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Transport Background of the Invention Field of the Invention Thi$(ifageflti on
rel ates generally to lithography, and nore specifically to the protection
of |ithogrwphmwel/cedscl es. Rel ated An Lithography is a preceas2sesk2to create
features on the surface of targets. Such targets can include substrates
used in the manufacture of flat panel displays, <circuit boards, various
integrated circuits, andmmléﬂmteaienmmm?omfer, for exanple, can
be used as a substrate to fabricate an integrated circuit. During

| i thography, a reticle, which is another exenplary substrate, is wused to
transfer a desired pattern onto the desired target. The reticle is fornmed of
«.a material transparent to the |ithographic wavel ength bei ng used. For
exanpl e, in the case of vigl I, gt | (6 woul d be forned of

gl ass. The reticle has an ??g’ég"jﬁif‘.qﬁt"{&%%ﬁ['f‘fé’h%’e size of the reticle is
-.chosen for the specific systemin which it is used. During |ithography, a
waf er, which is supported by a wafer stage, is exposed to an inage

proj ect ed ontRieMluf theldrivansiorof t he wafer corresponding to the inage printed
on the reticle. The projected i mage produces changes in the characteristics
of a layer, for exanple photoresist, deposited on the surface of the wafer.

These changes cor J . . | act 0, r during
exposure. After é‘fﬁ%@ S%I,OE?E%Q? %@eﬁlﬁl%ﬁ%ﬁéﬁﬁﬁé% @B{Oersgéﬁgigﬂ? t§at terned

| ayer. The pahd grotectio®bf Bhpgaghic rdiclddose features projected onto the wafer
during exposure. This patterned layer is then used to renove exposed
portions of underlying structural layers within the wafer, such as
conducti ve, p'ﬁctfﬂcripcti ve, or insulative layers. This process is then

r epeat ed, togge &N th other steps, until the desired features 1 0 F E B
2006 WD 2003/ 013993 PCT/ US2002/ 025271 -2

Lithography is a process used to create features on the surface of targets.
Such targets can include substrates used in the manufacture of flat panel displays,
circuit boards, various integrated circuits, and the like. A semiconductor wafer,
for example, can be used as a substrate to fabricate an integrated circuit.

During lithography, a reticle, which is another exemplary substrate, is
used to transfer a desired pattern onto the desired target. The reticle is formed of
a material transparent to the lithographic wavelength being used. For example,
in the case of visible light, the reticle would be formed of glass. The reticle has
an tmage printed on it. The size of the reticle is chosen for the specific system in
which it is used. During lithography, a wafer, which is supported by a wafer
stage, is exposed to an image projected onto the surface of the wafer
corresponding to the image printed on the reticle.

The projected image produces changes in the characteristics of a layer, for
example photoresist, deposited on the surface of the wafer. These changes
correspond to the features projected onto the wafer during exposure. After
exposure, the layer can be etched to produce a patterned layer. The pattern
corresponds to those features projected onto the wafer during exposure. This
patterned layer is then used to remove exposed portions of underlying structural
layers within the wafer, such as conductive, semiconductive, or insulative layers.

This process is then repeated, together with other steps, until the desired features



have been fornmed on the surface of the wafer. As should be clear fromthe
above discussion, the accurate location and size of features propgcElh
through lithography is directly related to the precision and accuracy of
the i nage woo¢eoimds onto the wafer. 5 In addition to thectasaepEsive
reticles just described, reflective reticles are also used in the art. For
exanple, reflective reticles are used for short wavelength |ight that woul d
ot herwi se be absorbed by a transm ssivé-glass reticle. In an effort to keep
contam nation of the reticle surface to a mninum |ithography processing
Is perfornmed in a "clean room" A clean roomis an 10 encl osure having a
specified contr e Co ration, In order to majntain the

speci fied coH‘E‘feg%cF’é rﬁ'&é%’il" ﬁ?eéugﬁ?r%gﬂ%er‘&ﬂff’ronﬁ‘s deuldhecleas fram the aboyee provi ded
to and r emvﬁ{lﬁjssfaﬂ‘ the a%@uﬁjafés %noﬁb‘ a%ﬁ”ﬁ&%eéfa?éaﬁlrgigg:lg&uc% ﬁ‘?ﬁ‘c{ﬁggse. s

associ ated w mai htai ni ng room I's exp in part,
to the si zehmfogfalpﬁyﬁldﬁaaly&mmdaametpmxmﬂhnﬂmwmdmhgb;ﬁajeafeal nit. For
exanple, 15 as reticles are transported fromone stage in | 1t hographi c

process to aﬂ@pﬁbﬁwakhey are susceptible to contam nation due to particles
found within the pr area. . To mn t he, pot

cont dni nati on, gn ﬁﬁ:‘ (?%Maf‘ﬂn\fﬂl"%ﬁe"tc# EP?SSPBE)&'%T?#I%%'S[EFed i's
usual 'y mai njai aﬂﬁﬂuée@l A heoa %ﬁ&@amﬁ@uﬁﬂeétﬁ\%rﬁnbﬁs% h@efdriskrt L0 reduce
the environment that nust be maintained in the clean state. A further

i ncentive fowaveength hghtthatweuldetheirwishbe shserbed byetrangnissiveglyss réticis ome cases,

clean roons are ox defjcient and therefore unfit for human occupancy.
| f the clean roofﬁ %h?f?% iq ‘?ﬂpeﬁ)gmﬁat‘é"‘s‘}%“? ’&“CEN ASHICETUM R ¢ he

sur 1 ounding RiianoRY ieshl N AirMGthelah a5@ican 436manch CRENRANAY By humans. |

general , reti to an ogr aphy too S, |nclud|ng 25
EUV1DI t hogr agitjosueo having ra q:ecifmden:bnholdecbrpaﬁmhdéonchﬁmmm oln opdeezsur e shock,
and turbulent_air flow can result from opening the box and pay stir up
particl es t hEintapdhe spepifigd contreliad pagicle compentraiin, gascous PRIGEIE B8 t he box,

such as the b;edgg?{gargr?ﬁﬁ@cd ?heo ncf}o@ﬁ‘re' ﬁp:%ﬁsﬂ@ljai)lg a?'ﬁ)enf:cﬂ’ick.g&g? of the lid.

Particles ca ache e surfaces an n nov eely and
randoml y wi t f3ia@sdcledpeizh minmlwgmsolehﬁa rbb®. This dxpbns8 i2AMfed)\bh g4 013993
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the size of the clean room and the equipment needed to maintain it. For example,
15 as reticles are transported from one stage in a lithographic process to another, they
are susceptible to contamination due to particles found within the processing area.
To minimize the potential for contamination, the entire room in which the reticle
is transported is usually maintained in a clean state. Thus, there is an incentive
to reduce the environment that must be maintained in the clean state. A further
- incentive for reducing the size of the clean room is safety. In some cases, clean
rooms are oxygen deficient and therefore unfit for human occupancy. If the clean
room can be isolated to a smaller environment, then the surrounding area can be

maintained for safe use and occupancy by humans.
In general, reticles amrive to and leave from lithography tools, including
25 EUV lithography tools, in a closed box or “pod”. Vibration, pressure shock, and
turbulent air flow can result from opening the box and may stir up particles that
are initially resting on the internal surfaces of the box, such as the top-side of the

base or the inner walls and ceiling of the lid. Particles can become detached from

the surfaces and then move freely and randomly within the gas volume inside the



-3 box. Sone particles can eventually re-deposit on the exposed surfaces of
an unprotected reticle within the box. U S. Patent 6,239, 863 (| ncor por at ed
by reference herein in its entirety), issued to Catey et al.}ON&p 2h 2001,
and commonly assigned to Silicon Valley 5 Goup, Inc., now ASM Us, I nc.

di scl osesWR 20e3H19%3| e cover for protecting a reticle usé’d?Tﬂﬂﬁzﬁozi’qzﬂ’lbgraphy
system The renovable cover includes a frame and a nenbrane supported by
the frame. The renovabl e cover can fur:tf her include at |east one reticle
fastener that applies force to the retTcle, thereby preventing novenent of
t he renovabl e cover relative to the reticle when the renovable 10 cover is
I n place. However, the use of the reticle fastener presents an opportunity
for contam : tlcle
fastener " ROPY ofunk Bcll AN pRbalRE st B B S 8 S rent. 1
preparati on dmprotextpdeaticie, witlia theeboxcl es are transported fromthe atnospheric
environment to a high vacuum envi r onnent rime concern in EW 15

l'i t hography, is h'é\ﬁg Patent 6,439, Sﬁ%ﬁnqécewreleééwfr@fgrﬁnméer&twgmmeéy)pressure

it onl - ar SRR CAled o 4E R K B kol SRR SEBE NS 07
"patserned aGRRp. Fe!, nB¥ ASNRISS Ghé. &ﬁaasbelaqemoﬁmaamatfoﬁ%W & refers to

the stirring up of the partlcles in the |oadl ock of the hogr aphy
t ool by the reticloubeshin adithographysysism: dbe ramaowgblefooyen inchadesp frmnc embve the air

from the | oad| oc This is proplemin cont xt of hogr aphy

tool s, since® PH@ @agsemieggyﬂwgﬂ °f‘6’6‘?"abg°8vifd:§8 ‘ffﬂbef"'rc @ e in vacuum
and wi t hout ok Geid1Y Sadhéie} L SppliesSidild &Y R TeIENBRD ReERngHEOUNt er ed
bef ore by thogsg O&Eo desi gn tt tggﬁs 0?at vvrletre rrarsq( % nce?ﬁﬁgh "mask
writer tool sthovévhait ofithé smmdvablescoveerebative tﬂ&ha)mnmrwhm thetremovdbdans to wite
mask bl anks dlrectly frogmthe deS|gn data, a few pixels at a tine, which

t aké@ a | ongPAVETB N Rlace gr- the U6 ﬁ&naleﬁa%twr ATSSEIHAHRAN ORPSTHBILY t o t he
waf er in oneg 996%@@%%@%5% gyﬁﬁ]&e&ret %&ﬂgééuag)faste EieC”O“ bears

in mask witers e expose hi gh

vacuum and have pRrealesdat typicallyestofedpal |ahCthﬁ)spl$erm evikonniant. EUIﬁ light in

30 |ithography.
preparation for exposure, the reticles are transported from the atmospheric

environment to a high vacuum environment. Of prime concern in EUV
15 lithography, is how to transition reticles from the atmospheric pressure
environment to the high vacuum environment without adding particles to critical
areas of the reticle henceforth, the “reticle pattern” or the “patterned areas”during
transient confusion. Transient confusion refers to the stirring up of the particles
in the loadlock of the EUV lithography tool by the turbulent air currents resulting
from having to remove the air from the loadlock. This is a new problem in the
context of lithography tools, since the EUV tool is the first tool to expose the
reticle in vacuum and without a protective pellicle.
A similar problem has been encountered before by those who design the
tools that write masks, henceforth “mask writer tools”. Mask writer tools use one
25 or more electron beams to write mask blanks directly from the design data, a few
pixels at a time, which takes a long time (as opposed to copying a pattemn from
the mask to the wafer in one quick pass with light as lithography tools do).
Electron beams in mask writers have always required the reticle to be exposed in
high vacuum and have precluded the use of pellicles, similarly to EUV light in

30 lithography.
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Mask Bl ank Handling System for the Advanced Electron Beam Witer"(published
in the proceedings of the 19th Annual BACUS Synposi um on Ph gg@g3

Technol ogy, Septenber 1999, SPIE Vol. 3873, ref # 0277-786 oshi t ake
et al. de¥ErIWBEOBHB r solution to the problem In 5 sunBfrYUSHBERSIHKe found
that if during the transition between atnospheric pressure and vacuum the
mask bl ank is maintained inside a box having nenbrane filters (the C ean
Filter Pod or CFP), many fewer partlcF%s tend to settle on the nmask bl ank.
Hence, Yoshitake's solution was to put the mask blank inside a

per meabl e-t 0- gas- onIy box, place the box inside the |oadlock, transition 10

t he | oadl ock bet i and
Lhe | oadl ock_bet viei: BHPRAREANGy RIAR MR AARIESUIER (BARE Al CRE™. 2 uti on,
however, lntEl@dm@]eseaaﬂwxﬁteﬂmplbhpmhhﬂr&pro&&db@s 6Pthe @9* Al @ BACUSt he exanpl e
wher e the masks are contained in a closed box or pod, the masks are

unpr ot ect ed. SxmmqnenﬂmywmaabE@h@lwpﬁﬁmwllﬁ%ﬁ%V@d}r&Baanmé#u on of the
masks when t b d_J d., Sec n.the xampl e where the
masks are co{ifgc #@% O{){%sg'%gﬁia% ?51[9%? Pg‘értgw tsﬁggg%r‘r%ﬂ&ee Pge used to

renoye the nagkmbhanieshitdke TohheHAPK: duHHgSthErtﬁﬁglﬁ% %@ﬁvd&ﬁtaﬁ:ﬁbﬁ[ﬁibnff‘or

cross-contamnati on. Briefly stated, thére is a need for a way of further
reduci ng theprpsﬁumiandilvacﬁmn, thet mmkle biakt xsrrmaaumned dnsideng boxahsyiogt .

Li kew se, there is dt duce nti al reticle

cont ani nat i OWCWHTQ“E%I] &h? &i‘?ﬁ*]‘ l?ltff gh?\k “3’ FWB‘SW&F%EE%‘%SW e and
vacuum Su t reticle
protection anﬁ t@;atﬁég%?ltkm\éﬁgt%%% 5 3 lgﬂuggaloggtg Eogr aﬁlﬁyﬁt ool . The
syst em i ncl ujheigle a pemmiblecto-gasan]yshox, pl'acathplbux aisldeyh@l‘oadlubls,turaaizﬁsn such as
reticles and a renovable reticle cassette. The renovable reticle cassette

conBPi ses anthe dpwtlodknBeyern aHACSRRERK PEFSWER Hhd Sfacuuntepesy be dipxs apd her
includes an goo et SR mEARbAEThE BorPaddiREidaBIk™ The end

The Yoshitake solution, however, introduces additional problems
to be solved. First, in the example where the masks are contained in a closed box
or pod, the masks are unprotected. Consequently, there is a potential for

15 contamination of the masks when the closed box or pod is opened. Second, in the
example where the masks are contained in a box having filters, the same device
is used to remove the mask blanks from the box. This creates the potential for
cross-contamination.

Briefly stated, there is a need for a way of further reducing the potential
. for reticle contamination during transport. Likewise, there is also a need to
reduce the potential for reticle contamination while it is transitioning between

atmospheric pressure and vacuum.
Summary of the Invention

The present invention provides a reticle protection and transport system

25 and method for a lithography tool. The system includes an indexer that stores a
plurality of substrates, such as reticles and a removable reticle cassette. The

removable reticle cassette comprises an inner chamber and an outer chamber.

