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5 BACKGROUND OF THE I NVENTION 1. Field of the Invention The present

i nvention relates generally to transferring wafers anong nodul es of 10
sem conduct or processing equi pnent, and nore particularly to nesting
certain nodul es of the equi pnent, and nethods of inplenenting such nesting,
to facilitate transfer of wafers anong separate chanbers of sem conductor
processi ng equi ppen ] e ' f oJd ' y the

equi pment. 15 2AT@@§§%FI&%WM§%]§Q§§?E§3M}}%] ﬁt‘&bﬂgﬁﬂﬂ; e of

sem conduct or devi cesyy REFRANIPHIET ROBOT ANB'NETEOD@PEr Mt transfer

of wafers or substrates, for exanp etween the interfaced chanbers. Such
transfer is via transport mdulMPLEMENFBH%GtSAMEaf ers, for exanple,
through slots or ports that are provided in the adjacent walls of the
interfaced chanbers. For exanple, 20 transport nodules are generally used
in conjugction with a variety of substrate processing nodul es, which may

i ncl ude sem conductor etching systens, rrat eri aI deposition systens, and
flat panel display etchi ngBACK(ROUND O MON denmands for

cl eanliness and hi gh processing precision, there has been a grow ng need to
reduce the anmount of human interaction durlng and between processing steps.
This 25 need haRl dIeRe Iw@ntioa! | Y net with the inplenentation of vacuum

transport nodul es which operate as an internedi ate handling apparatus
(typi cal |y mai ntBierpseseat ingestiogrelates generally to transferring wafers among modules of

10 semiconductor processing equipment, and more particularly to nesting certain modules

SAME

of the equipment, and methods of implementing such nesting, to facilitate transfer of
wafers among separate chambers of semiconductor processing equipment while

reducing the area footprint occupied by the equipment.

15 2. Description of the Related Art
In the manufacture of semiconductor devices, process chambers are interfaced to
permit transfer of wafers or substrates, for example, between the interfaced chambers.
Such transfer is via transport modules that move the wafers, for example, through slots
or ports that are provided in the adjacent walls of the interfaced chambers. For example,
20 transport modules are generally used in conjunction with a variety of substrate
processing modules, which may include semiconductor etching systems, material
deposition systems, and flat panel display etching systems. Due to the growing
demands for cleanliness and high processing precision, there has been a growing need to
reduce the amount of human interaction during and between processing steps. This
25 need has been partially met with the implementation of vacuum transport modules
which operate as an intermediate handling apparatus (typically maintained at a reduced
pressure, e.g., vacuum conditions). By way of example, a vacuum transport module
may be physically located between one or more clean room storage facilities where
substrates are stored, and multiple substrate processing modules where the substrates are
30 actually processed, e.g., etched or have deposition performed thereon. In this manner,

when a substrate is required for processing, a robot arm located within the transport



pressure, e.g., vacuumconditions). By way of exanple, a vacuumtransport
modul e may be physical ly |ocated between one or nore cl eddDegambes2BPhge
facilities where substrates are stored, and nmultiple substrate processing
nodul es where the substrates are 30 actually processed, e.g., etched or
have deposition performed thereon. In this manner, when a substrate is
required for processing, a robot arml ocgt ed within the transport 16
Decenber 2003 2 nodul e may be enployed t6 retrieve a sel ected substrate
fromstorage and place it to one of the | ti rocessi ng nodul es. As
is well kndwﬂué%ntaﬁ&génmmeﬂéa rtHe e sedrdte %@H'cﬁ? by 2 PRFGHIPGr t
nodul es to ng nmultiple storage facilities and
processi ng ngmgggﬂgﬁlpgﬁ#%gﬁgﬁgﬁ?%ferred to as a "cluster tool

archi tectur e syAd ésmweHi knoven koA tltespi skilledaint $hoi an tlsear’rangmiaﬂtoﬁ trpnspods s

cluster arch cture 100 illustrating the various ch erst i nterface
with a vacul "& F?spH?IfSP%dﬁ}‘ LS . m&’f& RS, SLQTRgS: i%&t?ﬁea 8°F§S YBown
coupl ed £0 hEfRR RIRSEEMNE:ARALIPEs §08RsED R0l URHFRATRY HeedFiuIBh! y
optim zed to performyvari‘ous fabrication processes. By way of exanple, 10
processi ng depsitd eypic@Baermo&mumy phaecssnglistereanclatd ctuee P} Hiustmatingzthe erionsr

coupl ed pla stra et chi er . de i ons,. and/

Spubt eri o CREBRE LIRS AT achame R BO0NTE T eV PR wdRo Broglpo.
that may begeny aABRhCCulpRed M I BEHIC Brod iy Sh&uldsN 08 B0BEU M HiFIR TSRO e
modul e 106. Load | ock 104 may be coupled to a clean room 102 wheré€

subst r at es indigidualdy eptimizad 4el @ tforom vareous dabrication racesses.e Byngayaatiexemrple.ng

et woen WadUfR PR AR RERORS RSl in B BERET S0 RelBEY AR b EMBhdcuum

transport radshsla TUPG siRyrate@tdhiy, 1t deposifishs Bad/pr paterigg. (€. 9., vacuun),
whil e clean room 102 is kept at at m)spherl Cc pressure. Consistent with the

growi ng demands Gune@pd i vhaEEs AP BRAE o8I H1dpadr loek slﬂénthatt may dount

of human i t
reduced byqﬁée%eé]ge%gpq é)dﬁtge g@’fg&gs p[ﬁr an thrr ggwa }l% om t ﬁ(la&g(le@an room
102 to the thogase tapledlifh. cldangusm 10B vaepd Qﬂ)Strﬁespm‘e gtor@d. t Inradldivion k3 Beifigunt ed

along a track 112 between wafer cassettes 114 and two | oad | ocks 104
provi dedSi rfettrﬁém& nseryi9e meganitie leadelack, KYntlio serves on & RESRBLYEYINGs 114

and the rolgf el aRkth nt?agls]%r %J&%@ﬁ@é'a&d%@aﬁﬁ Wdm _192. tﬁ?}érefcﬂ
items may be re err to as partso an at nospheric transfer
The robot Mﬁummrab@ommedhle 186 suagrtwelept atl mmsitahtepﬂessuma(re g rmckum)],'a’;vlhbt Ween

ends 118a and 118b t cilitate repoving a fer 12Q.s ral ut of one
of the cassféftapégomwg iRt qtétm%aﬁ?fefgprﬁ%ﬁ%fﬁya Itsvféer\w%lr agé) % eBands| i gned

W th a vaf gbr ble@fife8d atihi E&e@ﬁ? ﬁéffsﬁ)ﬂdﬁle' zﬂn&ulﬂ?ofjhﬁlﬁ% ifkaQlorPauridgX| S-
The aligned transfer has bBeen use ?o avoid 30 difficulties experienced in
t he pas®0j randdwtwe@mmr@@smmtpss bhsrhican rctduged/\hf éxe use afisdtots, 119, ig. transfee thet he
base of t hewgfgrlgq}o ﬁ}e c?ea%t (@Egt@s\%g lt?n?rp @n a vertical axis at the sanme

time as the arns o he ro n extend noti on. 16 Decenber

2003 3 The | oad fhgakaBJ&@low@mmM@Hompqum@edt@oﬁgfmrmaa@tﬁemeﬁLﬂaf@rnd
have front faces, or fer transfer faces, 124 that arﬁgfarallel to the

track 112 deelist %afi%t“msafai%&ﬂ%ﬁmfdeﬁﬁn sheglean roamnl)2,| The cleagapem; s a
m ni mum di SERNGA(@E AWehner OIS b BHRTAD, Ridnfinkdfedl afugssgfgﬁg plel6lfe 104)

requi red between the ro ot 110 ence etméen ack e | oad
| ock 104&5i ritigs thbsecitenss mayf b refétfedite ag partseoftamaﬁsé@hewtraﬁﬁlfmmcmum nenThest ance

s the mn stance re r he roQot 110 tao.transfer a_ wafer 120
Ist rai ght i Irff’ Ottﬂlg p28 PYE %%‘B?‘ferﬁﬁ)/ﬁ 3ens thieg’c“ﬁi‘ 1 gackol2hsbvecaisads 11 86 a

robot cent ragbax Fazilfhte rr&h@«tlhga whid 120RHaidRYo 8 f E;ﬁ‘é &f tﬁ? 539( cf%Su@ WRLEE,

transfer distance, or wafer Teed di stancé. The wafer stance i s
depi ct ed byduring rgmeswlsiherivafend20 amush e sligned pathi 8 evafer transfer axis 122 that

extends in the direction of a y-axis. The aligned transfer has been used to avoid
30 difficulties experienced in the past in controlling robots during the wafer transfer, c.g.,
when the base of the robot is rotated (theta motion) on a vertical axis at the same time as

the arms of the robot are moved in an extend motion.



