1 .. LI THOGRAPHY TOOL HAVI NG A VACUUM RETI CLE LI BRARY COUPLED TO A VACUUM
CHAMBER BACKGROUND OF THE | NVENTION Field of the Invention [0001] The
present invention is related to a lithographic tool that increases .

mui ti pl e exposure throughput in ultra vijal et environments by sw tching

mul tiple reticles during exposure. Background Art [0002] Li t hography tools
have been deveILqu@GIQAphlyopom{ &N VAR e patterned
on a wafer. Lithographic d@@#g E ﬁgR (gﬂ\?/ﬁe% oped that utilize
mul ti pl e exposure. Durin Iple exposure WO Or "nore reticles are

i mged sequentially based on reticle swapping between inmaging. Miltiple
exposure is particularly advantageous in extrene ultra violet (EUV) inmaging
to overcone undesirably | i { fﬁﬁ, Xi sting systens, the,
reticle. swap tine heavi |§¥d$p%%wg)§ﬁg’&§ d%@&’%‘i each reticle to be
swapped nust be transferred from anbient pressure to vacuumjust before
exposure. u there are no existing lithographic tools that

per form mul tiz’ﬁ‘i\ Q@ﬁ&%‘lﬂgg Tand efficientl y house nultiple reticles at 4..
vacuum [0003] Therefore, what is needed is vacuum storage for hol ding two

or nore reticles, such that ;the vacuum storage is cou&@ed to a vacuum
chanber [0 0%] s confPgRreenoMVAEREY Isaralaisd for ithegraphicteplethaivinsresses ng

mul tiple expgsut h t r RY OF THE
NVENT O | OBB e B hre RGP BB wolEh AR R St o
i ncl udi ng t hmultiflepsictds duriagespasage.reti cl es in a vacuum processing section
received froma vacuuminput section, storing the reticles in a vacuum
library, storing data

o Background Art

{

[0002] Lithography tools have been developed to allow smaller and smaller .'
devices to be patterned on a wafer. Lithographic tools and methods are being
developed that utilize multiple exposure. During multiple exposure, two or
more reticles are imaged sequentially based on reticle swapping between
imaging. Multiple exposure is particularly advantageous in extreme ultra
violet (EUV) imaging to overcome undesirably low k1 imaging effects. In

. ___existing systems, the reticle swap time heavily impacts throughput because
each reticle to be swapped must be transferred from ambient pressure to .
vacuum just before exposure. Unfortunately, there are no existing lithographic
tools that perform multiple exposures and efficiently house multiple reticles at
vacuum.

[0003] Therefo-re, what is needed is vacuum storage for holding two or more
reticles, such that the ‘vacuum storage is coupled to a vacuum chamber. This

configuration would allow for fast reticle swap during multiple exposures, and

hence throughput improvement.
BRIEF SUMMARY OF THE INVENTION

[0004] Embodiments of the present invention provide a method including the
steps of processing reticles in a vacuum processing section received from a

vacuum input section, storing the reticles in a vacuum library, storing data



-2- correlating information generated during the processing step and a
location of each one of the reticles stored in the vacuumlibrary, and
retrieving a requested reticle to be used for exposing a pattern on a wafer
fromthe vacuumlibrary based on the storing data step. [0005] O her

enbodi nents of the present invention provide a nethod conprising the steps
of providing a central vacuum section2having a robot. The nethod al so

i ncl udes the steps of coupling a vacuuminput section to the central vacuum
section, the vacuuminput section receiving reticles before 7 they are
brought into the central vacuum section by the robot. The nethod also

i ncl udes t heorsélatrse Biforeiph ighkratell idufifig CHUMRsEAL Gtdpthndarivcibd 6 t he central
vacuum section. The first vacuum hol ding section receives one reticle at a

time from tBchrassef themeticlapstntsd ia theovacwen bibeary candpeirieying astequestedvacuum

hol di ng sect| t he ntral.vac ction.vi.a a_.valve. The second vacuum
hol di ng sec%elngﬂe éo?b&?iegﬁg%ﬁ)gqoynﬁoa[ ﬁ‘clﬂt?f §n5’r‘é’8@f &om ﬁgdvagmnlghbrgrfy t he

reticles rpsRivadhd &60todath bepval ve fromthe robot. The nethod al so

i ncl udes coupl i n%lhan exposure section to the central vacuum section. The

exposuli®08hanber Otherr embpdigmentseof cthes prasents pienton fpromidene ofethdde first or
second- vacuum hol.di sect furt her

d ¢ 0*’ron v(iia th<=é Eroﬁotc. 000% %{i]l
enbodi ment s “GFPYHES pFedEmt Ot RRHt oA THEP L E S S8 WG UG a central
vacuum sect TR nidftsbdPalsd hRluded Hiet stepRest cotiplidtea ¢aubinpul SeHYAS Bl | On.  The
system al so i ncludes a pressure controlled 1 nput section that receives

reticles bef@el (vaeyun rsectinng (g (vaguym IR seetinn sgceivang) meticdescbéfore by t he

robot, a fips ' S | on | d ne .of ,the reticles at. a tine
received fr _E)he t ‘glb?%‘%gE m?é&lae 8en§%g&ﬁ‘gﬁ%?%f?lﬁa bé'e%‘?i%hc’t(:ot § BFHOY the central
vacuum sect pgp iidhifes SeBtegsdTCOUSsIng NrstiracauntRidihe oo feediralol t he
reticles received fromthe robot. The system al so i ncludes an exposure

section th3tcuuBtesclies. (e first vaquus heldmg srstipweneives one reticle at a
time from the robot. - The method also includes coupling a second vacuum

holding section to the central vacuum section via a valve. The second vacuum
holding section simultaneously holding a predetermined amount of the reticles
received through the valve from the robot. The method also includes coupling
an exposure section to the central vacuum section. The exposure chamber

. receives-reticles transported from-one of the-first or second vacuum holding-
section via the robot.

