

cl eaning wafer (not shown in Figure 19), debris accunul ates around the pins
on the ﬁi”r?stf’ﬁtﬁfkthé dpfkaceirfage gleanipigampseialj of theeclefniteewaterg it adkesion of
section 8. A 2. The debris is typically transported in and |left on the chuck
pi ns by lavElkof Specilif msialc plestiedreresamisotomnonants iaf the sad Sttegtor, ¢l at el y
after WO 2010/120956PCT/U82010/031127 contact. with the cleaning wafer

pol yner retatipnal ghucki(gpt shoxngn Fighee 1ahand maigrshack (ot ghown iehigyesdl P €88 t he pin
tip and, circunf ection 8. A. 3 and now the residual debris that

ren
was rerTB?/e%fof‘P‘G&f?rh rﬁigrfié’g‘rgéé’?ﬂl&d?)ar?"fﬂwﬁaé&rface of the cleaning pol yner,
e.g., sectio this and other e od| the cleanin ol yner,
e g sectid 0§11§*’1&h rofbeace i %feihe‘nmnﬁﬁwaﬁe Pim@mrmn.faw GETK I
conf or m ar oun and onewhat t.he s and the cleanlng
oy rer i Bade Rty o Belgrt B B AP S HamH Bho b BucBouBeR FEFs om Fhe

chuck pi r|n now to Fi gure 20 sqne.enbodi nents, a
cl eani nz}%ng S o € ]‘gﬁ ?cﬁjga? |Vr"i1 u%lpﬁﬁ‘%l&‘é@"’gfcﬁ%ée%‘a’ g}ﬁ' QRS2 ke
substrate.48 ) di.n g SULf ace features, e.g., 52, on
t he cl eg‘ﬁﬁl%trg% OR a?'ﬁgt()?g’r ovi :YD%C Qt %i mt contact bet ween the -
cl eani ng_pol ﬁgﬁ frgt% en§9 tca)‘rk-dl m o?‘lgee rfc1'§lr(1'r;1e(:"nt54 sttall-lj‘rll es s?e EI ¢

pol ymer for J eanlng er surface s Foudce pro ruﬁlng and

corrpr es?dtg 91% «Wf c%?r $U Bhis'a r%?’dt ORE[ \{'b-ndt%§t r%tqtgseéndoarh&m FHJ@J: n%c)%]r osk WI th.

he flat surfaces o he wafer s um or atic

for ce i gy ‘%pg?8*&@“‘@Q’ﬁe*"hﬁ’e@‘?‘”p%fﬁ@?&‘gﬁgO“' Eéra@gs(nw&omr ﬁ%ﬁlé’ﬁf);f fset

features, tac contacts t surt’ace 54 of

the waf gpe %@Q@Haﬂn? QrfEi5P Y8 Jog{a%s%oo@anu& Wk %wft‘h gacuuﬁggo}tméﬂ i§ el ease

of the conpression force, the offset features, und and

faci it edegrd fleCaSMidd QT Mot @bGA 1ﬁtrﬁ}§l@re51]z hhg P&%thﬁ’.r e'rg@ {&Qﬁéda ulate

matter 56 adheres to the cleaning pol yner S renove romthe wafer

stage S5dng effector YIOUMIIRE tROLYATEY bE thd %?c@hﬁg mfeerahal vRBumSHeed have a
nmeasur abl e surface tack between 0.01 and 10 psi using standard ASTM based

met hodscrﬁgmmgwak@qﬁgggn@,ﬁ oh HeSdfgHtPpdt i cul ate and to all ow rel ease of the
cl eaning materi al fromthe stage surface 54 dependi ng on stage geonetry.

The surface [0888|Wiet5, r&fe@nce SBowarte aig@e 13, another embodiment of a

polytetrafluoroethylene or Teflon rotational arm end effector 100 is similar in geometry
24 | |



WO 2010/ 120956PCT/ US2010/ 031127 dependent on the chuck or stage geonetry.

I n sone enbodi nents, features that coll apse on a wafer stage, such as wafer
stage 54, to allow contact for debris collection my usually do so at less
than 6 psi vacuum force. The surface tack of the cleaning material 50 is
typically | ow enough that the cleaning wafer 49 releases fromthe waf er
stage 51 at WOy/2¢&h 4.5 psi pressure on each ej ect orp@i/gs2¢0031m21l | y at
about 3.0 psi pressure). In at |east one nethod of use, the vacuumis held
for a miniml period such as 5 to 15 seconds, which allows full contact of
cl eaning surface 50 on the wafer stage 51 to collect debris but facilitates
rel ease.to the stainlg309&] Aotetiermatiend effettor 90 anf Higurk d2dehiardtatiyudledm end
autorratlcally in nost tools but nay al so be | oaded manually in tools with
access tadfects 1Rficanteing dwo yacmaportsnl 0AIMits pa@Eis9disktl@pper. The cl eani ng

waf er can al so be manually | oaded-into a plasma vapor deposition tool such
as Applied MAQMB4|Eros thesr exanMibeshyit jsreyidens ithay ther gedreetfy prat syfase deature chamber
to control debris accurul ation. Wile reducing cycle tinme of the vacuum on
a pi n cHadry efceach chuascleaniegm wefesfcan he custemrdenigned forrrurfagthig¢ometeyt anidni ng

cl eaning effectiveness the sane can be acconplished on an el ectrostatic
chuck bymatetglceampasitioneot ¢aeh differng typesofsendopidectemand eaphicivalgr hardlingpl i ed