10 arrowheads and extendi ng between the track 112 and the face 124 of the

| oad | ock 104. The wafer feed line, of dimension line, 1b¥Deeenahsgh0s
extending in the direction of the yaxis parallel to the wafer transfer axis
122, and both the line 127 and the axis 122 are perpendicular to the track
112 and to the y-axis. The size of the robot track 112, and the need to

| ubricate the robot track 112, 15 have cgused problens in that the robot
track 112 is relatively long in the direttion of the y-axis. Al so,

| ubricati the t k. 112 i d, dis th "dirty". el (O
the of ner w so ~ dieded Taske 04 reroRDss spapisc. e tessessg e 40 b iRfler "
transfer d'ﬁ&@”&ﬁg&%ﬁ (t)x‘aigﬁFro %E&?rlék Qha{t r?% EQBH&I tb4fe t@Ek 112 ahd 8eknd P thel r OM

the face 1 of 't he s 104. the past the length of the entire
waf er feed diiesti@ncfean xoexidi Genaiby thirads a himdM diztncediploggithe whier tamséert i on
of the y-axis has bee t the . track 112 and 't ace, 124. f oot pri nt
of the conﬁxﬁe@%fﬁgﬁ&qgﬁ?@efogéwg?é ﬁﬂ&’ﬁ?réa‘ffﬁb(&r}as\;g%rt?F't“feﬁﬂgfeetrra dul e
106 1s 9@%{125 E%d ﬂl%flhﬂ)elgclp¥04 Ko WHAGY 2 RLRA 106 S RArdh¥fehRES ThifOHiHiREm 106
and 116, such'that the footprint is proportional to floor area di nensions
al ong t he xdistateyis dke siinifiuns distanee requated byl thel robef 1 htgx ansfert havafaraldl 112
in the directjon.of the x-axis, and 25 the | t he entire fer
transfer di%‘?%ﬂ&@“‘ig‘fn@ﬁ( !é’r‘fgipﬂg ‘Y‘ﬂmt"ﬁé‘)tﬂfor"eq;ﬁp%f:f’%(?? fl}(ﬁ]gng rn%tsc?m\é\%ﬁﬁsi but e
to the sizerobidiBs 1280LRd iy B r&BR&E dTRflYl Rafed HandBd dibkbce, At WhRYHeddn

Figure 1B and 1C, in the direction of the y-axis, t.he_lenz%th of a footprint
di mensi on |distence30he wvaferifeas distancs is Hepieted by dfe dimensieroligsy 12thaving dpposi§ser ved

i rect 1 Of cPvhseys drdeahuingdhel TR nd RIS Bthoft FEEToASH uRIRET R I0k0 * 15,

exanmpl e. | nThel wafeOfced N8e,iod Aip@BRA 1GRS1270k shotvh ekivgdingth thel @Redtiond ted gan run
environnents for such equipnent, there is a great need to reduce 16

Decenber 200 marglipd to dheuwvelenansdert axis b2, apd badhdhe lisp 127 and dhy prehi2 are

f oot print can e%ﬁicﬂﬁg?o %’J%lah?pz deqglﬂl?t}-gﬂsca” be increased using the sane
anount of dI"G&N 100m space.” I'n view of € forgoing, what is needed is a
robot that avoi dehetdige o hbst ttackridekaidithie degd nelttricuee! thie rebg tiadk 2,
direction of the y-axis, and that does not present a track 5 lubrication

pr obl em15 Al haye caysd groblsapsainithat sheroRptack| 1d A 4 1sladivelyHeng insths dirgcliqa of the

di stance tRALQURlsoSEBAERIGR b thORRlk 11298t Ghd ISHERS] il et if 0ad

| ock, what 1s needed I's a way of avol ding havi'ng that entite mninumlength
extend in tdiberdisectidant, aéant fvemy1G2xi Burtleucthe tiéragh dhéhel wafgt hrandferadibtentepr i nt

di mension |jne 130 extending in,the directjan_.of th -axis, for exanple,
does not i ntA/UBBSISERAHAENRT F Ohil}é’r?ﬁﬁli‘ﬁ ek H2 9t s, 724 of B S TPERS 1 or
transf er ri nggnafreihs pabtt %H@@gﬂn |o?@]'ﬁ=§entir& wllQUieEd Hi%lan@& JIchigcadby lihe 1otate
t he base of the robot on a vertical axis at the sane tinme as the arns of

t he rob@ aaxéendingad thendizastion pbihd yraxis las be@UniEen bF trasie] 1 NvENe €xe t124.

Broadly spegking.. th resent Lnvention fills these needs. b rovidi.ng a
Poad | ook varapdyiph 488 E5aBlac AUENoLEN: afattSy IOFE L PCERL RS LR or i e
di mensi on |mbéule 106 s fdirtallyh®fined 8y heoflodreed o@iupiet ty Hes¥Bnsdudes 1061gnadoes
not include the entire mininumlength of the wafer transfer distance that
must separ atlé 8uGhothat the faetprintels papRartignal i flapr grew dingmsigns glene ek andy wWaen
two adj ace 0 i A s afl 1 d
ook warer Pehinary SEIBRA0G AALARA of e i3 158 W8 ot OIS, WP, 1o
each such fthedergth af thehmtiec whier aragifer distahcer EXpeaénding inhihe fdattion oft the y
dimension line. The present, invention additionally fills these needs, by
provi di ng aaxﬂ%ﬁﬁ?mﬁlﬂ@ﬁ?é]%f Yot °frt§? g‘iqtfb‘?\m thesg WQH%F 6@%??4)511@ Aasha ing

waf er cassetibge @ghd [, iRt iRicROn bORE yLas int{BREior fiS 25
avoi di ng thelkﬁse of a rolbot_ track. Al sg,&gélﬁtt%ggg%h%g@ﬁtﬁﬁ %glzsﬁ%ﬂriﬁss
separ at ed fF¥hsantrerntest totthe sigouot Wef foptpring nlfie obseacesisthisythe hength of tharentieef er

f di 5 he. le,. th [ I
2 conponent ViF s eR AR iRy 27, RGN T B obekfoh W BrcPES bt B 1 T

length @b, fobipet einsbnsidniline 1B@, ot éxxedplninGfiew bhthefinQtsEd bst df BENBAOIMd | Ne.
30 The present invention achieves these results by paositioning the robot at
| east supporting clean run environments for such equipment, there is a great need to reduce



partly in the nest fornmed by the adjacent |oad | ock face i t hqut qui ring
rotation of the 16 Decenmber 2003 5 base of the robot ofﬁﬁnw?@}%tefg axi s
at the same time as the arns of the robot are noved in an extend notion
during wafer transfer into the load |lock. As a result of the nesting of the
faces of the load |ock at the acute angles, the footprint of the nodul es
may be substantially reduced, in that at |east one dinension of 5 the
footprint is mnimzed as descri bed bel of. At the sane tine, with the robot

| ocated at l|east partly in the nest the robot operate with only the
rel ativel y thd mgsubiingx foofiintpt ItoAddigon,, lafngqug?m?l}ﬁgf%&m& £af ﬁ{eo“{a & YBAG"| ocks,

avol di ng e, JIRE6 BB £ERLLA ySRER\GheARA 61cHhi 98 apsbeex end moti on.

Q her aspe(?trs an ages o I nvention w becone apparent fromthe
10 fol | owi ng detiaivieadoftas Eorgging,onhat isadeeded is acobgtuhat taiveids Wietniged Fas a track

acconpanyi ng drawings, _illustrating b y of ex l.e, the princinpl of the
i nventi on. tBRIiErelEEShRIgg) 1@\'&’ lrﬁ%nlﬁﬁfwmﬁlsﬂ@ggﬁa&d@ﬁ? nPIgP/rgge(HEt nt%\fcmkl | be
readily g“Q%é&HBﬁ.pﬁ’é{bl{a{l? Ao QhicBGnaEti8id BEnEHRHENIMAN O thé! vade] tagtdron

wi th the acconpanyi'ng drawm ngs, 1n which Iike reference 15 nunerals

desi gnat e Ididencstthatahust akparhte merobet. fréinguwefer Aradsfpr bace o atlppdl dagk, pibrbis art

' duct , t | hi . Y ' her i
Cranst or mowedd iAdEaY ok SrRidibe bovipe et Sy it il PabAR, 8€ AP €Lt ©

| 0ad | ock TGRL YERHBEAY fhal Bie AARTIF fobrink QeioaNids Bbpatidinptte. 20
Figure 1B depicts a typical robot on a track for transferring a wafer from

a waf er casliettien bb theg-axadol exdmplEi dues enot Angludes suchhentise ineingRwy gpgth.

illustrati | i f t.s shown. in, Fi 1B, ] i i
ength 3p oot ppaAGes g ERTte BARMG Y il KOS i o ocke Al ByPlt 1 1@
| oad | ock eyt.eldiRIbRaAabbS QN IWeral 8%k hDthe 8ime tifneak pitd artns dif thensbatn | i ne

of 25 the nodul es. )
are moved in an extend motion,

SUMMARY OF THE INVENTION

15 Broadly speaking, the present invention fills these needs by providing a load
lock wafer transfer face at an acute angle with respect to a footprint dimension line, such
that the length of the footprint dimension line does not include the entire minimum
length of the wafer transfer distance that must separate a robot from the wafer transfer
face of a load lock.

20 When two adjacent load locks are provided for use with a robot, the two load
lock wafer transfer faces define a nest, and are said to be nested, in that each such face is
at the acute angle with respect to the footprint dimension line. The present invention
additionally fills these needs by providing a robot mounted for rotation at a fixed
location relative to wafer cassettes and to the nested load lock wafer transfer faces, thus

25 avoiding the use of a robot track. Also, although the fixed location is separated from
each of the two wafer transfer faces by the minimum wafer transfer distance, because
the faces are at the acute angle, there is only a component of, and not the entire,
minimum wafer transfer distance in the length of, or extending in the direction of, the
footprint dimension line.