[0006] Still further embodiments of the present invention include a system
including a central vacuum section and a robot positioned in the central
vacuum section. The system also includes a pressure controlled input section
that receives reticles before they are brought into the central vacuum section
by the robot, a first holding section that holds one of the reticles at a time
received from the robot, and a second holding section coupled to the central
vacuum section that simultaneously holds a predetermined amount of the
reticles received from the robot. The system also includes an exposure section
that receives the reticles from the robot.

[0007] Still further embodiments of the present invention provide a method
including the steps of indexing reticles before transferring the reticles to a
vacuum input section, processing the reticles in a vacuum processing section

that are received from the vacuum input section, storing the reticles in a



[0007]- Still further enbodiments of the present invention provide a nethod
‘including the steps of indexing reticles before transferring the reticles to
a. vacuum input section, processing the reticles in a vacuum processi ng
section that are received fromthe vacuuminput section, storing the
reticles in a -3 vacuumlibrary, indexing said stored reticles, and
retrieving a requested reticle to be-gsed for exposing a pattern on a wafer
fromthe vacuumlibrary based on said indexing steps. [00081 Through the
above enbodi nents, reticle swap tine during nmultiple exposure is
substantially reduced by having a plurality of reticles stored within the
l'i t hography vaunelibrdgs indexinglkail, stéred teticles, ﬁiﬁpfeﬁfea@@% 4 PRueasd fetiefe
manuf act uri ng sem conductors and sol ves i magi ng problens that occur in EW
envi r onnent sfo boged forraxppsieg aartemi arehwaler fiom theascuum dibeady basedgas of t he
present inventions., as well as-the structure and operation of the various
enbodi nent s g%é“%%émEP%Q&nt i nvention, are described in detail below wth
referenmpogp the Tﬁﬁﬁgﬁfﬂﬁé‘)ébﬂﬂe dmdvilingsnts, BRI sWapGith& Buhk Ghulfipfe

DRAW NGS/ FI GURES [ 0010] The acconpanyi ng draw ngs, which are incorporated
herei n and f epesare ipsybstaptialiheedyerschy hayang aplurality afretiates stoned withisent

i nvention ang, t.9gether wih, the desci.ptio further serve to pl ain the
principl es o&let h@gﬁ-’wg}gtﬁogﬁ % PP eﬁg%gel%q%s TeR9S (60 °PHS t%e perti nent
art to meke aRfufds@rihfSechidoRatétors addQdihds fn&bing Lftoblkhhs Mad odarsiiows st ages

of components in a |ithography tool according to enbodi nents of the present
i nvention. [BUM¢nvimognentsi s a fl owchart depicting a method of switching

reticle i ng osure.accordin mhodi ment s of the,present invention.
[00131 E‘O&f 3A, @&%nﬁg@@%&\%’v?%am%egf aggrrug&‘ﬁngqggsr 8fli @EepﬁeﬁFI&i ng device
in a |ithogr aRBitidmeohs el as tic@nicture ahd Speranidrs oPihetvagions emBadinieAMeENt i oN.

of the present invention, are described in detail below with reference to the

accompanyihg drawings.
BRIEF DESCRIPTION OF THE DRAWINGS/FIGURES

[0010] The accompanying drawings, which are incorporated herein and form a

part of the specification, illustrate the present invention and, together with the

description, further serve to explain the principles of the invention and to

enable a person skilled in the pertinent art to make and use the invention.

[0011] FIGs. 1A, 1B, and 1C shows stages of components in a lithography
q tool according to embodiments of the present invention.
[0012] FIG. 2 is a flowchart depicting a method of switching reticles during B

exposure according to embodiments of the present invention.

[0013] FIGs. 3A, 3B, and 3C show views of a multiple reticle holding device
in a lithography tool according to embodiments of the present invention.

[0014] FIG. 4 shows a multiple reticle holding device in a lithography tool
according to embodiments of the present invention.

[0015] FIG. 5 is a flowchart depicting a method according to embodiments of
the present invention.

[0016] The present invention will now be described with reference to the

accompanying drawings. In the drawings, like reference numbers indicate



[0014]: FIG 4 shows, a multiple reticle holding device in a |ithography tool
according to enbodi nents of the present invention. [0015] FIG 5 is a
flowchart depicting a nmethod according to enbodi nents of the present
invention. [00161 The present invention will now be described with reference
to the acconpanying drawings. In the drawings, |ike reference nunbers
indicate -4- identical or functionally4simlar elenments. Additionally, the

| eft-nmost digit(s) of a reference nunber identifies the drawing in which
the reference nunber first appears. DETAI LED DESCRI PTI ON OF THE | NVENTI ON
[0017] Generally, a lithography tool 100 according to enbodi ments of the
present i nvaderntical erafunttnariallptesimilaresl roents.e Acldiivinelly, 182 left-tiosodigit(s) nor e
mrrors (not .sho t hat praject. EUV |ight through a reticle munted on a
reticle stadd 4 r%‘bcean%l?eérlh?'ﬁgices g%/%%%’”i’% “bl“i%i‘ﬁ% %Irﬁﬁeﬁ?@edﬁ’ﬁi‘% of a |layer
of an inteq&gg@?eﬁgfcuit on the wafer. |ithography tool 100 can al so
include a reticle handler 104 that exchanges the reticle being exposed as
prescri bed by the user of the |ithography tool 100. Existing |ithography
tools that transport i k ynh U S. Patent No.