voltage to 150V or | ess. [ 00961Referring now to the flowhart of
Fi gure 22°%n conj uncti on with the diagrams of Figure 2 and Figure 8, in one
enbodi ment of a nmethod of inplenentation, the cleaning wafer 10 is securely

wr apped to pr{QﬁséJ:W'Ehtrefer’ﬁWFé%ﬁf% ﬁét?’ﬁﬁ"@hﬂdi%@“éﬁ@pﬂ@ﬁﬂ“&ﬁ&abﬁ gbwdkeani ng
handling. At step 200, upon first usage of the cleaning wafer, the
prot ect i & Basr goneentyic yapuyns rings) @ FORRINIAE Yage @ONE (a9teihopp2n Kigpisy

substrate 10 may be nmanual |y | oaded or | oaded in an automated nmanner. At
st eps 204" aﬁactzbsm holesi Hgh and p dahivaberantert opfase 1o ¢ graningpafes (09t may be

pl aced Cl »avgllgq:lgure 1%9:11'50 ejlg(?r?%?alzgyn EZO 0/kOI?)I:IO:I'by electrostatic force and upon

removal of that force, the cleaning wafer’s compressible offset surface features (see
Figure 2, 14, and Figure 20, 52) facilitate release through stored elastic force from
compression. These compressible offsét surface features are arranged to avoid co;ltact
with the vacuum _'rings 112 iﬁ this case. It is evident that the cleaning wafer cleaning
surface features (not shown in Figure 14) must be custom designed.for each wafer
handling tool, accounting for the end effector, rotational chuck, and main pin or
electrostatic chuck, e.g., 110, while also accounting .for the geometry and material
compositions of each of these components.

[0086] With reference to Figure 15, an embodiment of a pin chuck 120 with the |
nﬁatefial composition being quartz and contains protruding pins or burls, €.g., 122, on
th¢ surface that coniact the cleaning wafer (not shown in Figure 15) along with vac.uum
ports, ¢.g., 124, bolt holes, e.g., 126, and ejector pins 128. The tacky surface of the

cleaning wafer contacts the pins and burls, e.g., 122, and is held in contact by vacuum.
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materi al side down (or wafer side up) in a wafer carrier 24, wafer tray, or
ot her wafer |oading device of the desired wafer processing tool. At step
202, the cleaning wafer 22 or cleaning wafers 22 are autonatically renoved
fromthe wafer carrier 24 or wafer tray and cycled through processes of the
tool under normal conditions. The cleaning wafer may be cycled wth the

cl eani ng suwéame120956f aci ng down t hr oughout the handl i rgTUsmOES3$127 Wt hin t he
tool, standard handling is facilitated by the wafer's protrudi ng surface
features, e.g., 14, which keep the cleaning surface 12 offset fromthe
surfaces of ‘the handling equi prent. At step 208, wafer carrier 24 may be

i nst al | &épohaekraseoafl thzovdcuodn, tire detrtsooratledpinafie bopdaicestie ngedningg wafer

100971 At step 210, the wafer substrate 10 may be noved with, for exanple,
handl i ngutiarecand remoesddwish tiectleaningwater wafsan nirapdnbodimepbotheapratr@dingnd t hen
unl oaded. [0098] At step 212, debris 25 is renoved via vacuum of the
flat costdate faat@eesain theeldvaing wafgr heer aivenged tdavat epnaddyithhke pasend 10 i s
placed on wafer stage 26, wafer chuck apply vacuum or electrostatic charge.
At st epbadl§, e.g.hé2Waher alirening Elat poréigsedf the eimaning waftesurfxcate c@Badrandaf er
chuck. Simlar to step 212, at step 218 debris 25 may be renoved via vacuum
of the fFlean theopingetay ayidncafact heing£hkricd Pyrthe Hewanm orglecirosiatio force hater
substrate 10 may be manual |y | oaded or | oaded in an autonated manner. _
100991 Ampdels &1y deaming wafepier e pirochuskl@0urned to wafer carrier 24 installed
~at the load port of the processing tool. Aternatively, at step 224 the
wafer 10 is ﬁ‘@ﬁﬂkweﬂl teberanasj togFiguigaf @y in Pta!F?S‘AQ"es?@bOO}Z/QIS% tthee clganiag surf ace
is inspected. 1001001Thus, in sonme enbodi nents shown by way of exanple in
Fi gure 2efertdeisqrosiivingd) widditscleaning pplyarss gidsn(nohghoyuy fiabiguist 1 @depingaf er
chuck or_wafer stage 26 within the automated wafer processing tool, nakes
near fulthe §at pufaceidr phathe wafst dardlingrerap 20y 1Wbos HpeTiubreien/ prstiqyate

matter 25 on the flat surface 24 of the handling arm 20 and the cleaning wafer 22 is
picked up by the wafer handling arm 20 for transport to a ﬁrocess stage, during
transport the cleaning wafer 22 contacts the surface bf the handling arm 20, and the
foreign particulate matter 25 then adheres to the cleaning polymer surface 22. Upon
release of the cleaning wafer 22 from the handling arm 20 for the next process stag.e,
the foreign particulate matter 25 is collected on the cleaning wafer surface 22 and
carried away from the handling arm 20.

