APPARATUS FOR MANUFACTURE OF PV SOLAR CELLS OR THIN FI LM SOLAR MODULES
CROSS REFERENCE TO PRI OR APPLI CATI ON [ 0001] This application clains
priority wo20i08998povi si onal Application No. 61/155, 944 ptirlusdoibebssuary 27,
2009 and U.S. non-Provisional Application No. 12/71 1,595 filed February
24, 2010, which are herein incorporated by reference in their entirety.

FI ELD OF I NVENTI ON [0002] This invention relates generally to the field of
equi prent used in the manufacture of 'E'hOt oval taic bl?{/) solar cells or thin

film (TF) AFRABATIS HQARMANVEMCTUREDESEY: SORAR (JALL Qs to the

support of solar cell or dul e they are transported

t hrough an in-line proce}iﬁﬁo P Stﬂ;&i% OF THE | NVENTI ON [ 0003]

Sol ar energy is widely accepted as being an excellent source of renewabl e

energy. Photovoltaic (PV) cells which can convert sunlight into electricity

have been studied for the past ~70 The adoption and wi de spread use
ROSHREFERENC I W BRAOBAPREJCAION:x hj bi t ed poor conversion

ef fici ency and have been expensive to nanufacture. Therefore, the econonics

($/Watt) of using PV cells to generate electricity have not been

conpet i t[DOE W t Mhisapplidation alaimo prio:s te UCH Pasvisioadl, AgplicaticrelNor &ll/1 Fa®i4 et c.

The $/Watt metric represents the total systemcost to nera% a Watt of
ener gy. IHehEebriayy 2d) #009%and) U 8t ponProwisienal Arpligatign efe- ﬁﬁibﬁg{: 18 | system
costs 'rp%'bﬁwy,*z!o%o,%ﬁh Gredfathih BB 8ELE RIBBAL ih YRGESHIQY, the PV sol ar
cell systemrelative to traditional “energy generation systefrs. [0004]
Recent advances in the design and manufacture have inproved the efficiency
of the P Q%ali? lfﬁ'ﬁagl | ower ed the manufacturing cost such that PV based
sol ar erergF—5ysteRrs—have | nproved economics. It is a goal that PV based
sol ar energy systens will beable to generate electricity at costs that are
conpetitive with traditional electricity generation nethods in the near
future. [FR2]t hi Ehigola\rentlgnbﬁéatﬁ%gﬁriezeéld,to&mﬁ%ﬁ@eﬁemerbelsqsﬁh@éh@o continue to

| prove r%u?n%fe&:?ur}g(e)f Sﬁcﬁgvoeﬂaflé . WS Qéllstoq(?hiﬁ\ﬁlﬁlo(ﬁs m%%{lfeg. ﬁ'lngnet o lower the

embodiment, the present invention relates to the support of solar cell or TF module

substrates as they are transported through an in-line processing apparatus.

BACKGROUND OF THE INVENTION

[0003] Solar energy is widely accepted as being an excellent source of renewable
energy. Photovoltaic (PV) cells which can convert sunlight into electricity have been
studied for the past ~70 years. The adoption and wide spread use of PV cells has been
slow because they have exhibited poor conversion efficiency and have been expensive to
manufacture. Therefore, the economics ($/Watt) of using PV cells to generate electricity
have not been competitive with traditional sources such as coal, oil, natural gas, etc. The
$/Watt metric represents the total system cost to generate a Watt of energy. Lower PV
solar cell efficiencies and higher PV solar cell system costs increase this metric and lowers
the competitiveness of the PV solar cell system relative to traditional energy generation
systems.

[0004] Recent advances in the design and manufacture have improved the efficiency
of the PV solar cells and lowered the manufacturing cost such that PV based solar energy

systems have improved economics. It is a goal that PV based solar energy systems will be



manuf acturing costs. [0005] In the manufacture of PV solar cells or TF
nodul es, substrates are often processed in equipnent configured in an
"in-line"'wetzwanesse. That is, the substrates nove throughTiuseoieqgessprent in
a continuous manner or in small steps. The input portion of the equi pnent
is positioned at one end of the systemand the output portion is positioned
at the opposite end. This type of equipnent is to be distinguished from

"bat ch" systens wherein the substrates are generally processed in |arge
bat ches @tfoigsBerRigslRcfY A gogsthaparcrprstigie Wik iraditipprtstctt®y general |y

found ait %Bgﬁtiéﬁﬁi%th%ag 119&18 & ﬁﬁfﬁ‘é.gf%r thfgtgfr(])glecoib@ A6, SAYAREE Hust W nade

automation systemis used to translate e substrates fromthe I nput end to
t he out patcostimbe td hep@aut dratoneersisy stianenraye! el seler cellsand &y mwer thebel t
discrete pallets, rollers, a "wal king beanf system chains, strings, or

cabl es, BHBHFYIMRLSS [0006] Current in-line equipment for the manufacture

of PV baage5|sol & the ehdnbifRturd bf PO ] ae Sclsr e mba@8a, dutwials kreadfidar obl ens.
Exanpl es of 'these problens may be high equi pnent cost, | ow t hr oughput,

| ar ge f quogsssedtin epuipmepesondignredde an Ciorlingnisiaetien TRt shibe subsitates meOv8y t he

automation system . shadow ng.of the backside of .the bstr . he

ot ot gy e ot el R RE ST L el iy TR ORML BbRiGROL IR o1 e .
These preiipeigt MBostohed McingicddaF the s9stemmng GG UIRt fRRtidrois povitonddne the
efficiency of the PV solar cells or TF nodules or increase the cost of
manuf actappPsity ande This 3¢ af cqwdrment &y toe digtipgiished fromsbajchT systrepsenlacacinne

$/ Wat t [afels] ri RRE d sl ow
t he adogﬁgon o?ﬁgéké%ﬁ%#ﬁgﬁg%g$£§§£¥§%§?ﬁ$§%%%%%¥§%ﬁ%herg&gg a neg for

aut onat itheeqymhensrd gereeallysfednd @t thesdnianendeduhgsystem. usatle trolimpeni@otmr e PV

solar cells or TF nodul.es that address these problens. S RY THE
NVENT! G LSOO AEBdS HRASE A 8 D Ey T (AR Bt MR  of ¢ he
present d,aveRt LRALON s¥iferR nSRBRIisS ¥ S6:8ByhOL bBR! Abcréelphlls, réfflerindul e

substrates as they are transported through”an in-1ine processing apparat us.
The suppovalkisy beasni sysfsmychaing stringsbertaables aarmdestlgpdrts the substrate around
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modules suffer from a number of problems. Examples of these problems may be high
equipment cost, low throughput, large footprint, poor performance, contamination of the
substrate by the automation system, shadowing of the backside of the substrate by the
automation system, movement of the substrate during processing, and others. These
problems may act individually or in combination to lower the efficiency of the PV solar
cells or TF modules or increase the cost of manufacturing the PV solar cells or TF
modules. This will increase the $/Watt economic metric used to evaluate energy system
performance and slow the adoption of PV solar energy systems. Therefore, there is a need
for automation systems to be used in in-line equipment used to manufacture PV solar cells

or TF modules that address these problems.

