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Title: Substrate Support Apparatus for a Substrate Housin

| nventors: WOST8I24A  Babbs Field of the Invention FCT/USI7AI02  T¢
present invention relates to the field of networking devices, and nore
particul arly to a network switch inctiuding a nultiple bus
architecture. Description of the Related Art 5 3 ass or
sem conductor_substrates, such as wafers, masks, flat panel displays

( FPDs) , Titlee . areﬁ“}’%&?@“‘t‘ﬁ@ﬁ%’b@?@é&sﬂﬁ%@é@“‘&ﬁd processed by, one
or nore automatic processin stations in a substantially clean

envi ronnment . IEPBstors: e Mgﬂl Bgblisl at, rectangul ar pl ates made of

anor phous gl ass with various sizes, i ncluding relatively | arge FPDs

measuri ng 550Field of theinventimt er s (m’r) by 650 mmby 1.1 mmthick. The FPD
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towards thi n%ran%ﬂ%iké\%’&&ﬁn&lﬁd&hg@nﬁﬂﬁpfém&&ﬁﬁecﬁfreo 7 mm The present
I nvention generally concerns the handling of any type of substrate

and is not limted.,to the_s ij at es | i sted or described herein.
One or nore sdessrigtionof the Relat ten inserted into a box-like plastic

cassette, gwhich  Glass or semiconductor substrates, such as wafers, masks, flat pane] displays (FPDs),

etc. are typically transported between, and processed by, one or more automatic processing
stations in a substantially clean environment. FPDs are generally flat, rectangular plates made
of amorphous glass with various sizes, including relatively large FPDs measuring 550
millimeters {mm) by 650 mm by 1.1 mm thick. The FPD industry trend, however, is towards
10  larger substrates measuring 700 mm by 1000 mm, 850 mm by 1050 mm, and larger. Further,
the trend is towards thinner substrates having thicknesses of 0.7 mm. The present invention
generzlly concerns the handling of any type of substrate and is not limited to the substrates

listed or described herein.

One or more such substrates are often inserted into a box-like plastic cassette, which
15  includes a plurality of coplanar slqts for maintaining and supporting the substrates in a spaced
relationship relative to each other. Each cassette is implemented for the particular type of
substrate, and usually includes an open face for allowing insertion, removal and access of
substrates inserted therein, typically by automatic processing systems. The cassette provides
support for and access of the substrates during processing, where a processing system is more
20  easily able to retrieve or deposit the substrates. Such cassettes also enable more convenient
transportation of the substrates from one processing station to another within the working
environment. Ofien, an operator carries one or more such cassettes on a cart or the like
between processing stations, and then unloads cassettes from the station and/or loads new
cassettes onto the station. '

25 One overwhelming challenge with substrates, particularly large glass substrates, is
gravitational sag of the substrate due to its own weight within the carrier. Typical casseties
supported the substrates at their extreme side edges, where the front and rear edges of the



15 includes a plurality of coplanar slots for maintaining and supporting
'the substrates in a spaced relationship relative to each other. Each
cassette is inplenmented for the particular type of substrate, and
usual | y i nclwdew2sam open face for allow ng insertion, renowdT/asdomozess of
substrates inserted therein, typically by automatic processing systens. The
cassette provides support for and agcess of the substrates during
processi ng, where a processing systemis nore 20 easily able to retrieve
or deposit the substrates. Such cassettes al so enabl e nore conveni ent
transport at substraié weleussufeitedt Jheserumsupposededpes paitivglady at bonedr ahe coitdr et

within the r Ki envi.r onnen t en, erator arries, one or
nore such c%?e‘?"@g% WSTP SYSERRRIC f st ﬂé“al“? Jegemg °a“s°(g BeEs;thytront or
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cassettes onto the station. overwhel m ng chal I'enge with
subst r at es, agsasstthe sybstraty fvraqegwevajmaé presatsings Bumhermors, such equigmant acgessemtie sag

f th b |
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10 mechanical strength of the substrate, which further resulted in greater sag when supported
within a traditional cassette. For example, a substrate with an unsupported edge of 600 mm

sags by as much as 8 to 12 mm at the center of the edge.

Such sagging compromised the substrate by inducing residual stresses within the glass

as well as within the thin layers and/or films of various metals and process materials that form

15  the miniature circuits mounted along the surface and on any inner layers of the substrate. Such

stress increased the likelihood of damage to the thin layers, which are typically in a range of

one micron. Significant damage often caused the substrate to fail. Further, increased
likelihood of damage decreased overall production yields of the substrates.