30 The present invention achieves these results by positioning the robot at least

partly in the nest formed by the adjacent load lock faces without requiring rotation of the



Figure 2Ais a plan view of a sem conductor process cluster toal
architecture according to the present invention, illust rbﬁpﬁ@fﬁ&’eraﬁ(&
nounted for rotation on a fixed axis and at |east partially in a next
defined by adjacent faces of |oad | ocks positioned relative to each other
at an acute angle with respect to of a footprint dinension |line of 30
nodul es of the architecture. 16 Decenber 2003 6 Figure 2B illustrates a
cluster architecture diagram wherein a Plurality of process nodul es are
connected to a comon transport nodule, in accordance with one enbodi nent
of the predest of the eohot on a vertigal axig aj the same Hawesithe amsgHans rabefaemeverg

di mensions .of el enents shown in. 5 Figur Loclyding an entire | ength of

a waf er trdﬂé’ﬂé’ﬁ"“ﬁﬁ‘?ﬁﬂ%gu%ﬁ nfgrntr%:'ﬁgequ%&%)@ lgié]@cg'f rotation and a face of

the load | ock ex{endisan oftth@Restiagiof tenfices uf the lombloek tat the dche aiglesctheon of

a footprint dinmension |line, wherein the faces qc;f, \?&tljaj[tacent |Oﬁd | ocks define
a nest for foelprinoafohe nyodyles enay hessubstantialygeducedsiin fhat 2k ast Ao SPReRsIS o 4 i n

Figure 2 tcting.the. [ : ri f ¥ hebdt dsarit .

Fi gures é gﬁ‘g}é }%flg\llsa&?n&ﬂjgzeg%g;aés[clhé%d;ﬁ% éA?rglt] o oth:' %ir‘flg{rlqgi%ng t he | oad

| ocks of tfh@l@@g}ﬁﬁﬂ%iﬁ Fhéeisi i@ roBdtahiw epdrate aviftr anly tlenctlativblyt simpE ToxkdnED
DESCRI PTI ON OF THE PREFERRED EMBODI MENTS An inventjion is descri l%ie(d:l?for
subst ant i althetignedudiangfer tae mafrpinigt therload dpeksy @voidig thesmare. prablrpiice

system and_fqr al |l ow . ot of the systemto operate with
only rel at i 8l §ne?irﬂ%¥vé&ggﬁ%é\rgp%{tﬂﬁﬁg?tgﬁ£ notions to transfer wafers into a
| oad | ock. The imﬂhe:nhsifmasiasd ddsaagee df ithe irventiorofvilpbosointti apparent foas theone
waf er transfer face of a load | ock at an. acute a&gle with respe

, t t
oot pri b dolewseciualedeseiptinng faker inenEIHOR "I T SCEUBRA T A s on
| i ne does qg?stﬁgkgg%agrbfg%mﬂg t@oﬂgid%lﬂﬁs'cﬁ@%iﬂv&fﬁoﬁ- wafer 20 transfer

di stance th eparate t ot fromthe wafer transfer face of the

| oad | ock. More parti culBRIEE DESERIRTEON OF THE RRAWINES i n respect to two

| oad | ock faces gnd to net hods of .orienti. such faces,re LV h

footprint di menstnPIeset IyEntig, W‘lgéeorﬁﬁlﬁg?&ﬁ%ﬁ%@i’y,% ofog P k?&?ltclaegﬁ in

the art, tha cﬁ;ﬁﬁ)npi!he&ﬁlﬁﬁncli@f( At R dFRYmPsyRi2GlaeRR, W Whidh likorserenceall of
i c

t hese speci etails."In other instances, well known process 25
oper at i das meweals desipménlikbesinicivpad ¢lementiet ai | in order not to obscure the

t i tion. R i to Fi 2A,_1he i I I |
feseri bed ac | nolBondn GBNS chrubitin P ik SEnldEi” Pl OFIELF ¥, o

system 200 figitedfhrd ilvAGHEHP Al afsRphdric@esle eile tiat imaticeonathl Dastuuock 204
(or wafer transport enclosure), and an 30 at rms%t:eri c transport nodul e 206

for transf eiratispest Snodie, avbeseinos 1ot &gk, repeises pafarpARr Hanstesy b0 es ¥equlEs 210
to the IoadtrIn%ckr§111%(34~Ie Preferably, two adjacent |oad | ocks 204 are

provi ded, one "B 88Ch of two adj acent sides of the vacuumtransport nodul e
202, andgot he  1BighecBdaict20didchl robot on a track for transferring a wafer from a wafer

cassette to the load lock.

Figure 1C is a schematic diagram illustrating dimensions of elements shown in
Figure 1B, including an entire length of a wafer transfer distance between the track and
a face of the load lock extending parallel to the direction of a footprint dimension line of

25 the modules.

Figure 2A is a plan view of a semiconductor process cluster tool architecture
according to the present invention, illustrating a robot mounted for rotation on a fixed
axis and at least partially in a next defined by adjacent faces of load locks positioned
relative to each other at an acute angle with respect to of a footprint dimension line of

30 modules of the architecture.



at nospheric transfer nodule 206 includes at |east two cassettes 210 and a
front end robot 212 nounted on a fixed axis of rotation 20Pecqmbas 2803+t he

| oad | ocks 204 has a wafer receiving face 216 provided with a port 218

t hrough which the wafers 208 may be transferred. Each port 218 nay be

cl osed by a gate valve, or door, 220. The robot 212 5 transfers the wafers
208 through the ports 218 along a wafer transfer axis 222 that is centrally
positioned relative to the port 218 and Bs per pendi cular to the face 216.

Fromthe |oad | ocks 204, the wafers 208 are trapsferreq to the vgcuurx{:

transport nodul &Figoe. 2BHHusHERS| & Deperapreitqchie (fHagam, MSER @ BrdiBW! ¢ hat
is installed r.al ' 4 i i LbAHE 6n 2bcRSarRe Rlidonél EW, A
f oot print &m%tﬁseﬂﬁggrﬁ;%lg ﬁgedcoglﬁr%%%ﬁ’ear F(gm%gh?'r%g%?sa?e@b%ﬂodupe 206a a%d 1vacuum
transfer mghbodiRéR of thegeesentinlentidaf i ned by the floor area occupied by

t hese nodul es 202 and 206. The footpri né IS ,gr%ﬁgrti onal. to flo% ar ea

di mensi ons al ongFig#E 3¢ isghachpmalie diagrar Allysrapng ‘Hﬁ“’&?toéﬁiﬁmet%s efse t he
footpring of cl i it S WA GYREE Wiste bEtwesn tHERSbS1ARIs t O
reduce a% ﬁ%ﬁé@%%é@ﬁ%?%tung%@#ﬁg%x orry of the nodul gsn202 or 206. 15
For exanpl ef romtideanéasiacd bitht deadlock txehdinpat oh asuteangle omiilt zespent ¢o ghest em
200, the present invention reduces,the valu f th I Mensi f ,t.he

nodul es 202diEgsHoD k2 fQIRTHYE an%Bﬂoé‘slHﬁer‘é(E‘frF’G‘r{ﬁe ga&eq( %ﬁ‘i‘ﬂ?cf’ﬁtt 8“@@’5@?’ efiiCdn of
such reductﬁeg?fop[hetrggot.di mension in the direction of the y axis, reference
is made to a foot print dinmension |ine 228 which extends parallel to the y
axis. 20 Fi gure Bipusel4 isss selteamatinoview higkeatahengphies f¢ inr Biguiso?A depigling theoe,

t he | oad Iochs 204, and Eﬁro{ceg‘s rrgdul es are connected to a transport nodul e
202. | n 'Phi 08 TS EFRNE h¥ACHHI™ BE RS shown oriented in the above
described angl e #gpk 8ld ¥Pidt Yatibiiropeefions bOA IR IDIanendn® tetlbahloeks sthe
extent, or value, of the footprint dinmension Iine 228. The portion is

i || ustr at edthbptesemsnnyention mhativglto afiost arlaobefd t he fi xed robot axis of 25
rotation 214 a i 0 a)VAR M aY=Na S e i i t he

waf er receiving A DESCR M&E D DIMEN h respect

to the orientatigfifkniifeisWé@ibed fanabeintaly sedddidg i) Bbipriat b0a tlnger tool pri nt
dinmension line 228. It is recalled that the above description noted that

there i d5a architaghvie gysierananst fosladayingne fopt end bot phthersysteanior ererals vty 22 of

the load |l o ire t 3 f 2 0 and
the | oad | o@'ﬁy ieg%l\fehf%ﬁmﬁ eg‘rt]é}lg aﬁ? 6(}? Ee?g(b[h?lg ?(% %%-kgerﬁﬁ gﬁgﬁ}g?%é%gklﬁ%siﬁgni mum
di st ance i sinkbion i8idasuribdd Sit sorme of yonidiag abyeabhener whidt trondfet face ofagoadr art
robot or a 16 Decenber 2003 8 robot of t_he,presen[. inventhiaon) to transfer
a waf er 120106k peamauts #gle WHB respaet 10 8 dROTpERL dithepHion ting. stk thahthsdengtiol opot
on the cent {hglfo%'riﬁt QlmdRfon BROHoes Ut Sipdbdd TH EnteS IMIERM RoftChLh Patel O as
the wafer transter distance, or wafer Feed di stance, and waS depi cted by