The system further includes an end effector coupled to a robotic arm. The end
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the plurality of reticles to enable the reticle to be positioned within the
renmovabl e reticle cassette and thereafter transported. To {{GEBHEW protect

t he retlﬁ;&oﬁ\gﬂ?llgbﬁ the renovabl e reticle cassette, the wystemwiosiher

I ncl udes seal coupled to the end effector and the robotic arm 5 To
transport the reticle, the reticle is first |oaded onto the end effector.
Next, the end effector is used to credte an arrangenent wherein the reticle
is loaded into the renovable reticle cassette. Inportantly, the reticle and
renmovable reticle cassette do not cone into contact with each other. The
arrangenent i s then seal ed and transparted fromthe i ndexer to the nount

for perfor néffRgtar engagssapne ef the B]k‘ﬁﬂ’éhroé regies 19 epaly thg Feticlespdeure i s

conpl et ed, rnan t he reticle is
w thr aun’ PO PREPEITRR oV MRl G hailE 105, her

enbodi nment , fykther RoRE/RE reuareaﬂtﬁlmeﬁélﬁwéw&reacls URSEHAHR sydtt@fedRrt System for
transitioni ng a substrate from at nospheri.c pressure to 15 vacuumin a

| i t hogr aphyintludes a:smbm@iledgocthﬁeemeffmtm and thevabbtc smbstrat e transport
cassettes. Each penovabl e subs te trans sett t | east one
vent and at Ieas{"" Hﬁ%SPPFtItP%FCUC %Veﬁe“&lﬁdf 5%’%@ 'E‘F Sﬁée%?resent
nvention  REQYHShdAHeER Y usdH o d?@éié'hﬁaiﬁﬁg‘eﬁ%%me%m%ﬁag%&rat AL
an atnospheric’ environnent to a vacuum envitonnment. These and ot her -
advant ages laadediin@ithe remowatble rdiieteanrsetteltiiportany aieanticle and remevabdé t he
fol |l ow ng detalled description of the invention. _Brief Description of the

Fi gures The'epflesessett Gk EPBRITACONAE P Eachgther. The WFRNGEmERtds ek |
eCcorpanY A AR i bR SRR R T oL
di got of a éxgpbairenOface lithogaphit eepusufeiiesSorhpleted] tAhnghgementis edturnbd ref erence
nunber first appears. WO 2003/013993 -6
to the indexer, where the reticle is withdrawn from the removable reticle cassette
and stored.
In ancther embodiment, the present invention provides a substrate
transport system for transitioning a substrate from atmospheric pressure to
15 vacuum in a lithography tool comprising one or more removable substrate
transport cassettes. Each removable substrate transport cassette has at least one
vent and at least one filter. In yet another embodiment, the present invention
provides an entry-exit module for exchanging the substrates from an atmospheric
environment to a vacuum environment.

These and other advantages and features will become readily apparent in

view of the following detailed description of the invention.
Brief Description of the Figures

The present invention is described with reference to the accompanying
drawings. In the drawings, like reference numbers indicate identical or
25 functionally similar elements. Additionally, the left-most digit of a reference

number identifies the drawing in which the reference number first appears.



1 0 F EB 7006 PCTfUS2002/025271 FIG | is an illustration of a

transport systemin accordance wth an enbodi nent of the present
FIG 2 is anillustration of a removable reticle cassette accdrlf

reticle

L

enbodi nerwoahexd1899%r esent invention. 5 FIG 3 is an il | PETAERMP2EA 1 an
arrangenment of a reticle and pellicle within a renovable reticle
according to an enbodi ment of the presgnt invention. FIG 4 and 5 are
illustrations of a method of loading a reticle into a renovable reticle
cassette according to an enbodi nent of the present invention. Fl
il lustration of a substrate transport systemin accordance with

enbodi nent of t hepps.es@ah ilu@AbA 8Na rdticeSranéport Systerh iVactoffahbd Wif si de views

of an enbodi mrent of a

cassette

G 6 is an
10 an

substrate transport system and other portions of a

| i t hogr aphy &membédimenicafithieapresentwiventiom enbodi ment of the present invention.
FIG 8 is an illum fion ﬂf a_remvabl e bst,rEite transport cass

according to an e
sinplified sj
ot her portio%rgg%qé

ireillpstratiqn of a semayable, (eligle; qagsctte ageordimg toan

' ' t of a substrate transport
hEfEorithe ARG BAShAS

ette 15
show
system and

tool in accordance with an enbodi nent of

the present invenFi®@a.is Beilistrabndaaraiahienienods 4 fetickrantipeliett viiadi ments 20
Enbodi ments of the present inventign will now be discussed_in det
speci fic featgmoyablessticlefassette a¢rordingtoanembgdimant of the pregentinyeaien. it shoul d

be understood that,Ahj S j for 1llustration LRoses only. A person
skilled in the rg(‘tés\/grs?f"]_j §r%8\?\nﬁlllﬁn%¥lg Soﬁﬁ??é&f%g?f gq%ﬂé% %?eélﬁge X%ooﬁf I guration
and arr angenigicvablehretiy/ ¢4 SdtteHodoriidg 46 SlethBodifmBhedfehd presdrt afvenesn. of t he

i nvention without departing 25 fromthe spirit and scope thereof.

for the sake of bFKkibtiyanibosivasioniobasubstrate trensportisysemin pedozdange with  of
sem Sonductor devié:es ¢ a}ﬂ@‘? ot herfuncti onal aspects of the nethodl apparatus
RRt QAl

(and

conponefft €mpgdi

may not be descri prek.i T det, Ahbwhiflified kidk He®s28Can embodiment of a

15

20

25

substrate transport systetn and other portions of a lithography tool in accordance
with an embodiment of the present invention.

FIG. 8 is an illustration of a removable substrate transport cassette
according to an embodiment of the present invention.

FIGS. 9A-9K show simplified side views of an embodiment of a substrate
transport system and other portions of the lithography tool in accordance with an

embodiment of the present invention.

Detailed Description of the Preferred Embodiments

Embodiments of the present invention will now be discussed in detail.
While specific features, configurations and arrangements are discussed, it should
be understood that this is done for illustration purposes only. A person skilled in
the relevant art will recognize that other steps, configuration and arrangements
or devices may be used to achieve the features of the invention without departing
from the spirit and scope thereof. Indeed, for the sake of brevity, conventional
electronics, manufacturing of semiconductor devices, and other functional aspects
of the method/apparatus (and components of the individual operating components

of the apparatus) may not be described in detail herein.

ail. Wile

| ndeed,

W&"ﬁ‘éf""&B‘é‘?‘hti ng conponents of the apparatus)



WD 2003/ 013993 PCT/ US2002/ 025271 -7 FIG 1 illustrates a reticle transport

system 100 for a lithography tool. The reticle transport system 100

i ncl udes an indexer 105. In accordance with an enbodi nent qf q@%-gfg esent
Igé_%d% 7

I nvent i oRyobhigohsydgxer 105 further conprises a library pofy ot
shown) within the |lithography tool. An inert gas atnosphere is mai nt ai ned

within the i ndexer 105. According to an enbodi nent, for exanple, the

i ndexer 105 is filled with nitrogen gés and ot her gaseous materials
necessary to neet the clean roomrequirenents. A plurality of reticles 109
are stored on shelves(not shown) within the indexer 105. Reticles are used
to transfer a particular pattern onto a substrate 10 such as a

sem conduct or wafld6;1 ilugeatesia reicdp iragspod systers 409 faye dithpgrapiny tedleThe ke. The

reticle can be.of the reflective or transm ssi e s woul,d be apparent
to a perspﬁe% RO YERE WQH‘& pAG ! ‘Enetx?r %ﬁp&%gﬁ@ﬁ%ﬁ@ Wi 8% e 109 from
contam nat i Qmho -npﬁhbfmkgre%éﬁimtiéﬁtﬁema&e?msr erf]&ﬁ[&p&eﬁaﬁﬁ&y An exanpl e
of a pellicle that can be used 1 n connection wth the present 1hvention is
descri bed 1%f shelessmoshywmovwithin the lifegciphy tddl S Amiaert paowintisphet ipat ent
application ng. _09/501, 180, filed February 10, 2000, titled "Method and
Appa at us f Sraintained wathin thgiindexes; Fpe AAgserding toan gsohdimentefasgpamplgni ch i s

posi 1§ onad TRt 10 ST ratt SRiRROMBLAEM ARG R T D, o o

and not | i mid Mebfie clefin fldnefegairexenenbodi nents, the reticles could al so be
stored horizontally to one another. Likew se, in another enbodinent, the

reticles could bé spluradity efreticlenl @ amw|storedion phelyas{rios shawn)ovithinthe 0 a

ti I Pt it hi t he | I nbodi t ticl 109
Pra | pel 1 ciereo R kgl 458 St G ter o bR FT ST, o Bl hanes
faljg ng on i asfabmfdofdidtdd wdter, @ Paid QispRG kSdiftDit bobrd Bfd thetike! Phel 09 and

pellicle 110 are stored 25 upright (as depicted in FIG 1) then the end
ef fect or 11%tisditan beohthdecflestive patransmibsive typecisevenld boapparetictowmpsi de down.

oo bl Aok ol R e, TR P2, Bt G0 RBl P (9) "1
:Mnf/ 2 in?i E) 2_6 oSN atidR % palfidid QY6 nfd§ BB Hixed BvdrtAdictibR 900G Sfampidisr Present
a pellicle that can be used in connection with the present invention is described
15 in commonly owned, co-pending U.S. non-provisional patent application no.
09/501,180, filed February 10, 2000, titled "Method and Apparatus for a Reticle
with Purged Pellicle-to-Reticle Gap," which is incorporated herein by reference.
Although the reticles in FIG. 1 are positioned vertically to each other, this
presentation is for example only and not limitation. In alternative embodiments,
- the reticles could also be stored horizontally to one another. Likewise, in another
embodiment, the reticles could be stored on a carousel and the fetic]es rotated to
a particular position within the indexer. In an embodiment, the reticle 109 and
pellicle 110 are stored upside down. In this way, any contaminants falling on the
reticle will be on the backside. If the reticle 109 and peilicle 110 are stored
25 upright (as depicted in FIG. 1) then the end effector 113 could be made to rotate
the reticle and pellicle upside down. After reading this disclosure, a person
skilled in the relevant art(s) will recognize other arrangements for storing reticles

109 and pellicles 110 within the indexer 105, without departing from the scope of

the present invention.
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cassette 111 is also stored within the indexer 105. The renovable reticle
cassette 111 is used to house the reticle 109 during transppfEfs Wlhe

envi r onme O Af03/018893 enovabl e reticle cassette 111 is al sSRCT/HaI062/83528d in a
"clean" state. In this way, the clean roomstate is maintained in 5 a nuch
smal | er volune of space. Al though the indexer 105 is shown containing only
one renovabl e reticle cassette 111, thi®%s is for exanple only, and is not
intended to Iimt the present invention. The nunber of renovable reticle
cassettes 111 and |likew se, the nunber of stored reticles 109 are determ ned

dbscribed w107 EpaPaRiedepte Russ UKL is W b8 S BT e, ©

thereto. Howghgrrembbatsle irétidl®cassed@ Ml ds @Béd/ to HBGkeNDE relicle! IO @lingReti cles,
wi thout a pellicle, can be used w thout departing fromthe scope and spirit

of the presettanspovientThenenvimeniient of dka s¢mhevable rdiisler eassettebll¢l rietalsol e cassette
111 will be provi .deg_ be), QW Wwith regﬁ)ect bo lFI G 2. 15 .The.retigc]e transport
system 100 f fmaiptaned gha qleans siaie- Jp g paxdpg plean rpom Hale.is maintgned imophot i ¢ arm
115. <The end o) : | s 109 and
pel | iscl e 110 aﬁﬂc@%ﬁ@!]enﬂ%&%@g%ﬁfﬁe.t%@d} t?ﬂc}ﬁg&fd&g?gsnﬁxg(é\%fc‘ﬁéh%fg W thin

t he renovabl enlyetriectemovalsie atticle taskettd 1 b thisriedor eeaaneplb odiyyand $s net wand or

ot her manual or robotjc, device capable of engaging the reticle or pellicle
(if _j presedfitgndegytoglimy the prewat myentpn. o khsdnyrabsr, of raneyablectetigler or 113
engages the I, G . LG :I]ilf(g r ] traction.
In alternati &éﬁédée%blg&ﬂagng#?gglsgﬁgég%%f eEo:rgc[rféﬁ%s ggﬁ% %ﬁ%ﬁ%ﬁe&t e reticle

109 and pel | ited spadelddnstidifi® ofthe rdente 05t Tha picsent invantiédls dbdofibed wathso used in
the reticle transport system 100. The seal 117 25 is used to secure the
reti ¥ e wit hirgferenee tociriigln, baviagiacpedlicde guached thereto. Huweysn|thisig forcan be any

cassetto- 111 earme Tt idion Krdilen bl s iORRES Bl nt er  ng
into the remyimdhedéitng Romahé sédpe aat pitit lof MR Preber® MRnESR Farthdre
details of the removable reticle cassette 111 will be provided below with respect
to FIG. 2.
15 The reticle transport system 100 further comprises an end effector 113,

coupled to a robotic arm 115. The end effector 113 engages one of the plurality
of reticles 109 and pellicle 110 in order to position the reticle 109 and pellicle 110
within the removable reticle cassette 111. In alternative embodiments, a wand or
other manual or robotic device capable of engaging the reticle or pellicle (if
- present) may also be used. In an embodiment, the end effector 113 engages the
reticle 109 and pellicle 110 through electrostatic attraction. In alternative
embodiments, the end effector 113 could engage the reticle 109 and pellicle 110
through vacuum attraction.
A seal 117 is also used in the reticle transport system 100. The seal 117
25 is used to secure the reticle within the removable reticle cassette 111. The seal
117 can be any device capable of securing the reticle 109 within the removable
reticle cassette 111 while at the same time, preventing contaminants from
entering into the removable reticle cassette and nitrogen from escaping the
removable reticle cassette 111. Forexample, the seal 117 could be a vacuum seal

30 or a magnetic seal. Accordingly, a vacuum system, a magnetic system, or the
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renovabl e reticle cassette 111. For exanple, the seal 117 could be a vacuum
seal 30 or a magnetic seal. Accordingly, a vacuum system a nagnetic
system or the 1 0 FEB 2006 WD 2003/013993 PCTI US2002/ 025211 Ft8 #¥fke, can
al so be u¥ani2ao8/0r9smecti on with the present invention td@HUSIDZ/@S5271t he
sealing function. The reticle transport system 100 further conprises a door
107. The door 107 is used to keep the contam nants fromcomng into the

i ndexer 105 and the 5 nitrogen gas fr8m seeping out. In alternative

enbodi ments, indexer 105 nay be provided with nore than one door 107. For
exanpl e, additional doors may be used to provide access to the indexer 105
for manual ot. automatic |loading of.the nlurality of reticles 109 and the
renovabl e reﬁ1 Bl cé"gg*?s!’&‘{sggl’ii&'"%?@s‘é’é‘éﬁlcé’resreggé'd'ﬁg“qrbtro fé@@@é‘%ﬁ fig t he

i ndexer 105 E&ﬂhhﬁﬁkﬁg include repair of the indexer 10 105, repl acenent of
the reticles 109, or tRe like. Still further, the end effector 113 could be

-made to pass throThbrami teeanspart eysttaol G0 fiftiervomptisecndmyil09. Thedsoeticle  109.

FIG 2 provides a perspective view of an exenplary renovable reticle
cassette 111 10hisusedrakespdhssantaminantsfiom caming sito thedngeres 03 andhent i on. 1 n

this 5 enbodj t I e, rebicl. 1. LS an i nner
chiant;jer 205 ﬂg{r@giﬁﬁoﬁu&é P g@ﬁﬁﬁ%‘r Iﬁ%b#ﬁ%gﬁﬁﬁﬁﬁecﬁa%%’?&ggg Imc? [ esI t he
reticle 109 pnsidddavittPRiokd tbf ord oorT107. iFonexarhpleduditioddPdadys iRglbed W thin

the outer chanber 210 by the seal 117 during reticle exchanges. The outer
chamber 210 wusediteprpvide asoess 40 the indesemiOSfovmanuphor aematilondippobibas materi al s

t i de t I t ' t. Th i al d f th
Cerovanl o r PRty of effles 168 Ind i Pmonble IS Hetetl 3 FERRRIFG cl cani ng.
agents used Yakéhs fol BREHRMhe SHEXEFFO5 miht alBlifdludd fepat Athik Makxgresult in

t he production of outgassing of am nes, or other undesirable substances
har nfQul t o t H65,repléveyreapdfithe eticdee 39, oiShe like. Sk fusher, theendé&fferturdddal shoul d

e o 2y BE AP PR ot b Bors Ao e e BRSBTS 1
109.