[0088] With reference to Figure 17, in some embodiments, thé cleaning wafer 28
with a cleaning polymer side 30 is positioned onto a \;vafer stage 26. Upon application
of a force such as a vacuum at approximately 16 to 24 in. Hg, the cleaning surface 30
of the cleaning wafer 28 makés contact with the surface of the wafer stage 26. If there
is foreign particulate matter, e.g., 32-, present on the surface .of the wafer stage 26, then,

upon release of the force holding the cleaning wafer 28 to the wafer stage 26, the
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t hrough vacuum assist on a flat stage or by resting on the burls in a pin
chuck for a specific dwell tine, collects foreign particulate matter 25,
and is then cycled back to the wafer carrier tray 24 and subsequently

unl oaded. [00101]In sone enbodi nents, the nethod of creating a cleaning
waf er begins with the wafer handling equi pnment manufacturer providing
~details on woonweRexss handl i ng conponents and chuck georatvszowostitte specific
equi pnent for which the cleaning wafer is intended. Based upon the

manuf act urer speci-fications, several potential designs are prepared and
prototype cl eaning wafers produced. These prototype cleaning wafers have a
| ow | eveforagn patikylafeomatterd2pidbsreatd the eleagingrsurfacecH] ef the gleaning waderf2§r
desired range of tack for a given application or tool. These prototype

cl eani ngandeif gresetyrremoued framohewafdistage£6al nachi ne, with each design and
geonetric configuration being tested for consistency of successful

t hr oughput arl@08kdntfurtheraetailostdll gefepimgttp Fiduat &7 atbe gleahiagad!yna@Gidd30Based
upon the results of the initial tests, the designs are nodified and new

pr ot ot ypef bk etmaning waffed$ hay proprudidigcemhprephidireoifised feateres $sod Figuse Gt Y e

cl eaning wafers are then tested with increasingly higher |levels of tack,
det er mi mndginf digwacd). dEai dpsigngthap inbibiheonipgihbeiweereykd chfaningcwafer Z8an

i nclude and yet still function wth acceptabl e consistency. The cl eani ng
waf er t heleanieg pyfaes anpdhsurfaces of Hie welst 8tapes 26 mat! gessymapedlesigostia he
cl eaning wafer for that particular wafer handling equi pnment. ' [ 00103]

| n ot herfossehisdenmdisds, Qncgl darforry emlagsesnthy compeesaibld affeetofcatuvgs poltener

cl eani ng surfaces, positioned on opposite faces of the cleaning wafer. In
some enbderNiRhPelymert sige 0deld the eleaning wirfeeP0i sheddackynealymeyr surdacei of waf er
bondi ng equi prent. Wafer bonders join two or nore aligned substrates to
create afc#itepPiAmer side 3Ousontacts e GHureeefole MEferUssRs12N ey e fatsisn

substrates .cagn be jojned, or bonded, using the follow ng techniques: fusion
bondi ng,Pa&Hﬁ‘aPtBS’lf d#ﬁgﬂnélaﬁ%aéfp Pwoqﬂa“ﬁ'ge vk t&s@ﬁsm?lgﬁ,of&ea&?wm

bondi ng, adhesi ve, bondi nogl. Tenporary wafer bonding is, perfornmed on thinned
vaf ers piaPeHIBRCGLACIAFA8F optsidestp Bt frea pRi% SRECHiRlogatians yiEn ke PSP t o

fact 3D int ted ci i SUSS T d i t that
BRI I RIS L

fact d i t t echni d i bed .ab . but h si f th
0T L AE G 8 Ot 15 FR AR U O B B O

f b . Si . I f ' I, b | i

the. wat FIRFORGH PHESihly GrERR R b areara B Ry arE RO s be
tili . f h | i RQ. ' t o] th [ t h

uhen havi Rare 15 1o 580 i PR 4R P BTOR b B R S E RO R BT sy o

conponen S cofbacl EATLON .t h_an Si}(?je of . £ he cl eani ng wafer and anot her
with theﬁlotc}?eﬁacs?%e.ceThgnct eegl?lsl(%ncgf?/\é QoK st VAU BOM (TP RV OF MaSUiRe o her

i des hayi A ts i
\?via f 2? hgﬁégﬁ?% S&bggl&%r%ﬁlﬁlgﬁm 15 %nk FALHEESoflRe ELERA AL oPlGaGRIRPBRNLS 110

cleaning wafer 28 polymer surface 30 are placed to facilitate debris cbllection from
within the vacuum features.

[0090] With reference to Figure 18, in some embodiments a cleaning wafer (not
‘shown in Figure 20) is constructed with a compliant cleaning polymer 38 that is capable
of conforming around pins, e.g., 40, on a wafer pin stage 41. The compliant cleaning