6, 239, 863 to Catey egngﬁ%#ﬁﬁfﬁgﬁeﬁggfﬂﬁﬁ&ﬁggﬁgggﬁgggﬁﬁghDeNhrco et al., US
App. No. 10/040,375 to Friednan et al., US. Prov. App. No. 60/358,354 to
del Pu et al. U.S. . p 60/ 364, 129 to del Puerto et al.,
whi ch 300 nc%ernp%?%’t 2qlthpETagy t@@ 100 Booof P 1R b Refts SfdPE [0018]
Speci fi cal | preseheinvehtic] eah adbdy aferpssird ghirtbeMpdivi@nése 6f nidie present

i nvention can include a vacuum conpatl bl e robot 110, a vacuum t chanber 114

(e. g., a cemRIFIgrs ot FhPWNY, et weisecEV¥nlishtobrval e ratisler mpunted 1, aa pressure
o Ot e F o FORUL SBEE D8R fedler (rBt LAATD @ Pkt IAIHO cHASILE Lfaflor 10x)  and

input reticles a ransition t pheric essure-to vacuum a
an integrated circuit on the wafer. Lithography tool 100 can also include a

reticle handler 104 that exchanges the reticle being exposed as prescribed by
the user of the lithogr_aphy tool 100. Existing lithography tools that transport
reticles for exposure are taught in U.S. Patent No. 6,239,863 to Catey et al.,
U.S. App. No. 09/925,722 to DeMarco et al., U.S. App. No. 10/040,375 to
Friedman et al., U.S. Prov. App. No. 60/358,354 to del Puerto et al., and U.S.
‘Prov. App. No. 60/364,129 to del Puerto et al., which are all incorporated
herein by reference in their entirety. '

[0018] Specifically, the reticle handler according to embodiments of the

present invention can include a vacuum-compatible robot 110, a vacuum

N

chamber 114 (e.g., a central or main vacuum section) to house the robot 110, a
pressure controlled input section (e.g., a load-lock) 116 to identify (or index)
and input reticles and transition them from atmospheric pressure to vacuum, a
first holding section (e.g., a processing station or section) 118 for identifying
the reticle, inspecting the reticle, measuring the reticle’s thickness, cleaning
the reticle, and/or aligning the reticle relative to the lithography tool 100, and a
second holding section (e.g., a reticle library) 120 for storing at least one extra
reticle, such that the reticle is quickly available for exchange. Also, based on
information gathered at input section 116, processing section 118 and/or the
location of the reticle in reticle library 120, the sfored reticle can be indexed to

aid in retrieving the reticles during exposure. The robot 110 can have a one or



first holding section (e.g., a processing station or section) 118 for
identifying the reticle, inspecting the reticle, nmeasuring the reticle's

t hi ckness, cleaning the reticle, and/or aligning the reticle relative to
the lithography tool 100, and a second holding section (e.g., a reticle
l'ibrary) 120 for storing at |east one extra reticle, such that the reticle
is quickly available for exchange. Al 0, based on information gathered at

i nput section 116, processing section 118 and/or the |ocation of the
reticle inreticle library 120, the stored reticle can be indexed to aid in
retrieving the reticles during exposure. The robot 110 can have a one or -5-

nore handed gr t L I re reticles.
This al |l ows a | rs?eééﬁﬁqungH%e&b%éﬂ%%ﬁgg%ﬁ E&ejoretgFgT éeé? 108 with a
first hand Tadalowees findrétkld ©l R emobed froadkd reidle stape 10$w1ml £fist age 108
with a second hand, and so_on, which m nim zes exchange time. Although

di scussed a@a@%an%aqueﬁéw%tmﬂpa@dcm@ theaqti¢le slege d A8 withorsesenhg secti on,

and one exp cli t ny e nts as
equi red [ oG g REdh Mot MRS AR RN AR S E RO Rogr aphy
tool 100 fraﬁmbtelw iohavane oliond lddk, endpriceRitgSseofion, ad e s_pbsutarvent i on.

Only FIG 1A jis fully |l abeled with el ement nunbers because FIGs. 1B and 1C
only show @f§tfoss Biste ﬁ?@é%etﬁsé@%W(?fmé?S?Slﬁmen'&r%@Weéurl ng operation of

it hogé@(g?i tool g0yl apﬁgéc%ﬂéﬂ VigQk lc]tqgné dmoy %%E)%&A)§§ 8511 secti on

(e.q. ure chanber or nore mr cl'e handl er
104, which if®om mlmjtmb@dcbm@moamcﬁhmhamérthelﬁﬂsmtan@ermah.e ol \RG106. A
reticle sta e 108 |§@ Ioc insid posur e _chanber 102 and can hold a

retjcle that A’éfB]éY eleék’f} EMFR ‘és sseusei igsabp red & oy shogashed- 1 i ne
square. 1003klh Ko SOOI L Dbk It EhGaiol At Gundiahig gohand! er 102