FIG. 2 provides a perspective view of an exemplary removable reticle

cassette 111 in accordance with an embodiment of the present invention. In this
15 embodiment, the removable reticle cassette 111 comprises an inner chamber 205

and an outer chamber 210. The inner chamber 205 carries the reticle 109 and the

pellicle 110. The inner chamber 205 is sealed within the outer chamber 210 by

the seal 117 during reticle exchanges. The outer chamber 210 is used to contain

the nitrogen gas and other gaseous materials necessary to provide the clean state
- environment.

The material used for the removable reticle cassette 111 should be
compatible with standard cleaning agents used with lithography systems. The
materials should not result in the production of outgassing of amines, or other
undesirable substances harmful to the lithographic process. Still further, the

25 material should be resistant to mechanical degradation. Examples of possible
materials that could be used include fiber reinforced molded polymers, Derlin

(trademark) or PTFE (Teflon (trademark)) coated metals such as
aluminum or titanium. Other materials may be used without departing from the

scope of the present invention,



(trademark) or PTFE (Teflon (trademark)) coated metals such as al um num or
titanium Oher materials nay be used wi thout departing fromthe scope of
the present invention. WO 2003/013993 -10 1 0 FEB 2006 PCT/ Y20024@25271 I n

accordan%%ﬁogmlﬁgpodi ments of the present invention, tberhRiRYAN:e reticle
cassette 111 accommodates reticles with any type of pellicle and reticles

without a pellicle. Furthernore, the renovable reticle cassette 111 al so
accomodat es solid or breathable pelligle franes. 5 FIG 3 provides an
illustration of the arrangenent of a reticle 109 and pellicle 110 seal ed
within the renovable reticle cassette 111, which is ready for transport by
the robot arm 115, in accordance with an enbodi nent of the present

i nvention. The eilnacebfdanteoritiidrBbodirehe\ohthepyesgitigventioat the rema@aabllepel licle. In |
al ternative enpodi nent Eiéa wand. or ot her nechanical, el ectronechanical, or

10 robotic BYGIC@SEHRADI ACHMTBOLAE RECIPhW!R 8Py bipe obpelicle andireticlesy al so be
oo At OIS PR o A\ RO PRSI TECTRN 1

apparent to a per e relevan ). or

t ransporti ngecanmiddatdsQoAd8r bre@ableQelliclefearses. 105 Wil | now be described with
respect to FIG 4 and 5. Referring to FIG 4, a nethod of transporting a

retbcl e 109 fronFlGe3 pioyidesdexbustiapsniof the arrangemenipdfya syicteclfifngdi ns Wit h t he
openi ng of t d 107, to,. allow the end effector .113.ta gai,n_access to the
contents of p%lﬁgleﬁﬁégf;@g?d ‘fﬁ@."%?ﬂ’,‘o"tﬂﬁ@ IpGle gqsget%gl laﬁ'g"cbéF _?‘?aé}’ 8110 are
engaged by {hersndy Mdre66Qmils;in ah&r%ﬁem%%niﬁohﬂn&ﬁ’%@ﬂe?&@&ﬁ of the
present invention,“the end effector 113 can engage the reticle 109 and

pel l'i cl e 1lbwbgtionedhes exd effect@clllris slelvacengaginghireticle had paliclerlgnet , wand, or
other lifti devices. Once the reticle 109 and licle 110 are fixed to

the end eff Uve1ombadiaen s v age 1fr OfeeT] ’E“G@B’&afgi%ﬁ'ﬁ@t%@m% éT end .
CLABCLer P e TR R B U et h ol et
down. In tfeadingalis disoloswe; sdiiticral engaiging mexns ovill\be upplarbet tor gekvenbacksi de of
the reticl eslkilled in the relevant art(s). A method for transporting a reticle 109 from the
indexer 105 will now be described with respect to FIGs 4 and 5.
Referring to FIG. 4, a method of transporting a reticle 109 from the
15 indexer 105 in a lithography system begins with the opening of the door 107 to
allow the end effector 113 to gain access to the contents of the indexer 105.
Next, the reticle 109 and pellicle 110 are engaged by the end effector 113.
In accordance with embodiments of the present invention, the end effector 113
can engage the reticle 109 and pellicle 110 by means of a vacuum, electrostatic
o charge, magnet, wand, or other lifting devices. Once the reticle 109 and pellicle
110 are fixed to the end effector 113, the robot arm 115 is used to maneuver the
end effector 113 toward the removable reticle cassette 111. In an embodiment,
the reticle 109 and pellicle 110 would be oriented so that they are upside down.
In this way, any potential contamination would be on the backside of the reticle.
25 FIG. 5 depicts the reticle 109 and pellicle 110 being loaded into the
removable reticle cassette 111, such that the removable reticle cassette 111 does
not come into contact with the reticle 109 and pellicle 110. Once the reticle 109

and pellicle 110 are placed within the removable reticle cassette 111, the seal 117

is used to secure the clean environment, thereby producing a sealed arrangement.



25 FIG 5 depicts the reticle 109 and pellicle 110 being | oaded into the
renovabl e reticle cassette 111, such that the renpvable reticle @a tte 111
does not cone into contact with the reticle 109 and peIIicIéUlﬁ ! ce the

reticle 198 2qpdi1geed | icle 110 are placed within the renopabusebisete
cassette 111, the seal 117 is used to secure the clean environnent, thereby
produci ng a seal ed arrangenent. WD 2003/013993 -11 1 0 FEB 2006

PCT/ US2002/ 025271 Finally, the robot arlm 115 is used to transport the seal ed
arrangenment fromthe indexer 105 to a nount for perform ng |ithographic
exposure. Once the |ithographic exposure process is conpleted, in
accordance wth enbodi nents of the present invention, the sealed
.arrangenment is reFinaHsdthe sobRarmnldSyismsadtp transport theosaaladearmapgement pel | icl e

110 are then.renpved f r le reticle sejte 1 t hr ough
reversal of {rﬁrenrtﬁ? ngéésrqggg‘%&?‘ﬁ’ﬁﬁﬁ%{ﬁo@’&%ﬁg%g@ﬁc paciih ?%‘ﬁ%ﬂ‘eabove, “how
-to transiti OHtl{ogﬁa?:ﬁicQ;iPM@@iax@Be@‘i{mm&EdSn aftoRMRLE Witk BMbb@MERRoft © @ high
vacuum envi ronnment, wi thout adding particles to critical areas of the

reticle, is tfeppesentanvention;the sealddldvtahgerheng isapiuyned A thernklexgt 1051 Thexenpl ary
systens and net ho for trate transport stemfor use in

Y ans i oni niels P aad peliy IEDure e ORAR ORI FmovaRE AR e

ebodi ments 1 91 e GRS of |2 R6Es0Be0ltibla ATHCEY free! | bed. The term
substrate is used | sone of t'he exenplary enbodi nents described herein. In
other exenplary ashmelitivned aboed, drosnce trassitimofeticles Srore tancdtmospHerioi | | be

apparent to persons of 15 ordinary skill in the art after, reading the
di scl osur es BepBIeCnvioRmentpahigh wsuyn payironmenh withoptadding gagiiclestanpl e, nask

sy el bl b Ao SO PR RN BB AR .,
i nvaot i on. Asxepgstany sysiensuirl metidds fema Rabdtrate) h@poR Xstehd forn@e ine descri bed
with 20 reference to FIGS. 6_and 7A-7H. An expl oded vi ew of renovabl e
substrate t Hansitpming reégdesdn e EBDUithegrpphydpeldn anserdangoyith embodimantsn FI G 6. | n
an _enbodi et g SUDSHT b Enei¥witl oty BREARME e Wil §Brfi0% wolliGyf OUr DOt tOM
some of the exemplary embodiments described herein. In other exemplary
embodiments reference is made to a reticle. It will be apparent to persons of
15 ordinary skill in the art after, reading the disclosures herein, that substrates other
than reticles, for example, mask blanks, wafers, flat panel displays, and the like
can be used. Such equivalent substrates are considered to be within the scope of
the present invention.
An exemplary substrate transport system 699 will now be described with
Py reference to FIGS. 6 and 7A-7TH. An exploded view of removable substrate
transport cassette 600 comprising shell 607 is shown in FIG 6. In an
embodiment, substrate 601 fits horizontally in tray 603. The four bottom comers
of the substrate 601 engage tray locators 605. Tray 603 and substrate 601 fit
inside shell 607 through opening 611. Opposite end 624 of shell 607 is a closed
25 end. With tray 603 positioned inside shell 607, flange 609 seals opening 611 with
a latching means (not shown), substantially preventing the flow of gas and
particles through said opening. Latching means can comprise, for exampie,
permanent magnets, electromagnets, mechanical latches, passive hooks and eyes,
and the like. Additional means for sealing flange 609 to opening 611 would be

30 apparent to persons skilled in the relevant arts based on the teachings described



of the substrate 601 engage tray |l ocators 605. Tray 603 and substrate 601
fit inside shell 607 through opening 611. Opposite end 624 of shell 607 is
a closed 25 end. Wth tray 603 positioned inside shell 607, E@S@EOQ seal s
opening 611 with a latching nmeans (not shown), substantiall ting the
fl ow of Q30 20081013p%r ti cl es t hrough said opening. Latchi nBCHEEHE2/825A71
conprise, for exanple, permanent nagnets, el ectromagnets, nechanical

| at ches, passive hooks andeyes, and the like. Additional nmeans for sealing
flange 609 to opening 611 woul d be 30 dpparent to persons skilled in the

rel evant arts based on the teachi ngs descri bed WO 2003/013993 -12 1 0O F E B
2006 PCTI US2002/ 025271 herein. The arrangenent of the substrate 601 within

ety oo ST Uand hARCOPOH SGRSREL 661 Qi thelrBRBUARE IRl O} 0 25 @

cassette-substr e arran n an e drt her

provi ded wi t ragypBrtQassené 600 islrefehed t®Rdreind a\c@me&eﬁal@traFérﬁaﬁagé&hém, gas, but
not particles, can flow through filters 621 5 and vents 62 In an

enmbodi ment, one f N anegmxtimgnte shedlfi0769 Burther pmuleddw&p@wﬂr@orc filterspat t er ned
si de 623 of bstr 6 In FILG 6, S I

ori entation bﬂf %&%@gﬁq W&&f’tb&%@aé’icg“é %‘é@ghg\kmﬁ t owar ds

trays 603. T a ﬁdl‘ﬁ:}, upwar ds,

tovvar5 ds fil tgfd %‘%@gné#éﬁb%%&gégnﬂseﬁgggﬁ t e%%?é‘rﬁgkgn 5‘3‘“‘3‘&5 do not

al | ow t hr ougto 4 partented side G23rdfithé sshstraeré0animBIG. Gaonsisttraly, withaathalnay

initially be attached to _the inper side of the filters 621, may becone
di sl odged wheRejatorinapEUY Melthepatieragd side 623 fages dowmvard @W“Eﬁs "EaBle r enovabl e

substrate tr gﬁ.[ekefgﬁi% %d@%@igr'ﬁkﬁgosﬁ'a r66§ #E?lé%\%irﬂ{]%\{w g’?ﬁéége 4

venting). Due 2 orientaton o esu

particl es ar@2hardvent 626 Evémthnmmgeﬁhen aaubeﬁmabao&lmhhkdughklemafe 625 t han
on its 15 patterned side 623. Thus, gg/ favorably |l ocating at |east one
filtllr 621 rpulelessonigmingns pILiclesWagh gy titallyieatachedite Sheanpgs sidet he pat t ern

cyst om 606 | ST PEANREO2L ey bime gl SRR BN I SRS ARSI 1) o
ef f ect or 615inérorasTuB remoPatle BLstralR hmpbAlcaksette 600! diRingdg \prasusgencef orth
"vacuum robot" (not shown), can hold
transition (i.e. ventmg) Due to the orientation of the substrate 601, the dislodged
particles are more likely to impinge on substrate’s 601 blank side 625 than on its
15 patterned side 623. Thus, by favorably locating at least one filter 621 relative to
the patterned side of the substrate 601, the pattern can be kept more particle-free.
In an embodiment, substrate transport system 699 is further comprised of
a substrate transporter 627. Using an end effector 615, a vacuum-compatible
manipulator or motion device henceforth “vacuum robot” (not shown), can hold
") and transfer substrate 601 within substrate transporter 627 from station to station
within a lithography tool. Further descriptions of this process are provided below
with respect to FIGS. 7A-7TH.
Continuing with the present description, the end effector 615 is provided
with at least one end effector locator 619. To facilitate holding of the substrate
25 transporter 627, an engaging tab 613 is coupled to flange 609. The engaging tab
is provided with tab locators 617. In this way, end effector locators 619 of the
end effector 615 can respectively engage tab locators 617 of engaging tab 613.
The end effector locators 619 and engaging tab locators 617 pairs can comprise

pins in holes, pins in slots and the like. When shell 607 is attached to flange 609,

30 vacuum robot can use the end effector 615 and engaging tab 613 to move the



.-] and transfer substrate 601 within substrate transporter 627 from
station to station within a |lithography tool. Further descripwI N E)f this
process are provided below wth respect to FIGS. 7A-7H. Con ng with the
present d®aEROPDI3E8 the end effector 615 is provided wWENUSR002/@253T1 one end
effector | ocator 619. To facilitate holding of the substrate 25 transporter
627, an engaging tab 613 is coupled to glange 609. The engaging tab is
provided with tab |ocators 617. In t hi- way, end effector |ocators 619 of
the end effector 615 can respectively engage tab |ocators 617 of engagi ng
tab 613. The end effector |locators 619 and engaging tab |ocators 617 pairs

can conprise | | hell 607 is
. attached to fY ‘gé%é&@“kgﬁﬂgs‘%% V%@”&?;rﬂg%bg%@%&gg%&#ﬁe eérfl)g f"%{%gg? t;0615 and
engagi ng t ab siidnt WithRV thel PocdssOcimribe? S0@R 1IW3g2Zhy/ &bB99Additional