t he di meosi omsférniistd®e thatving sopgrats ithe rabot Gaiethd svBemtranséot tiecedpihtheeadveen

the track 112 the f 4. of the |oad.|ock 104, The [li 7.inth
bri or art vIEka iR PExERATT i ept s PRt il siriehie ol ook et Bad [
the waf er t{pmeheds axbsenthg, sudh thcko tdlativiReol thé Boolgiint Aisledisich Uad. el willebesf er

axis 122 were shown perpendicular to the track 112 and to the y-axis. In
t he present obviqusnhpwever tgrone skilled i thecait dhad the preseat inyentieromay e feacticed d

di stance, 10Q.whi.ch isS S i I e.3.:as th j L.Qn r
feed dist an"c“’let}qlgust Jragi‘e et %g)@fg{eges géleg{f{ch%e%%@f elﬁne(gtggejlj %tﬁ%éeerg Y%@ z?]ggﬁleqr%‘\%fgfr at ed
by the dismesgdrativns 2ifgve Botdbded ddseribedninmdenaili Bit afdee noequi stadurbytht hgresembot
212 to transfer a wafer 120 straight into the port 218 wi thout rotation of
t he robot 2MCRPkhe axis 214. Figures 2 and 3 show the wafer transfer axis
222 extendi ng pe i 3 ach. f; . I : : and 15
parallel to the ggrﬁgﬁ%cgﬂn%%gutr?@’gpgtlgﬁgltelg%g%%ﬁr?? d?ﬁlbkn@ﬁai%srrlg?nﬁég e?? feed
di st ance 12¥misombictoe erocekecinsibotoolRhitarbas system A00thavingyd gacRis) tramsport he

face 216 of each the,l oad | acks 204 .into which the fer, 120 is ,to be
transferreqmoahlgr g@% itl][n_leﬁ?tgﬁp% ? tl?l‘g‘ 3b{420<%r a‘?{i’é{jitwf‘%"f ﬁn?lpﬂ“é‘%iﬁldi & shown
extendi ngp i Etnid%?héiicrt%épcﬁﬂmﬁﬂulé 66 YorarnSferringSubitRSRNr wiAN0PRom AL 6ES t he
effecti ve anount, or val ue, of he m ni mum waf er feed di stance 127 that

20 t

is in the dmoseasstitesf2l0 e theclpadiinaks 20he Pyeferrbly, bro adjacend inaddecks@P4anel 206.
In detail, . ef.fect | | i st 7 isd.p th
i v ect o’ oP I G /et i affacte? Sigkh Bt AU ThStyB A0S0t babif 02, hdife e

waf er transfer axis 222 extends at an angle A with respect to the y-axis.
Figure 3 shows a result of the axis 222 extending at the angle A First,
the m ni num di stance 127 25 renmins at the m nimum val ue between the axis
214 and each of the faces 216. Al so, each of the wafer transfer axes 222
remai ns perpendicular to the respective face 216. The effect of the angle A
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16 Decenber 2003 9 central axis 224. Figures 2A and 3 show that one result
of the present invention is to include in the footprint 4 Peesnles2fhe 228
| ess than all of the wafer feed distance 127. In detail, because the
receiving face 216 is at the acute angle A relative to the footprint

di rension |line 228, when the wafer feed di stance 127 is projected
perpendicularly onto 5 the footprint dinension line 228, the result is the
val ue of the portion 232. The portion 23Z is a projected wafer feed

di stance, also referred to as the projected wafer feed gi tance, 232. 1In

ot her wor dsitmasphetie ransfermgdule 208 ingludefateleatt tWRecasssles 210 apg@ Gt f0dof ¢ he
proj ected waf er, e | . L0 2 ¢Sl of
Phe. ori gi ndr e ar ipulbf b drighqEOf fkfigh 2 ap 238, lol oS M s 2
varies as awifenetdivingdicet216 psovidelOwiok a pbre 28 direugh whiklke theevafers 20B immyde” i s
used to denote one aspect of the presggg invention, xhiggzisg%hah Eﬁgone
sense the prapieaeddEagl port 2Ebmaybe closed by 8 Bale;vajNeaat dq0Ls20: nEhe 1ORY T gi nal
waf er feed djs ot i ' kPt ingnist o t he
sin of the l?;mg cg?@}go‘%%fzrﬁengtﬁg&ggiﬁfg?&gsteglvszﬂtggg%ﬁgﬁ Iggztldgrf%r%t di nensi gn l'ine
228. The t egemrilhy positioned relhthe tdehopes 21$end Bsgetpendicular of the Hacep?16 dgomd

di stance 232, 15 .i.e., the Xi anount of such reduction, whicgh or
exanpl e, nd¥e i%ldpfkaf?éﬂémherr%fﬁ Eﬁéﬂ afan'éarlﬁléf’l‘@ﬁ tp eYa\W‘r‘fB%fa&%nZTleﬁ%izgé‘i ve to
the footpri ' : | if QAR @ cBntPal GRisTD4.
forth-five éﬁﬂg§§$§%€?ﬁ£?ﬁgmgﬁgF%&fﬁPyﬂ#ﬂéégﬁgﬁ l'ine 528 j%cluging the
proj ect ed waf er Cemsitledng Figuee2A33R8 a(plan hiew, & Hootptinicofghe cormbined atmdsphatic

di st 127), . pl d di st 238, the dj st 0
Tal o o0 aslt 2 aowuih iaSh oduie Mz ah B et A BY P o
inches les Saréeh@&uf,ilae by ahdte nRfduleB 205 amd PO4. MEhefobRint RiprbpoiGonkB flAs atdh

exanple, a typical vacuumtransport nodul e 202 and atnospheric transport
nodul e 206 dimehslomsealengthovafand yiaxes! Thesefares é&n apatteaipt shdesrcasq e foplprasol Wt h

br'oj cctod 28° aelnd i Auf afin o0y T e RFa Ffpe Rl BREME T

about 3.4 idifRAES oS 6OFHRE thodalel B2 6f 2. nal val ue of the wafer feed
di stance 127. In_another aspect of the present invention, the |oad |ocks

204 may 16e descriasedampleatopiecreasie dpotpranof thecfusterguchitscufmagysieme?ib ¢ | ocks

504 h . il . ‘ ¢ el Al | oad
Fock 204 orEra! e RRBl SRR AR Srhe nRsioh By emBRLS 12 R 2083 e, OF
i s positionedxisaligkiivie T fabRitné kescripdos of bbicts eedastidroofi e dimensioie $i ti48.

Further, Figures 2 and 3 show the front end robot, 212 having a east a
portion 250‘%%988?@@ the, yt #ds, felerensg ds madg do 5o fqohipsint Spensiay g@%&%\é} e egt
descri bes the.Jehat.uonshidy Hist he receiving faces 216 of the pair 240
relative to e%élﬁillpot Ler anegytolsthe robot axis 214 and the robot 212. Figure
2A show=20t he r ecEiguier2P flhstrate? héw plhxs atriospledicrteinspdrty motlele @86 htho tlowask logks an

angle. Figu 3 Jddentifies this angle as an angle N ich has. tw ce the
Value of ¢ nidiad fSGHs medtish giecroRnebiqiL Bz StsPiemoolle 202 i i Joiiniin o
angl e, and pR&lockE &kahakh Yribmed i e bbiseAesiided hndlo Al lalivy & lRgr@es. 't may
be understood that the angle N is preferably an acute angle, and_ nost
preferably has aFigateukshomsabprrtionphteextpag s yglugj ofethe featprintjdimension ke f i ve
degrees). W e ; i tioned . r i : angl e
N, the fac\e/\éig1'gltl1ea]?(Ierﬁg]gl|§Sdl¥1t11 %rag%ffl)%{gg %encgét lf%g.izgiagﬁﬁge @Jz%g{?lbc %}l{]ﬁfe nest
248 as asspataionedivend is dhewapaie digndnliva2300 TRA Griemtatidranfi the wafey esweivahgd vy
triangul ar cross-section defined by a depth D.and a width W \Wen the robot
212 is at | E‘ﬁ%@lﬁé’ﬁ thealopg I%s?(_{“i Bakbeidssqribed ydth respegt tq the origntatigy ofjthg |
posi ti oned {get RgndGNRIAI Nkl AN FoithRGindiRioNTER 2081 ARERN &) farlfe O

2 and 3), the to be t . A

as shown in Figures robot™ 212 1s sai nest e

result of t#wveolsetriftion dpeéchthahdetred ¢ imigimumtdistanst (alpagtthalpripr poswifeoned

val ue. <o, wanier a1z e a0 R npardEPRBOQRE oD N fis fKSR
portion 332a@f tHeh@adl GEKP1ONint6li WIRES ONafeB P20 S tRbE eHHSBHeY AITHS infinikdueh
direction of the y axis, as conpared to the value of the entire wafer feed

di nensi on 1diptaneg,ist the minien distasce eapired bymrabat Evdrethes aaprios riobether # obot
axis 214, which is a fixed location relative to the wafer cassettes 210 and
to the nested wafer transfer faces 216, 20 which avoids use of a robot
track 112. Figure 4 shows the robot 212 as including a base 260 nounted for
rotation on the axis of rotation 214. The robot 212 may be one nmanufactured
by Brooks Automation, Inc. of Chelnsford, MA having Mdel Nunmber MAG 7.
The robot 212 may have a plurality of hinged |inks 262, a distal one of the
| i nks 262-1 supporting 266 25 on which a wafer 208 may be support ed.