i ncl udes a vacuum conpati bl e robot 110 I sshownas equi pped
wi t ht wo- har@éd dithpgrphy 180l 160 ahtledesatn expestye dieaton s(;a gt le@pgmukpper 112 can
have as  many. hande, as, required, . The ol 140 |5y oR8! 6, \iskgs, central
coupled to exposure chamber 102 via a gate valve 106. A reticle stage 108 is
‘located inside exposure chamber 102 and can hold a reticle that is being
exposed near the location depicted as a dashed-line square.
[0020] With continuing reference to FIGs. 1A-C, reticle handler 102 includes
S — a vacuum-compatible robot 110, which is shown as being equipped with two-
handed gripper 112. In alternative embodiments, the gripper 112 can have as
many hands as required. The robot 110 is located inside central vacuum
chamber 114. Load-lock 116, processing station 118, and reticle library 120
are coupled to central chamber 114 via gate valves 122, 124, and 126,
respectively.  Load-lock 116 can inélude an identification device for
| identifying a reticle, as is known in the art. Processing station 118 can
include: (1) an aligning device that can have a sensor (e.g., a camera, a
reflective optical sensor, a through beam optical sensor, or the like), (2) an
identification device (e.g., a camera, a bar code reader, or the like), (3) a
reticle cleaning device, and/or (4) an inspection device (e.g., a measuring
device, a camera, or the like) to measure thickness, read a bar code label on
the reticle, or the like, as is known in the art. Mail-slot-like openings (e.g.,
passages) 130, 132, 134, and 136, respectively, represented by spaces between

pairs of parallel dashed lines in walls of central chamber 114, allow robot 110



chanber 114. Load-lock 116, processing station 118, and reticle library 120
‘are coupled to central chanber 114 via gate valves 122, 124, and 126,
respectively. Load-lock 116 can include an identification device for
identifying a reticle, as is known in the art. Processing station 118 can
include: (1) an aligning device that can have a sensor (e.g., a canera, a
reflective optical sensor, a through b&am optical sensor, or the like), (2)
an identification device (e.g., a canera, a bar code reader, or the like),
(3) a reticle cleaning device, and/or (4) an inspection device (e.g., a
measuring device, a canera, or the like) to neasure thickness, read a bar
code | abel aopassreticled fromeoneaired dfthe tdod 10@ 0 artlkerOMassape 1 D@cetrkets

Mai |l -slot-1ike open ngs (e.g. ssages) 130, 132, 134, and 136,

respect i vel \EXPPE}E & @ﬂ'?f@dlor?rytosifé‘gé]s chpsbredi 4. Rassageot32peonapetailoadashed | i nes

in vwalls of ltSﬁEe‘li{@{O C% ?x&mﬂ)grll lﬂaggg;qlggtcot%)%egtscpgﬁﬁeeoc g%&?longi cles from

one area of ool ano exp re chanber

102 to cent rtalceatianthambii 414.PPassage 1382:0ﬁﬂévf£ﬁdtﬁld Bewdry 19CKo tdfirdl0 central
chanber 114. Pa sage 134 connects(froce33|ng station 118 to central chanber
114. Passagéeh HheEtch passega B30, i182at 34, ppd/or d 36 canbsiclossAgmider 114. Each

passage 130, | 05€e / al ed of f by
closing its Sgélg%gffa co%x%%?ésgﬁgigtegg teb’%‘% 1?}% gz,?ggd’ [0021] Agal n, with
referero@2t]o Fl GsAgdidy-&ith Irefeebnicoad FIGS. AT, Nead-lovk IJKBSﬁlrt}ﬁﬂQ{clutﬁbve 138.
Through the use of qate val ve 122 and door, val ve 138, |oad-_ |ock 116

Gr

control s t helogF ¥alygds.oThrongh the usefsgataivalke dggAnd doon valyg k38, Joadgat e  val ve
122 is clos I:ng 140 to be
embued oG 187 Seafoll thy rciie JF QRER: phittd, GRARK 0 Mk fi Bag e,
pl aci ng ret ialee 1124201s |ctosb«banid HomrkvalNe5] 38 ampenathue eddding 2 eticlsdd) td oad | ock
116 is ed down, .and gate yalvye 122 | ened. This al]ows robot 110 to
reach ret| eerempyed W%Bﬁp%ﬁg‘g ﬁ)aé?a%ulmﬁé %Eﬂbébd?@tYaiY é 0t m | oad- I ock
éégcr Egg i clnpﬁacmgrenaetmnn RERCRER 26, RBoPTACEFSE N0c16deA! 10a-1dckBr 16k Ch i's

i i

pumped down, and gate valve 122 is opened. This allows robot 110 to reach

reticle 140 through passage 132 and remove reticle 140 from load-lock 116.
Reticle 140 is then processed in processing station 118, which is described in
more detail below. After removing reticle 140 from processing station 118,
S e robot-110-can-store-reticle 140-in reticle-library-120 through-slot-136;-as-
shown in FIG. 1B. Data collected at the processing station 118 and
information identifying the location of reticle 140 in reticle library 120 can be

correlated and stored in data storage 142. Controller 144 accesses the stored

o
AN

data in data storage 142 when robot 110 is directed to retrieve requested
reticles during an exposure process. Thus, through the system as described,
there is a reticle library 120 located within the lithography tool 100 that holds
multiple reticles at vacuum to allow for substantially faster reticle swap. Also,
based on the correlated data in data storage 142 the lithography tool 100, the
stored reticles can be indexed to increase the speed and accuracy in retrieving
a requested reticle.