PCT/ US2002/ 025271 -13 retic/e transporter 627, shell 607, and the encl osed

- substrate 601%rrfbpdmmtsapf svbstrate anspOTOSYSEMHI9S wanvaobeedsscuhmewh of the

|ithography t I nts of substrate transport system 699
wi ll now_ be &g‘D’cPPF ﬁg‘?%PgPﬁégto FIGS. 7A-7C and 7F-7G 5 Referring
to FI in an rfgnlt-lcpfwg hg Bh &abalinhdhY &t the v transport
systejrcg 699 is further c mprised of a box 7011 Box 70%1%8‘5§l 3‘2‘239?‘2 contain

t he cassett e-sshsuater irepont swngmﬁﬂus fuhhpt)pmhmsetl)qﬁenhm X Bex Vﬂ)\bls 'St andar d
Mechani cal Interface (SMF) reti Henceforth, however, "box" wll

be used genemsPIcPnian ‘asgﬁs'ssﬂﬁfes'@?ﬁ?ataamajmenbo‘hpaw{@'rtmvf by igtheo
bstanti al | y t?r?ﬂ ﬂ,ﬁﬁjﬂ i d
zﬂbztfgt IeaGO{S&Ll ransportléé-l roma( nac &0&)& I(:hlgneééefxﬁh \ﬁé\wc 15 coupl ed

to lid 713 ertabn’ewill cbemaseidpgenaticliyoto dEstiibe) afig aircight b@ﬂﬁmélohi\hng at nospheri c
robot"™ 717 to pick up box 701 by handle 715. Latching neans (not shown)
keepl® he bas éubrsmtlaﬂu plangr bape 7l 1731@ adetasbable iid y1Tinwhielthe substrate €ot  shown)

petveen L e Sesfore i Byl SRRIET SB[,
the substrat Qﬁnﬁ@ﬁuiﬂﬂﬂoﬁﬂﬂ@hoﬂ @éﬁbé@bérﬁ:eﬁmhs'hﬁﬁsﬁhérimm7Qél§§cﬁtubes 600
woul d be stored and transported
box 701 by handle 715. Latching means (not shown) keep the base 711 and the
lid 713 temporarily coupled. A seal (not shown) between the base 711 and the
15 1id 713 prevents gas and particles from flowing in and out of the box 701.
In an embodiment of the present invention the substrates 601 and the
removable substrate transport cassettes 600 would be stored and transported
inside the box 701. The arrangement of the cassette-substrate arrangement inside
the box is referred to herein as a box-cassette-substrate arrangement. Each
) substrate 601 would be inside its own removable substrate transport cassette 600,
which in turn would be inside the box 701. For simplicity and clarity, the
descriptions herein are limited to boxes that hold only one substrate, such as
substrate 601, for example, but it will be immediately apparent that boxes holding
a plurality of substrates can also be handled by the present invention. For
25 example one type of SMIF reticle pod presently in use can hold up to six reticles.
In an embodiment of the present invention, the box 701 is temporarily placed on
a shelf 707 of a first storage rack 709. In an embodiment, the first storage rack
709 is an “out of vacuum (OOV) rack”.
Referring to FIG. 7B, in accordance with an embodiment of the present

30 invention, substrate transport system 699 is further comprised of a detacher 718.



i nside the box 701. The arrangenent of the cassette-substrate arrangenent
inside the box is referred to herein as a box-cassette-substrate
arrangenent. Each substrate 601 would be inside its own rendVEbI®Osubst rat e
transport wagwant®9s00, which in turn would be inside tReTAS200Z704527Fo0r
simplicity and clarity, the descriptions herein are [imted to boxes that
hol d only one substrate, such as substrate 601, for exanple, but it wll be
i mmedi atel y apparent that boxes hol dinkf- a plurality of substrates can al so
be handl ed by the present invention. For 25 exanple one type of SMF reticle
pod presently in use can hold up to six reticles. In an enbodi nent of the

present inve 0X 70 S rarl shel f 707 of a
first storagg)t Eﬁr'i/lggs cypable,p é‘ﬁ’i%lap tbaS%M$?W&eqﬁﬁ%$x?%@m 709 is an
“out of vacugg, FoBlE i de shdtfbn® Anflh FandH SMIF R4S th an
enbodi nment OP ﬁe prgsue%t 3%3?(f nt?’gn 8 os?%lrate tra r @§§S¥Mem 699 is
further conpaiseé&dowf asatpddpdpper718. WO 2003/013993 14 10 V E B 7006

PCTI US2002/ 025271 Det acher _718 i s capabl e of detaching the base 711 fromthe
lid 713. Exerrpl ar Refegapatn EIG. ThcinarecrabodimepRidhn present inyentionatie a nanual

SM F dd to FIG
7C, |5?1e po m%“%{ a!%in%ﬁo l? hgit%@e@ggmuﬁg%rn Onﬁﬁ% paefgadlogigpﬁg{ la r ags port
system 699 | $oatlock VA0 i66I0BES RAsHerie-stdeadiop TR Yaiaa-vaahﬁn-sidé&wo@qzs 719

i ncl udes at nospheric-side door 721 and vacuum si de door 723, whi ‘ch coupl es
t he | oadl ock which cpuplasﬂw&wkskaﬂ;ammmschmb@r%kCﬁ!nnwwunm—eidgdoor723 i s

prowdedto bleav cuu atible tr nlsm hen orth

"vacuum robot 93@ nh ?8‘&"57‘88%’% e{rﬂ; e, GWFV‘OB‘H’(C é’?&’ is able to
10 couple i t%‘é&mﬁﬁol&&"ﬁ!@%&@%ﬁaé{b@k W[@"Hﬁ@%&mﬁﬁ?&ﬁi??] A0@B14el Ng | ocat or
pairs 617(not shown) and 619. Referring to FIG 7F in an embodinment of the

presént i nven(mpien;tsdﬂbsteumwblctsmhstsqmn'ansmpstuaaseﬁe@ODmsfngrlbtmar paisvi ded with
a second storg,%e {P}ék. 31 {Sg?cat ed within process chanmber 725. The second
storage rack O7ARoLshowR) gpd,pLY.i ¢y of

Referring to FIG. 7F, in an embodiment of the presentinvention, substrate

transport system 699 is further provided with a second storage rack 731 located
within process chamber 725. The second storage rack 731 has a plurality of

15 shelves 729 for storing the removable substrate cassette 600 and substrate 601
(i.e., cassette-substrate arrangement). Anexemplary second storage rack is an in-
vacuum (I'V) library.

Referring to FIG. 7G, in yet another embodiment of the present invention,
substrate transport system 699 is further comprised of a locking device 733. The

. locking device 733 engages a recess (not shown) in shell 607, temporarily
coupling shell 607 to second storage rack 731.

An exemplary method for transitioning a substrate, such as substrate 601,
from atmospheric pressure to vacuum in a lithography tool using a substrate
transport system in accordance with an embodiment of the present invention will

25 now be described with reference to FIG. 7A-7H.

Referring to FIG. 7A, upon arriving at the lithography tool, box 701
containing a removable substrate transport cassette 600 and substrate 601 (box-
cassette-substrate arrangement) is temporarily placed on a shelf 707 of a first
storage rack 709. Upon receiving a request for bringing a specific substrate, for

30 example, substrate 601, into the vacuum process chamber, atmospheric robot 717



-

15 shelves 729 for storing the renovable substrate cassette 600 and
substrate 601 (i.e., cassette-substrate arrangenent). An exenplary second
storage rack is an in- vacuum (1V) library. Referring to FIG)FEG00En yet
anot her ewppghosrenbef the present invention, substrate PCHUSPOL/M258MSt em 699
I's further conprised of a | ocking device 733. The | ocking device 733
engages a recess (not shown) in shell 607, tenporarily coupling shell 607
to second storage rack 73 1. An exenptery nethod for transitioning a
substrate, such as substrate 601, from atnospheric pressure to vacuumin a
|'i thography tool using a substrate transport systemin accordance with an

enbodi nent of _th resent | nvgnt ion will 2? no¥v be described with reference
to FIG 7A- 7iake roRgSQUG-supytrate Arrapgement trom, 11 staragenrck 708 @gfaphy t ool |

box 701 conﬁsgbﬁaiﬁowm%ﬁalﬂsstu%tarcﬁ% Ms@m% ISR 8 §idRsand

substrate 60 OX- cassette-substrate arrangenen I'S tenporarily placed on

-a shelf 707 bised11 irdstihg ofilderalge 78CThe 0718 hanalfcadg bednnemavedsnist for

bringing a specific substrate, for 30 exanple, substrate 601, into the
vacuum pr oceB@ shaandRebot I frbeldh & Gasjegpsubstite ARNEeWeNt013993 -15 1 0 FEB

2006 . PCT/ US2002/ 025271 K box: te-sub t f
fi rs? st or age racggbfééonahﬁsg'{%? gﬁ‘%ﬁo&i&s‘m’?“?ﬁ a:i ﬂ%@tééﬂ@ﬁgeﬁ%r@gﬂggf gch '[ﬁ(ran
base from t hfhelpoll 70 hfay shBup es@xﬁﬁﬁe?rﬁﬂzﬂlﬁﬁti nQhe HdrAARGHaces8. The lid

713 has already been renoved and is not shown. Robot 717 holds the
casset t e- subsfthabex 30 I,ancleassthe torbside bf the base, orpheinser waltsandiceilimgaft ur bul ent

air flow resylti rgm.openi n t he, bo 1 stir up particles that are
initially re@'ﬁilﬁgﬁﬁ{u ?ﬂ'ﬂglfﬁf:@} ﬂ%o%qqtﬁé%%%@#@w %1‘36%819’{‘"% t he

t op- si de of ' ; : [ L : ' 13.
Particles caﬁgﬁg?g&m%ﬂgg?ggﬁgﬂg%%ﬁ léﬁs‘ﬁ’rﬂggg@séﬁﬁlt %F\]{S%vtéé @?geel y and

random y ( Br @hi Someopartnles wab leventubity gadeposituone thenaipdeed barfdvex of0 701. Sone
particles can _eventual I%/éﬁe-dep,?&i on the exposed. surfaces of substrates

. t
Wi thin the b$ibstraes wighin dhe box o701, ¢ @ﬁ@xs@plweﬁ%h%imé GaRtains an

unprotectéd reticle, the particles can settle on the exposed surfaces of the reticle.
However, because the reticle of the present invention is completely enclosed and
protected by the removable substrate transport cassette 600, the particles are
15 impeded from reaching any surfaces of the reticle.
Referring to FIG. 7C, atmospheric robot 717 places the cassette-substrate
arrangement inside loadlock 719. During this step, atmospheric-side door 721
remains open, while vacuum-side door 723 remains closed. The atmospheric
robot 717 then leaves the cassette-substrate arrangement inside the loadlock 719
- and withdraws. After the atmospheric robot 717 is withdrawn, atmospheric-side
door 721 closes and the loadlock 719 is pumped down to vacuum. The
pumpdown step is illustrated in FIG. 7D.
During pumpdown, the substrate 601 undergoes the transition from
atmospheric pressure to vacuum. More particularly, gas is allowed to move out
25 of the removable substrate transport cassette 600 through filter 621 and vent 626,
but particles that are outside the removable substrate transport cassette 600 are
impeded from entering the removable substrate transport cassette 600 and
contaminating the substrate 601. During pumpdown of the loadlock 719, some
of the particles that are resting on the internal surfaces of the loadlock 719 may

30 be stirred up and begin to move freely and randomly within the loadlock 719.



unprotected reticle, the particles can settle on the exposed surfaces of the
reticle. However, because the reticle of the present inventi%¢ iag

conpl etely enclosed and protected by the renovabl e substrat ﬁg %ort
cassette WORooddgogparticles are 15 inpeded from reachi reCeOS2080262mes of
the reticle. Referring to FIG 7C, atnospheric robot 717 places the
cassette-substrate arrangenent inside |oadlock 719. During this step,

at nospheri c-si de door 721 renmins opéﬁ: whi | e vacuum si de door 723 remains
cl osed. The atnospheric robot 717 then | eaves the cassette-substrate
arrangenent inside the |oadlock 719 and mﬁthdrams After the atnospheric

robot 717 i thdra spheric-side 0or clo and t e | oadl ock
726" s pumpad REBTHy RS I A TRIE O foSHDE LT Pl e RROMPIE n 1 G 7D,
During punpdQyfirard Hﬁns?ﬂﬁ%rags%&@ Gﬁgkdgf‘ﬂﬁf B&ﬁﬁ)etdé?acﬁé@ﬁﬁl bd ¢ AR

at nrospheric pressure to vacuum Mré particularly, gas | owed to nove

out 25 of tfmmlyam:tmddndymtmﬂmﬂadﬂacﬁﬁdﬂo}mwewsmﬂe@fﬁmbmm filter 621
and vent 626, but particles that are ou%? de the renmpvabl e substrate

transport cabledereach s sypurate febeduseh 3?&@1iaﬁ§"9‘l'fé2ﬁélﬁ5‘8élﬁﬂ7éh%ubstrate
trangport cag t . L ng punpdown
of the | oadl O§§t\$7a§]§%92%%%ﬂm &tgﬁglm%?% fcﬁ@stéﬂgtpgéﬁagesﬁxgé]eae l? he i nternal
sur faces of Bah@ergﬁaﬁureaksjw may 30 be stl rred up and begin to nove freely
and randomy within the |oadlock 719. 1 0 F E B 2006 WD 2003/ 013993

PCT/ US2002/ 02527 1t isessible shdt shere prgrsome|pagiclesaestimgonitbeinteriprovalls o€ ext er nal

surf aces of he re a S te tra 0 sse te 6 [ag2] | so becone
det ached and q&é sl‘l’b?/%ateﬁ?'é o@ Cﬁ%“f’m W}’V‘ F’ﬁf’{‘%ge? 6%%{8 ck 7109.
However, no a&ﬁlﬁd?&merrémsJ/mmtra:eb}aﬁsﬁo@téag&@t@dobemaﬁﬁﬁﬁe%@% because

the filter 621 and vent 626 along with the 5 solid walls of the renovabl e
sub¥rat e t rEessper of dhesseinterio§ QArtinles, ithe éntetior birbaced af rtherrsmpvalpar t i cl es. |t

bl t t th teri Il f
e’ emovab  SOSTERP T Frest I Rnnew Be ogo il Rkl pHETeRRRGRE 01 15
first —placqge btk 6ol HoREOUAR FodtdbRappirtntth 3RS BALIEd FARE RILRnPO0. To

mnimze the
arts, it is nearly impossible to eliminate every particle, even with the best

available cleaning techniques. Therefore, the possibility of migration of any
15 remaining interior particles to critical areas of the substrate 601 must also be
minimized. Accordingly, in embodiments of the present invention, the gas flow
velocity is reduced, thereby minimizing the tendency of particles to become
detached from the interior walls of the removable substrate transport cassette 600.
In an embodiment of the present invention, the filter 621 and vent 626 provide
o means of ensuring a low flow velocity inside the removable substrate transport
cassetie 600, because they slow down the through passage of molecules. It is
important to have a sufficiently large total filter area for avoiding damage fhat
may occur to the filter 621 if too much of a pressure difference is allowed to
develop across the thickness of the filter. Such potential for damage is created
25 by excessively restricting the total amount of open area available for gas
molecules to leave the removable substrate transport cassette 607. In addition,
using a filter that excessively restricts gas flow requires long pump down times,
which may decrease the throughput of the lithography tool, resulting in adverse

economical impact.