Significant sagging greatly complicated the automation process. For example, a

20  robotic system had to displace the substrate a greater distance to lift the substrate from its

sagging position. Such increased displacement added to the automation cost since robots

having increased travel capability were required, Furthermore, sagging caused alignment

problems of the substrates. The edges of a sagging substrate are not perpendicular to the

bottom and top surfaces of the substrate, which results in a pootly defined plane, Thus the

25  sagging substrate appeared to have a reduced width due to arcing of the substrate. This
characteristic made it difficult to locate the edges of the substrate for purposes of alignment.

One possible solution is to support the entire lower surface of the substrate, This
solution is undesirable, however, because the size of the substrates require that they be handled
by automatic processing equipment that requires access to the lower surface of the substrate.



access the substrate for renoval and processing. Furthernore, such

equi pnent accesses the 5 substrate near the center of the unsupported
edge where thﬁ' Esbf greatest These probl ens are made worse with
| arger, yet thinnér“substrates. Larger FPDs are heavi er. DecPEHEFffi§1M08e
substrate thickness reduces the weight and al so inproves the el ectrical

characteristics of the substrate. For3-exanple, the trend is towards
0.7 mmthick FPDs as conpared to 1.1 nnl The i ncreased size and
reduced thickness,I 39$F %f res# S% a reduction of the jnherent 10
mechani cal strength cF ¥ 9T & “S%Prcﬁs?e&ﬂf?fe?“??%’tﬂ 3 ghirgliy f sbseatesag
when suppor t edithout significdnhiaggiagt r adi ti onal cassette. For exanple, a
substrate with an unsupported edge of 600 mm sags by as much as 8 to
12 mm at the center of the edge. : Such saggjpRrg-conpromised the

substrate by inducing residual stresses within the glass]THIS SHE{E{'HASIBEEN
within the thin layers and/or filnms of various netals anp pro¢ﬂ§§agg§er|als
that form15 the mniature circuits nounted al ong the strface-ane—er—any
i nner layers of the substrate. Such stress increased the likelihood
of damage to the thin layers, which are typically in a range of one
m cron. Significant damage often caused the substrate to fail. Further,

i ncreased | i kel i hood of damage decreased overall production yields of
t he substrates. Significant sagging greatly conplicated the
aut omati on process. For exanple, a 20 robotic systemhad to displace the
substrate a greater distance to |lift the substrate fromits saggi ng
position. Such increased displacenent added to the autonation cost since
robots having increased travel capability were required. Furthernore,
saggi ng caused al i gnnment probl ems of the substrates. The edges of a
saggi ng substrate are not perpendicular to the bottom and top
surfaces of the substrate, which results in a poorly defined plane. Thus

t he 25 saggi ng substrate appeared to have a reduced wi dth due to arcing
of the substrate. This characteristic made it difficult to |locate the
edges of the substrate for purposes of alignnent. One

possi ble solution is to support the entire |lower surface of the substrate.
Thi s solution is undesirable, however, because the size of the
substrates require that they be handl ed by automatic processing

equi pnent that requires access to the |ower surface of the substrate.
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410143 -a - 3- It is
desired to provide a housing or cassette for supporting a plurality of
substrates w thout significant sagging. In accordance with a first
aspect of twegngrent invention, there is provided a subst rPEraIssTgeo t
apparatus for supporting at |east one substrate in a substrate carrier,

conpri si ng: a first support rod pesitioned to support one side of a
substrate along a first support contact line parallel to and offset froma
centerline of the substrate; a second support rod positioned to

support t heBrefiRescription affthe Peawdingst r at e al ong a second support contact line

parallel to and fset fral n St EI&;
at | east one rod&)g’u‘g&ﬁor ‘%&gf&’g %%é‘tlfg@%ﬁ %w“ s% I rﬁ n ﬁ'e&ogoe“@g%d
support roddetailed desuripion! fithe piefertddeebiufiinedt 3 comsidered ;in conjunctionMagthetha

said first and second suppart lines are determined by finite el ement
anal ysi s of follpwing dravings; 18 whic b ypport the substrate with a m ni num anount of

sag. I n accordance with a second aspect of the present invention,
there iss provi dggha 1S4RSeisplctve WeRUtta ﬁmﬂ@&a&ﬁerf@au&ﬂ@%maﬂg ofbutlsgast
one substrate in a substrate carrier, conprising: first and second

support rowpmlmpbnmwecogtqnmpﬂhmeammmt he substrate along a first
suberrater o Pl Rk fo Sepl Wb Bic BRI | oned to support ¢ he
ot her side of t/|FgaeBidd mbe datalltbview of the substrate supports shown in Figure 2;
Figure 4 is a top view of the substrate carrier of Figure 1;
10 Figure 5 is a side view of the substrate carrier of Figure 1;
Figure 6 is a side view of 2 support system according to prior art; and
Figures 7A and 7B illustrate a support system according to the present invention.