polymer 38 contacts the foreign particulate matter, e.g., 42, on the wafer stage pins,
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[ 00104] I n ot her enbodi nents, a cleaning wafer nay be designed to renove
debris from areas of photolithography tools, such as reticles, mask franes,
- mask | oadi ng equi pment, and the mask surfaces. Reticles or masks contain
the image of the particular circuit pattern that is projected onto the
waf er surface in a stepper or stanner for exanple. In a manner simlar to
t hat descriwedoibmopdse waf er process through the tool, pdewszosoesany accunul at e
al ong the nask area on the handling equi pnent used to | oad and unl oad the
mask, the frame that holds the mask, and on the mask surface. Simlar
cleaning material with the same product attributes including surface
f eat ur es.grag0,afos cobiectiomeand cenmemb o nd el waferrsvaget pins 48r eallnf complidnvol . The
material in this case nay be nounted to a surrogate mask such as a quartz
bl ock t polynmnSpondy dlbe corfeamiarmyndatierd-irly, kg, bhe walst stapd pails] og,it to
contact the handling surfaces to WD 2010/ 120956PCT/ US2010/ 031127 renove
accunul dbad cdetaci the foteign phrtirbikee mlattenveq@nd@cor wolidrtiphenfl ramevalhaém hol ds
the mask here if debris is present it may not allow the mask to seat
pr oper | yheawefec stage4f.ocus i ssues. The cl eaning material nay al so contact the
- mask surface offline to renove debris before installing the mask in the
phot ol i t hogr B8R by esrtaéns embedimepisowitdineterengn nomotp Bigursold, dbs complisnge
cl eaning, particularly as conpared the techniques that apply sol vents or
manual <teepinsi wafeos cleanmsi priymemd8 cenfioras tammgithetpiw(bpn tthe waberkpin
[ 00105] It can thus be seen that the enbodi nents descri bed above may provide
many advtae ages apmliragiospf 4 meduydefaree. s dmsomerisobiodimenss, therpplymer 38cis ent
waf er stage cleaning with | ess or even no tool downtine; inproved and nore
ef f ect | vetligiegmdy iaphgo defosm ﬁr@und the burls or pins 40 and micro-burls, e.g.,

44,and collect debris e.g., 42, 46 that has accumulated around the periphery of a pin
contact surface, e.g., 44. The protruding compressible offset surface features (not
shown in Figure 18) the cleaning wafer (not shown in Figure 18) placed outside of the
pins, e.g., 407, allows the relatively smooth area of the cleaning wafer polymer 38 to
contact the pin surfaces, e.g. 40. The protruding compressible offset surface features
(not shown in Figure 18) may be placed to match locat‘ions of vacuum ports, grooves, or
vacuum nipples (not shown in Figure 1'8) to facilitate debris collection from within the
vacuum features (not shown in Figure 18').

[0092] With reference to Figure 19, in at least one embodiment, wafer handling
equipment to be cleaned contains a quartz pin chuck, uéon the surface of which are an
array of pins, e.g., section 8.A.1. During the photolithographic manufacturing process
and prior to cleaning with the cleaning wafer (not shown in Figure 19), debris
accumulates around the pins on the pin chuck surface, e.g., visible in the higher
magnification of section 8.A.2. The debris is typically transported in and left on the

chuck pins by the silicon process wafers (not shown in Figure 19). Immediately after
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more econom cal wafer handi ng equi pment cl eaning; nore productive wafer
handl i ng equi pnent cl eani ng; and ) | ess corruption of the wafer
handl i ng hardware, wafer stage, and wafer chuck during the cleaning
process. [00106] Wile the foregoing witten description enables one of
ordinary skill to make and use what is considered presently to be the
appl i cant s' wioaegto/120966 ot her nodes, those of ordinary skidiiusaibb3nrider st and
and appreciate the existence of variations, conbinations, and equival ents
of the specific enbodi nents, methods, and exanples set forth in this
specification. WD 2010/ 120956PCT/ US2010/ 031127 CLAIMS W claim

contact with the cleaning wafer polymer e.g., section 8.A.4, the loose debris has been

removed from the pin tip and circumference, e.g., section 8.A.3 and now the residual

debris that was removed from the pins resides on the surface of the cleaning polymer,

e.g., section 8.A.4. In this and other embodiments, the cleaning polymer, e.g., section

8.A.4, does contact the pins and is compliant enough to conform around the pin tip and

somewhat down the side, and the cleaning polymer is sufficiently tacky to bond to and

remove loose debris from the chuck pins.

[0093] Referring now to Figure 20, in some embodiments, a cleaning wafer 49, .

with a cleaning polymer surface 50 on a wafer-like substrate 48 has protruding and
compressible surface features, e.g., 52, on the cleaning polymer 50 that provide offset
and limit contact between the cleaning polymer surface 50 and a wafer stage surface 54.
The elastic polymer formed on the cleaning wafer surface 50 to produce protruding and
compressible features, e.g., 52, provides offset or mininial contact with the flat surfaces
of the wafer stage 54 until a vacuum or electrostatic force is applied. Once the vacuum
force collapses the compressible offset features, e.g., 52, the tacky polymer surface 50
contacts the surface 54 of the wafer stage 51 to remove foreign particulates, e.g., 56.
Upon release of the compression force, the offset features, e.g., 52 rebound and
facilitate release from the wafer stage 51 while the foreign particulate matter 56 adheres
to the cleaning polymer 50 and is removed from the wafer stage 51.

[0094] The polymeric cleaning material 50, should have a measurable surface
tack between 0.01 and 10 psi using standard ASTM based methods for collection of

foreign particulate and to allow release of the cleaning material 50 from the stage