10 presence of these interior particles, the interior surfaces of the

renovabl e substrate transport cassette 600 shoul d be thoroughly cl eaned

before introducing the substrate 601. However, as woul d bq (pfliéht to one

ski | | ed W dob®omsedsevant arts, it is nearly inpossible poresionesta every

particle, even with the best available cleaning techniques. Therefore, the

possibility of mgration of any 15 renaining interior particles to critical

areas of the substrate 601 nust al so-1de ninimnized. Accordingly, in

enbodi ments of the present invention, the gas flow velocity is reduced,

t hereby m nimzing the tendency of particles to becone detached fromthe
vabl e substrate transport cassette 600. In an

interior walls of the re
enbodi ment of th‘éhﬁsr%éﬁ seryegdbat gahiioy g e‘?tﬂhF@Fﬁ%Q‘ir‘grPé“\F@ﬁtﬂ"S@BS provi de
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transport ?:rggsdsr%? ?sgdlbg@!n ht’gdcggégdé g h{ghésél?%éwgﬁgéﬁﬁﬁgg&?@ eglqg%'g% age of

nol ecul es. {elg. iS5 mi¢rBAy)tendito becdhi/ getached bisily| @hilé ¥mhkergRnicMsak gfi | ter area
for avoiding damage that may occur to the filter 621 if too nuch of a

pressure di€Pdrmictms) ndla gingdenasiougbite swifacgsr The largry théparticlestbe of t he
filter. Such tential for d I s, created 25 by excessively restricting
theDtot al - BIERHit BRRoRr B N EAPSISr & T E3adom STt e Pbave t he
removabl e %Pﬁfig@at,ﬁef&@d}ép&g&sﬁgﬁ&t&r@aéezmmomntdf@ m &ifapes, @ filter

t hat excessively restricts gas Tlow requires |ong punp down tines, which
may decr easwhithandans oheyhpey arefunlikelyl tiot beofpuag hpsitdo @l thoroaghllytdleamed n adver se

econom cal inpact. WO 2003/013993 -17 10 E.B 2006 1US2002/ 025271 1t
has been ob&EOY&Re ﬁ%@ﬁé@nﬁnwaawteépi ngef?é%éﬁ%fmgg‘];w{ pithes resting

on surfaces;diffar 1‘2 Y%J%q%égg gg&ﬂlow él%{‘%atsgﬁ e éﬁg&%bﬁ: Qﬁ‘bdp‘i%gets tlirzfﬂs Se Larger
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particles Pe. g., ten econe ache while small er

panoi cl es (casgtte 60% aDa rate Mesdcedtrsh “mexichunoalidwable gefey eeletiyy')gussur f aces. The
| arger the particle, the 5 nore Jikely it is to conme off g surface for a
gi ven gas flpwgngughoeetity disiadee pagicisspqtalite pr sraplier dhane SIXERYRES, Ly ger

o % R St N AL b ARG bR et ey
removed efficiently by the cleaning process, for example 0.5 micron. Statistically
in this example, since particles > 0.5 micron are unlikely to be present after

15 cleaning, and since the flow speed is less than what is likely to disturb particles
> 1 micron, it is very unlikely that any remaining particles (< 0.5) microns will
become detached from the interior surfaces of the removable substrate transport
cassette during a pressure transition. The maximum allowable gas flow velocity
should be measured inside the removable substrate transport cassette at locations
near the filter 621 since velocity increases as one approaches the inlet or outlet
orifice of a container. '

An even greater measure of protection can be attained by protecting
sensitive areas of the substrate 601 from particles by attaching a removable cover
to the substrate 601. Accordingly, in an embodiment of the present invention, a

25 removable cover, such as a pellicle, disclosed in US 6,239,863 (cited above) is
attached to the reticle and the covered reticle is enclosed inside the removable
substrate transport cassette 600. Unless otherwise noted, the words “mask” and
“reticle” refer both to bare reticles and to reticles protected by a removable cover

in the context of the present invention.



renovabl e substrate transport cassette 607. Therefore, in an enbodi nent of
the invention, it is adequate to renove the gas in the renovable substrate
transport 10 cassette 607 at a rate (henceforth "maxi mum all owa lF?BQ@Iﬁ flow
velocity") just |ow enough not to dislodge particles equal to_or smaller
than a giW@R003/0x393 for exanmple | micron, which is sorreaﬁypsﬁqoyﬁ%sé'r'l than the
particle size that can be renoved efficiently by the cl eaning process, for
exanple 0.5 micron. Statistically in;ghis exanple, since particles > 0.5
mcron are unlikely to be present after 15 cleaning, and since the flow
speed is less than what is likely to disturb particles > 1 mcron, it is
very unlikely that any remaining particles (< 0.5) mcrons wll becone

det ached from t herdfgiap io¥FIG: OEf #ee puitp-doha, VR uDvaMedodr P23 sptheatd anspor t
cassette during a pressure transition. The nmaxi num al | owabl e gas fl ow

vel ocity shaopum mborbiisardgs intsloadiockEl % évftereenpding itbedf toshexassettas por t
cassette at |lpcations near the filter. 6 si.n vel ogj | nCreases as one
appr oaches tHESHAH FrANSFIGN e IOS?tPf PeE éf% aJ‘chCJ'%t 5‘%‘?8?5% ﬁ'_rF‘%‘(Fé?Pegreat er
measure of pLALREKIRaf: eREAIBRNoRN 0B 719Gk Miing’ IR ipfol CaS of the

substrate 601 fromparticles by attaching a renovab cover “ to the

subsirat e 6GhamBerci25di ngly, in an enbodi ment of the present invention, a 25

renovabl e cover, such as a_pellicle, disclosed in ‘SS 6, 239, 863 (cited above)
is attached to thfdernagite FIGAAG yaquum phote 27 places e casseHeslstate nsi de t he

orovable WA SRS oo PRI AR o0, 1

wor ds " nask I cl'es an Feticles

protected bysuBstf@sBy@ipemesOVEIlan émbidifet Tt preeént tilenfibR,sbitratey/ ent i on. WO
2003/013993 - 1 8 1 0 F 1 o 2006  PCT/US2002/ 025271 Referring to FIG 7E,

after punp- demain sierediinyideithrir rearavable subgsatestransport cassette§00okishin #®7 r eaches
S 220 Okl AR R b3 S BRISHA St
g aif\ gﬁﬂt) g; S %’2 w&c&féﬁé}mrﬁoﬁrtﬁ%k&%ﬂ SHaknbét Ir ANspebific NEiBsthdte i1t O process
requested for lithographic exposure in the vacuum chamber, henceforth
“processing”. Where ejection from the chamber is requested, the cassette-
substrate arrangement containing the specified reticle is removed by following the
15 steps described above in exact reverse order. Further steps for processing the
substrate 601 in the lithographic exposure stage of the process chamber will now
be described with reference to FIGS. 7G and 7H.
Referring to FIG. 7G, as vacuum robot 727 approaches to attach itself to
the cassette-substrate arrangement, locking device 733 deploys, engaging a recess
(not shown) in shell 607. In this way, the locking device 733 temporarily
couples shell 607 to second storage rack 731.
Referring to FIG TH, vacuum robot 727 pulls substrate transporter 627
containing substrate 601, separating it from shell 607, which remains empty on
shelf 729 of second storage rack 731. Although not shown, from here, the vacuum
25 robot 727 places the substrate 601 on the mount or chuck of a stage (not shown).
Substrate 601 is then separated from substrate transporter 627. In anembodiment
of the present invention, during and after chucking, the substrate transporter 627

remains coupled to the vacuum robot 727. Removal of the substrate 601 from

the stage, replacement of the substrate transporter 627 and substrate 601 in the



Referring to FIG 7F, vacuum robot 727 places the cassette-substrate
arrangenent on second storage shelf 729 and uncouples itself fronlt&e
cassette- substrate arrangenent. In an enbodi nent of the pre$8rfittBilbention
substr at e&0 20&3EB3993st or ed i nsi de their renovabl e subst r RCF/TS2ENIHRETT
cassette 600 within the 10 second storage rack library until a specific
substrate, for exanple, substrate 601 is requested for ejection fromthe
process chanber or a specific substratld-is requested for |ithographic
exposure in the vacuum chanber, henceforth "processing”. Were ejection
fromthe chanber is requested, the cassette- substrate arrangenent

Lhe pedquest e . o andse
 descri bed apd RS FRELGOE M fafbedn i R dhpb Sl T Ipl FiesBall ng ne
substrate 60theidtkinteddvideTBGTSIEW eheabROS btefs Micraa rebertddtaly 0ocess chanber wil |

now be described wth reference to FIGS. 7G and 7H. Referring to FIG 7G
- as vacuum r obot 737 altppadeccinsodimentiof acdmovablel sibstoate trivsporhsassttteds subst r at e

t,. ] ocki i.ce 733 .depl ' t_sh i
herl Jo7. | Wupkpied 518! BrCRE G do i £ SR B TR Bt os she | |
607 &0 Secon&sgt@rmecc%@%7 irz?:’ﬂaonse. SR 1809 dndl tﬁgggéllém ¥ACKUNLEAPY 727 pulls

substrate transporter taining substrat separating’it from

shel | 607, wdubstpate 80Bhavingatownyaodfaciipglafterriedared 803 depictedbythadahedick 731.
Al t hough not_shown, from here, the vacuum 25 robot 727 places the substrate

601 on t he nirsireanglenrerls on the remgurble substratp gapsport caispie’y 30cb@m i s t hen

separated 11 giaHBRY | Rid LLAIRANL BlieP Bl RoB b HOAB IR hex oS Pr eent

i nvention, durrng and a e substrate transporter 627 renains

coupl ed to tlhae pagiod1acatoo8057f baselpig070 The ancvabRisibdtfatéibahshsrpm t he
sta repl acenent of the substrate transporter 627 and substrate 601 in the

1 O%E’EB 2006cassatie3 o portion ¢ | eneeforb (o2 setsion te sshyraje 8Bkl Mago7, whi ch
S e L WS Wl SRR nd et o] AR R PR 0,052
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807 and toi) 811 resting on the substrate, seal 817 interfaces with first surface
819. The purpose of seal 817 is to prevent particles from entering the removable
15 substrate transport cassette 800. Seal 817 can be permeable to gases but not
particles. For example, in an embodiment, the seal 817 can be a “tortuous path
seal”, comprising a raised surface with protruding concentric vertical flanges that
loosely fitinto corresponding grooves in first surface 819. Alternatively, seal 817
can be chosen to be impermeable to both gases and particles. For example, in an
4 embodiment, seal 817 is an O-ring type elastomer seal, as depicted in FIG. 8.
With top 811 in place, edge band 821 loosely surrounds the base portion’s side
edges 823. The purpose of edge band 821 is to further impede the migration of
particles from outside to inside the removable substrate transport cassette 800, by
creating a more tortuous path. The edge band 821 is further used to provide a
25 second surface 825 that can be used to support top 811 when the removable
substrate transport cassette 800 is held in an open state for extracting the substrate
801. A filter 827 and vent 829 are located towards the blank side of the substrate,
facing away from patterned area 803. Filter 827 and vent 829 allow gases to

move freely in and out of the closed removable substrate transport cassette 800,

30 but impede the through flow of particles. A substrate transport system



5 cassette 800 conprising base portion 807 and top portion 811 is shown. A
substrate 801 havi ng downwar d-facing patterned area 803 (depicted by the
dashed X-ed rectangle), rests on the renpvabl e substrate transpgy 2006

casset t ' wo06s/d3eds5om portion 807. Mre specifically, |romUsoawnss 809 of
t he substrate nest inside base portion |ocators 805 of base portion 807.
The renovabl e substrate transport 10 cassette's top portion 811, henceforth
"top" rests on the substrate 801. Mr&0-specifically, upper corners 813 of
the substrate 801 fit inside the nest formed by top portion locators 815 in
top 811. Wth substrate 801 nested in the base portion 807 and top 811

resting on the substrate al ,817 interfaces w f.irst surfac 819. The
pur pose of SEHIPTENE ‘T’gmgv%fee?/"bbﬁ%a[ﬁatfat"isgqrggaﬁ’sfﬁ%n%%ﬂgt“éraF ai“f?@ ‘?"gl?mvabl e 15
substrat e t resRRhbnts 8 &R fréseRPRvetdl willidow BB dBRriBEA WRMeferdie §gSES but not
particles. For exanple, in an enbodi nent, the seal 817 can be a "tortuous

path seal " ,FIGSapAF9B agd 9H+Hi sed surface with protrudi ng concentric vertical

flanges that loosely. fit into corresponding grooves in first surface 819.
Al ternatively, sdbgfeing to - P CR A FbRAigEnt ﬁ{?é}en@r&mné 1RPIeRNa gases and

partécles. E hadi 5L = i type
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| oosel y sur reputiisreintts able sébsbatel tramspcrt Cdssttte 800 ghd sisbstate BDE. Apopalae of edge
band 821 is to further inpede the mgration of particles fromoutside to

i nsi de the r¥powibbax iuths rdteedard Meghwnical drtedagee (SMIF) rejiclecpediti ng a nore
t ortuous path. The, edge Nd,.82.1 ks, further us t o, prqvi de a_ 25 second
surface 825 ﬁ%ﬁ%ggng%‘geﬁg’ed k) ‘s"b]f)B%tufe %eﬁnegrlaigr edr?g‘frﬂ? "}"é’rﬁW’FﬁgFe
substrate tr@ﬂéﬂ%haﬁ@:‘iﬁiﬂsﬁn@ﬂg’ﬂ]&laﬁqﬁds@Ql@arﬁfh&%ﬂaﬁéﬁamﬁﬁarvﬂiiéﬂ acting the

substrate 801. A filter 827 and vent 829 are located towards the blank side
of ihe substthesubstrate §01 isgransportet from maching togvhchinea Adeddled0Scewpl@P7 and vent

829 al | freely.in and out of. the closed, bl e substrat
Cranaport odadin bEs eBpIesh matP A BomoiEh dRYistiener O RPN s A
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PCT[ us200216§'§§‘??°£6°§%§‘?§ﬁ§% O Hadi 303, Lafdhihp e ??rﬁ%“’é‘ggpsette 800 i n

accor dance whe base 919 and the lid 915 temporarily coupled. A seal (not shown) between
the base 919 and the 1id 915 prevents gas and particles from flowing in and out
15 of the box 903.

In an embodiment of the present invention the substrates 801 and the
removable substrate transport cassettes 800 would be stored and transported
inside the box 903. Each substrate 801 would be inside its own removable
substrate transport cassette 800 (thereby forming a cassette-substrate

- arrangement), which in turn would be inside the box 903 (thereby forming a box-
cassette-substrate arrangement). For simplicity and clarity, the descriptions
herein are limited to boxes that hold only one substrate, but it will be immediately
apparent that boxes holding a plurality of substrates can also be handled by the
present invention. For example one type of SMIF reticle pod presently in use can

25 hold up to six reticles.

In an embodiment of the present invention, the box-cassette-substrate
arrangement is temporarily placed on a shelf 909 of a first storage rack 911. In
an embodiment, the first storage rack 911 is an “out of vacuum (OOV) rack”.

Referring to FIG. 9B, in an embodiment of the present invention, the

30 substrate transport system 999 is further comprised of an entry-exit module 913.



enbodi nents of the present invention will now be described with reference to
FIGS. 9A-9B and 911-91 Referring to FIG 9A, in an enbodi nent of 1td1ﬁE8g]g[§ent
invention, a 5 substrate transport system 999 is conprised of a box i
Box 903 i woumeslot3ges cont ai n renovabl e substrate transporpcrusmei#2s2800 and
substrate 801. A popular type of box is the "Standard Mechanical Interface
(SMEF) reticle pod". Henceforth, however, "box" wll|l be used generically to
describe any airtight container havird-a substantially planar base 919 and
a detachable lid 915 in which 10 the substrate 801 is transported from

machi ne to machine. A handle 905 coupled to lid 915 enabl es a mani pul at or

i deyj h f " her. bot " i ck b b
handle 905, 1o EHPREOTersle s SRBRRSCded adetaiher (ot shari’afosaldbk 11 a 015
temporarily g aﬁ&ﬁua,éféemtpé % S?iﬁﬂ%ﬂerﬁﬁra}’l‘@ﬁﬁodihﬂ‘ﬂt,Qﬁé}‘i—gﬁ?ﬁlo&ag the lid

m out of t

915 prevents gas and parficles fro oW ng I n an e box 903.