a second support contact line parallel to and offset fromsaid centerline

of the substrate; and at | east one rod support nenber nounted to
each of said {J ﬁecond, third and fourth support rods and for nounting
to the substrate Carfier; wherein said first and sec® 3t
lines are determned by finite elenment analysis of the substrate to
support the substrate with a m ni nrum aznoumt™ of sag. I n accordance

with a third aspect of the present invention, there is provided a substrate
carrier for riing.a.plural ity of substrates in a spaced relationship
relative to :é%ﬁﬁféh??"pgg‘hﬂ{t%?ﬁé"md i:"H"’E’{”é\"’“l‘iousi ng; a plurality
of support rods p@Rdfériogadw o Bpg@pds a feadpbetive desy &f shoda b d Bsdstratt @aabisr
first and second w@{)o&h contact |ines on respective sides of each i
substrate, safaerlpdnciydinsaniurliy of e SpReTATES 21arsnading) i they prgsanhinventiono
and of fset onpgl &bfFateSdaftfer 1008 FrefefBiy™s bdxkeObpeRaG i UBS lebaliss ;

- 3a- at plurali tyrof ro%.esup or%’é{n%ﬁbé?eg rmun'tigfj to @%’rsgggoﬁgnrﬁjﬂﬁlg

ones of s&i d ghigoinghiptuyality ofreptpugular sutstratesirl arspaced ebtionshiprieltiOtosins @nother for
SUbstr at oot JPERBBEE UEaSHsEHE PRAPE RERRE Tt PP ArBU AR SERmg gbsiates in |

alignment to a processing station. It is noted, however, that the present invention is also

applicable to enclosed carriers which maintain a clean environment during transport of the

substrates. The substrate carrier 100 is of any convenient size, depending upon the type and

10 size of the substrates being handled. A processing station (not shown) preferably includes

robotic pick and place units for inserting and/or extracting the substrates into the substrate

carrier 100,

The substrates are preferably flat panel displays (FPDs), semiconductor wafers, masks,

microchip modules (MCM), etc. In the preferred embodiment, the substrates are preferably

15 relatively thin glass substrates typically used for processing FPDs or the like. It is noted,

however, that the present invention is not limited to glass substrates, but is applicable to any

type of substrate, such as substrates formed of aluminum, Mylar ®, semiconductor materials,

etc. Furthermore, the present invention may be applied to printed wiring boards {PCBs) such

as sheets of FR-4 or 1060 material or other fiberglass material, etc. The substrates are

20  preferably relatively large substrates having a size of 650 millimeters (ram) by 550 mm, 700

mm by 1000 mm, 850 mm by 1050 mm, etc. Also, the substrates may have any desired

thickness, such as 1.1 mm, 0.7 mm, etc. The present invention is not limited, however, to any
particular type, size or thickness of the substrates.

The industry trend is towards larger and thinner glass substrates for FPDs. Up until
25 now, substrate carriers supported the substrates along the substrate edges, resulting in a
significant amount of sagging of the substrate when loaded into the carrier. This sagging
problem increases as the length and width of the substrates increases while the thickness
decreases, where the substrates are more “paper-like”. An exemplary glass substrate 124 is
shown loaded into the substrate carrier 100, where the substrate 124 is a 650 millimeters (mm)

30 by 550 mm by 0.7 thick.



In accordance with a fourth aspect of the present invention, there is
"provided a substrate support apparatus for supporting at |east one
substrate in a substrate carrier, conprising: a first support for
nount i ng t owWose28bstrate carrier and positioned to suppor (PCIUSHHEIOS2at € at
a plurality of points along a first support line on a surface and
substantially offset froma peripheral edgge of the substrate; and a
second support for nounting to the substrate carrier and positioned to
support the substrate at a plurality of points along a second support |ine
on the surface &l sabstratezatmienl Qﬁyindﬂdwsugstmﬁatlhaﬁcpagtﬂphw plated 82 andénothice

substrat e, reipn the first and cand. su rts. suppo he substrate _ wth
reduced sag‘;\.{\ft'}g‘m(%laﬂy rﬁcﬁmﬁlél oﬁ(ﬂ%’ ,Blsa% ﬁ% o B ?&‘*p‘&&“‘ﬁ"’%‘ﬁ‘é rﬁp&%"ﬁﬁ’ » of

i nvention, tvoesbstiate §ippoit GRkts d06.UEach 3inSpoBtUREION 6 ARMRIS WS fIROSidS RO TDE NY
at | east one substrate in a substrate carrijer, '