surface 54 depending on stage geometry. The surface features, e.g., 52, are also
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1. A cleaning wafer nountable in a seni-conductor wafer nanufacturing
apparatus, conprising a resilient cleaning pad having a first side opposing
a second, cleaning side, the second, cleaning side being non-planar and
i ncluding at | east one preforned cleaning side section and a second
pre-formed cl eaning side section, with the one pre-fornmed cl eaning side
section beiwgz2goeabsr in thickness than the second cl eamusgisedersection. .
2. The cleaning wafer of claim1 wherein the cleaning wafer also has one or
nore additional pre-forned cleaning side sections, with each such
addi tional preforned cleaning side section being different in axial
t hi cknedspdndemt anrtbe ohuckmrstagegagmetne bnenenantddémeres,daatues ¢hdt epha|decl eani ng
side section.. 3. The cleaning wafer of claim1l for cleaning a
pr edet eom nwdfes stdgac suctivasi wefec siage i ¢o aHawufoattcu fomdebais ccollactian may he
configuration of the cleaning side is predeternmned to conformto the shape
of the predlytdoersei atdessshanf@pe waoube fokealbel surfate tatkeofghe alermige weataial of cl ai m
1 wherein the first_ cleaning side section includes an adhesive free
por t i on SAns typiallydewrmhoogle that thy Jeateng wefer dA relseseadean shef wafst staghési ve
portion. 5. The cleaning wafer of claim4 wherein the-second cl eaning side
sect i onat less than 4.5 psi pressure on each ejector pin (normally at about 3.0 psi pressure). In
- at least one method of use, the vacuum is held for a minimal period such as 5 to 15
seconds, which allows full contact of cleaning surface 50 on the wafer stage 51 to
collect debris but facilitates release.
[0095]A.cleaning wafer can be loaded and cycled automatically in most tools but
may also be loaded manually in tools with access to the main chuck such as an ASML
PAS5500 stepper. The cleaning wafer can also be manually loaded into a plasma vapor
deposition tool such as Applied Materials Endura HP by processing in the first pre-
clean chamber to control debris accumulation. While reducing cycle time of the
vacuum on a pin chuck facilitates release of the cleaning polymer while retaining
cleaning effectiveness the same can be accomplished on an electrostatic chuck by
reducing cycle time to 5 to 15 seconds and reducing the applied voltage to 150V or less.
[0096] Referring now to the flowchart of Figure 21 in conjunction with the
diagrams of Figure 2 and Figure 8, in one embodiment of a method of implementation,
the cleaning wafer 10 is securely wrapped to protect it from contamination during

shipment and pre-cleaning handling. At step 200, upon first usage of the cleaning

wafer, the pfotective surface liner is removed and discarded. At step 202, wafer

substrate 10 may be manually loaded or loaded in an automated manner. At steps 204

and 206, a single cleaning wafer 22 or multiple wafers 22 may be pléced cleaning
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includes a second adhesive portion distinct fromthe first adhesive
portion. W?2010/120956PCT/ US2010/ 031127 6. The cleaning wafer of claim5
wherein the first adhesive portion includes adhesive having a different
adhesive strength that the second adhesive portion. 7. The cleaning wafer
of claim2 wherein the first cleaning side section includes an adhesive
free porti owoenn/ikéses second cl eani ng side section i nclraas2aohsizt adhesi ve
portion. 8. The cleaning wafer of claim7 wherein the second cl eani ng side
section includes a second adhesive portion distinct fromthe first adhesive
portion. 9. The cleaning wafer of claim8 wherein the first adhesive
porti on maietialdede dewre forvealhnvidagphini Wadsreqarriadife svafer teay; ongther wader t he
second adhesive portion. 10. The cleaning wafer of claim1 wherein the one
cl eani ndosdingdedet ¢iothe desitadi wafsr pneeessing todlr eAt grpRe3 ghdtlearpnpwalsi2adns.
or cleaning wafers 22 are automatically remb_ved from the wafer carrier 24 or wafer tray
and cycled through processes of the tool under normal conditions. The cleaning wafer
may be cycled with the cl-eani_ng surface 12 facing down throughout the handling
process. Within the tool, standard handling is facilitated by the wafer’s protruding
surface features, €.g., 14, which keep the cleaning surface 12 offset from the surfaces of
the handling equipment. At step 208, wafer carrier 24 may be installed to a load port
of the automated wafer processing tool.
[0097] At step 210, the wafer substrate 10 may be moved with, for example,
handling hardware, end effector, or a wafer handling robot arm 20 and then unloaded.
[0098] At step 212, debris 25 is removed via vacuum of the flat contact area of
the handling hardware. At step 214, the wafer 10 is placed on wafer stage 26, wafer
chuck apply vacuum or electrostatic charge. At step 216, the wafer may be released
from the wafer state 26 or wafer chuck. Similar to step 212, at step 218 debris 25 may
be removéd via vacuum of the flat contact area of the handling hardware. At step 220,
wafer substrate 10 may be manually loaded or loaded in an automated manner.
[0099] At step 222, the wafer 10 is returned to wafer carrier 24 installed at the
load port of the processing tool. Alternatively, at step 224 the wafer 10 is returned to a
siﬁgle wafer tray. At step 226, the wafer surface is inspected.
[00100] Thus, in some embodiments shown by way of example in Figure

21, the cleaning media 12 is placed on the surface of each wafer chuck or wafer stage.

26 within the automated wafer processing tool, makes near full or full surface contact
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11. The cleaning wafer of claim11 wherein the one cl eani ng side al so
I ncludes a plurality of distinct predeterm ned tacky portions. 12. The
cl eaning wafer of claim 11l wherein the one cleaning side also includes a
plurality of distinct predeterm ned tacky portions 13. A nethod of
cleaning integrated circuit manufacturing apparatus with a cl eani ng wafer
havi ng a plwoabiotizosssf di ffering predeterm ned surface Foaaisemesien t he
cl eaning side of the cleaning wafer, the nethod conprising the steps of:
A.identifying a cleaning wafer pad having a plurality of differing -
-predeterm ned surface features mating with a portion of the integrated
ci rcuit thrang sedunrm agisappar Abustago ob®y akemgesl thebburls in a pin chuck for a
specific dwell time, collects foreign particulate matter 25, and is then cycled back to the
wafer carrier tray 24 and subsequently unloaded.