SUMMARY OF THE INVENTION

[0007] Accordingly and advantageously, some embodiments of the present invention
provide a support system for solar cell or TF module substrates as they are transported
through an in-line processing apparatus. The support system captures the substrate and

supports the substrate around the edge. The support system allows exposure of the



systemis manufactured frommaterials chosen so that the PV cell or TF
nodul e substrate is not contam nated during processing. The support system
is suitabve2bowoesse with equi prment configured in an in-pPCcmassamwoeisus e used
to manufacture PV cells or TF nodul es. [0008] These and ot her advant ages
are achieved in accordance with the present invention as described in
detail bel ow. BRI EF DESCRI PTI ON OF THE DRAW NGS [0009] To facilitate
under st andj n L dent.i erence nuneral s wher e possi bl e,
o dest GRSk ofhE PLleiote DrbeSes futd TR BBk J S Re T e SPPTHe

dr awi ngssydich B etanhificBe@ RomNHatbias EIRIsal by atihEPVSEING T mbahle QUSst@leement s
in the drawi ngs are depicted schematically and not to scale. [0010] The

t echni quiégobfontdminpieed dumng pm@asmgo r’f he swprostaten i suitpbdefos tu@@ﬂ'ltby

oo aar b clitte o R R LERASIEE R o B KOG AR bdlled 75 o

of one |[0083]of ThesesmbwttcnteyatpRohle list@Nnageatghdagvitiothe peeseiodi ment  of
the present jnvention. [0012]. FIG 2 is a schematic illustration of one of

t he sub- @Wﬁé‘ﬁ?@“ﬁb%ﬁ’éﬂq@l ®elgW. t he substrate support system according to
one enbodi nent of the present invention. [0013] FIG 3 is a schematic
illustration of one of the sub-conponents of one |ink of the substrate
support BREEE RESCCRIRITON OF ThHE BRAOWINESt of the present invention. [0014]
FIG 4 is a schematic illustration of the substrate support system
according to one enbodi nent of the present invention illustrating the
capt ur e/ [pghgas e TeffadiiGeSiHeis Al By, {dgﬁt:fél rdfbrEhcehunterdls RENEHRh uSed, iRt rati on
of the substrate support system according to one enbodi nent of the present
i nvent i aressibleutotdeaighalg lddm@caimmm@s thel ava semgfontih theslignreso nigersaiogs pB016]
FIG 6 |st0808%ar;r1§ er' ) tlrargston f theeeubsératt@ &ugport S n;l
accor di nrﬁ) (f’ar%leﬁt TBFSERE Opr R TR e O M ISty pr@e he
capt ur e/ schéreaiall9hnd et (6 ykalgonponent s.

[0010] The techniques of the present invention can readily be understood by

considering the {ollowing detailed description in conjunction with the accompanying
drawings, in which:

[0011] FIG. 1 is a schematic illustration of one link of the substrate support system
according to one embodiment of the present invention.

[0012] FIG. 2 is a schematic illustration of one of the sub-components of one link of
the substrate support system according to one embodiment of the present invention.
[0013] FIG. 3 is a schematic illustration of one of the sub-components of one link of
the substrate support system according to one embodiment of the present invention.
[0014] FIG. 4 is a schematic illustration of the substrate support system according to
one embodiment of the present invention illustrating the capture/release of the substrate.
[0015] FIG. 5 is a schematic illustration of the substrate support system according to
one embodiment of the present invention illustrating the capture/release of the sub-
components.

[0016] FIG. 6 is a schematic illustration of the substrate support system according to
one embodiment of the present invention illustrating the capture/release of the sub-
components.

[0017] FIG. 7 is a schematic illustration of the substrate support system according to

one embodiment of the present invention illustrating the details of the capture slot.



[0017] FIG 7 is a schematic illustration of the substrate support system
according to one enbodi nent of the present invention illustrating the

detail s ovothm/megbure sl ot.[0018] FIGs. 8A-8C are schematrius2éioloasstis at i ons
of the substrate support system according to one enbodi nent of the present
invention illustrating the fundanental building blocks. [0019] FIGs. 9A-9D

are schematic illustrations of the substrate support system according to
one enbodi r%nt of the resent invention_ illustrating one nethod of
assenbl yl00[#o20F 1R G4- @@J@-Wﬁfﬁ“ell@é‘lﬁ@%?&ﬁpéfhelsphgt &{UPERE Spfiehe substrat e

1 TSt o B @ORE ERbfinlche Pt BRE R At BRI BRIRM-BE o mie

| NVENTI Onifdd@2dlpckaf t er consi dering the foll owing description, those skilled

in the il erI rea ze Lh the te of thelnventlon can be
readi | yal{?i'ﬁﬁ: Eﬁ{}% ' 8@?%? ﬁfuﬁtlratwsgﬁjﬁr g%Talt%S‘@POPFF’y%HuI es. [0022]
One confacgw(iﬁtfglt@ra)n@temBMdlﬁfeln%ftﬁeﬁfegynﬁmhﬁaﬁ llﬁ@.ﬂﬁﬁﬁg&fe mMhe@bar nodul es.

One version of PV solar nodul es may be constructed a plurality of PV
sol ar ce#spanldpnnected in serl es or parallel. The PV soI ar cells may be

cem condlpl)y SER IR SRRAE QDo BPM B alraR Bealf S4EHE £ af e

conpri seacSbrdirgab m&bmbacﬁifheﬁa&ﬁme ﬁfﬁsﬂg iDtRanS ilhsaatigcHs @ﬁ@po@ﬂ‘ ofltRIguage
wi thin the current disclosure, e phrase "PV solar cell™ wll be

under st ocBE5%®e-nean t he seni conduct or substrates used in the manufacture of
a PV sol ar nodule. [0023] A second version of PV solar nodul es may be
constructed by applying thin filns of sem conductor materials on rigid
subst r atBETAEKBBPDESCRIPTEONCORAMEANVENTI®NI ns conprise a-Si, CdTe, CIGS
(Cu-1n-Ga-S; or Cu-ln-Ga-Se), and organi c sem conductor materials, anong
others. An exanple of a typical rigid substrate is a glass sheet. For

econony [9b21]anguQecMsidatifg HRero AU B HesdiRoh OBbESskilldaGnREY A8 &ill dEadypdul e”

realize that the teachings of the invention can be readily utilized in the manufacture of PV

solar cells or TF modules.