| [0022] FIG. 2 shows a method 200 for exchanging reticles according to
embodiments of the present invention (steps 202-216). At step 202, a user
commands tool 100 to exchange reticles. At step 204, robot 110 fetches the
requested reticle from reticle library 120 (FIG. 1B). At step 206, robot 110



nore detail below. After renoving reticle 140 from processing station 118,

" robot 110 can--store- reticle 1-40 in reticle-library- 120 through slot 136,
as shown in FIG 1B. Data collected at the processing station 118 and
information identifying the location of reticle 140 in reticle library 120
can be 7 correlated and stored in data storage 142. Controller 144 accesses
the stored data in data storage 142 when robot 110 is directed to retrieve
requested reticles during an exposure process. Thus, through the system as
described, there is areticle library 120 |ocated within the |ithography
tool 100 that holds nultiple reticles at vacuumto allow for substantially

faster reti qlscestmreqidstd, retitlase graessinestaiin Blat Kdstefnag iprockadiag St or age 142
the lithography tool 100, the stored reticles can be indexed to increase

the speed ard PselouRedy Fracessingi eapi igludg p cgetsetasdroughi digamenpoR2d FIG 2

shows a net f exchangi reticl gcording to odjnents of the
present i nvgﬁgclh(%%gflsﬁg esb(rz.gtg_e gﬁoé}%h ai(gmg}e 'ts)d%’é(ée, 1napr8g%sFmnggﬂf9§gfdl§? tool 100 to
exchange retTH @8chafMcabb@pe 2A¢ at 16280bnel d8rbebE FREddNSelRAURShal: r eticl e
fromreticle I|bra% 120 (FIG 1B). At step 206, robot 110 -7- places the

request ed regrpunt ef Kn Yrasce srenslatignsaandoietating abapt & tZepxig0d hepf-oxiedsing s

performed. Prec i can inel ude a coarse or .Lou align t.on a

nmechani cal Sc{e 1a§c§§§r9%{1%g?rpp%c§8ﬁa§ﬁoi raﬁ%ﬁatceﬁgwlg%s %r}hw%@gé%?ﬁe&cget ation 118.
The nmechani cad stgp 3@ 1086t HILO te@sts GHeCredGebtRErctitlef kR PRHASEhL6lagEn f r Om t he
group of X, Y, or Z translations and rotation about a Z-axis. The Z-axis is

defined as bdiritpe fips hand ufbstep 3laplat 118 cegovss agetiele thet istquarendyjuest ed

or ocesel ng. SPRTBOS YU §Pion RplSRRNER A IASEbBHLRT BB BhiGheaH " eroves a

reticle thatrefigle @Hrst0t108 (FOB. SCRIAL 3B 206! Fobdt SET plAded B detiold ttat ep 214,
robot 110 pl aces the requested . reticle on stz&e 108 (FIG 1C). At step 216,

robot 110 plvseetipesly ensepe 106 i retigladibpry P8 (BIG, 18} stage 108 in reticle
i brar y[oéz’-ﬁ (Fl GE)ligang vacuum systems have certain limitations: 1) commercially

available vacuum-compatible robots tend to have very limited vertical travel;
2) commercial slot valves have openings that are very narrow in height; and 3)
because of 1 and 2, the working volume accessible by a robot in a typical
vacuum application is a very short and broad cylinder, for example, about 25

e - millimeters -(mm)- tall-by-2,000 mm- in diameter. Thus, according to
embodiments of the present invention shown in FIGs. 3A-C, to increase the
storage capacity, a reticle library 120 is implemented with a vertical indexer
module 300. This increases the storage capacity of library 120 so that it can
hold more than one reticle.

[0024] FIGs. 3A-3C show side cross-sectional views of an indexer module
300 according to embodiments of the present invention. Indexer module 300
is part of reticle library 120 and is coupled via gate valve 126 to central
vacuum chamber 114. Gripper 112 is shown transporting reticle 302 from
indexer module 300 to central vacuum chamber 114 via passage 136. Other
reticles 304-312 are shown as being stored inside indexer module 300. Rack
314 supports reticles 304-312.

[0025] Referring to FIG. 3B, which shows a side view of rack 314, (as seen
from the approach direction of robot 110), each reticle 302-312 is supported



[0023] Existing vacuum systens have certain linitations: 1) comercially
avallable vacuum conpati ble robots tend to have very limted vertica

travel ; 2) commercial slot valves have openings that are very narrow in

hei ght; and 3) because of | and 2, the working vol ume accessible by a robot
in a typical vacuumapplication is a very short and broad cylinder, for
exanpl e, about 25 mllineters -(m-gtall by 2,000 nmin dianeter. Thus,
according to enbodiments of the present invention shown in FIG. 3A-C, to
increase the storage capacity, a reticle library 120 is inplenented with a
vertical indexer nmodule 300. This increases the storage capacity of library

120 so that piytbreadts Bes,Owhieh allohafeniRl 'o8trb6d1es 30£824]in RhSxiiredy3C show si de
cross-sectional views of an indexer nodule 300 according to enbodi nents of

t he present pemperdicilonto thisdéser nodul e 300 is part of reticle library 120
and is ed ate val ve central. vacuum c anber 114. Gi pper
112 i s[@%ﬁn t ra:@es%PPgﬁé A0 %ﬁg %ﬁg,zralc{goi}?l ’iSn‘E?é‘i?E‘:d ATRE 3D central
vacuum chanmgélodutd 31B&iPAREAFS0. 13©ack@1heirs rafsea lof 16w ered deidfive 3 %mfhown as
bei ng stored inside indexer nodul e 300. Rack 314 supports reticles 304-312.