.[00101] In some embodiments, the method of creating a cleaning wafer
begins with the wafer handling equipment manufacturer providing details on the wafer
handling components and chuck geometry of the specific equipment for which the
cleaning wafer is intended. Based upon the manufacturer specifications, several
potential designs are prepared and prototype cleaning wafers produced. These
protoiype cleaning wafers have a low level of tack, for example, a level 3 on a scale
from 1 to 10 for desired range of tack for a given application or tool. These prototype
cleaning wafers are run through the actual machine, with each design and geometric
configuration being tested for consistency of successful throughput and quantity of
foreign particulate accumulated.

[00102] Based upon the results of the initial tests, the designs are modified
and new prototype c]eahing wafers are produced. These new, revised prototype
cleaning wafers are then tested with increasingly higher levels of tack, determining for
each design, what is the highest level of tack it can include and yet still function with
acceptable consistency. The cleaning wafer that performs the best in the tests is then
designated to be the cleaning wafer for that particular wafer handling equipment.

[00103] In other embodiments, a cleaning wafer may be comprised of two
polymer cleaning surfaces, positioned on opposite faces of the cleaning wafer. In some

embodiments, a two-sided cleaning wafer is designed for use in wafer bonding

equipment. Wafer bonders join two or more aligned substrates to create an integrated circuit.
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WO 2010/ 120956PCT/ US2010/ 031127 B. nounting the cl eaning wafer on the
I ntegrated circuit manufacturing apparatus with respect to the mating
portion of the integrated circuit manufacturing apparatus to be cleaned; C
applying force to urge the cleaning wafer against the mating portion of the
integrated circuit manufacturing apparatus; and D. releasing the force and
renovi ng t havaroes?nasg wafer fromthe integrated circui pPCTreStofoastieT i ng
apparatus. 14. The method of claim 13 wherein the plurality of differing
predeterm ned surface features includes at |east one conpressible
projection section and the nethod includes in step C, conpressing the
conpr essilhg subgiratgssan beningd or bomdedgusing she fakhaving)teplniques dusidn tonding,renedie at ed
circuit manufacturing apparatus. 15. The nmethod of claim 14 wherein the
met hod i herdinge sutedtin bondipe, Boldermbaziding, glass feib hpndings adiiesivp berjdingt | Bamporary i on t o
deconpress and urge the cleaning wafer to at |east partially separate from
t he mat i wafepbendingrs performed pmthinged walersclaced ion arpamigf B¢ senpprig Taisppagcatsis.  16.
The met hod of claim 13 wherein the plurality of predeterm ned surface
f eat ur es used ghaigle tamanudapdure Reintegraled civeuitsi GH/SS MirroTep progugeh gaviprhent [that m 15
wherein the plurality of predeterm ned surface features include a plurality
of di sti pupportsthesy berding teehniques) gA titheidedecldqniaie oafer may e m3nyipatired Wingnge _
~plurali ty of predeterm ned surface features includes

€C

hniques described above, but for each side of the wafer. This can yield a cleahing wafer
having predetermined surface features on both sides to clean components of bonding equipment
by cycling the wafer through the equipment. Two sided cleaning wafers may also be utilized to
cléan wafer handling equipment in other circumstances, such as when having two cleaning
sﬁrfaces is advantageous to clean two or more components, at least one with one side of the
cleaning wafer and another with the other‘ side. The cleaning wafer could also simi‘larly include "
other sides having such predetermined features to clean yet other components in wafer handiing
equipment.

[00104] In other embodiments, a cleaning wafer may be designed to remove
debris from areas of photolithography tools, such as réticles, mask frames, mask
loading equipment, and the mask surfaces. Reticles 6r masks contain the image of the
particular circuit pattern that is projected onto the wafer surface in a stepper or scanner for
example. In a manner similar to that described in the wafer process through the tool, debris can
accumulate along the mask area on the handling equipment used to load and unload the mask,
the frame that holds the mask, and on the mask surface. Similar cleaning material with the same
product attributes including surfacé features may also be used to remove debris from thjs area of
thé tool. The material in this case may be mounted to a surrogate mask such as a quartz block to

transport the cleaning material though the tool and allow it to contact the handling surfaces to
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a plurality of sections of differing thickness. WO
2010/ 120956PCT/ US2010/ 031127 19. The net hod of claim 17 wherein the
plurality of predeterm ned surface features includes a plurality of
sections of differing thickness. 20. A nethod of making a integrated chip
manuf act uri ng apparatus cl eaning wafer, the nethod conprising the steps of:
A. receivi ngorebazopsat i on about a plurality of differimrgrasoheaseri n an
i ntegrated chi p manuf acturing appar at us;
remove accumulated debris. It will also allow contact with the frame that holds the mask here if
debris is present it may not allow the mask to seat properly and cause focus issues. The cleaning
material may also contact the mask surface offline to remove debris before installing the mask in
the photolithography process. This procedure can provide non-destructive cleaning, particularly
as compared the techniques that apply solvents or manual scrubbing or abrasion that reduce the
lifetime of the mask.
[00105] It can thus be seen that the embodiments described above may
provide many advantages_. They can include in some embodiments:
s more efficient wafer stage cleaning wi.th less or even no tool downtime;
e improved and more effective wafer handling cleaning;
. & more economical wafer handing equipment cleaning;
¢ more productive wafer handling equipment cleaning; and
¢ less corruption of the wafer handling hardware, wafer stage, and wafer chuck
during the cleaning process,
[00106] While the foregoing written description enables one of ordinary
skill to make and use what is considered presently to be the applicants’ best and other
modes, thbse of ordinary skill will understand and appreciaté the existence of