[0022] One configuration of PV solar energy systems comprises PV solar modules.
One version of PV solar modules may be constructed of a plurality of PV solar cells
connected in series or parallel. The PV solar cells may be based on single crystal
semiconductor substrates or on polycrystalline semiconductor substrates. Examples of
suitable semiconductor substrates comprise Si, poly-Si, and GaAs, among others. For
economy of language within the current disclosure, the phrase “PV solar cell” will be
understood to mean the semiconductor substrates used in the manufacture of a PV solar
module.

[0023] A second version of PV solar modules may be constructed by applying thin
films of semiconductor materials on rigid substrates. Examples of semiconductor thin
films comprise a-Si, CdTe, CIGS (Cu-In-Ga-S; or Cu-In-Ga-Se), and organic
semiconductor materials, among others. An example of a typical rigid substrate is a glass
sheet. For economy of language within the current disclosure, the phrase “TF module”
will be understood to mean the formation of the PV solar module by the application of thin
films of semiconductor materials onto a rigid substrate. '
[0024] In-line equipment is often used for the manufacture of PV solar cells or TF

modules. In the case of PV solar cells, the in-line equipment may be used to process a



wi |l be understood to nean the formation of the PV solar nodule by the
application of thin filns of sem conductor materials onto a rigid

subst r at ev0[2002%¥938bn- | i ne equi pmrent is often used for tReTs2UbALISWS € of PV
solar cells or TF nodules. In the case of PV solar cells, the in-line

equi pnent may be used to process aplurality of PV solar cells by nmaking the
equi pnent wi de enough to transport the PV solar cells through the equi pnent
in one or mpre | anes through the equi pnent. Typical substrates used in the
manuf actRIF@LEFofRY sQjprgells b |r%akéreﬁ1§F PLEPHSHHISE shenghdo diapgnoat e Pytsglar g

waf ers, SAYM:EudohY eqtlipSlehCifiSne bE foANBHLAL RSh Yredquidh &R STyfRE GaAs waf ers;
anong ot hers. fgbicgﬁhgizes ofefhe su%gtrategi|ﬁ3%ﬁﬁe%§5ﬂ%€& 125mm 156mm
X 156nm suBditaten vsed irDimmzemd fdcanrg ef PYubkit calsesnmprice pscopgosqaart singlelveystalt ur e.

[0025] 1n the case of  PY. solar TF npdul es.. the in-Line equi pnent may be
ised 1o DRGSR RaNR| Hien e Rebar 2P OTH Tt b Ca)S nalGIRE equi prent
Wi de enayiBds.! PypitaAnRsRebE tHeRabdMtaehandeTF2 sRA Ul 12S il N3uah L hsegaui pment in
one or nore | anes through the equi pnent. ;gglcal substrates used in the

manuf act2l0suwe K 2pYmypinsk larper sigirpies aarppasserios dhmiieured gi d substrates (such
as gl ass nd ¢egct angul [1,9 u rafes {such.as glass), ng ot hers.
I:ngzﬁ e 204 %fg{n\é i 'Ifilf ﬁ'ﬁ)la?lfes aﬁqe 1n-l(u%e Fettilont Elai%)f ug?cpf

[ 0026] Ure 171s a’sc iC stratron o e

subst r atgosdpp phirality ot EM e Aol éohyomek iagietiqiiitend viddehoppk sent
invention. The link 101 is conprised of sub-conponents 103, and 105 which
are assdpsseyt the Posalan Hemopnles Hrerghdthe pquipmpwd injopk of mess iangs thipughr e

substrat $Bﬁ% S I ﬂﬂﬁi onent
103, 10§%F(corga? teéS§8#%ﬂ§2§?%%”§%g?nﬁgﬁﬁ#ﬁe é%&agfgﬁgﬁggg?n?ggh i nk
t 0 capt wgeareheiduthstratat &ucll asaglhds),cndlredtangulan eigebubpineed (snetyasydaessg Wi re nesh

belt as an automation system for conveying the substrates through the
system FMESHRHE wire nesh belt does not actively capture the substrate,

the subsfpoggjes MRYrdPES: SheMhlidBlustratintdfahe GRR1DDBE AbisORsudty dupfort he
processi ng sequence due to nechanical vibration and the influehce of gas

nmov e nentsystgintdsierdiniggo ops embpedirens of the praseritcancatiby. Phelink &t isfcompuiesdy t hi n
SUbs 1 at e, bO0BHL B S 1du RSB ek 1d LAY 0] 033% L ik
flexibility. The substrate (not shown) would be held on the ledge 107. Each sub-
component 103, 105 incorporates a ledge 107 that combine when assembled into a link to

capture the substrate. Traditional in-line equipment may use a wire mesh belt as an
automation system for conveying the substrates through the system. Since the wire mesh
belt does not actively capture the substrate, the substrates may move from their initial
configuration during the processing sequence due to mechanical vibration and the
influence of gas movements within the system. This is particularly prevalent for very thin
substrates.

[0027] Figure 2 is a schematic illustration of one of the sub-components 103 that
combine to form link 101. Sub-component 103 has a top surface 201. Ledge 107 is
formed within the top surface 201 to form a support for the substrate (not shown) within
the interior of sub-component 103. Ledge 107 may be flat or may comprise raised areas
(not shown) to elevate the substrate slightly above the ledge. Typical examples of raised
areas comprise bumps, tabs, mesas, and pyramids, among others. The raised areas serve to
thermally isolate the substrate from ledge 107 so that the substrate may be uniformly

heated without conduction losses from the substrate into ledge 107.



conbine to formlink 101. Sub-conponent 103 has atop surface 201. Ledge 107
Is formed within the top surface 201 to forma support for the substrate
(not showwp 20i0tdep3s9t he i nterior of sub-conponent 103. Ledyasi@d/onssys3 be fl at
or may conprise raised areas (not shown) to elevate the substrate slightly
above the | edge. Typical exanples of raised areas conprise bunps, tabs,
nmesas, and pyram ds, anong others. The raised areas serve to thermally

i sol ate the substrate from| ge 107 so that the substrate y be uniformy
heat ed wWOPHut éa{a&awp%qm 8§§l€§ver FIRPRISE netshet 1i3aeand 2f3b, Egﬂéo teleA. [ 0028]