- Y b1 o ~ SN o N . o s v o re



30 wafer 208 centered on and noving along the wafer transfer axis &ﬁf.
During the extend notion, the |inks 262 position the pori@gﬁ r@ chis
sonetinmes referred to as an end effector) for novenent al ong the wafer feed
axi s 222 through the port 218 and into the 16 Decenber 2003 tt |oad | ock
204 as shown in Figure 2A. The drive 268 may, for exanple, include a series
of toothed belts 272 and shafts 274. A first shaft 274-1 drives a first
belt 272-1 to rotate the distal link 262%1. A second shaft 274-2 drives a

second belt 272-2 to rotate the portion 266 desired for .transferring a
waf er 208 frebahaf thepreaentdnyengon) etr"H‘rS?e&é‘ Walgr @%é‘f&“ghttlﬁ@ %‘ﬁgga‘gg’ﬁ{‘tpé?rtr otate

on the axis.. i i the drive 268 operates
t he shafts%ﬁéﬁggﬁ@f%ﬂtﬁ%ﬁwg&ﬁ{a gﬂgﬁtgﬁoﬁﬁﬁti on stationary on the
robot axis to sSUM shisimuaf distance waereférradne dsahel water Rensfehdisimnoe wenafagf t he
robot is therefore a coordi nateg onE, wher ei R tgg Bﬁt.h IS int thre“;‘ordp of a
curve def i eefl Sistance apeMas depipted oy 1Bt dimegiion tige d27 PAYing gPPHiic ATOMREIIS, < hact
of the ppesghlexidiy tﬂeao%gnsth@ X8k 08 284 (R 18O D46 tHRGohPRIK! 108K STHROthe
relative to the fromt end robot 212 for transferring the wafers 208 from
one of the fcindkpipobeart wekshown ppiepdingds dha digeckivg obfthe haxist pasdlshés the

br o mount edvaEb g s A bt PR sk, 5 A28 ol RS G Yrass ST Sl NGRS a0
shown in Figyha perpehfituldBlonadirkélc] 12084 @ thegpatiat i on 15 300 of providing two

of the load I ocks 204. Each of the |oad | ocks has the face 216 that is
general |y pl anarlndhipriesenp inyentind fagithdsamecrepsons, therg is also awafer feeddlistancemar er

208 intg . the lIpad.l ock 204. ln an ti , fd - t | ocks
204 is rJrBun‘f'}élﬁg Giehgwa 1%% reb# %R ﬁ‘g d?rﬁ%{s%ornl frg)y i ne%ag?rofﬁ&ﬂhﬁtghﬁg?eféﬁc "%2s on
the left siggmaheidRfcd Pulib@UIZT 24 ilkgats® Wit iRgdiadentibe T37),stnd dathel ock
204 is with the face 216 at a first acute angle with respe¢t 20 to the

foot print dnimemunghistiiogsequigd by theiebeiyd2de trgpsferpuwalgr LAbyrehs fntp e Roglag

| ocks 204 i, ount n i o] Rt HiB B wP el 228.
The nountin 80‘?” ?%ugq%tg%%rﬁf@gg%t?)gg%ﬂgﬁe %uls]?%wai:%gtegnzdmg{:%te aﬂl&déﬂ{/&vi th
respect to frdigfer QRIspZInéxtetidignpérpendidule t828ch Tive H6adnie $oadeooksy2(dearmin t he
right hand side of the footprint dinension |line 228 as vie (31 in Fi e 2A,
opposi t €5t cparallel faethe digpetion ofithg digtancg Qﬂoﬁsq,mmt%uw#ﬁﬁ? fisteBtiet 4t i ons
302 and 304._ar. Cli ' j [ he
faces 216 of PRt REob AP TR. ik BLAGRY R ] Lot R e tad T o
coi nci des wiotks 20ddnfoooliph itetwademidids arbd tranefeP®8. Fi gure 6 shows anot her
aspect of the present pethod arr.angi t he | pad.Locks 204 rel at.ive to
the front end robdfregid ‘SPretI?IanPé‘P’E gfﬁaﬂ?f}{'él%%ﬂg pad Ofvﬁlo%te&ﬁglgdf]\ﬁ?%e 30
two depi ct egi MRbg0Lf HePRhYis CRS g?ésélﬁsn&laﬁoﬂfrgdub@s ik FEEaRRr dutount, a1 SARk! ofrodul e
206 to the transport nodule 202. An operation 310 defines the first wafer

t r ansf er20axths nAiamyne wadstdeeddistaneeol A7Hbatgh icie slireetinn dfafos ezammplef the yeaxis r st

(left side) ad |.ock 4 rei . 16 nber, 2 ) 1S
centered re?ga@f' Wdf“%slzﬁg aﬁ%wézﬁ@%%‘" eee?fﬁ%ﬁ‘éet 9;1116%(2&?%%‘&11%29 8ékﬁ((ﬂépgzr?ati on
312 defi nesihhhp i @EOBilectidh OF thd RASKT tRXDddiRR 20E bk D06 (ediicetdn tthe thd ane
of the face 216 of the second (right hand) |oad |ock 204, wherein the
second axi swaiep tesfuraxistl2exicds el apcangls Apdthyssrechtpdhey-agise Fageeddheshd

| ock 204. rati 1 fi ang; C f er
axes 222 1 nh Ao B e R A e 316
ext ends 2sherehotspatithd rdninmeuns vane betveel A ohs dlphnd eexhiofttby faeet 2n Afsof he

first and secon fer, transfer axes 222, that .is, through the axis 4.
Preferably,® cﬁé%rfgg R Jramser AX§Sofre SIS RFTREPSIULY 4 tl?%ffs?e(cltlg? )§%F&Jflé angl e
A to be subghaptt@lor Yhe | Ati9iHahfhe SARRIYE adfoviich 2820bané\dilMisRn3e R AO! v,

the first and second acute angles A have 10 a val ue equal to about
forth-five Hesgd @asthe migimum dissinead 24 v r4skicedaape duncyipn iof sipAedlensinedtthod of

v ansrer ri ke udrardie St 2 Saisih 4 SRR Fab CRE e sy
cassett esm 2h& Dlowehealaé, Maseheifdcty rédikenBE footBihitlo€ théQiodulestdog ahd ang.por t

nmodul e 202. In operation 330, the front end robot 212 is provided and 15
i ncl udes the bas&hoygrdnimimizef sruseeia deseigheathissifeshon the value of dhe fogtpsint on

214. In an ' 3 I ' he
inics: 262 2 ANRigpe 2% (Bioreil dindion B0 bAfleaD Vol a6 3319 sl tnd
provided, with the first of the |links 262-2 pivotally nmounted on the base
260, and a second of the |links 262-1 being pivotally nmounted on the first
link 262-2. In the operation 334, the end 266 is pivotally nounted 20 on
the second link 262-1. In an operation 334, the base 260 is rotated on the
axis of rotation 214 to nove the first and the second |inks 262-2 and 262-1

~rSsSesS o, . o b o o - o P o o o




30 intersecting the robot axis of rotation 214. In operation 342, each of
the respective faces 216 of each of the load | ocks 204 i 46 8seemberf208 t he
robot axis of rotation 214 by the wafer feed distance 127; wherein each

waf er feed distance 127 is neasured al ong the 16 Decenber 2003 13 wafer
feed axis 222 extending fromthe axis of rotation 214 perpendicular to the
respective face 216. The wafer feed distances 127 are equal to each ot her,
and each respective face 216 is position®d relative to the footprint
dimension line 228 at the sane acute angle A In_an operation 344, with the
base 260 stesnirdraxisy224| Higiies 2Aoanh3 shaw hasfong resyit ofjthghpesent ipycation 1S, 268
is effective to cause the e e i 1 | ong
the' r eapectTt ot BF Teain bR So RS 2B Hes hah U of SREFERL Y5y furcp 207
respective Inqrehil, BedauOthe Wedehang fadch 216 hedtahgrmovenange Afrelatiee bathe fa@@Print