2 pl ural i £y pasellel g, e Qbarwith Pl 9lobTesto Paien o f Hach ade reek 408
posi ti oned Mu@i?@@ﬁﬁpp??ﬁ:ggg% fzgﬁngeﬁxgqn&%%g gg@&g} ﬂh%ak'bwmgfbegﬁu g S

along a first support ce a om a peri pher edge
of the subdqFigatec?) forming a relatively fidtuectirigular frime.c frothik marmen each supportrackldéig t o

t he substrat arrier _an QSitio gt. support the suhstrate at a
correspondi‘ﬂgu‘%ﬁﬁw&ﬁ“@g@Jﬁ%ﬁﬁf@nﬁ dﬂ@“é” B%Fﬁnssﬁv tthi%ﬂ@”b 16,
surface andypfd £8kidk Ak i D8 aR RubRERN MG wgemaeinmar@hg,ﬂgeg&%@m&e& hlen

first and second supports support the substrate with reduce g.

accor dance WPt hihg tep plate HPpis anougted: th ghe,fous tapt baams i diapd thet bostom plate ph04\is ded
bstymat [ f | | {: t ' d
el ats dan O e B4 AR Beknf 1 St irelis ot eSS o it il BRE G

a pluralit yaeénisguppars] s thawthé egbpbn radke 106 dr sufstadtidllp abgriet ithckatlD other) PAS t
each subst rsgte at_a pl.ural i%%/lﬁof poi qés al ong first gnd second support
lines on a SSoveEemsd. hsubsiate cammey 189 forws 28 pprn, Roxslks wetum haxmganopen o ch

substrate tfnd BRPEI0lant RB opeiPBdck 3h® 128 fob rdciYidgaHA Siiporting one or more rectangular
substrates, such as the substrate 124. Only one substrate 124 is shown for purposes of clarity,

15 it being understood that one or more substrates may be inserted into the substrate carrier 100.

In the preferred embodiment, a plurality of support arms 126 are integrally mounted to
each support post 112 of each of the support racks 106, thereby forming a stack of support
arms 126 aligned in an orthogonal plane extending from the bottom to top of the substrate
carrier 100 for each support post 112. Each support arm 126 is generally a beam-like arm

20  horizontally extending from the corresponding support post 112 into the interior of the
substrate carrier 100. Each support arm 126 is preferably aligned with one other support arm
126 on the opposite support post 112 of the same side rack 108 along a horizontal plane
referenced parallel to the top and bottom plates 102, 104.

A plurality of support rods 128 are provided, where each support rod 128 is mounted

25  between every two aligned support arms 128 between opposite support posts 112. Also, each
support arm 126 is preferably horizontally aligned with one other support arm 126 of the
adjacent side rack 108 of the same support rack 106, where the other support arm 126 is itself
horizontally aligned with one other support arm 126 on the opposite support post 112, where

these opposite support arms 126 also have a support rod 128 mounted therebetween.

30  Furthermore, both of the suppor: racks 106 are aligned with each other, so that a group eight
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i nventions  support rods 128 of each slot 130 is referred to as a substrate support 132. Thus, four substrate

supports 132 are provided for each slot 130, and thus for each substrate 124,

After one or more substrates 124 are loaded into the substrate carrier 100, a substrate
aligner, including a front engagement assembly 134 and a back engagement assembly 136, is
provided for engaging and constraining the substrates 124 into an aligned position. This

10 substrate aligner is described in a related application, serial number 08/563,134 entitled
“Aligner for a Substrate Carrier,” filed November 27, 1995, having a common inventor and
having a common assignee as the present disclosure, which related application is hereby

incorporated by reference.

Figure 2 is a front view of the substrate carrier 100 of Figure 1. Figure 2 more clearly

15  shows each of the parallel slots 130 formed by the substrate supports 132. In the embodiment
shown, twenty (20} such slots are included for supporting up to twenty substrates 124,
although the present invention contemplates any number of slots 130. Also, Figure 2
illustrates more clearly the preferred embodiment, where the rectangular side racks 108 are
formed from two side support posts 112, a top beam 114 and a bottom beam 116. The

20  lowermost slot includes thicker support arms 200, and further includes support beams 202
mounted between the arms 200 and the bottom beam 116 for providing additional mechanical
support for the side racks 108. Each of the support arms 126 are cantilevered, preferably being
integrally mounted to its corresponding support post 112 and extending into the interior of the
substrate carrier 100 of a corresponding slot 130. Thus, each of the support arms 126, 200