I n an enbodi fEhis fofthéthgropided evith 4 fedga il Dand e etaviamir 921 e In §ilariigkrt he
renovabl e substrate transport cassettes 800 would be stored and transported
i nsi de t he bebadimentHernyyissitmaduledd] iscompaisedof apgtmespherc-sidp gatenovabl e

substrate tr e b ' te-substrate
arra gerrent),%]?/\g%% aﬁf?@ﬁé-ﬁld\;\%g%d\%%ﬁﬁs%&?ﬁﬁg?ﬁ%gﬁia@g% thereby formng a
box- cassett e- subgiandhfbodith&t ABREEHipact drfdngémbiitlof theleltriesit Glodhley3 t he
descriptions herein are limted to boxes that hold only one substrate, but

it will be ignatdydetes thexppge efmoticnaequiteddron tieakmospheri¢ mbat 90y Inf
substrates can al sq be handl ed by the resent  Lhaventian. Jor .exanpl e one
type of SVEPSTRY#% “ﬁ%ﬂfawg@m%‘ﬁrquoﬁ@'@nﬁé%mg ﬁBPtidﬂﬁ' flEF a?ﬁip’ret i cl es.
I'n an embodi ﬁﬂ&a%aﬁé?ﬁtn%s%ﬁ@ﬂﬁmb&%ﬂﬂe@!hp \Faﬁlf‘abmgaé‘e@ﬁzﬁﬁzhti@geﬁ%ﬁwat e
arrangenment 1s tenporarily placed on a shelf 909 oOf a first storage rack

911.10I n an wesrpecirereinta lithbgraphy wiol. siharddigong thelkus® of aissalier dtmosphefic vacuum

(OOV) Tack". Referring to FIG K 9B, [n,.an enbodi ment. of the present
i nvention, t 01%136‘?@{ & With an emBodimentat the pressnt inventiongequeefpr i sed of an
entry-exit npdulg of hear ahd UidekRns QeReriiEl 19t Rb3OsH . ASdd: Wnd Ofitdione2 71

are major sources of performance degradation in lithography tools.

As shown in FIG. 9H, in yet another embodiment of the present invention,
15 entry-exit module 913 is further comprised of a vacuum robot 935.

FIG. 9] shows a simplified front view of a second storage rack 939. In
an embodiment of the present invention, the vacuum robot 935 transfers ihe
cassette-substrate arrangement to the second storage rack 939 which is located
within process chamber 937. The second storage rack 939 is provided with a
plurality of shelves 941 and ledges 943. Further features for processing the
substrate in a lithographic exposure stage of the process chamber 937 will now
be described with reference to FIG. 9J.

Referring to FIG. 9], in preparation for lithographic exposure, vacuum
robot 935 places substrate 901 onto a chuck 945 of a lithographic exposure stage

25 947, Chuck 945 can be, for example, an electrostatic chuck used to develop a
reticle-clamping force when energized or electrically charged, and to release the
reticle when de-energized, shorted or otherwise electrically discharged.

An exemplary method for transitioning a substrate from atmospheric

pressure to vacuum in a lithography tool using a substrate transport system in



-21 The entry-exit nodule 913 is conprised of a detacher (not shown), a
| oadl ock 925, and a transfer shuttle 923. Still further, in aﬁ ggﬁgﬂtment,
entry-exit nmodule 913 is further provided with a | edge 917 an 0 vat or

921. In waieseizeey enbodi nent, the entry-exit nodul e Bg¢Bussiogompri sed of
an atnospheric-side gate 5 valve 931, a vacuumside gate valve 933, and a
process chanber 937. In an enbodi nent, the conpact arrangenent of the
entry-exit nodule 913 greatly reduce¥-the range of notion required fromthe
at nospheric robot 901. In this way, the use of a nmuch snaller atnospheric
robot 901 is possible. The ability to use a smaller atnospheric robot 901

frees up val uab) e space, ich is nerally 10 very scarce_in_a |ithography
tool . In adfepidance Wi 3%5%%8&@“%:&“&@“39?‘%%8? wall npwihsidesgribedn accor dance -

with an e ' t nt invention reduces the anmpunt of heat and
i

vi brations genera obot 901. Heat and vibrations are mjor

sources of perf OWNENG.e9Alegtrackphin roliot! 901h g sy plaeiies bolgasséiewn in FIG
9H, in yet another enbodi nent of the present invention, 15 entry-exit

modul e 913 substraie amangemeni{bbx 8B eomtaining samovableiswhstro@IranfPag; cagsetishows a

inplified t, Vi k 939, | mbodi ment of th
oreSent | nvidiERg e BT ot fEROEOR SN HiRET wPEO L Dror et Broubet rat e
arrangement, &é}eﬁiﬂ@réﬁ&?aeiné%;ﬂe&a%wcﬁ%19§&sms e béx-l:&%&?]e@g.lbs%%ﬂ:h' N process

chanber 937. e second storage rack 939 1s provided wt urality of
shel ves 94larandemenidesn 8¢R 91Euo ehtey-ekie atodoleS1B8chown ot EEKSi9R) t he substrate

in a lithographic exposu S e qf e process chanber 937 wll|l now be
described with r%‘?@ﬂéﬁﬂé@ﬁg- éﬁ%"xg{ﬁiél&e‘?g‘ﬁ’? ge dUFphegnodule 93 epar at i on
for lithogr ' ¥ q 159@,@‘5 l“%ﬁ gﬁgﬁr 1 onto a
chuck 945 o‘?agﬂaﬁf’%’g{g?g%ﬁ% @%gésgu% g?éage % S) uc 193‘%%?‘3” be, for
exdpl e, arelelaeatd2dst ati ¢ chuck used to develop a reticle-clanping force
when energi zed or electrically charged, and to release the reticle when

de- ener gi zed, sHRtAs sBowRi Gecleyatendl dawery base SdRavkjel suprarta xenpl ar y
met hod for

e " S BR R e AT PR Gortafag g 3 Jocuom
containing substrate 801) away from lid 915. Shuttle 923 remains parked inside
loadlock 925, thus allowing elevator 921, base 919 and the cassette-substrate

15 arrangement to move down past shuttle 923 without colliding.
Referring toFIGS. 9D and 9E, shuttle 923 moves to the cassette-substrate
arrangement and grabs it. Then elevator 921 further lowers base 919 so that the
shuttle 923 can move past base locators 929. At this point, the base portion 807
of the cassette-substrate arrangement rests solely on shuttle fingers 927. Shuttle
923 then moves the cassette-substrate arrangement into loadlock 925.
Turming to FIGS. SF and 9G, with shuttle 923 still inside loadlock 925,
elevator 921 raises base 919 up to lid 915. The box latching/unlatching device,
(not shown), latches the base 919 and the lid 915 together. At this point, elevator
921 moves down, leaving box 903 resting on ledge 917.
25 If desired, the atmospheric robot 901, can now remove the empty box 903
and replace it with another box-cassette-substrate arrangement. For example, in
a lithography tool having two entry-exit modules 913, a first module 913 can be
dedicated to performing the substrate input function and a second module 913 can

be dedicated to performing the substrate output function. In that case, the

30 atmospheric robot 901 would remove empty boxes 903 from the first module 913



WD 2003/ 013993 PCT/ US2002/ 025271 -22 accordance with an enbodi nrent of the
present invention will now be described wth reference to FIG 9A-9K In
FIG 9A, atnospheric robot 901 is shown placing box-cassette- ilﬁt@g@@e
arrangenent (box 903 containing renovabl e substrate transport sset 5
800 and wwhmbiezee3B801) on a shelf 909 in first storage rarksHadozstipon
request for a specific reticle, atnospheric robot 901 transfers the
box-cassette-substrate arrangenent fromrack 911 to entry-exit nodul e 913
shown in FIG 9B. Referring to FIG -8B, box lid 915 rests on ]edge 917 of
t he nodul e 913. A detacher (not shown) unl atches box lid 915 from base 919.
Base 919 rests on 10 elevator 921. Next, as shown in FIG 9C elevator 921

| b 91 i ch t.h tte-syb t t
(Femovabi o WicediRos 15 BB ST meque| {0 AR RaM e Stehisr o B01) avay
fromlid 9lppe gglg’%sbh&icg?&of @Uw\o&mﬁé&#fw&g@@ bolxc’%tg ESktaiflmp g hus al | owi ng

el evator 921, 919 and the cassette-su ate arrangenent to nove
down past sprotdsbed @iBstrate frionithe sexohd diodgle 9R3faad plaog ittiwthelstavagedbriand 9E,
shuttle 923 noves to the cassette-substrate arrangenent and grabs it. Then
el evat or 92Nextythendmoppligaic JobrisW1gwenld dakenthe boxS03entainiag ¢re3nexdn nove past

b asi el ocat 0{%@?@%‘? o ﬁé thogésieci) ﬂ%}ﬂ’lt the ts&?as%arg B n;gligﬁéquitt ?\‘P Zhe f?lfﬁtg%%mgﬂ_ Shuttl e

cassette-su rate arrangenent rests I'el'y—o e fi
923 then nmyEs Onhke 6MESIRnHEMAURRS B RVERIBHN ohd¥éir)-8a0medle 925. Turni ng
to FIGS. 9F and 9G wth shuttle 92 113'Vsti Il insi d% | oadl'ock 925, el evator

921 rai ses Yasthegnadulg91owpild be vsed fonbothamputand putpyt efrredelehilnghidevi ce,  (not

h , latch 1 19 d, th id. 915 t t. . AL thi i nt,
ol evat or e ants ke BRR F BT Rerorebaber wet RO b tidlehab D5
desired, tr&cﬁhﬁ&%ﬁ@&ﬁﬁdﬁsbﬁﬂk@ﬁsi@@ﬁsb&@m'B%rél%iﬂb\(&gttﬂ@b&mﬁﬂow 903 and

replace it with another box-cassette-substrate arrangenent. For exanple, -in
a 10t hogr apiequénces tHatmaximize«preditctipn aiioughmd fbe soodsl Baving fai simgle wodul e 913 can

e So oo AR SE IS UL AL LR LU eD 1, B pecond il e
case, the ansbased on the disclosures herein. These sequences may or may not require

removal of empty boxes 903 from eniry-exit modules 913 for maximizing

throughput.

15 With elevator 921 out of its way, as shown in FIG. 9G, shuttle 923 retracts
over the elevator 921 clearing the way for atmospheric-side gate valve 931 to
close. Loadlock 925 is then pumped down. As explained above, box 903 may
or may not be present at this point.

Referring to FIG. SH, once the desired vacuum level has been achieved
y, inside loadlock 925, vacuum-side gate valve 933 opens, vacuum robot 935
reaches into loadlock 925 and picks up the cassette-substrate arrangement,
bringing it inside process chamber 937.
Turning to FIG. 91, vacuum robot 935 next transfers the cassette-substrate
arrangement to second storage rack 939 within process chamber 937. FIG. 91

25 shows a simplified front view of the second storage rack 939, having shelves 941
and ledges 943. In this view, the direction of insertion and removal of reticles is
perpendicular to the page. Referring to the lower half of FIG. 91, the end effector
940 of vacuum robot 935 is shown inserting the cassette-substrate arrangement
onto bottom shelf 941. In an embodiment, the insertion takes place at a level high

30 enough to avoid interference of edge band 821 of top 811 with ledges 943. After



30 atnospheric robot 901 would renove enpty boxes 903 fromthe first nodul e
913 1 0 f E B 2006 WD 2003/013993 PCT/ US2002/ 02271 -23 and place themin the
second nodul e 913 for accepting already processed reticles. The t&gridépheric
robot 90WOm®0d/eL3pd3en renove the box 903 containing the PETAUSH®YeE2RUbSt rat e
fromthe second nodule 913 and place it in the storage rack. Next, the

at nospheric robot 901 would take the box 903 containing the next 5 substrate
to be processed fromthe storage r acké4and place it in the first nodule 913.
On the other hand, in a lithography tool having only one entry-exit nodul e
913, the nodule 913 woul d be used for both input and output of reticles. In

t hi b is 1ikely that { i bot 901 ld wait until th
ot ol o naerionniesbd farto{ifinstrBn MR e fe R Sbe 0 wBUapBR.  covi ng
the box 90335QbRefs thObssiHpoRRA S0NHntdTBotion SRIPINTMELPRIARE oughput for

tools having a single or nultiple entry-exit nodules 913 wll be apparent
to those skill edRéfarringgo thelupperhalf ofFX( Shhsttompnrtidnd0d i sshoeswesting her ei n.

These sequences, may not, regui rempval of enpty _boxes 903 from
entry-exit Wd&s@i@ﬂaﬁwﬁgﬁpﬁpgﬁéﬁwﬁmgﬁﬁH’ﬁ‘EH“.m 1‘?‘\7\%@5- Bugpgt or 921 out
of &ts way, [ [ewescle f el evator 921
cl e5ari ng %lhsgﬂﬁw‘zjay or darpir)mé:tsp ttlaor%l’éysﬁéiﬁ?igd\?glb\%aggi%f)gﬁgﬁ 5%’28“ Loadl ock 925

I's then puripdigés$a9/thuf'saveingliop petionl3ay eo s&p@tﬁt@ﬁBM%p]%SO&Ywﬂ@h be present
at this point. Referring to FIG 9H, once the desired vacuum | evel has been

achi eved iq98tigeesiopdaworrrdyntil repghing sheldf 2 . Fhusinan epbogizgempdlibe vacuum

robot 935 reaches into. | 9 and picks up. the cassette-substrate
arr angenentc,assﬁﬁf"'ﬁﬁli’sﬁ%‘q %rraﬁg%{r%fe\tg Brre(z)sgoerg mc‘ﬁgﬁ%cé’ pHggOngef'ﬁl@Hnriia P& F G 91,
vacuum r obqlon8itonneAlftef limeaigr s teha SRRERt pRtioV betwaheshelfl DaNGagENt tO

second storage rack 939 within process chanmber 937. FIG 91 25 shows a -

si Hpl i fi ed basepate 8D@vwaghumirebgd3dean sxaci pettemqplordao80hand supstedte| ves 941 and
| edges 943 | nserti an and renmoval of reticles

eSS4 sk ok Mipthe B L LR yRls A REH R Mer R ' or L
end effect Qhotion. This motion provides for the removal of the bottom portion 807 and
substrate 801, but not top portion 811. Further details of this process will be
described below. After the short upward motion, substrate 801 does not contact
15 top portion 811, which is still supported by ledges 943. Next, vacuum robot 935
extracts base portion 807 and substrate 801 using a horizontal motion
perpendicular to the page, leaving top portion 811 resting on ledges 943. For
ejecting a substrate from the litho tool, vacuum robot 935 removes the entire
cassette-substrate arrangement by following the insertion motion sequence in
exact reverse order, as explained above and as illustrated in the bottom half of
FIG 91. Further steps for processing the substrate in a lithographic exposure stage
of the process chamber 937 will now be described with reference to FIGS. 97 and
9K.
In preparation for lithographic exposure, vacuum robot 935 places
25 substrate 801 onto chuck 945 of lithographic exposure stage 947. Vacuum robot
935 first moves upwards until substrate 801 contacts chuck 945. Next, chuck 945
is energized, thereby clamping the substrate 801. (FIG. 9J) Afterwards, the

vacuum robot 935 moves downward, leaving substrate 801 attached to the chuck

945 but carrying away base portion 807 which is not attracted to the chuck 945.