Sub- CO”%Q%Hne&Q?’thfe%H ReSuLesm dr&ﬁﬁldﬂh&t*\@ﬁl I%Oa’%@rlead%ﬁtegggﬁnk T@P TRt ches are

formed at the end of sub -corrpo%ent 103 that will be at the center of |ink
101. Thenatdtes hesformad érotheedtepior e extt-eompeneot. Tllrﬁenfsdtrs cfmmlpam memprxseTh e

not ches f.ur r I Se QRS and 205b.. .Pin and

1§ pe s i $0¥acand 0B, B3 pER 2SR el ah e 25 Sn GRS oTAgISw gt b
of the elndiadhinehxis. h@l@@w?dtﬁ@ﬂﬂiefbﬂxﬁfﬁhmhaﬁé(éléng theGRAaE Blis fshadhtéNiBavhdt h of
the elli ptlcal shape along the mnor axis. The pins face toward the

ext er i orwigth efihe siliptied shenreealeng thh enineyjaxis. sblieins faehioward thstekteaior ehthpe i s
al i gned thin ne. of n 0 t 103
Fur Sher dibiddbfbob i, REERGHS oA SEORSRCE tneb 2R ol BOR PR SORRRR SN, |10

sub- conpagoherdt@d3t hat will be away fromthe center of link 101 and toward

t he neighboring |jnk (not shown e tabs are formed on_the exterior of
the sub [@8#oneftb-componeypd 03 ﬁF%‘ﬁéPOW%FFf’é’ézB?%nde& ar¥ PFFBE The pins

face t OV&%frﬂe& e @é‘ﬁcﬁéf‘ sg.ﬁ - B Bﬁ&t%?’d&?(ﬂ?ﬁﬂé’%ay f gﬂﬁhggéﬁeﬁé’f‘iu&% a3 e

elliptica |ns pe an I Se a nmj or a mnor axls wi dt h
of the ethmpittheahghlbrapg laikdlngt sthlownbnﬂhmr talasaus fmsnayjrc&athelexmeﬁanoﬁthe suﬂn dt h of

the elliptical al o t he m nor sfac the
Lt ert oroBo dhE Rk ehE P rahgns 2 anddVObD T0E pitidfed SIAREIR Chape | s
al i gned aakdriol Bf ih@%uplcaﬁ@oﬁémspﬁmqwmﬁﬁﬂisvbl&é en;&;ﬂ@ﬁ% SIEp3YhE cdmpise

schematic illustration of one of the sub-conponéents 105 that conbine to
form | i nkajeoaxis aldoamm@mntThm%dM the elbpticaligliape elogg the weipyexis@7 is formed

Rl RaT A 0 Ll SRRl e LR RSO oo
conpri seh¢ aktehst dRasub-component. The major axis of the elliptical shape is aligned within
the plane of sub-component 103.
[0030] Figure 3 is a schematic illustration of one of the sub-components 103 that
combine to form link 101. Sub-component 105 has a top surface 301. Ledge 107 is
formed within the top surface 301 to form a support for the substrate (not shown) within
the interior of sub-component 105. Ledge 107 may be flat or may comprise raised areas
(not shown) to elevate the substrate slightly above the ledge. Typical examples of raised
areas comprise bumps, tabs, mesas, and pyramids, among others. The raised areas serve to
thermally isolate the substrate from ledge 107 so that the substrate may be uniformly
heated without conduction losses from the substrate into ledge 107.
[0031] Sub-component 105 further comprises notches 305a and 305b. The notches
are formed at the end of sub-component 105 that will be at the center of link 101. The
notches are formed on the interior of the sub-component. The notches further comprise
slots 303a and 303b. The slots face toward the interior of the sub-component.
[0032] Sub-component 105 further comprises tabs 307a and 307b. The tabs are
formed at the end of sub-component 105 that will be away from the center of link 101 and

toward the neighboring link (not shown). The tabs are formed on the exterior of the sub-



(not shown) to elevate the substrate slightly above the |edge. Typical
exanpl es of raised areas conprise bunps, tabs, nesas, and pyram ds, anong
ot hers. TWe a/®exvar eas serve to thernally isol at e theprsumhstoianessis om

| edge 107 so that the substrate may be uniformy heated w thout conduction
| osses fromthe substrate into | edge 107. [0031] Sub-conponent 105 further
conpri ses notches 305a and 305b. The notches are forned at the end of
sub-conponent 105 that wi|l be at the center of |link 101. The notches are
formed ofPmeReEcsinbeitehs frtherncemprise dainR9fannd 364 Heasn dels facedevaeiheonpri se

slots 3 t f

ub- conmpanaet o FoRspafpRes Pc ARERIBERLEniRE Fols AR IS e oles. g
307b. Thaee uishisto anterfhaerwitidthetdrivi eysead tobe dubrihcﬂ'r]ptment 105 that will be away
fromthe ter of link 101 ndt rd the nei I|nk not shown) .

The t anslO05d £ ostedoBRorae M ar BETatY b oSt npHENE PHhebBabs r ar t her
conpri secosllts@[hﬁaté%asu@agat@@&@ng Jﬂ&@es%m@t m&ﬁ@ ploB¥R ey deAted HeGlbQfarOf the
sub- conponent. The tabs further grl se holes 31la and 311b. The holes are

used to may be pratested tprevieudy deposgys meterials apd nosndetged dimplertherfrpd33]

Sub- conmpon and 5 be o) rials that. d

cont am nEPEn e PR EHSe e For e BEa03 FRg Tos R BresBPatddt ridiiBhces, (e
subst r at@etapalidye. Pypicgahad] Mxteiile iagushipridepeiionedidpel efiihatnadineh, 5oyl
undergo a_ Si rrpl e.thermal treatnent. In this case, the sub- corrponents 103

and 105 #H&yS5e @tﬂ#ﬁé@@@rwe FRiTagtosy Bietaatioys aarllqn@y% hersybi some pigesss material s
may Co”psfep&e%cgq, E?tré%!é’ﬁl%g it H‘%r\é%?eﬁ' garevﬁ @qosﬁé/cﬁmaéﬁgls%'r ay be
refractor I ers.

t enper at ure y nmet S ano N SOME process
sequenceasidetgdomgsprbsissiag ewﬂmfremtvelspeqmo tledliie dadayit o mpomaﬁﬂ thatd;hepos ited

mat eri al s or. be. under goi n 0cessi V\nthareact cies. Inthis
case, |tht§r1?‘1r+B%‘?Y°a§9Fnts QFOR ‘%’éﬁ@ qﬁéé‘ﬂt ?%ltW%eé ﬁf)‘@nents 103 and
105 not vamlé%ﬁﬁﬁ@nﬁ%a&%éﬁ hEARN, Bﬁrsl@umw@foz @ﬁéﬂs%@t peh as AN,

BN, SiC, Al , ZrO, and others are typi cal exarnp These "cerani cs have
high te rmr@m@taar dheteaiordnmityhauedighr empetagire vabifity amt arctrdatineadh inegde muek

chem stry. .]0034]. Sub-conmponents 103 and 105 may be forned by any wel |
known ndﬁﬁ‘ft%&cﬁ?r}’ﬁgynet hod. Typi cal exanpl es include machining, stanping

f rom met@b3gheesub-components 103 and 105 may be formed by any well known
manufacturing method. Typical examples include machining, stamping from metal sheet
stock and bending, and casting, among others. Sub-components 103 and 105 are
advantageously formed by a low cost manufacturing method such as casting.