Al t hough the foregai ng i nventjon has heen desgr i.bed, in sonme detail for

pur poses ofdigensip ling £28, wdepdhewalen feedidistaes 1120 s pigjssted perrepdicuizdy eafon
changes an [ f 4 cati e,”?%S A i b f
appendedgcﬂg??n@tﬁﬂxgg&é}rﬂ |nogr11f3i/’r,l t éB%rrggslgﬁtE ﬂgee (% |%§£nggs?gpgggcpgﬁtgﬁlder ed
as illustraid2vie apejedd matirfeed diseancanalse hderreds anhs de pwjoved wafebdedd mi t ed

to the details gi erein, ut may.be. nodjfied within the s e .and

cqui val ent SiBAIEn I TR i Rt 7 iGNt ERSo b SR RRE Hoe 5

transport ngpd p&ﬁ?&&{]wtafe@@éédecﬁgthﬁ& @r ?&'ﬁbﬁ UGS WA B vafiedfMBE HH?i‘nal
e t he t ranspo e

transport sys vacuum t systemhaving a central system axis;
t he nodul e wafanfted distangs { Zmahdithinygalee dfotbe distante 233 varieags & hctipraf desupi ed

by the mpdul e _and the system the .trapgsport. nodul e conprising: ., a wafer
Stppl'y Bt Sl et BF 04D LETHITARS S, ISt GebTie PRCERR (M ANE SERERl
system thepvafiRh, SHRRY e Hk RnSEMt pRdjedsPRaier eddsdisthlte X300k Makiessdei ng
proportional to a distance between the céntral systemaxis and 10 the

central suptbhy thexdriginal veafeti feechdisiantre] 3y withatbe rasiiced amepmd beivgtip proportion

di mension | ext endi ng, fyomthe. tral t axis.to t.he.ceptyal supply
axis: and aouns o of i 8fe A 8Eke 4Sis PE2hiTve e Db B P ubp PR ST 2L o1 vl e
with a port for TRCRMiGfniiige doedenbiceMhd lagst Walkue lof ShiPprojectet RstiRE @32,

recei ving face being spaced fromthe central supply axis by a wafer feed

di st ancéd5neiasuthedmpeinyanameyuntapf yuhi redugtivgp adichy fox gxamples Ay resdc 804 ng
face; the fer. el Y} f ae i i.ent . ACH . tjve to
the 1 oot pr | TPk IREHUER ockREfE REY 2 RANER Gandlaollind SthnsRiiife S48 214

proj ect ed ovdlge dihwhe fangle X sudh Adiforhdiverdegrcoe With the fomeprixt dithensporofimc?28d

waf er feed distance is |ess than the value of the entire wafer

¢ \ f eed
di st ance suidglugrig: the yarojesiedewefer derd distanemn 282 dEAthEhan the enbire, wpte fegdom
axis and th t I i t i L [0 I IS
i m zed, | SOk 129) PR B iR, BE PRoBPI0 It RARCALT upe,
feed |ime edd.¢mmbhag fohexaungti, tWwidcle ey balthse pp fyurdnches dost dristhp enjpemdiiticul ar | y
W th respec %O'nﬁ d throEigh\)vége waf er receiving face, the transport nodul e
further confPt} al.m%lofl ®waf-er supply conprising a robot having an axis

of rotation coi nggdigngxphpib, LhEpi@ntvadlun® UPRkportthdduld 92" ARPLarhéphésk a
plurality of hinged links, a di'stal one of the |links supporting an end,

adj acent pairanspeort masiale 206eoulsbhayg apvater fed distawan &21 etlatoyt dhenndene Wity t hat
1 1 e T Ofet okl oBAENP, LSS Mk 2425R0st R, PP, e peted ™
encl osuras. ddtance 232 would be about 8.2 inches, which is a decrease of about 3.4 inches as
compared to the original value of the wafer feed distance 127.
In another aspect of the present invention, the load locks 204 may be described
as a pair 240 of load locks 204 in that the load locks 204 have a defined positional
interrelationship. In particular, each load lock 204 of the pair 240 of load locks 204 has
30 one of the faces 216 that is positioned relative to the other face 216 so as to define a nest
248. Further, Figures 2 and 3 show the front end robot 212 having at least a portion 250

located in the nest 248.



3. Atransport nodule as recited in claim1, wherein the acute angle is
about forty-five degrees. 16 December 2003 15 4. A traﬁ@ﬁ@ﬁ@HMﬁgﬂﬁé as
recited in claiml1, wherein the wafer enclosure is a first wafer enclosure;
and wherein the acute angle is a first acute angle; the transport nodul e
further conprising: the first wafer enclosure being nounted on one side of
the footprint dinmension 5 line; and a second wafer enclosure provided on
the side of the footprint dinension Iine18pposite to the side on which the

first wafer enclosure i“s nmount ed, the second wafer encl (%sur(% gagi nqﬁa
second wafer red@lewerd “nestedescebesdbel relptionship ob thsracsiyng 13¢5 212 eEIGIMY t he

wafer fr Omiﬁ%@ﬁgﬁe{%ﬁgg piyhxf' atd'e tl;@ﬁ)%?aﬂ?if‘:f?x{dﬁgé gaﬂopgliaﬁ Reighosraced

10 fromthe cen axls by the wafer fee I stance asur ed

per pendi culth¢ teceivirghfatessX16qositionddhelasiee emehchatier at acaglé. nBigheckidentiliessecond
waf er receiving face being oriented at a, second_acute angle re|ati to the
foot print dhifesslecs an #gle Nn dwéﬁ?tfp‘évélﬁﬁl"é%ﬁe}' [ 8% |anlgL§: %\he irst
acute angl - LR Se, f88 holl SRRy fis 4 PRuSSCHL: MafhSHive

t ranspor gaﬁ‘g%o‘élﬁm?ggﬁg’é o]j!ile%t e oeh’tao ?he ?%ot pr){ ntS di rrlrlansi on i nfg t he

val ue 15 ofdegtees.pitoneg bedndasteod fhae thedingtealNde preferaily asacwadinglef erd mosinspor t

| i h h | .of th A f f di, st th
enel e £ Lk L e el o e en R et i gt encey g he
I's mnim Zetﬂ% (gar%te?]glg Eg}i]ﬁ@&'ﬂtreﬁﬁ@é‘[cﬁea%ﬁ ofiReial B dnBleOV ahBfsbes DUS bRSid to

conpri si ng: e between the first face and the second face is
about ni netdefie gheerest 248h Figure Stdepmtsshancht 2 aseemaeibétween hefoppesing Heest : and

at least a paortigon of the fer s |y being in the nest , te ort

modul o 8" Dby Re ity HanpiRbrbuanshisigiged e Aaem Hpnds MARMT < o
robot having a b@asen aRd rédbt 842SisOdt Fe@itaﬁértﬁkﬂlx pésitichRatinathpaeki 048,0fc.t e base
of the robot being nounted in the nest. 7. An atnospheric transport nodul e

for transf epariially posstéomied dndbe igomergllsf triangulan spage (hefiveenathe fages Z\Psteem a% he

vacuum tr anspor.t, st em, hayi a_gen l, e | Siqn 3 I d the
Lyt havi ST in GRS ARt e AT B2 s SR LERR Bl Ok [ehGc SERKE fplrld, |
system conprizshdip nesteld(i. LS Qe EAGIpaAIS pobitdnedin thefnebto@) lisomhiis the aestprihoad

| ock having a face Erow ded with a port for receiyvi ng the wafer, the faces
bei ng pdsi t{dimeasion 38BQ has,ereducesavaiueat-peft it Gmimized gas deseribedabeye. Hhether £ ont

das
end robot haying.at i f t E

robot 5 hav‘fvﬂré(s’ahhee%%‘?lgi ?ggt @?{h%oﬁﬂwg@g?%%&gio&m?ig hgset;%brgd‘%érégnghg{?ne?‘é?o t he
vacuum t r angipetibn 8¥ the 8Maxyd, as coppaed fohie odlneof tik ehtie wafedfebd dinsensiontl2@. pai r

of Ioad | Ocll?(usrihcr, the robot 212 is mounted for rotation on the robot axis 214, which is a fixed
location relative to the wafer cassettes 210 and to the nested wafer transfer faces 216,
20 which avoids use of a robot track 112.

Figure 4 shows the robot 212 as including a base 260 mounted for rotation on
the axis of rotation 214. The robot 212 may be one manufactured by Brooks
Automation, Inc. of Chelmsford, MA, having Model Number MAG-7. The robot 212
may have a plurality of hinged links 262, a distal one of the links 262-1 supporting 266

25 on which a wafer 208 may be supported. Adjacent pairs of the links 262 are pivotally
connected to each other. A drive 268 rotates the base 260 on the axis 214 for changing
the angular position of a second link 262-2. Once a desired angular position has been
reached, the drive 268 stops the movement of the base 260 on the axis 214, and may
then cause the links 262 to perform an extend motion, which is a linear motion with the

30 wafer 208 centered on and moving along the wafer transfer axis 222, During the extend
motion, the links 262 position the portion 266 (which is sometimes referred to as an end

effector) for movement along the wafer feed axis 222 through the port 218 and into the



8. An atnospheric transport nodule as recited in claim7, further
conprising: 10 the front end robot having a central axisléoDeeasmbariZBdd the
footprint of the system being proportional to a distance between the

central systemaxis and the central axis of rotation, the distance being
nmeasured along a footprint dinmension line extending fromthe central system
axis to the central axis of rotation; and 15 each of the faces of each of
the | oad | ocks being spaced fromthe centtfal axis of rotation by a mafer
feed distance and each respective face beln%pE03|t|oned relatjve to.th

f oot pri nt dpﬁﬁbl%k 304 ps shewayindiiguie dde Hisgirye 208 &ays ot cxpaplg, WFE‘@%\H@%%ESOf t he
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angl e being about twi ce the value of the angl e. t npspheric
transport rROEEOE26s ‘?\%é?sﬂfégf?fﬁf@ﬁf&ﬁh‘i%a P%F ﬁhgf O%W?esf r?gﬁ &‘ﬁgp ’\yglnﬁf'é’ of
each of ghe, ﬁ&u& Q{)Egi()% th So@fRQH Jh@ ks Y14 W@ta%‘?&foﬁ%v thé8nZ Bmk e tveadiie of
t he nest "angle about ninety degrees. An athospheric transport nodul e

as recited 168 apeaiten fthe shafits EM ambﬂprheﬁs 122 fothe fextemd motibry Sjmnat}bwpthesl ng:

30abasem)ntedfor theta rotation_o ntral .axis of ion: . the end
offoctor baPHE HuHE BIPPDNA PHETHRe A B HG°Ken TH0 BRYETGN Gt Fpgt

transfer a ¢ ﬁ@lfeﬁfre 280drdint&d BRE 8MRLLIn 39@?&@1715 3n Gkd ¥Rm 6 a SERBIREBLY by a

providing t theta rotation and the extend nmovenent of the respectlve base
and end ef f e@mtongtionad hotatfiornt 4nd extempiont i ve faces of each of the | oad Iocks
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fromthe cenjy @latie¥ii® tRf fréRledldl ir8bbt 212 for transferring the wafers 208 from one of the

two depicted wafer supply cassettes 210 of the atmospheric transport module 206 to the

vacuum transport module 202. The cassettes 210 are mounted along a cassette axis 280

spaced from the robot axis 214. As shown in Figure 5, the method includes an operation

15 300 of providing two of the load locks 204. Each of the load locks has the face 216 that

is generally planar and is provided with the port 218 for admitting the wafer 208 into the

load lock 204. In an operation 302, a first of the load locks 204 is mounted on one side

of the footprint dimension line 228, such as on the left side as viewed in Figure 2A. The

mounting of the first load lock 204 is with the face 216 at a first acute angle with respect

20 to the footprint dimension line 228. In an operation 304, a second of the load locks 204

is mounted on a second side of the footprint dimension line 228. The mounting of the

second load lock 204 is at a second acute angle with respect to the footprint dimension

line 228. The second side may be on the right hand side of the footprint dimension line

228 as viewed in Figure 2A, opposite to the left side. Figure 2A shows that the

25 mounting operations 302 and 304 are effective to define an intersection of the planes of

the faces 216 of the first and second load locks 204, so that the intersection coincides
with the footprint dimension line 228.

Figure 6 shows another aspect of the present method of arranging the load locks

204 relative to the front end robot 212 for transferring the wafers 208 from one of the

30 two depicted wafer supply cassettes 210 of the atmospheric transport module 206 to the

transport module 202, An operation 310 defines the first wafer transfer axis 222

perpendicular to the place of the face 216 of the first (left side) load lock 204, wherein



per pendi cular to the respective face, the wafer feed di stances bei ng equal;
each respective face being positioned relative to the foé@ﬂeﬁmbf‘dﬁﬂ&hsi on
line at an acute angle, the acute angles having the sanme value; and with
the respective faces at the respective acute angles, the drive being
effective 10 to cause the extend novenent of the end effector to be al ong
the respective wafer feed line to position a wafer in the respective |oad
| ock Wi thout the theta rotation of the bd3e. 11. An atnospheric transport
modul e as recited in claim7, further_ conprising: 15 the front end r(%bot
havi ng a cehe axib issenterest refative (o 6\@;pOItr?éSf%l@epﬁiSh%aéﬂoqkr?@sy%‘t PRHAY
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at nospheric ansport nodule as recited in claim/, further 25 conprising:
the front espdratioh@6hextindg tle foetprinalinsensimndiner22Bahicugh thehmtdreestipn iohtheof t he

system bein roportional to di st e bet ween cen I t xi s and
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of 30 rotation; the relative positioning of the faces conprising each
of the faces thesargndatuntngle At Marequeferabiin dgheefirsbangt segend asutenangtesgt pavent
di mension |ine and Flt a% gitxéeﬁ wafﬁler f eed 16 Decenber 2003 18 di stance
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the respectirRpf®hodui1 3010 Inhgpdrint 330)khe GRMt dhdviobst 21Das gravidudt &l on an
axis of rotation, the robot being provided with arns supporting the end

ef f ect or15f oinclvdese therhase 268 gnepntadnis theiatratatien qeithe Agis\aftptatine 244f o an
receiving aglaaieno! e BasRe!is nihillen R pal SdiPvidthenfls St FhhPBez the
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20 on the second link 262-1. In an operation 334, the base 260 is rotated on the axis of
rotation 214 to move the first and the second links 262-2 and 262-1 and the end 266
relative to the respective base 260 and the second link 262-1 to receive a wafer 208 from
one of the cassettes 210. In an operation 336, the base 260 is held stationary relative to
the axis of rotation 214 while extending the end 266 to transfer the wafer 208 into one of

25 the load locks 204.
Figure 8 shows another aspect of the present method of arranging the load locks
204 relative to the front end robot 212 for transferring the wafers 208 from one of the
two depicted wafer supply cassettes 210 of the atmospheric transport module 206 to the
transport module 202. In operation 340, the footprint dimension line 228 is provided
30 intersecting the robot axis of rotation 214. In operation 342, each of the respective faces

216 of each of the load locks 204 is spaced from the robot axis of rotation 214 by the

wafer feed distance 127; wherein each wafer feed distance 127 is measured along the



14. An atnospheric transport nodule as recited in claim7, further 20
conprising: the |oad | ocks being on one side of the front6B§eemasahds o
waf er supply axis extendi ng perpendicular to each face, the wafer supply
axes intersecting at a conmon point; at |east two wafer cassettes nounted
on a second side of the front end robot, the 25 second si de being opposite
to the one side for supplying wafers to the end effector; the front end
robot having a base nounted for rotation'8n a robot axis, the robot axis
ext endi ng through the common point and being at a fixed posiLion between
the one si cwafandeednexis 2drexieding frapy the a¥is of ﬂoéﬁmPoﬁét P&Qe‘fqe\"éﬁﬂa?e“ﬁn t he

robot axi s kGeBRR! flcPB 16 THEWaiel 18! Rliqrcts 187 %Fecsdél\égt W Gther! hdTERME Of

t he cassette 0 position the en ector all &Ath t he waf er
support axirgspetite ficé 286 Rpokitignéduelatine teetht dodtprintalimempierhiénoizXBent tlsgapley axi s

with the base stationary on the robot. axis to,supply a wafer tq one of the
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relativegt fro?ati@ﬁ ?’i&, ﬁ@;&ﬁ@@@g igl‘ SectivaRSEREE HR%xBG meveeheat f theabgestifer om

one of at |eas wo waf er supply cassettes of an atnospheric transport
nmodul e to anda2ifuriong dhe popectsgswair fecdeaxindUrte tpositiopdhe veafert 208 kmttieng a

central systemaxis; . th dul e d,.the system havin footprint 5
defini ng t HESREFEY ﬁaghﬁﬁgﬁgwlhﬂ@ﬂm& TROLHREY Hgﬁgbgﬁ%e%o‘ the cassettes
bei ng nounted al QghiEhTRSfoREdothedlEntDRIGEBednd2BRIHRE i Sithe Bdtaib Joi RO S,

the front end robot having a robot axis of rotation; the footprint bring
pr opor t i onadf clarity ofiundenstaadingt ikevaill hehappeesnt that cerjais changes andympdiffratierssset t e

ot ondi g 1 PEPEReectet] PAPCpErEnpaf DY BobREURIRS, ATERRMAD, bk MWernty 10

conpri si ng ¢disodmetd hicad be @bnsidirey hliligtrdive agd nbtesthiomet, bod He, inesacibn iwad

| ock having a generally planar_face provided with a port for admtting a
waf er into Bdido bedisnifeddr thendaisitsi gigerahareinsut gpay brompodiigd |V s tf@rf’C@IPFea@]g de
of , and at £ i.t.h respect to, the footprint dinension
line; 15 no V%%ﬁ%aggégﬁgﬂg%ﬁ?ﬁ%ﬁload | ocks on a second side of, and at a
second acute angle with respect to, the footprint dinension line, the
second side being on the side of the footprint dinension line that is
opposite to the one side; and the nounting operation being effective to
define an intersection of the planes of the faces of the first and second
| oad | ocks, the intersection coinciding with the footprint 20 di nension
line. 16. The nmethod as recited in claim15, further conprising: defining a
first wafer transfer |ine perpendicular to the plane of the face of the
first load lock and centered relative to the port of the first |oad |ock;
25 defining a second wafer transfer |ine perpendicular to the plane of the
face of the second |oad |ock and centered relative to the port of the
second | oad | ock; the nmounting operations being effective to cause the
first and second wafer transfer lines to intersect; and extending the
footprint dinmension |ine through the intersection of the first and 30
second wafer transfer |ines. 16 Decenber 2003 20



17. The method as recited in claim15, wherein the first acute angle is
substantially equal to the second acute angle. 18. The mé6Bedember2683ted in
claim17, wherein the first and second acute 5 angles have a value equal to
about forty-five degrees. 19. The nethod as recited in claim15, further
conprising: providing the front end robot conprising: a base nounted for
theta rotation on a central axis of rotation; 10 an end effector assenbly
nmounted on the base; and a plurality of Ménks, a first of the |inks being
pivotally nmounted on the base, a second of the |links being pivotally
mounted on the first link; the end ef EBAIME bei ng pivotally nounted on the
second link; rotating the base on the central axis of rotation and novi ng
the first and the 15 second links relative to the respective base and the
second |ink to recei Vg i@nyteholile BoRmsRiritd# searsfhicks waadoholsbuag t he
base stationary relative to the central axis of rotation while_ extending
the end ef ftemsport systeomishe/ vacgumrtzanspast systemn bavieg 2 centesl sysemd pXisHac mpdylel ocks.