[ 0025] Ref eenélogyre 318 b@ thgB;tionhofgiusk nedd22; whide isspewvered by el s8te#; (as seen
fromthe ap r.oa rection, of robo ach reti Ie 302- 3 IS supported
by brackets 51%896\7?1 g PLIPWETREFAS #50%3& \e‘i‘ﬁ BR 28y 91 gkiezrepﬁ eﬁﬂ?ézdl rection
per pendi cul 817 ¢@pidhge M6SWhis Q@c?v@slfog%ﬁs? 15&6?90@9@&%&10901'1: bEhe3bticlkack 314 is
coupled to library vacuum enclosure via slide 320. Rack 314 is raised
or |owered B82-ad? \f@n! oetickeelibranyc] sty b8l 81hby Comparing Fds. A padbBCr od 322,

which i s powere al | scrw dri.ve 32 k 314
ling up any’ Beo St Gt 05 18ty ehin BR300 A eSternplfite IS T o, onsy

i n; ert '1 2 8 Ogﬁéfﬁﬂréﬁélé glot Bfat hﬂﬁs f@fclecmsoem%zﬂneﬁ% {orﬁa@&arg%t1l36|nﬁ>aldmg3r ary f120 by

'[ (r)a\?él in Frqgn?grﬁ\(lnngmesgb]pdqydtqbgt 1.t Frecontrast, in FII(SE ’i’ié ri?k g ﬁ) ?sr at a{ mt oot its
lower limit of its travel, which corresponds to the top reticle slot that holds
reticle 312 being lined up to passage 136 making the reticle 312 accessible by
robot 110. Bellow 326 is attached at one end to vacuum enclosure 318 and at
an opposite end to push rod 322. Bellow 326 is used to maintain the vacuum
seal, while accommodating the motion of the push rod 322. Bellow 326 is

e shown in its-most contracted position-in FIG.-3A-and in its most extended
position in FIG. 3C.

[0027] FIG. 4 shows a lithography tool 400 including an in-vacuum library
402 according to embodiments of the present invention. Central vacuum
chamber 404 has been extended to incorporate library area 402. Reticle
positions 404, 406, and 408 in library area 402 and have support devices 410
(e.g., brackets) to hold stored reticles. In some embodiments, reticles are only
about 6 mm thick, but the typical vertical motion range of a vacuum robot 412
is in the order of 25 mm or slightly more. Thus, the vertical motion range of
robot 412 is greater than the thickness of one reticle. Accordingly, in
alternative embodiments, more than one reticle can be vertically stacked in
each of reticle positions 404, 406, and/or 408. This increases the capacity of
library 402. A rack (not shown) similar to rack 408 in FIG. 3B, but shorter

(e.g., two levels tall) could be used to support the reticles.



bottomreticle slot that holds reticle 302 being |ined up to passage 136
maki ng reticle 302 accessible by robot 110. In contrast, in FIG 3C rack
314 is at a lower limt -of its travel, which corresponds to the top reticle
slot that holds reticle 312 being lined up to passage 136 maki ng the
reticle 312 accessible by robot 110. Bellow 326 is attached at one end to
vacuum encl osure 318 and at an opposi%<e end to push rod 322. Bellow 326 is
used to maintain the vacuum seal, while accomopdating the notion of the
push rod 322. Bellow 326 is shown in its nobst contracted position-in-FIG
3Aand in its nost extended position in FIG 3C 100271 FIG 4 shows a
lithogf@q28y t ool KGO 5 ilhisttalien @ arethiod- $6E wdcordingr & ¥mbéBineneC of dhé1g t O
enbodi ments of the present invention. Central vacuum chanber 404 has been
ext ended t o PIGPER iDUPHI0R (SteBs aP9-2ARkaAlGtED J8: ralices Besetripvadsiiana 406, and

408 in i br%l ggullto%cﬁ‘&glfreﬁv e§tg(8‘[)ngrr1]§) %Y't :n§ tl%%lg th«gé rg les %r ckets) to

hol d stored Fet 168" af aBbut 6 mm
t hick, but tahﬁoiphan@pfesmum @aduuimt IAQlfllt[oaiaﬂ?, bee@'or‘éadibuﬂ@tdpom thel2 is in
the order of 25 mm or S|I9ht| nore. Thus, the vertical notion range of
robot 412 i getiflesinpe ideatilieder indezpthedd BT Mo a BIOPessEg %W@&gly, in

alternati ve a . I e cal I stacked in
each of reti #@@o@?ﬁ%ﬁ%@é@wﬁ%og’h? /(ge%é%g %.Irﬁor% de:ﬁ% e%lges he capacity
of libr ary s{b@aowheaai«:leﬁsrm stofealif)a \&bﬁ‘illrhdibrir? (&.85 KibARSY 120 of likzary3B, but

shorter two levels tall) could be used to sup Egrt the reticles. -9-

[0028] FI G 482) | AlstiompaS datandy Kloseds (02 adlt §r@i Fierage lé odibgedfia iof t he
present '“V?%r%é%ﬂtaﬁl%e% 2086reei g Aﬁet\%ﬁag)lﬁ?ﬁaﬁgra 3 at@&edl{lrﬁrlieé"eved from

a {vacuum in sectiron (e.g., Ssection I oNns reticles

from at nos pheaseking rseps 604 ahd/ol/adbmmcaﬁdldilhfoﬁﬂaﬂld)ry .gentratedf wefereoor at st ep
502, the reticle cap be identified or indexed. At step 504, a processing

section (e. §uring $tspt s and anfogpafieis ideatifyang @ ]é’ﬁatl%Pf:ﬁa‘ihso%%rﬂP%ed in nore

detail bel oy Ms stored in the vacuum library. At step 510, a requested reticle is

transported from the vacuum library to an exposure chamber (e.g., chamber

102) based on the stored data (e.g., under control of controller 144). In other

embodiments, during transporting step 510 a robot (e.g., robot 110 or robot

412) with multiple holding devices (e.g., holding devices 112) can be used to

- . transport-more-than one requested reticle to- allow-for sequential exposure-of

more than one pattern on the wafer. In still further embodiments, step- 510 can

include pre-aligning the requested reticle at the processing section before

delivering the reticle to the exposure chamber. At step 512, one or more

reticles are sequentially exposed on a reticle stage (e.g., stage 108) in the
exposure chamber to form one or more patterns on the wafer.