[0035] Link 101 may be formed through the combination of sub-components 103 and
105. Sub-components 103 and 105 are aligned so that their top surfaces 201 and 301 are
oriented in the same direction. Pins 203a and 203b of sub-component 103 engage with
slots 303a and 303b of sub-component 105. The assembly forms a completed link 101 as
illustrated in FIG. 1. The substrate (not shown) is held by ledge 107 as previously
described. Multiple links may be combined to form a transport system.

[0036] Link 101 may be connected to a neighboring link through the interaction of the
tabs 207a and 207b on sub-component 103 with the tabs 307a and 307b of a neighboring
sub-component 105. The pins 209a and 209b of sub-component 103 engage with slots
309a and 309b of the neighboring sub-component 105. In this way, a transport system of
any length may be formed by repeating this process. Therefore, the transport system is

formed from combinations of only two pieces, specifically sub-components 103 and 105.



stock and bendi ng, and casting, anong others. Sub-conponents 103 and 105
are advantageously forned by a | ow cost manufacturing nmethod such as
casting. woQsbjookisnk 101 nay be fornmed through t he conmbipoattiseeondssi3

sub- conmponents 103 and 105. Sub-conponents 103 and 105 are aligned so that
their top surfaces 201 and 301 are oriented in the sane direction. Pins
203a and 203b of sub-conponent 103 engage with slots 303a and 303b of

sub- conponent 105. The assenbly forns a conpleted link 101 as illustrated
in FIG [0037lhe Sigost 4 &teschamatic Ham)tianofinedltiple aredtigahoysubstrge evi ousl y

described. Miltiple.links may be combined,to forma tf.an rt ste

0036] Lirineperty s s e TR el §TRC Tt sl o BRI G 1 Mp A"

i nt er act1090 aff shbv@ Widhthe 20r8spaRdingd QB cOMpSiRt-CZAOTIRN, 1053 aid 1054, he t abs
307a and 307b of a nei ghboring sub-conponent 105. Th 7Ei'lens 209a and 209b of

e
sub- conptbn105eo The dighs engaige w1y dsive manker 448 whoopias 4QMe 40 gnBedrvg
sub-comp ] [ , t ) - be
ormed Boroyshirss By e i a SR Lo ST L0 D SIS 00 e
f r om conbianatarams dviveahify 403woDfve aembespiridvantaldonsisiias apopeoaatcsost03 and
105.[0037] Figure 4 is a schenptic.illustratign of nultiple |ane (i.e.
three) Stbie Xt 39 ﬂ%@%@%%ﬁﬁgﬂﬁt in PRI gfﬂ%ﬁ W*Uw&ﬂitg GOHPRIHWE  Thr ee
nei ghborigag Jnhinhgpd 01la, 101b, and 101c are shown with the correspondi ng
sub-conﬂ%nents 10%a, 103b, 103c, and 105a, 105b, 105c. The links engage

Wit h dri[0838tenbEiguad® haleres dpavas todiflistratd OF maormeheoiubsteaterefindne righhigage wi t h

the hol es,.31 311b.wi.t hi,n sub- onent 105.,. Dri,ye nmber 4Q5 rqt ates
bround denand st s it PoRRAT SRR A RicAn T FERRSY iyt Pl o)
Cr 0SsSecf398 robhtiy RUn@RI6 XSV HeDSubitfakestdddtard Bei®PRAA Afb thB@inks ks Wi | |
bend to conformto the pol ygonal shape. [0038] Figure 4 has been drawn to

i |1 ust r aYubstrate 4Ably isrmdencd antodhbpaakat lesmed byrdedpg hQ7 elosubedompenenti 10Bh by r at es

t he input rt) i ndi . ar i i ve shaft
403 i s ragtagl?(?ntrlldgt%gosg%?%@?%%‘é\%ﬁ?eé%e&%wg3@%@%5? gggg&ﬁfﬁﬁé %V%Bgt%iég}?"oaded into
t he | i nk@nidhent30BB tstates ug @l bomplefel the petkiendnd daprreabiseite 401 bredthbylitkedge 107

of sub-conBonent 103b by an autonation system (not shown). As the drive
menber 488Pcontinues to rotate, sub conponent 105b rotates up to conplete

the pockghzfnd apicWutpd PRRIARhEQIRMAR sRoWhf e wafer transfer sequence

would be reversed. Sub-component 103a would flex downward to follow the contours of
the oufput drive member. This would expose the leading edge of substrate 401a to the
output automation systém and fhe substrate would be extracted from ledge 107.
[0040] The transport system used for in-line tools is typically a closed loop belt. With
the commonly used metal mesh belt assemblies, if the belt is damaged the entire belt must
be replaced. This occurs at significant cost and most importantly significant lost
production time for the manufacturer of the PV cells or TF modules. In some

- embodiments of the present invention, individual damaged links can be easily replaced.
This is accomplished by reducing the tension or separation of the input and output drive
members sufficiently to allow the upward bend of a link or sub-component of a link to 90
degrees. When the upward angle reaches 90 degrees the damaged link or sub-component
may be removed and replaced with a new link or sub-component.
10041] Figure 5 is a schematic illustration of the substrate support system illustrating
the capture/release of the sub-components during the repair and replacement of a damaged

link or sub-component.



101b. [0039] At the output portion of the system (not shown) the wafer
transfer sequence woul d be reversed. Sub-conponent 103a woul d fl ex downward
to fol |l owwOhReloemsour s of the out put drive nenber. Thi sPaoaisdoieropsse t he

| eadi ng edge of substrate 40la to the output automation system and the
substrate woul d be extracted from | edge 107. [0040] The transport system
used for in-line tools is typically a closed |oop belt. Wth the commonly

used netal nesh belt assenblies, if the belt is damaged the entire belt
nust be W8HlaceHigumh is prchamgtiqilusirgirniqf smsubsisaie sepngrtrystem ilperatiagt | y

nodul es.tﬁ?%aﬂg%%ﬁ%relgéﬁgogﬁ %eﬁ@séog@ T %12[5 8%@?@%&%@;%?%6&?@{ g%{%‘ﬁg%gnnged

| i nks calinkos s&b:?:binjﬁoﬁ@mbl&meidg a thiss-upf deosnpb9 shab-aympednici 030ntinke t ensi on
or separation the i nput and outpyt drive nenbers sufficient]y to allow
the upwatef 39&0d seh-cempersgt b‘?isW%%élep%qm&neatflﬁé if ppsitioRedad 2 0gle8EE. When

the up | ; hﬁ’% h Se@se 6 Hanmg i r aAent may
be remv)v\ia(e leglﬁgltlrgzg)le%%e vg% '?l ﬁ a n’e]\'(jﬁv%Initletri:(ﬁr or suﬁé-j%lghg%rlllgnsgl ?b%ﬁo%\lg?]BQ%?gur e 5
i s a schaigatd withlthador 3B dsubompenanti 8. r Btie aBenpppint209yis trter s1b1 M}t r at i ng