variations, combinations, and equivalents of the specific embodiments, methods, and

examples set forth in this specification.
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B. preparing a cleaning wafer having at |east one cleaning side with a
plurality of differing portions, with (i) one such portion corresponding to
a first section anong the differing sections in the integrated chip
manuf act uri ng apparatus and (ii) a second such portion corresponding to a
second section anong the differing sections in the integrated chip

manuf act ur i W@ 2apppgacrat us. 21. The nmet hod of cl ai m 20 wher@ivs201b@3137r St
portion of the cleaning wafer is a conpressible section of differing

t hi ckness than the second portion of the cleaning wafer. 22.The nethod of
claim 20 wherein the second portion of the cleaning wafer includes a tacky
mat eri al . 23. The nethod of claim 21 wherein the second portion of the

cl eani ng waf er

i ncludes a tacky materAmRMis 24. The nmet hod of claim 20 wherein

the second portion of the cleaning wafer includes a plurality of differing

tacky areas.

We claim,

1.

A cleaning wafer mountable in a semi-conductor wafer manufacturing

apparatus, comprising a resilient cleaning pad having a first side opposing a second,

cleaning side, the second, cleaning side being non-planar and including at least one pre-

formed cleaning side section and a second pre-formed cleaning side section, with the

one pre-formed cleaning side section being greater in thickness than the second

cleaning side section..

2.

The cleaning wafer of claim 1 wherein the cleaning wafer also has one or

more additional pre-formed cleaning side sections, with each such additional pre-

formed cleaning side section being different in axial thickness than one or more among

the one and the second pre-formed cleaning side section..

3.

The cleaning wafer of claim 1 for cleaning; a predetérmined surface during

chip wafer manufacturing and wherein the configuration of the cleaning side is

predetermined to conform to the shape of the predetermined surface to be cleaned.

4.

The cleaning wafer of claim 1 wherein the first cleaning side section includes

an adhesive free portion and the second cleaning side section includes a first adhesive

portion.

5.

The cleaning wafer of claim 4 wherein the second cleaning side section

includes a second adhesive portion distinct from the first adhesive portion.
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25. The net hod of claim 21 wherein the second portion of the cleanlng mafer
Includes a plurality of differing tacky areas.

W2010/ 120956PCT/ US2010/ 031127 26. The nmethod of claim 20 wherein the
differing sections of the integrated chip manufacturing apparatus - include a
waf er manufacturing stage. 27. The nethod of claim 21 wherein the
differing seotiieom®ssf the integrated chi p manufact uri rgrappareiizs i ncl ude a
waf er manufacturing stage. 28. The nethod of claim 23 wherein the
differing sections of the integrated chip manufacturing apparatus include a
waf er manufacturing stage. 29. The nethod of claim 21 wherein the

di fferifg sect Thasleghinghwafentodplaimedl whergnrthe Uiracedhestvyg rospen analedeasncl ude
~an end effector. 30. The nmethod of claim23 wherein the differing sections
of the idhesipedtagthgchdifferemh adhesivasirangth tpa il sesondadhgsiee aortiond ef f ect or .

7. The cleaning wafer of claim 2 wherein the first cleaning side section includes
an adhesive free portion and the second cleaning side section includes a first adhesive

portion,

8. The cleariing wafer of claim 7 wherein the second cleaning side section

includes a second adhesive portion distinct from the first adhesive portion.

9. The cleaning wafer of claim 8 wherein the first adhesive portion includes

adhesive having a different adhesive strength that the second adhesive portion.

10. The cleaning wafer of claim 1 wherein the one cleaning side section comprises

one ore more compressible protrusions.

11. The cleaning wafer of claim 1 wherein the one cleaning side also includes a

plurality of distinct predetermined tacky portions.

12. The cleaning wafer of claim 11 wherein the one cleaning side also includes a

plurality of distinct predetermined tacky portions

13. A method of cleaning integrated circuit manufacturing apparatus with a cleaning
wafer having a.p]urality of’differing predetermined surface features on the cleaning side
of the cleaning wafer, the method comprising the steps of:
A. identifying a cleaning wafer pad having a plurality of differing -
‘predetermined surface features mating with a portion of the integrated circuit

manufacturing apparatus to be cleaned;
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31. An integrated chip manufacturing apparatus cleaning system conprising
in conbination: A an integrated chip manufacturing apparatus having a
plurality of differing apparatus sections; B. an integral cleaning
substrate nmounted on the integrated chip manufacturing apparatus and having
a predetermned first substrate portion with a first unconpressed thickness
and a seconWwoRosdeess m ned substrate portion-with a sesamsunonnressed

t hi ckness .differing fromthe first thickness, the first substrate portion
correspondi ng to one apparatus section on the integrated chi p nmanufacturing
apparatus and the second substrate portion corresponding to a second

appar at us sedi onmonntingethe nleaging twadlercni the indegrited icurcnib manpiaatuaimgs. WO
2010/ 120956PCT/ US2010/ 031127 32. The integrated chi p manufacturing

appar at us cl eapdraigs sWthtrespeof todhaimatiBd potioneaif thet inecgpatedieirarith ned fir st
substrate portion includes a conpressible protrusion conpressibl e against

t he one appammanufacteingiapparatug3o bdhlsanad; egr at ed chi p manuf act uri ng appar at us
cl eaning system of claim 31 wherein the predeterm ned second substrate
portion has &-tackppleingdoradin vigbitke elfarting wefes egaind thpmating partiseof then. 34,
The integrated chip manufacturing apparatus cleaning systemof claim 32
wherei n the prtegratedroiichis anasutashidinggipparatiseansor t i on has a tacky area
abuttable with the second apparatus section. 35. The integrated chip

nmanuf act ur i nd-appkieasing the £aeR g rsipeving the clepningrvater\ifost therinteprated

predet erm ned second substrate portion has a plurality of differing tacky

areas abut t al§itevifmapufapariag @pprgatippar at us secti on.