940 of vacuumrobot 935 is shown inserting the cassette-substrate
arrangenent onto bottom shelf 941. In an enbodi nent, the insertion takes
place at a |evel high 30 enough to avoid interference of edge bfglqiE@g[jgﬁof
top 811 wWMh200HFEE 943. After WO 2003/013993 -24 1 0 FERECHUSH02/0252Z71

PCT/ US2002/ 025271 perform ng the horizontal insertion notion, using end

ef fector 940, vacuumrobot 935 |owergsthe bottom portion 807 onto bottom
shelf 941 and withdraws. Referring to the upper half of FIG 91, bottom
portion 807 is shown resting on mddle shelf 941 after being placed there
by the vacuumrobot 935. During 5 said downward robot notion, surface 825
of edge bandFR2I9K)ORE8asetntasinovil dfablg esbsBdR, frér ke Glgpt%hfbgsti giprtion 811
"to separate from baseplate 807, which continues on downward until reaching
shel f 941. Tollewys tha sedueapbindixaeiieversd ordethe cassette-substrate arrangenents
are stored in the, second storage rack in ap open. conditi,on. . After inserting
“its end effect or%)5%???’8??‘168%%53@%8}8@%?‘1Qﬁgewmmsg’fgd%ﬁe vacuum
robot 935 capphifil o ShbMEROChnPBnedey ARJomP Fedidee of&%%%@;.h unting
substrate 801 onto the stage by performng a short upward tion. This

nmot i%n pr ovisgigams.o Batdueon theveawhings dedveibbd hemwm, o dasggn EFfogmanhs fewbst r at e
801, but not top partion 811. F(*thher %e ails of this \Q{lggess wll be

descri bed bdmplgmenppghesystempand meihads Te3FE IVERUeT APPagBes not
contact 15 td i s still supported by | edges 943. Next,
vacuun1robo?gB?§8ﬁg§®gg§§§mﬂggg&%é#§ion 807 and substrate 801 using a

hori zontal notion perpendicular to the page, |eaving top portion 811
resting on | edges 943. For ejecting a substrate fromthe litho tool, vacuum
robot 935 r &ABglsiome entire cassette-substrate arrangement by fol | owi ng
the insertion notion sequence in exact reverse order, as expl ai ned above
and as illustrated in the bottomhalf of FIG 91. Further steps for

processi ng the soWhil¢ ddridpus emBodichGof teprdemipantibs haletgen datrbdie process
chanber 937 will now be described with reference to FIGS. 9J and 9K. In

pr eBr at i on abave. itishewd ba gadarstond thatithey havedwwanpresensed birwayeipxample
only, and not limitation. It will be understood by those skilled in the art that

various changes in form and details can be made herein without departing from

the spirit and scope of the invention, as defined in the appended claims. Thus, the

breadth and scope of the present invention should not be limited by any of the

15 above-describe exemplary embodiments, but should be defined only in

accordance with the following claims and their equivalents.



25 substrate 801 onto chuck 945 of I|ithographic exposure stage 947. Vacuum
robot 935 first noves upwards until substrate 801 contacts chuck 945. Next,
chuck 945 is energized, thereby clanping the substrate 801. (FI &0 FéB)ZUUB

Af t er war dW0 20b#0139%cuum r obot 935 noves downwar d, | eavi REEBUSZREE1801
attached to the chuck 945 but carrying away base portion 807 which is not
attracted to the chuck 945. WD 2003/013993 -25 10 F E B 20C6 PCTI US200
/025271 (FI G 9K) Rel ease and renoval ~ the substrate fromthe exposure
stage 947 follows the sequence in exact reverse order. Progranmed conputer
systens are used to execute prograns directing the manipulation of
substrates, ot her features of lithography 5 systens. Based
on the teachmp&sg?qmﬁgg?ﬁerel n, the design of prograns for inplenenting
the systens and nethods of the present invention will be apparent to
persons skilled in the relevant arts. Conclusion Wile various enbodi nents
of the present lnyentlmeﬁ@y&a&%ﬁss}ﬁézﬁrfbxbdeﬁkhoé(apﬁpwéehawﬁg§P<$H¢hé be
understood that they have been presented by way of exanple only, and not
limtation. amm,wpmmpriliegunder st ood by those skilled in the art that various
changes in formand defails can,be npde herein w t.hou arting from the
spirit and scope of thél?l nvBhdDdfxer fhat sipres oy ngrail% g E‘G%o‘”‘gl 3i ns. Thus,
the sbreadt heapA: present invention should not be limted by any
of the 15 above- aglggél?:l]oée)éaes%(ég{r%rp | ary enbodi nents, but should be defined only
in accordance with th&))folhmendﬂqfez:tml a:mxphadctotﬂlmamboﬁqmnvaharchgagev\o

2003/ 013993 -26 Wat Is Cained Is: FEO?2 CT/ LJS2002/ 025271 1. A
reticle tran®porfsaid plumlin ofreticles lorf'@gblaﬁﬁﬂ e & smav yrality of gsistesdo

be positioned within said removable reticle cassette and thereafter transported;
and
10 (c)  aseal that seals said one of said plurality of reticles inside

said removable reticle cassette.

2. The reticle transport system of claim 1, wherein said removable

reticle cassette comprises an inner chamber and an outer chamber.

3. The reticle transport system of claim 1, wherein said seal is
15 coupled to said end effector.
4. The reticle transport system of claim 1, wherein said seal is -

coupled to said robotic arm.

5. The reticle transport system of claim 1, wherein said seal includes

a vacuum system to attach said removable reticle cassette to the robotic arm.

20 6. The reticle transport system of claim 1, wherein said seal includes

a magnet system to attach said removable reticle cassette to the robotic arm.

7. A method of transporting a reticle from an indexer to a mount in

a lithography tool, comprising the steps of:



arm conprising: (a) an indexer that stores a plurality of reticles and a 5
renovabl e reticle cassette; (b) an end effector, coupled to the robotic arm
t hat engages one of said plurality of reticles to enable said %Tffﬁﬁfmﬁ@' d

pl urallt;évcpCP ?”ﬁ%g es to be positioned within said renp ﬁ?ﬂ% 048

cassette ereafter transported; and 10 (c) a seal S sald one
of said plurality of reticles inside said renovable reticle cassette.

The reticle transport system of claim7., wherein said renovable reticl e
cassette conprises an i nner chanber and an outer chanber. 3. The reticle
transport systemof claiml1l, wherein said seal is 15 coupled to said end
effector. 4. The reticle transport systemof claim1l, wherein said seal is
coupl ed to said robot(a arlpadig thheeticdei gbredtinahe pudexesysttermmaidc! ai m 1,
wherein said_.seal includes a vacuumsystemto attach said renovable reticle
cassette tof¥$f% obotic arm 20 6. The reticle transport systemof claim1l,

wherein said seal | nclyydes)o,gFagielics it & dvablerdidle SRl GPRYaAP! € reticle

cassette to the robot arm ransportrng a re cIe from an

i ndexer to i th®itidexérito cedté s aginpp i‘il!nfi@ﬁ)érmn%@iﬂlﬁﬁhx&vmgeiélﬁl&éa@ﬁ&eOf WO
2003/ 013993 -27 1 0 FEB 2006 PCT/ US2002/ 025271 (a) loading the reticle,

stoPed in t%Slnﬁﬂmlﬂt(bm%acéwl@rﬁﬁldféﬂﬂécmﬂr (b) Ioadl ng the reticle into a

renovabl e reticle cas tte, st ored t he |nd eate an arrangement
wherein said rem)vablé?r etl%rfsgoglﬁssé"ﬂ(?@"a@eﬂ}%g 8? ﬂ?: }%{ef‘?{t%’ t38nt act with

said reticl ﬁbuﬁrfgrﬁg&orﬁﬁ@&ﬂ@éﬁbmgﬁg‘bﬁr@r rangenent fromthe indexer to the

8. The method of claim 7, further comprising a step of returning said

arrangement to the indexer after performing lithographic exposure.

10 9. A method of transporting a reticle in a lithography tool,
comprising the steps of:
(a) storing a plurality of reticles and a removable reticle
cassette in an indexer;
(b)  coupling anend effectorto arobotic arm that engages one
15 of the plurality of reticles, to enable the one of said plurality of reticles to be
positioned within the removable reticle cassette;
© sealing said one of the plurality of reticles inside the
removable reticle cassette with a seal that is coupled to the end effector to
produce a sealed arrangement; and -

20 (d) transporting the sealed arrangement,

10. A substrate transport system for transitioning a substrate from
atmospheric pressure to vacuum in a lithography tool comprising:
at least one removable substrate transport cassette, each removable
substrate transport cassette having at least one vent and at least one filter;
25 a substrate transporter having a tray and at least one tray locator that

supports the substrate; and



mount for performng |lithographic exposure. 10 8. The nmethod of claim?7,
further conprising a step of returning said arrangenent to the indexer
after performing |ithographic exposure. 9. A nethod of transpor'tﬂlﬁﬁﬂawuﬁ
reticle iy AoddthRoraphy tool, conprising the steps Ofi)cf/%bzo'ﬁb@iéjzﬂg a
plurality o reltlcles and a renovable reticle cassette 1n an 1 ndexer; (b)
coupling an end effector to a robotic armthat engages one 15 of the
plurality of reticles, to enable the-zg1e of said plurality of reticles to be
positioned within the renovable reticle cassette; (c) sealing said one of
the plurality of reticles inside the renovable reticle cassette with a seal
that is coupled to the end effector to produce a seal ed arrangenent; and 20
(d) transportingan had sHatien canplad deaerobotie srmOthanengages sad eubistraresport system,

for transitjoning a suhstrate from  atnpospheric pressure . to vacuumin a
| 1t hogr aphy TRBBPTtednsRatls Hi sibstraie lobe paREORRwABIoBE 2f A4 FeRmayableans por t

cassette, eﬁ.ﬁ;@ltﬁtg%}{ asStBSId & atcraésaﬁé’-%ﬁstﬁ?éa?%géﬁ%w ng at |east one
vent and at Teast on I1Tter; a substrate transporter having a tray and at

| east one tray |ocator that supports the substrate; and 1 0 F EB 2006 WO
2003/ 013993 PCTI US2002/ 025271 -28 an end effector, coupled to a robotic arm
that engages sai Hl.subdhe ubstrate AFansport system ehaim t19e wheseinreach to be

positioned within one said re bl subst r at ransport cassettes to
Porm a cassiemetalas i ies Rmor SRR et bRl ol f SALBRHAE3T T syet em of
claim 10, iR 8Y sBAGHE reroaBIERMARIErBRR LERE b hLAISRANL: tkeAGS@hke 1S further
conprised of a seal that seals an opening of said one renovable substrate

transport chesdeen positonedfwithige after the substrate -

12.  The substrate transport system of claim 11, wherein said seal is

coupled to said substrate transporter.

10 13.  The substrate transport system of claim i1, wherein said seal

includes a vacuum system to attach said removable substrate transport cassette

to said flange.

14.  The substrate transport system of claim 11, wherein said seal

includes a magnet system to attach said removable substrate transport cassette to said flange.

o 15.  The substrate transport system of claim 10, wherein said at least
one vent and at least one filter are located opposite a patterned side of the

substrate.

16.  The substrate transport system of claim 10, further comprising an
engaging tab coupled to said flange, said engaging tab having one or more tab

20 locators.



has been positioned wthin. 12. The substrate transport system of claim 11,
wherein said seal is coupled to said substrate transporter. F!efsﬂléﬁﬁ The
substrate transport systemof claim 11, wherein said seal i nc Lpd E{/acuum

system t @gdobaefiomal d renovabl e substrate transport caspetiy€o0bmssti d
flange. 14. The substrate transport systemof claim1ll, wherein said seal

i ncl udes a magnet systemto attach said renovabl e substrate transport
cassette to said flange. 15. The subsi%-ate transport system of claim 10,
wherein said at |least one vent and at |east one filter are |ocated opposite
a patterned side of the substrate. 16. The substrate transport system of
claim 10, further conprising an engaging tab couPI ed to said flange, said
engagi ng tab havlhg gﬁbﬂ%#bStﬁ%?EaﬂSﬁ@ﬂSE@mMle]ﬁ urthgr eorEpBinoe WO

2003/ 013993 PCT/ US 7. The gubstrate t rt % st em of
claim 16, forPRE: e’bagf"ﬁ?&%r §%8ﬁet%a€;?“%? S48 {ic Ty @8{%{3%“1 %‘3 21548 that engage
sai d one orthembe trudpott QERAL QLR 1BREbstlalCABRYerhE@NSPOr t sai d cassette-substrate
arrangenent. 18. The substrate transport System of claim10, further

conprising a 5 box having a base and a Iid and wherein one or nore of said
cassette-substrate artﬁngﬁgents are 05|t|oned MAt?In said box to forma

box- casset t e- subt¥r at 'é?f@é‘i"i‘ﬁ?ﬁo systemef clapplq, futher cPRREHBER syst em of
clagm 18, WIS fivihePhlle RAY o131 fid Whed %%?uﬂ‘iﬁ?@ﬂf&ﬁécé&aéﬂi&gﬁ (10 20. The

subst rate transp systemo al m conprising a I'rst storage
rack havi ngaream@ementsarecpasitiined SNltH”iﬁtsalﬁ(ﬂod 16 dofin hobommeﬁd-mbsmhat rate

arrangement.

19.  The substrate transport system of claim 18, wherein said box is a

standard mechanical interface.

10 20.  The substrate transport system of claim 18, further comprising a
first storage rack having one or more shelves that hold said box-cassette-substrate

arrangement.

21.  The substrate transport system of claim 20, wherein said first

storage rack is an out of vacuum storage rack.

v 22.  The substrate transport system of claim 18, further comprising a

detacher wherein said lid is detached from said base.

23.  The substrate transport system of claim 22, wherein said detacher

is a de-podding station.

24.  The substrate transport system of claim 22, wherein said detacher

20 is a standard mechanical interface de-podding station.



arrangenment. 21. The substrate transport system of claim 20, wherein said
first storage rack is an out of vacuum storage rack. 22. The sgb@#éﬁazﬂﬁ
transport systemof claim 18, further conprising a detacher wher §d
lid is detcemseisdesom sai d base. 23. The substrate transporwsspspeariof claim
22, wherein said detacher is a de-podding station. 24. The substrate
transport . systemof claim22, wherein said detacher 20 is a standard
nmechani cal interface de-poddi ng statith. WD 2003/013993 -30 1 0 F E 0 2006
PCT/ LJS2002/ 025271 25. The substrate transport system of claim 18, further
conprising a |oadlock that receives said cassette-substrate arrangenent

after its renoval_fro sai d box-cassette-suhstr rangenent. 26. The
substrate transpétt s%’r&ﬁ*t{?‘ﬁg{ Fgﬂnzg:,stepwﬁj‘ﬁ@p i%&ﬂ%f‘?icﬁ PRISINg 2pr ocess
chamber t NajoafiBeRiniProcsidbdsaf s R QubUG htkifaefioh IR I Rmdlfal fibmS 2l d
cassette-substrate arrangenent has been transitione rom at nospheric
pressure taidbovuassetsasubbsadte arasgenene vent and said at |east one filter

restricting particles wthin said | oadl ock fromentering said
cassette-substrate arrangenent and reaching a surface of the substrate

during transitiofng. 10 rate NSPOreL stem.of claim 26,
further conprisi % a Té%%uﬁgatgﬁgpé)é? S&ﬁ@b‘ ?%%%F‘egf\ﬂ]?ﬁ%ﬁowaméraocess .
chagber, sa%rdcéeq;qamb&t Hab g&elvas Kaid Gisidie-UBQrARE afRhgeridiR| AfRP shiat hol d said
cassette-substrate arrangenent. 28. The substrate transport systemof claim

27, wher ei ncasseitid-substoatelarrangemeantichas hetn transitioned froacatmosphesicapressues 29. A

i mospher | CoeeLETaid § IGRENMR T4 S50 PG ADGPRRY TR oRgeTig.

within said loadlock from entering said cassette-substrate arrangement and

reaching a surface of the substrate during transitioning.

10 27.  The substrate transpott system of claim 26, further comprising a
second storage rack located within said process chamber, said second storage rack

having one or more shelves that hold said cassette-substrate arrangement.