t he capt rel ease of t -conponents duri he,.r.epai r. and repl acenent
of o darbBEH T RS Brus bt Seiiithcn e GoHbp FEbse S0t W st pirow

i I'1 ust r adri@Rceofo1tdng aSkHasE ToMe® pSHIBRT0S. THSWRITh bf SlusédtahtO B0t Relightly
capture/rel ease of the sub-components during the repair and repl acenent of

a danmagdérgef tirn gre width elohp sreenaxsrielligical rin 382 butdewstthamthe pyidthagdhef

sub- conponpent .. ot 3. of - n . e -.gonmponent
103 is p%%lg{ %%%ggelgw%ﬁ g% %iegg r\gggnasnug’l Ce()%‘ﬁ)g) P‘glﬁﬁ]\ég lﬁétt%%fg-%c%\rﬁ%’oﬁgﬁ#%g%, t he
maj or axdub-cotmpbhentdbb) yih 20 kd dapahapetihipisiot 308, Biniddricgpaemant Metlddisslsot 303
of sub-component 105. This allows pin 209 to enter _slot 303. [0043] The
det ai | s ¥¢ usgdde copchpdghhoringdinks By therinteragtip ofpingsP 8} anhdots AP+ i ses a

narr ow nce wi.der ' 723. i
ot r anc dOBEA"C S R b or RO B sulEidbatl R berdled
el |i pti qalrallel cl208” that fdresihe Shisatratehsappartsystent. Thechmajsare exnprisefl ofl | i pti cal
pi n 209. en syb- gol ent 103 js rotated t e co-planar with .
sub- cor‘rp%‘g&we %guﬁ%ﬁ%s (i gﬁjﬁsﬁlﬂaéﬁrevﬂs?%ﬁe&oo re%tg@gal%? ?#hﬁaeséwaagenent
nmechani s|ggsth.

[0045] Figures 8A-8C are schematic illustrations of one of the links 800 that combine

to form the chains. Link 800 comprises a central cavity 808. Central cavity 808 is
generally formed in the shape of a rectangular box having sides denoted “top”, “bottom”,
 “front”, “rear” and “side” (there are 2 “sides™). FIG. 8A illustrates link 800 as viewed
from the bottom, that is, the surface of the link opposite from the substrate. Central cavity
808 comprises openings 809 that engage with teeth on a drive sprocket (not shown) to
advance and align the chain. Stub 801 projects from the center of the front face of central
cavity 808. Stub 801 further comprises two posts 802 at the distal end of stub 801 that
project outward on opposite sides of stub 801. Posts 802 project from stub 801 in a
direction aligned with the sides of central cavity 808. Capture slots 804 (there are two of
them) project from the rear face of central cavity 808. Capture slots 804 have an elliptical
shape wherein the major axis is aligned with the direction of travel of the chain and the
minor axis is aligned parallel to the two sides of the central cavity. Capture slots 804 are
aligned toward the side edges of central cavity 808 and are separated by a distance large
enough to allow stub 801 to pass between them. Capture slots 804 further comprise

insertion slots 805 on their surface which is aligned with the bottom surface of central



are used to connect neighboring links by the interaction of pins 209 and
slots 309. [0044] In sone enbodi nents of the present invention, the
substr at esoanw/deedsd bet ween parall el "chains" that formpCiaSsubseisat e
support system The chains are conprised of fundamental buil ding bl ocks
(i.e. links) that are assenbled to create chains of the desired |ength.

[ 0045] Figures 8A-8C are schematic illustrations of one of the |inks 800
that conbine to formthe chains. Link 800 conprises a central cavity 808.
Central ity 808.glmgertign glotre¥0fl arg siverd seeas th alleweosts 82 toenegge eattamglotar box

havi ng - s§gde t p NP ‘end | § iy d.7sicde" here are
2 51 de Gt e RlYy P8R sapalt SRS AHER <ommplsEmns S s0F ed Ty

i's, the solnaefaod. SuppottidukieaBPdsértve td 4liym thé chatn isduppbe rodsgndr shbwanvi ty 808
conprisesoﬁﬁeningg 809 that engage wiith teeth on a _drjve sprocket (not

shown)  t[804lvanEE5 dihilhistirges hineSWhas vewes: iigmehe opr Bpbist Geprdietdicent er of
the f i i . t
805 ar 1k PEy e BRFubAte Sb) Sy d0guRa dnlclIon B4 BRTRE LORBHE"Y, Bos. o

st ub 80lsubRod¢ s1pPOQ spriages 806.f Subststetupp@isurfaces 806 mey bohewallédynentedyi t h t he
sides of central cavit 08. Capture slots 804 (there are. two, of them

ot of cct bt prenrakeiL s ooBininge Tesinesy Sube Ssier YIS 804 have an
el lipti cs%b?&haﬁﬁacwbm@édﬁtéchﬁwrmbﬁfat@aﬂtﬁe_ Lubs@hib aned mid lhlBtilbﬁstfil'tés%E' on of

travel of the chain and the minor axis is aligned parallel to the two sides
of the cesmhodirhersaf theypresCapinyertion wheseigdink 308 campysrsd qoosiatedt Wipposi de edges

of central,. cayi 80 nd,ar.e separated.b hstance. |l arge enough to all ow
stub 80 1suffgceg%ds6;¥%%gi &%@ﬂgtthh € améérﬂ)atd% rogﬂlé %tyge Og(l)l E}( f%oru?%reerqug% %IPI i g YR¥sert i on

sl ots BQdF 1aipth. NSibstratds tade bedadbd hisang!gogitiel alinghihd Regiairtignatsut. f@eensof
centralcavity 808. Insertion slots 805 are sized so as . to allow posts 802

t o engagBadeaifthis atylg ¢ftlinkgponld ephprewgnt thesubsiragesdrorn ghanging their ppgitian go4
further i i . o) oht.:..gui des
505 sor VAT RtgRHARAREL HERanE G kR, HEThSHEICRE Hy BRI hi " 5

i 11 ustrahak dfithk s8G0fdmnkweMe grdvenintht bebstraips fromathahging tieer sasitfomce of t he

| i nk supporting the_ substrafe. ntr.al cavity, 808 .and capture s|lots 804
furt nor Ega et b fab oG Sl 5ody Yk Dol Grial tralbT ™ sor f aces
806 may |hp bavgl ed, curved, angled, or contain small bunps to mnimze the

contact to the substrate. Typically,
[0047] FIG. 8C illustrates link 800 as viewed from the top, that is, the surface of the