14. The method of claim 13 wherein the plurality of differing predetermined su;face
features _in_cludes. at least one compressible projection section and the method includes
jn step C, compressing the compressible project_ipn section against mating portion of the
integrated circuit manufacturing apparatus.

15.  The rﬁcthod of claim 14 wherein the method includes, in step D, causing the
compressible projection section to decompréss and urge the cleaning wafer to at least
partially separate from the maﬁng portion of the integrated circuit manufacturing
apparatus.

16.  The method of claim 13 wherein the plurality of predetermiﬁed surface features
include at least one tacky section.

17.  The method of claim 15 wherein the plurality of predetermined surface feétures
include a plurality of distinct tacky sections.

18.  The method of claim 13.wherein the /plurality. of predetermined surface features
includes

a plurality of sections of differing thickness.
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36The integrated chip manuf act uri ng apparatué cl eani ng system of claim 32
wherein the predeterm ned substrate portion has a plurality of differing

tacky areas abuttable with the second apparatus section.

37. The integrated

chi p manuf acturing apparatus cl eaning systemof claim36 wherein the
differing tacky areas including a first tacky area having one |evel of tack
and a secomlota@oiypsar ea including a differing | evel ofecrasioi0/031127

-~ 19.  The method of claim 17 wherein the plurality of pfedetermined surface features

includes .

a plurality of sections of differing thickness.

20.

A method of making a integrated chip manufacturing apparatus cleaning wafer,

the method comprising the stepé of:

A. receiving information about a plurality of differing se.ctions in an integrated
chip manufacturing apﬁaratus;

B. preparing a cleaning wafer having at least one cleaning side with a plurality
of differing portions, with (i) one such portion corresponding to a first se;tion
among the differing sections in t.he integrated chip manufacturing apparatus and

(ii) a second such portion corresponding to a second section among the differing

sections in the integrated chip manufacturing apparatus.

21.  The method of claim 20 wherein the first portion of the cleaning wafer is a

compressible section of differing thickness than the second portion of the cleaning

wafer.

22.  The method of claim 20 wherein the second portion of the cleaning wafer

includes a tacky material.

23.  The method of claim 21 wherein the second portion of the cleaning wafer

includes a tacky material.

24.  The method of claim 20 wherein the second portion of the cleaning wafer

includes a plurality of differing tacky areas.

25.  The method of claim 21 wherein the second portion of the cleaning wafer

includes a plurality of differing tacky areas.
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26. .The method of claim 20 wherein the differing sections of the integrated chip
manufac.turing‘apparatus include a wafer manufacturing stage. | |
27.  The method of claim 21 wherein the differing sections of the intggrated chip
manufacturing apparatus include a wafer manufacturing stage. |

28.  The method of claim 23 wherein the differing sections of the integrated chip
manufacturing apparatus include a wafer manufacturing stage.

29.  The method of claim 21 wherein the differing sections of the integrated chip
manufacturing apparatus include an end effector. -

30.  The method of claim 23 wherein the differing sections of the integrated chip

manufacturing apparatus include an end effector.

31.  An integrated chip manufacturing apparatus cleaning system comprising in
combination:
A. an integrated chip mamifacturing apparatus having a plurality of differing

apparatus sections;

B. an integral cleaning substrate mounted on the integrated chip

manufacturing apparatus and having a predetermined first substrate portion with
a first uncompressed thickness and a second predetermined substrate portion wifh
a second uncompressed thickness differing from the first thickness, the first
substrate portion corresponding to one apparatus section on the integrated chip
manufacturing apparatus and the second substrate portion corresponding .to a

second apparatus section on the integrated chip manufacturing apparatus.
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32. | The integrated chip manufacturing appairatus cleaning system of claim 31
wherein the predetermined first substrate portiof) includes a compressible protrusion
cofnpressible against the one apparatus section.

33.  The integrated chip manufacturing apparatus cleaning system of claim 31
wherein the predetermined second substrate portion has a tacky area abuttable with the
second apparatus section.

34. The integrated chip manufacturing apparatus cleaning system of claim 32
wherein the predetefmined second substrate portion has a tacky area abuttable with the
second apparatus section.

35. The integrated chip manufacturing apparatus cleaning system of claim 31
wherein the predetermined second substrate portion has a plurality of differing tacky
areas abuttable with the second apparatus section.

36 The integrated chip manufacturing apparétus cleaning system of claim 32.
whérein the predetermined substrate portion has a plurality of differing tacky areas
abuttable with the second apparatus section.

37. The integrated chip manufacturing apparatus cleaning system of claim 36
whcréin the differing tacky .areas including a first tacky area having one level of tack

and a second tacky area including a differing level of tack.
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