28.  The substrate transport system of claim 27, wherein said second

storage rack is an in-vacuum library,

15 29. A removable substrate transport cassette for transitioning a
substrate from atmospheric pressure to vacuum in a lithography tool,
comprising: '

a base portion and a top portion;
one or more base portion locators disposed within said base portion that
20 supports one or more lower corners of the substrate;
one or more upper portion locators disposed within said top portion in
which one or more upper comers of the substrate are fitted; and
at Jeast one filter and at least one vent located opposite a patterned side

of said substrate.



a base portion and a top portion; one or nore base portion |ocators disposed
within said base portion that 20 supports one or nore | ower cor?gr E t he
substrate; one or nore upper portion |locators disposed within sa 8 C6
portion i WO RA*Bne or nore upper corners of the subst PATASHOZ0IRYt ed; and
at least one filter and at | east one vent | ocated opposite a patterned side
of said substrate. WO 2003/013993 -31 ., 0 F E B 2006 PCT/ US2002/025271 30.
The renovabl e substrate transport cassette of claim29, further conprising
a seal that seals said base portion and said top portion after the
substrate has been positioned within the renovable substrate transport

cassette. 31. Thesy em’rﬁpkﬁg@%ggeﬁl%ﬁgﬁmmn PR das & Bt diSinP o Fhithel 29,

further 5 conprising an e surroundi ng one or nore side edges of

sai d base pordmmisingvasesli thas sdalh sdddatmpattionpadeasid fop porgomrtafientef particles
fromoutside the renpvable substrate transport cassette to inside and
further whersbsiraighas aggaosiigned pithin the sempvablersubdratotrangpescessstie.d t op
portion. 32. The renovabl e substrate transport cassette of claim 30, wherein
10 said seal is perneable to gases but substantially inpernmeable to

particles. 33. Thegr en?ﬂ@lé&neov%gtasgu'b@tme raApoRUabsef@ 0T iR B, fahRdM 30,

wherein said seal is conprised of a raised surface with protruding

concentric verprisalg af ledgybsnd batrovnding one on mere rsidenedges arfrsasbbasdi ng gr ooves
on said top portion. 34. Thggrerm\zabl substrate transport cassefte of claim

30, wher ei n Perdonaiherain sgidiece bandimpedasdhe Biggaianof pRRICS T ALkl y
| mper meabl @ thordiablel sBBstrafrtrantBér EAIENAB LRI RURS HirBHel whERTPRRI dageasset L e of

cl ai m 30, whereirn sal an Oring elastoner sea A substrate
transport sysinéprdvidestd suface iosupport aaidudyspordbe from at mospheric pressure to
vacuumin a |ithography tool, conprising:

32.  The removable substrate transport cassette of claim 30, wherein

10 said seal is permeable to gases but substantially impermeable to particles.

33.  The removable substrate transport cassette of claim 30, wherein
said seal is comprised of a raised surface with protruding concentric vertical

flanges that fit into one or more corresponding grooves on said top portion.

34.  The removable substrate transport cassette of claim 30, wherein

15 said seal is impermeable to gases and substantially impermeable to particles.

35.  The removable substrate transport cassette of claim 30, wherein

said seal is an O-ring elastomer seal.

36. A substrate transport system for transitioning a substrate from
atmospheric pressure to vacuum in a lithography tool, comprising:
20 one or more removable substrate transport cassettes, each removable
substrate transport cassette having at least one vent and at least one filter;
an end effector, coupled to a robotic arm, that enables the substrate to be
positioned within one of said removable substrate transport casseties to form a

cassette- substrate arrangement;



one or nore renovabl e substrate transport cassettes, each renovabl e
substrate transport cassette having at | east one vent and at L@gﬁ fpe
filter; an end effector, coupled to a robotic arm that enabl tg

substrat@dﬁo?@l”@osi tioned within one of said renovabl g-fubihiasent r ansport
cassettes to forma cassette- substrate arrangenent; 1 0 E E B 2006 WO

2003/ 013993 PCT/ US2002/ 025271 -32 5 a box having a base and a lid, wherein
said box holds one or nore of said eXssette-substrate arrangenents, form ng
a box-cassette-substrate arrangenent; a first storage rack having one or

nore shel ves for hol ding said box-cassette- substrate arrangenent; and an
entry-exit nodul e having a | oadl ock that transitions said cassette-

substrat e ar r angeb@havingohbase avdphdrwhergin said e holds ene oumprefisaidat | east one .

t d i fil tricti {i it hi id | dl k
(Tom ot oxtateftt iSBak a8 el For it bt iRl R mallbetih 92 S Do o0
the substrate. alﬁrsgsz?rag?ﬁcﬁﬁﬁ)ﬁﬁééﬁ@orﬁﬁ&@%%é f&ﬁ&ﬁﬁ%‘ﬁﬂ%b@é—?ﬁs@t@& wher ein

said entry-exit nodul e further Conprises an atnosp podder. 38. The
substrat e tsuhstspoatrarpgsieetnaodl cl ai m 36, wherein said entry-exit nodule
furfher conprises an elevator that raises and | owers said cassette-

subdtrate arr ang@tﬁﬁﬂ'e’%‘s"@gmﬁwl%ﬁé?qdé&% ?‘P‘aﬁ§%ﬁ‘?ﬂss%?§i earsdie-cl ai m 36,
uherein saldgiidy aftiidemeAPAhCatidsbiiFle ORI B%Bcfuri Wid blehdBhe enOages sai d

cassette-subsir rangenen nd transports sal casse Sstrate

ar r angenentventibgd Sdid dt leastdirediter46stridiing parddes didid §08 $qdidckHophem of claim
36, further conprising a process chanber that receives said

casset t e- sufidaring: eid cassstievabpirater pEangsaieat apd reaphurg eesusfapetof #he arr angenent
has been trs@@%i joned to vacuum 41. The substrate transport systemof claim
40, further Ff%?‘i sing a ' B

10 37.  The substrate transport system of claim 36, wherein said entry-exit

module further comprises an atmospheric de-podder.

38.  Thesubstrate transport system of claim 36, wherein said entry-exit
module further comprises an elevator that raises and lowers said cassette-

substrate arrangement.

15 39.  Thesubstrate transport system of claim 36, wherein said entry-exit
module further comprises a shuttle that engages said cassette-substrate

arrangement and transports said cassette-substrate arrangement into said loadlock.

40.  The substrate transport systemn of claim 36, further comprising a
process chamber that receives said cassette-substrate arrangement after said

20 cassette-substrate arrangement has been transitioned to vacuum,

41.  The substrate transport system of claim 40, further comprising a
second storage rack within said process chamber, said second storage rack having

a plurality of shelves to store said cassette-substrate arrangement.



second storage rack within said process chanber, said second storage rack
having a plurality of shelves to store said cassette-substrate arrangenent.
1 0 FEB 2006 WD 2003/013993 PCT/ US2002/ 025271 -33 42. A net hdd) bfB 2006

transitiRpiQesdssidbstrate from atmospheric pressure tOpvaEsdsidiRA

|'i thography tool, conprising: (a) |loading the substrate into a renovabl e
substrate transport cassette to produce a cassette-substrate arrangenent,
wherein said renovable 5 substrate t33ansport cassette has at |east one vent
and at |l east one filter; (b) l|oading said cassette-substrate arrangenent
into a box to produce a box-cassette-substrate arrangenent, said box having
a base and a lid; (c) transporting said box-cassette-substrate arrangenent
to a shelf of a@#Xirshmethodaféransitikning @ subgjratefrons pioraspheyicquesgure
box-cassette-substrate arrangement to. a detacher where an atnospheric robot
renoves sai'll Vla?‘ﬂmﬂrb?rﬁg‘é?g‘a‘pggé@”@@)mﬁmgoadi ng said cassette-substrate

arrangenent from sai d&e}?ox?]o%%?glﬂ%aﬂbgtgatéﬁﬁ@a F@gﬁb{e%hd%{%zi{r%goﬁr r angenent

into a | oadl ock; 15 and 20 transitioning a m at nospheri c

pressure t aasseae yol prodikee actassettarsubgrate anandetmeni, wherdnisdidatmoesisie one vent
and_said at least one filter restrict particles within said |oadlock from
ent®ring sdrbstadekaispert satselte hasat lesstonsgentand st @dHiSty a surface of the

substrate. 43. The nethod of ,.cl al. funt her i si.ng. renoying gas from
the cassette-substr at@?ar rlgﬁ%@#rg%{g]cgse%&g‘g%E%ﬁcgvg\fggg{r%%tt")%_o tag’toéY? ow enough

not to di grodliite altkidaédefs-sabkifte Arfangemenidi@bok R In®ABad¥iani @Nid; 44. The

nmet hod of claim42, further conprising transporting said cassette-substrate

arrangenent from sai dc) oadrasortiog s2igbossesset¢rauhistratearapgemes teanpl et i ng
sald tr anSissmial? ?ﬂ‘ Q ?irs%tsteo?ag(eq)dék; . :
10 (d)  transporting said box-cassette-substrate arrangement to a
detacher where an atmospheric robot removes said lid from said base;
(e) unloading said cassette-substrate arrangement from said
box;
() loading said cassette-substrate arrangement into a loadlock;
15 and
(g) transitioning said loadlock from atmospheric pressure to
vacuum, wherein during transitioning, said at least one vent and said at least one
filter restrict particles wifhin said loadlock from entering said cassette-substrate

arrangement and reaching a surface of the substrate.

20 43.  The method of claim 42, further comprising rerhoving gas from
the cassette-substrate arrangement at a gas flow velocity rate low enough not to

dislodge particles equal to or smaller than one micron.

44.  The method of claim 42, further comprising transporting said
cassette-substrate arrangement from said loadlock to a process chamber after

25 completing said transitioning step (g).



WD 2003/ 013993 PCT/ TT82002/ 025271 -34 10 FEB 2006 45. The nmethod of claim

44, furtRehoiRiiiyiSi Ng storing said cassette- substrat ep@EHepeaEHH on a
shelf in a second storage rack |ocated within said process chanmber. 46. A

met hod for transporting a substrate froman indexer to a m)u,G@ in a

|'i thography tool, the substrate |ocaBéd within a renovable s EED 4008
transport cassette formng a cassette-substrate arrangenent, the nethod
conprising: (a) engaging a recess of a cassette-substrate arrangenent wth
a | ocking device, thereby coupling a shell portion of said
cassette-substr#e athediribadeotclaim 44q irthgresrBprsipg toingsaid eagsallesubst r at e

f 1 d - : pth d eff
o onabl e chE ey RRRRL oo RT i Rieet BBl IRT Bl MR 51 o™

arrangenentpr@dggsém%;&after transported; (c) transporting said substrate
transporter to a nount; and (d) placing said substrate on said nount prior
to performng |ithographic exposure. 15 47. The nethod of claim 46, further

conprising returning the substrate to said substrate transporter and
returning said ﬁbstr%?’é‘@éﬁ%%?@?m%s@l?ﬁ@ eule)‘@HﬁUH‘tﬂeée"s‘i}BﬂMfe transport

cassette after . perform | i th aphj c..exposure.. 48. A nethod for

transiti oni“?'@{lglg%rﬁ%lgtt?%q ¢ ?Lfbétfﬁq‘g{oﬁ@esdp‘ﬁ%}%l? greﬁoé’gbéﬁ?ug’smtt%g%nzﬁgouﬂm in a

| i t hogr aphyadsael forninnpedseittagubsiite fadngkoad, thgmethed eulgsisingt e i nto a renovabl e
substrate transport cassette to produce a cassette-substrate arrangenent,

wherein said renovabl(s) suhgigingfretessofpausieteaubstidiearagemient wi@st one vent
and at least_ one filter; (b) |loading sajid cassette-substrate arrangenent
into a box atleckipg slguice. therby-conpling achelh portion ef saidAagietersubsteats d box

conprised gfr, R AAAfANd indeRed ! !

(b)  engaging a substrate transporter of said cassette-substrate
10 arrangement with an end effector to enable the substrate to be withdrawn from
said cassette-substrate arrangement and thereafter transported;
(c) transporting said substrate transporter to a mount; and
(d)  placing said substrate on said mount prior to performing

lithographic exposure.

15 47.  Themethod of claim 46, further comprising returning the substrate
to said substrate transporter and returning said substrate transporter to said

removable substrate transport cassette after performing lithographic exposure.

48. A method for transitioning a substrate from atmospheric pressure
to vacuum in a lithography tool, comprising:

20 (a) loading the substrate into a removable substrate transport
cassette to produce a cassette-substrate arrangement, wherein said removable
substrate transport cassette has at least one vent and at least one filter;

(b)  loading said cassette-substrate arrangement into 2 box to
produce a box-cassette-substrate arrangement, said box comprised of a base and

25 a lid;

{c)  transporting said box-cassette-substrate arrangement to a

shelf of a first storage rack;



(c) transporting said box-cassette-substrate arrangenent to a shelf of a
first storage rack; 1 0 f E B 2006 WD 2003/013993 PCTI US2002/ 025%7%&;83&06( d)
transporting said box-cassette-substrate arrangenent out of vacuur%f o)
said firswOooawEg®3rack to an entry-exit nodul e; (e) unlpatrars2oap/@siznd of
said box froma base of said box; (f) |owering said base on an el evator,
sai d base supporting said 5 cassette-substrate arrangenent; (g) engagi ng
sai d cassette-substrate arrangenent w3fh a shuttle; (h) using said shuttle
to transport said cassette-substrate arrangenent into a |oadlock; and 10
(i) transitioning said | oadl ock from at nospheric pressure to vacuum
wherein during transitjoning, said at |east one vent and said at | east one
filter restrict partiddes WiF4nsPertiagsydbexgpsetic-substptemrangement any

cassette-su a] t and_reaching a surface of the substrate. 49.
The net hod éﬁ%&mﬁﬁh{&f%rﬁﬁ% ra%Sﬁ%ckﬁgiaﬂﬁn@'gﬁngopreng said 15
cassette-substrate arrgpgen@iMiching ARdf daid®aq Rk a bsefRERAGRSS Cchanber after
conpleting said transitioning step (i). 50. The nmethod of claim49, further
conprising storing sai{f) cadeweting sagl Haset orcaneleanton ngdvesetsupportingéed f i n a
secopd storage rack |ocated within said process chanber. 20 51. The nethod
of cf ai m 50,“CHTHFEPPFUAL, JFrALHPEMy step conprises inserting said

cassette-substrate ar r(gygerg;@%%iﬁg &Wtca%@ttg—g%%nfﬁ@ma%&%n@w{tﬁ vabl e

substrate transport caSsette bove a set edges associated with a
shel f of an shonglacuum library. 52. The nethod of claim51, further
conprising lowering said 25 remgvabl e substrate transport cassette so that
a base portion of sai dh} enieing said shuttle to transport said cassette-substrate
arrangement into a loadlock; and _
10 (i) transitioning said loadlock from atmospheric pressure to
vacuum, wherein during transitioning, said at least one vent and said at least one
filter restrict particles within said loadlock from entering said cassette-substrate

arrangement and reaching a surface of the substrate.

49,  The method of claim 48, further comprising transporting said
15 cassette-substrate arrangement from said loadlock to a process chamber after

completing said transitioning step (i).

50.  The method of claim 49, further comprising storing said cassette-
substrate arrangement on a shelf in a second storage rack located within said

process chamber.

20 51.  The method of claim 50, wherein said storing step comprises
inserting said cassette-substrate arrangement so that an edge band of said
removable substrate transport cassette is above a set of ledges associated with a

shelf of an in-vacuum library.

52.  The method of claim 51, further comprising lowering said
25 removable substrate transport cassette so that a base portion of said removable

substrate transport cassette rests on a bottom surface of said shelf and a top



substrate transport cassette rests on a bottom surface of said shelf and a
top WO 2003/013993 -36 1 0 F E B 2006 PCT/ US2002/ 025271 portion of said
renovabl e substrate transport cassette rests on said set of |edges

associ ated with said shel f. 0 FEB 2006
WO 2003/013993 PCT/US2002/025271

-36-

portion of said removable substrate transport cassette rests on said set of ledges

associated with said shelf.