link supporting the substrate. Central cavity 808 and capture slots 804 further comprise
substrate support surfaces 807. Substrate support surfaces 807 may be beveled, curved,
angled, or contain small bunips to minimize the contact to the substrate. Typically,
substrate support surfaces 807 contact the substrate at the substrate edge. The substrate
support surfaces 807 as shown in FIG. 8C serves to capture the leading or trialing edge of
the substrate (not shown). Chains made of this style of link would prevent the substrates
from changing their position along the length of travel while being carried through the in-
line system as well as prevent the substrates from changing their position perpendicular to
the length of travel (i.e. side-to-side) while being carried through the in-line system.
Chains using links having the substrate support surfaces 807 as illustrated in FIG. 8C
would require a combination of links as illustrated in FIG. 8B and FIG. 8C. The chains
would require links having substrate support surfaces 807 separated by links having
support surfaces 806. The links would have to be manufactured such that they form
pockets that correspond to the size of the substrates. The in-line system would have to be

loaded precisely so that the substrates were properly loaded into the pockets.
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support surfaces 806 contact the substrate at the substrate edge. FIG 8B
illustrates one enbodi nent of the present invention wherein |ink 800
conpri seswea mwm®dmbent support surface 806 al ong its | ergrhis2@iomr3ss3 made of
this style of Iink would require only one type of |ength. Substrates could
be | oaded at any position along the | ength of the chain. Chains nade of
this style of |ink would not prevent the substrates from changing their
position along the Iengﬁh of travel while being carried through the in-line

|
system [8#8ver FlehaAndD depbraisythe glethodiaf pascabling firkediifl-a 49 S0BH o he
substr ati%ﬁnfpgng%gl_aﬁ‘ﬁﬂ.' e %igﬁv\iﬁrlel?/%eh'fﬁﬂn Hﬁrﬂbﬁgﬂft r gug%st&s&'i‘t?ed'e%fl&fr.h of

travel (1.e: t O- Si e being carrie the in I'ine system
[ 0047] HRLigk 88&HBi ik pusitioatdesich ithak sBOB0A $s aligaee perbeativutliveto thephottonasurfase t he

rface of the li.nk ortj e trate,. ntral. cavity 808 and
St ar o Slest@ ot st RRD B8 Fcs@ERY e i hR ot ioh Y Hetereapant
Subst rat@av%ﬁ%ﬁﬁéenih%ﬁﬁﬁ@a%ﬂﬁ@?lowm 1288008, TEUFN@Ene Bl REatiRrafePNt @i N
smal | bunps to minimze t

the contact to the substrate. Typically, substrate
support thisspausase gOmovesris dbwsirated isEBstHat e at t he substrate edge. The

UDSt 1 2t G0 RPPOF ok SRS R E D REPL B bR G (RCoRSLNER, S AR S, he

| eadi ng ria e 'su rat alns nmade of this

styl e ofaslillikratwduh cheRiremeH FINOBS Ulsd hat@stert cames Pangs0moft 1k §00p®SI t i on
along the length of travel while bhej n&qcarri ed through the in_|ine system
as wel | agags wijle e ipseationglats 895 6§ link 809-An akireslingesoniiggeation gfier this

per pendi r : f: (i.e. side-to-side) while being
carried St% r%ﬁ%hprtnhggﬁ%ﬁp'%rgteg;%%:fe@r}ivﬁmai ns using |links having the substrate
support [8050F]acekink®B00aB id themsdtatad adan arc kdvGard 86 reatxbfdinke8POA as dlusabd nat | on

of links as illust in.FIG 8B and FIG Th ins.would require
i ks had HATEUb R Pkt 38 L}lﬁ%mp‘f@a?m&ew 8o%s g@p%ﬁlgﬁ%@%% ' fukiber fpereng
support i RGeS0t 8E5 bi HISSIRM! AdMRYSn Lafed B WG LaBliSHER t hat

they form pockets that correspond to the size of the substrates. The
i n-1ine 80dxfdink ROMHA] Raaresulond eonfiguddipnpiter ihsedeguenseohatovehis idudiatadat es

e B SR o P SR PN AN e iRt BB
I'i nks arfayberpehiéd RBuilde ddhaint Mhs désiag &ngth. descri bed earlier. Link 800-B
Isﬁr ]E) gzlet[lﬁ(cl)snﬁd S%ﬁ??s. tl{r)]gEl(]%t ilfl?lst?a(?[g- t]:llesusglolf \arz]oegargl?erl %ﬁe?l(rjlls gsléler?l{aletd%'otn? e bottom
multiple links 800 to support a substrate 1000. FIG. 10A illustrates the use of two
different style links. The link 800 that captures the leading or frailing edge of the substrate
comprises substrate support surfaces 807. The link 800 that captures the middle of the
substrate comprises substrate support surfaces 806. FIG. 10B illustrates the substrate
support mechanism viewed in cross section along the length of travel. Substrate 1000 1s
supported on links 800 on their top surfaces. Links 800 are supported and guided by
support guides 803 traveling along support rods 1001. Using this support system, the
bottom surface of the substrate is advantageously exposed allowing the substrate to be
processed in a uniform manner or allowing the substrate to be processed on the top and
bottom surfaces simultaneously.
[0052] Links 800 may be composed of materials that do not contaminate the substrate
during processing. In some process sequences, the substrate may be protected by
previously deposited materials and may undergo a simple thermal treatment. In this case,
the links 800 may be composed of metals or metal alloys. Typical metal materials may

comprise nichrome doped with vanadium, steel alloys, and high temperature refractory
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of central cavity 808. Stub 801 of link 800-B is noved in the direction of
the arrow and travels between the two capture slots 804 of |ink 800-A The
resul ti ngwoanfo/gessati on after this sequence of noves i sPrirlusgtwarsdsi n Fl G
9B. [0049] Link 800-B is then noved in a direction toward the top surface
of link 800-A as illustrated in the arrowin FIG 9B. This novenent causes
posts 802 of link 800-B to engage with the insertion slots 805 of |ink
800-A. The resulting configuration after this sequence of noves is

i |1 ustranetl almsar@onmhe{sogs@q»maipm@ew@q@ni@, thestbtentamen nphbaprogetedt owar d

the rear, of |.in - A Ll ustr | ] Thi s
movenontaisualty Sateteb el ol iRy GE lpls O ReTh BN s e e

i nserti opecbntia tBi02af ithis Mkpo3Rat haathd nhetiaimesedap forreliny800het t wo capt ur e
slots 804 of |ink 800-A. The resulting configuration after this guence of
moves i SCOPiaBatE MesybItRle VRTINS cerquig BatRsglssugn as éﬁﬁ»@\fa & il rﬁﬁ»y
attache i e bil; dchai n of
The desi Taq Tanar T GbIpPler ool 1Py hEPa ek B A haral 1 e
chai ns askéntly éctrf toonuaetdtipeehdinisks. 800 t o support a substrate 1000. FIG

1A | tes the e of t different.style links. .The Link.800 that
capt ur cSODFE' | otin gl ey e PG oG B! Rin et e i its dSPSaber r at o
Support SHmbRS &R machii@nk,| st FRY fibhdheGPdbetl @kt bﬁh&m%,ean@fcaﬁh%,
substrate conprises substrate support surfaces 806. FIG 1O0B illustrates

t he substmangeteppbnks BEE agridsantigeowdsl formeditygsloweaost manufhdnigng methiodngt h of
travel . Substrat.e 1000 is supported on links 800 on their top surfaces.