20 20. A nethod as recited i | ai S5, further 1SJ Ng: i ach of
the res pgct"ir\Iaetg? égﬁgmgqav%%?%(ﬁprfrﬁga#lggl& ﬁlﬁgc @ ?C?Cgﬁ?? t@l 1!rﬁgbn(]) &%glﬁ?(?é axi s
of rotati onsygﬁén@m@qfa@lgp&re@lddﬂb%bmpﬁgng;each waf er feed di stance being
neasured along a wafer feed line extending fromthe central axis of
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2. A transport module as recited in claim 1, wherein a wafer feed line
extending through the central supply axis extends perpendicularly with respect to and
through the wafer receiving face, the transport module further comprising:
25 the wafer supply comprising a robot having an axis of rotation coinciding with
the central supply axis, the robot having a plurality of hinged links, a distal one of the
links supporting an end, adjacent pairs of the links being pivotally connected to each
other so that with the robot stationary on the axis of rotation the links position the end
for movement along the wafer feed line into the wafer transfer enclosure.
30
3. A transport module as recited in claim 1, wherein the acute angle is about

forty-five degrees.
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the first wafer enclosure being mounted on one side of the footprint dimension
5 line; and
a second wafer enclosure provided on the side of the footprint dimension line
opposite to the side on which the first wafer enclosure is mounted, the second wafer
enclosure having a second wafer receiving face provided with a second port for
receiving the wafer from the wafer supply; the second wafer receiving face being spaced
10 from the central supply axis by the wafer feed distance measured perpendicularly with
respect to the second wafer receiving face; the second wafer receiving face being
oriented at a second acute angle relative to the footprint dimension line, the second acute
angle being equal to the first acute angle so that when the wafer feed distance of the
second wafer transport enclosure is projected onto the footprint dimension line the value
15 of the projected wafer feed distance of the second wafer transport enclosure is less than
the value of the entire wafer feed distance of the second wafer enclosure such that the

value of the footprint dimension line is minimized.

5. A transport module as recited in claim 4, further comprising:
20 the angle between the first face and the second face is about ninety degrees;
the first face and the second face define a nest; and

at least a portion of the wafer supply being in the nest.

6. A transport module as recited in claim 4, further comprising:
25 the wafer supply is a robot having a base and an axis of rotation, at least a

portion of the base of the robot being mounted in the nest.

7. An atmospheric transport module for transferring a semiconductor wafer
to a vacuum transport system, the vacuum transport system having a central system axis;
30 the module and the system having a footprint defining the area occupied by the module

and the system comprising:
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10 the front end robot having a central axis of rotation;
the footprint of the system being proportional to a distance between the central
system axis and the central axis of rotation, the distance being measured along a
footprint dimension line extending from the central system axis to the central axis of
rotation; and
15 each of the faces of each of the load locks being spaced from the central axis of
rotation by a wafer feed distance and each respective face being positioned relative to
the footprint dimension line at an acute angle, the wafer feed distances of the respective
faces having values equal to each other, the acute angles of the respective faces having

the same value, the positioning of the faces relative to each other being at a nest angle,

20 the value of the nest angle being about twice the value of the acute angle.

9. An atmospheric transport module as recited in claim 8, further
comprising:
the value of each of the acute angle is about forty-five degrees; and

25 the value of the nest angle is about ninety degrees.

10.  An atmospheric transport module as recited in claim 7, further
comprising:
the front end robot comprising:
30 a base mounted for theta rotation on a central axis of rotation;
the end effector being mounted on the base and having an extend

movement to transfer a wafer; and
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central axis of rotation by a wafer feed distance, each wafer feed distance being
5 measured along a wafer feed line extending from the central axis of rotation
perpendicular to the respective face, the wafer feed distances being equal;
each respective face being positioned relative to the footprint dimension line at
an acute angle, the acute angles having the same value; and
with the respective faces at the respective acute angles, the drive being effective
10 to cause the extend movement of the end effector to be along the respective wafer feed

line to position a wafer in the respective load lock without the theta rotation of the base.

11.  An atmospheric transport module as recited in claim 7, further
comprising:
15 the front end robot having a central axis of rotation;
the footprint of the system being proportional to a distance between the central
system axis and the central axis of rotation, the distance being measured along a
footprint dimension line extending from the central system axis to the central axis of
rotation;
20 the next defined by the faces being a generally triangular area extending on
opposite sides of the footprint dimension line; and

the portion of the front end robot comprising the end effector.

12. An atmospheric transport module as recited in claim 7, further
25 comprising:
the front end robot having a central axis of rotation;
the footprint of the system being proportional to a distance between the central
system axis and the central axis of rotation, the distance being measured along a
footprint dimension line extending from the central system axis to the central axis of
30 rotation; and
the relative positioning of the faces comprising each of the faces being oriented

at an acute angle relative to the footprint dimension line and at a given wafer feed
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minimized.

13.  An atmospheric transport module as recited in claim 7, further
comprising:
each face being perpendicular to a wafer receiving axis along which a wafer is
received by the respective port; and
10 the front end robot having a base mounted on an axis of rotation, the robot being
provided with arms supporting the end effector for movement along a linear path
coinciding with the wafer receiving axis when the base is stationary on the axis of
rotation, the axis of rotation intersecting the wafer receiving axis so that a component of
the wafer transfer distance is less than the wafer transfer distance and so that when the
15 end effector is aligned with the wafer receiving axis the end effector is movable along
the linear path through the load lock port without rotation of the base on the axis of

rotation to supply a wafer to the load lock.

14.  An atmospheric transport module as recited in claim 7, further
20 comprising:
the load locks being on one side of the front end robot;
a wafer supply axis extending perpendicular to each face, the wafer supply axes
intersecting at a common point;
at least two wafer cassettes mounted on a second side of the front end robot, the
25 second side being opposite to the one side for supplying wafers to the end effector;
the front end robot having a base mounted for rotation on a robot axis, the robot
axis extending through the common point and being at a fixed position between the one
side and the second side; and
a drive for rotating the base on the robot axis to position the end effector to
30 receive a wafer from one of the cassettes and to position the end effector aligned with
the wafer support axis, the drive moving the end effector along the wafer supply axis

with the base stationary on the robot axis to supply a wafer to one of the load locks.
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atmospheric transport module to a vacuum transport system, the vacuum transport
system having a central system axis; the module and the system having a footprint
5 defining the area occupied by the module and the system, the cassettes being mounted
along a cassette axis spaced from the central system axis, the front end robot having a
robot axis of rotation; the footprint bring proportional to a distance between the central
system axis and the cassette axis, the distance being measured along a footprint
dimension line extending from the central system axis to the cassette axis; the method

10 comprising the operations of:

providing two of the load locks, each load lock having a generally planar face
provided with a port for admitting a wafer into the load lock;

mounting a first of the load locks on one side of, and at a first acute angle with
respect to, the footprint dimension line;

15 mounting a second of the load locks on a second side of, and at a second acute
angle with respect to, the footprint dimension line, the second side being on the side of
the footprint dimension line that is opposite to the one side; and

the mounting operation being effective to define an intersection of the planes of
the faces of the first and second load locks, the intersection coinciding with the footprint

20 dimension line.

16.  The method as recited in claim 15, further comprising:
defining a first wafer transfer line perpendicular to the plane of the face of the
first load lock and centered relative to the port of the first load lock;
25 defining a second wafer transfer line perpendicular to the plane of the face of the
second load lock and centered relative to the port of the second load lock;
the mounting operations being effective to cause the first and second wafer
transfer lines {o intersect; and

extending the footprint dimension line through the intersection of the first and

30 second wafer transfer lines.
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18.  The method as recited in claim 17, wherein the first and second acute

5 angles have a value equal to about forty-five degrees.

19.  The method as recited in claim 15, further comprising:
providing the front end robot comprising:
a base mounted for theta rotation on a central axis of rotation;
10 an end effector assembly mounted on the base; and
a plurality of links, a first of the links being pivotally mounted on the
base, a second of the links being pivotally mounted on the first link;
the end effector being pivotally mounted on the second link;
rotating the base on the central axis of rotation and moving the first and the
15 second links relative to the respective base and the second link to receive a wafer from
one of the cassettes; and
holding the base stationary relative to the central axis of rotation while extending

the end effector assembly to transfer the wafer into one of the load locks.

20 20. A method as recited in claim 15, further comprising:
spacing each of the respective faces of each of the load locks from the robot
central axis of rotation by a wafer feed distance; each wafer feed distance being
measured along a wafer feed line extending from the central axis of rotation
perpendicular to the respective face, the wafer feed distances being equal;
25 each respective face being positioned relative to the footprint dimension line at
the same acute angle; and
with the base stationary relative to the central axis of rotation, causing an extend
movement of the respective end effector along the respective wafer feed line to position

a wafer in the respective load lock without a theta movement of the base.