[0029] In various embodiments, the processing step 504 can include one or

more processes. A first process can be identifying each one of the reticles.

The identifying can be accomplished with a camera, a bar code reader, or the

like. Another process can be inspecting each one of the reticles with an

appropriate inspection device. A further process can be measuring a thickness

of each one of the reticles. A still further process can be rough-aligning the

reticles with respect to a lithography tool. A still further process can be

cleaning the reticles. Accordingly, the data stored in step 508 is partially

based on one or more of these processes.



step 506, the reticles are stored in a vacuumlibrary (e.g., library 120 or
| i.brary 402). At step 508, data is stored (e.g., in data storage 142). The
data is representative of a correlation between information generated
during processing step 504 and/or identification information generated
before or during step 502 and information identifying a |ocation of each
one of the reticles stored in the vadQumlibrary. At step 510, a requested
reticle is transported fromthe vacuumlibrary to an exposure chanber
(e.g., chanber 102) based on the stored data (e.g., under control of
controller 144). In other enbodinents, during transporting step 510 a robot
(e.g., robotCabtismn robot 412) with multiple holding devices (e.g., holding
devices 112) can be used to transport nore--than one-requested. -reticle to
al low for--sequential -exposure of nore than one pattern on the wafer. In
still floe3dher enbwHileendridus SérBPoditenisanf théChreskmt pih@ertionghang Hebe r equest ed
reticle at the processing section before delivering the reticle to the
exposur e chaksp@rbed abos, dshguld begmderstoogdhat theychave been presenteshoievey al | y
exposed on reticle Q. St a i e . ex y hanber to
%r%% ’ia6t?nzﬁ’ﬁagﬁoélo?tl%’eﬁa\}\%bég.?“@ggé@% Ba}r%&vtgrﬁ%‘%gég lggin}rent s, the

form one or re
processi Ng Shepel&Rft GAMhatNGIreUe chifzedlin foi and doRis®8De Madd fidteipr 0CESS can
be identifying each one of the reticles. The identifying can be

acconpl i shedvifiioupdepagtingfram the ppirit axbsopeatibe inventiome Thys, ke brpgdik her process
can be insp [ e f. . LGl Lth . r ' i nspection
device. A f%ﬁ ﬁ%ﬁwﬁﬁﬁgg?%gggﬁn%%ﬁw%§éﬁﬁﬁﬁ§tﬁ%?ﬁPgﬁﬁQ§§-‘%ﬁﬁégﬁ one of the
reticles. A debdritedfetteinbRiy pmbodiasentabubshautdibd definedronty i Becordaeiceé cl es with
respect to a |ithography tool. A still further process can be cleaning the
reticles. A8 tedpilgwingclaigs pad tegregyivialentt ep 508 is partially based on
one or nore of these processes. -10- Conclusion [0030] Wil e various

enbodi nents of the present invention have been

o
-

o



descri bed above, it should be understood that they have been presented by
way of exanple only, and not |limtation. It will be apparent to persons
skilled in the relevant art that various changes in formand detail can be
made therein wthout departing fromthe spirit and scope of the invention.
Thus, the breadth and scope of th? present invention should not be limted
by any of the above- described exenﬁlary enbodi nents, but should be defined
only in accordance { with the following clains and their equivalents. 11
WHAT IS CLAIMED IS: | A nethod conprising the steps of. providing a vacuum
sect i on hawiar 8 COBAMEDXBupl i ng a vacuum i nput section to the vacuum
section, the-vacuum input section receiving reticles before they are -
brought intq theAvaethdBcompibingditegsh: robot; coupling a first vacuum
hol di ng section to the vacuum section, the first vacuum hol ding section
recei ving one of ptdvadingtivetuasn sactign having robotf he robot; coupling a second
vacuum hol di ng secti,.on to the vac n1seq%hgggathe second vacuum hol di ng

e

section simul t anEQMRME 3pgiuRy 1P %eéctﬁlé’fl cuum SEFHON, fhe FFURRL § ¢| es
recei ved 1 gt 8o b ocivift! rERU bBBraInX RS Hidhghe ShibOlhel Gacklfy vacuUm

section, the exposure section receiving the re es transported from one
of the firssectiondydbmrbboyacuum hol di ng section via the robot 2. The net hod

of claiml1, further co ising the,ste f sinul t aneousl olding a
plurality of t heC?‘é&h”éﬁ’@é‘iﬁ"%"@ﬂ@@%g?C%PB_rIOg%\ﬁ‘c’t‘?‘&ﬁg?%ﬂ H’fertg"ﬁﬁ ? he second
vacuum hol di.ng,3eféi sE{tS’tic;rﬂ%?égiﬂg%ﬂé 8 BRGEAAE at timd BEmTRE Rieol claim 2,

further conprising tﬁ% step o eduentially exposing a warer in the
exposur e sect i oncenpling hgecphd vadiiuiny helidingedectidreto theransyarseetibrhyhd he robot .

second vacuum holding section simultaneously holding a predetermined
amount of the reticles received from the robot; and

coupling an exposure section to the vacuum section, the exposure
section receiving the reticles transported from one of the first or second

vacuum holding section via the robot.