Li nks SGHE%?%Q?I%%orted and gui ded by support gui des 803 traveling al ong
support [osig 10Q3tholsh RitiduliembsdipRard wisiyls irRBipotdie theatddhings W tirqecwht t he
substrate is advant ageously exposed allow ng the substrate to be processed

in a unilPEmicRaATRPecdshave auf Aepctihed wustlherdn thossekileg i el &M the top
and bot tr%ﬁiﬁ“c{e@%% o IO%I‘%%&P%EJ&WE&Q stli'l'l ﬁk:% nge fiR¥e Q@c}fiﬂ - osed of

mat eri al's that do not contam nate the substrate during processing. In sone
process sequences, the substrate nmay be protected by previously deposited

materials and may undergo a sinple thernmal treatnent. In this case,
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the links 800 may be conposed of netals or netal alloys. Typical netal
materials may conprise nichronme doped with vanadi um steel alloys, and high
t enper at we 20fmgssbor ynet al al | oys anong ot hers. | n soneCprusc@sd23seguences,
the substrate may not be protected by previously deposited materials or may
be undergoing processing with a reactive species. In this case, it is
inportant that the material used to formlinks 800 not contam nate the
substrate. Various ceramc materials such as AIN, BN, SiC, Al20 ZrO 2 and
others are typical exanples. These ceram cs have high tenperature stability
and are relatively inert to nmuch reactive chem stry. [0053] Links 800 may
be forWwhakibylaamyd el | known manufacturing nethod. Typical exanples include
machi ni ng, stanping from nmetal sheet stock and bendi ng, and casting, anong
ot hers. Links 800 are advantageously formed by a | ow cost nmanufacturing

et hod| suchy@gpfasithd 9 thel PG oibbeMe corgiistigs embodi ment's whi ch

i ncorporate the teachings of the present invention have been shown and
descri bed ichaidecemprising ephyralitiof&nkki |l led in the art can readily devise
many ot her q\{af.i ed enbodi msntﬁ_ t hat still incorporate these teachings. Wat
is clained %.1“15‘"'0}1}?“38%% glqa&ty’t he support of substrates conprising:
chai ns conmhé &nb@l eavitl hadink tato®fa Hoitaks a foAE alrkastkend@ADIidSurthcas; cent r al
cavity; the central cavity having a top, a bottom a front, a rear, and two
si de surf adb%]slnlfstf@ﬂh‘?rm@ﬁlpﬂtﬁml%eﬁﬂﬂtﬁﬁiﬁc ing figmdhe perergif dheentrgrineeh thhe
center of tcgﬁtrilrcgﬁtty.surface of the central cavity; the stub further
conprising two post’s projecting outward fromthe distal end of the stub in
a di r ect i onhadtily fethencdrhpriidieg twopsitoesjeofing hewaehfromlthedigial ynd dftke ktubks

further conprising two capture slots projecting fromthe rear surface of
the cent raHRé‘g\‘fF‘f n QIWQG‘?’WHHG%W%S?IO& AFRHGVER el i ptical shape

wher ei n t heL Ry IQrF AKX S oRpritig tRblchRak Ql&? ﬂf[dr]_l%@lg lfl%'n?ﬁﬁ,r&et}%uﬁiaé thon of

travel of the chain and the mnor axis o ipse is aligned parallel
to the two csnigdsaaty;t he central cavity;

the two capture slots having an elliptical shape wherein the major axis of the ellipse is
aligned along the direction of travel of the chain and the minor axis of the ellipse is
aligned parallel to the two sides of the central cavity;
the two capture slots being separated by a distance greater than the width of the stub;

 the two capture slots further comprising insertion slots on their surface that is aligned
with the bottom surface of the central cavity; |
the central cavity and the two capture slots further comprising support guides on their
bottom surfaces; and
the central cavity and the two capture slots further comprising substrate support guides on

their top surfaces.

2. The apparatus of Claim 1 wherein the substrate support guides on their top surfaces

capture the leading or trailing edge of a substrate.

3. The apparatus of Claim 1 wherein the links are a single configuration.
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the two capture slots being separated by a distance greater than the width
of the stub; the two capture slots further conprising insertion slots on

t heir surwecelwdwsssi s aligned with the bottom surface ofcrhs2aentisas

cavity; the central cavity and the two capture slots further conprising
support guides on their bottom surfaces; and the central cavity and the two
capture slots further conprising substrate support guides on their top
surfaces. 2. The apparatus of Caim1l wherein the substrate support gui des
on their top surfaces capture the leading or trailing edge of a substrate.
3. The apparatus of Caim1l wherein the links are a single configuration.4.
The appar atli appartdugiofClaimhiewhérsint the lihkddes aaiietuge of diffeifent ednfigufdienent
configurations. 5. A nethod of assenbling a chain fromlinks conprising: a
first and a second |ink, each |ink conprising a central cavity; a stub with
t wo ts, e sl.of: -a.di stance greater than the
mﬁdtﬁq%f tﬁgﬁggﬁﬁeﬁgﬁgh#&gg%gg%gggﬁgﬁ%?%§%§8¥ﬁg'insertiongslots on their
bot t om sur fadretsandpostderdiimin gadhHenkseognrding adensalbsiaptd s withewpensts,coar to

the first link so that the stub qf the second |link.is igned with the
space separdf icwuﬁfé‘%f ﬁi}’a&iﬁ{ E’F ﬁglﬂaﬂi'f% g‘i?F‘t_ef H@"iﬂ?er ‘é’ldt}F f’ﬁ&t‘eg > PH&St ub of
the second chjiile d6ts REviab i8R sibtfoll tHeBYotiBm duptwedsd the top surface of the
first link; noving the Second link toward the front surface of the first

link so t haositihaingtthseopnd hiek sbsandally prikpdndicpbns it therfuet linktsadbat thersiul oo

| f fir. i : i h d link i i i
o1 e b ssPhod DSl iphod WS i PE S SpbBfing RRI0D cab i 100 Br TSR

of the secand tld b eNBageont link bbmgialisadd inanlistedStodard e tdp\aurtapbiihe sl ots
of the first link; and rotating the second link in an arc toward the rear

of the firdtstlinkk so that the I'inks become copl anar.
moving the second link toward the front surface of the first link so that the stub of the

second link is positioned between the two capture slots of the first link;

moving the second link in a direction toward the top surface of the first link so that the
two posts on the stub of the second link engage with the insertion slots on the two capture
slots of the first link; and

rotating the second link in an arc toward the rear of the first link so that the links become

coplanar.
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