2. ' The method of claim 1, further comprising the step of simultaneously
holding a plurality of the reticles with the robot for said transport from the

second vacuum holding section to the exposure section.

3.  The method of claim 2, further comprising the step of sequentially
exposing a wafer in the exposure section with the plurality of reticles

transported by the robot.

4 . The method of claim 1, further comprising the step of rough-aligning

the reticle in the first vacuum holding section.

5.  The method of claim 1, further comprising the step of capturing

information about the reticle in the first vacuum holding section.

6. The method of claim 5, wherein said capturing step is performed with

a bar code reader.



4 The nmethod of claiml, further conprising the step of rough-aligning the
reticle in the first vacuum hol ding section. 5. The nethod of claiml,
further conprising the step of capturing information about the reticle in
the first vacuum hol ding section. 6 The nethod of claim5, wherein said
capturing step is perfornmed with .a bar code reader. 12 7 . The nethod of
claim 5,; wherein said capturinglztep is performed with a canera. 8 . A
system conprising: a main vacuum section; a robot positioned in said main
vacuum.section; a pressure controlled input section that receives reticles-
before they dre Theanghod ofi¢lains af dvimatin suidaapraris@atdpos peyfoddivitobot ; a
first holding section that holds one of said reticles at a tine received
fromsai d r BG4 second hol di ng section coupled to said main vacuum
section that sinultaneously holds a predeterm ned amount of said reticles
received from said robot; and an exposure section that receives said
reticles frof.saiAlsysdmtomprisihge system of claim8,1 wherein said robot has
a plurality of holding devices to hold a plurality of reticles at one tine
for transport frAMaRiVECEER &¢fdI0Nhol di ng section to sai d exposure section. 10

The system of C%%EEEP;,OsﬁfOH\Q@?L%%&‘ %ﬁ{\dacﬂﬁl%%g#{o%'pom rolled input section

conprises a | oad evi ce as a pre erm ned pressure. 11 The

system of clain $presvnry @nfroliad thpht settioh tatliddgives edtichis vedstRihiage a  device
to rough-align said reticle. 12 The system of claim11l, wherein said rough
al i gni ng dehrewshd &Fp s7id rpin vacuum section by said robot;

a first holding section that holds one of said reticles at a time received
from said robot;

a second holding section coupled to said main vacuum section that
simultaneously holds ‘a predetermined amount of said reticles received from
said robot; and

an exposure section that receives said reticles from said robot.

9. The system of claim 8, wherein said robot has a plurality of holding
devices to hold a plurality of reticles at one time for transport from said second

holding section to said exposure section.

10 . The system of claim 2”8;: wherein said pressure controlled input section

comprises a load lock device that has a predetermined pressure.

1. The system of claim .'”8,A .wherein said first holding section comprises a

device to rough-align said reticle.

12 . The system of claim 11, wherein said rough aligning device comprises
a mechanical stage having at least one degree of freedom from the group

consisting of X, Y, and Z translations and rotation about a Z axis.

13 . The system of claim 11, wherein said rough aligning device compfises

a sensor. - _



a nmechani cal stage having at | east one degree of freedomfromthe group
consisting of X, Y, and Z translations and rotation about a Z axis. 13 . The
system of claim 11, wherein said rough aligning device conprises a sensor
13 - 14 The system of claim 13, wherein said sensor is a canmera. 15 . The
system of claim 13, wherein said sensor is a reflective optical device. 16-
The system of claim 13, wherein id sensor is a through beam opti cal
sensor. 17 The systemof claim@8, wherein said first hol ding section
conprises an information capturing device to capture information about said

reticle. 18.14The TystRwBnObT Ehih T8k yhekai d. information capturing
device is a bar code reader. 19 - ‘Igﬁe sélgtsgnn%%g¥s acfaéﬁeleQ, wherein said

information capturing device is a canmera. 20 The systemof claim8, wherein
sai d second jzol di tion .conprises a rack with a plurality of hol ding
devices to hold sﬁg}?edg)gﬁ?ﬂ?a?r}i ‘flﬁlmbf 3, wherein gad sensorTinen sgfective bticdlai m

20, wher ei n skwiter ack i s noveabl e and i ndexable to different predeterm ned
ones of said reticles for access by said robot. 22 . The nmethod of claim1,
further conprising the step of capturing information about the reticle
using the vasuum-nput section. .23 . The system of claim8, wherein said
pressure control I’%lbeoﬁ Aisth 0@%1@131? &%’W]é%ﬁ&arﬁa@égnm i$ afttmongh beam opgialr i Ng-
device to caphdere- information -about said- reticle.

17.  The system of claim '8, wherein said first hol ding section comprises

an information capturing device to capture information about said reticle.

18 . The system of claim 171 ‘wherein said information capturing device is a

bar code reader.

19.  The system of claim 17, wherein said information capturing device is a
camera. '
20.  The system of claim 78,\ wherein said second holding section

comprises a rack with a plurality of holding devices to hold said plurality of

reticles.

21. The system of claim rib;wherein said rack is moveable and indexable

to different predetermined ones of said reticles for access by said robot.

22. The method of claim 1, further comprising the step of capturing

information about the reticle using the vacuum input section.

23 The isystem of claim 8, wherein said pressure controlled input section
comprises-an-infermation capturing- device to capture information -about said

reticle.