25 extend inwards enough to support the substrates 124 closer to their centers, illustrated at
locations 206. This is in contrast to prior art support means, which only supported substrates at

or near their side edges, thereby allowing the substrates to sag towards their center, as
referenced by a centerline 204. This is particularly true for larger and thinner substrates.
Supporting the substrates 124 closer towards their centers significantly reduce such sag, Inthe

30  preferred embodiment, the locations 206 are offset from the centerline 204 by approximately
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Det ai |l ed Description of the Preferred Enbodi nent Referring
now t o Fi guwevinsra4 perspective view i s shown of a substrat ecrassmdidpe or
carrier 100 including a plurality of substrate supports 132 according to
the present invention. The substragte carrier 100 is preferably a
box-1i ke, open-air unit for receiving, supporting and 5 aligning a
plurality of rectangular substrates in a spaced relationship relative to
one anot hel55-b60 mm for sultstrates Pt havirg a wizitls afhSS0rmme Prifetablyc each of dessabstrte

stations and for ntj ng sub .tra es..in al jgnnent . tq processi ng
Station | PORPT SR A06 s EUEPORTRE PIvHLY B WOBRTE A KA ARt A Lo
appl i cabl epxto%dﬁ{gcémmt %fdit&%lﬁle"ﬂmoc&xd%l%&\% Bhtd [dwader, %y&ﬂm%v%ﬂg ng
transport of th subsres strate carrier 100 1s of any
conveni ent su;’ﬁzlentnwb@ﬁqsmoumuﬁmm9%wemp@ted si ze of the substrates
bei ng handl ed. A processing station (not shown) preferably includes

roboti Gs pi ck_andhafCaiiflivhth bided SEALIAOrEAR) U & SRk dfhs R, SHTY At e
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processi ngthEPMs df@e |shb@rate Ltlznsthe 1t rods 128%8\%&‘&&@:1@8@%&1&%& ﬁﬁe”t

invention is not limted to glass substrates, but is applicable to any
type of SUMP@PS%%H&%@ 4hin partieular; e sunponirody 136 ae moumpd at the endy of

sem co I

be appl ed 0 W{r}“ l%sr%ogéorﬁoar S {%%&%?4 the?er%lg %s‘#’g&g%@ﬁ or
R e T e T R AT
(nmm) by 55itTRcIngShe FHbSURIES 144 are glfssoso { he
substr at esaRYhe YR %%‘or@j Greftably comprist N HERRSHIastiS UGB 38 PolyetiBRthéiketorEM

etc. The present invention is not l'i'm ted, however, to any
(PEEK) or the like. Of course, any material having sufficient chemical, abrasion and

15 mechanical properties may be used.

Figure 3 is a more detailed view of the support arms 126, 200 and the support rods 128
of the substrate supports 132 shown in Figure 2. Genperally, the support rods 128 are thicker
than the support arms 126 and are mounted to extend above and below support arms 126 to
protect the substrates 124. In the preferred embodiment, the support arms 126 preferably have

20 a thickness of approximately 4mm, whereas the support rods 128 are round having a
circumference of over 6 mm, preferably approximately 6.35 mm. For the Jowermost support
arm 200, a support rod 128 is mounted to extend above the arm 200 to prevent contact with
the substrate 124.

Figure 4 is a top view of the substrate carrier 100 of Figure 1 with the top plate 102

25 removed. As shown, the substrate 124 has a width of approximately S50mm extending
between the sides of the substrate carrier 100. The substrate 124 has two side edges 124c¢ and

1244 which are approximately centered relative to a centerline 400 extending from the front to

the back of the substrate carrier 100. The substrate 124 also a front edge 124a and a back edge

124b and has a length of approximately 650 extending between the front and the back of the



particul ar type, size or thickness of the substrates. The
“industry trend is towards |arger and thinner glass substrates for FPDs. Up
until 25 now, substrate carriers supported the substrates al Dn%T Iile

B¢ the

substrate edg®@ R824 ting in a significant anount of &%

substrate when | oaded into the carrier. This saggi ng pr obl em

i ncreases as the length and width of the s@bstrates increases while the

t hi ckness decreases, where the substrates are nore "paper-like". An

exenpl ary gl ass substra 4.s sho | oaded .i.nt he bstrate
carrier 100, m%’ iﬁ’o;’ﬁ%ﬁ"@t ?‘L‘?Apaflge‘ge%@éanﬁq i°ﬂ§?§€‘?&?tﬁﬂ§klé’(’f preailﬁ’?bl%o
mm by 0.7 ti Glfioned and centered relatiVto%hiofhidr deftterline 402 extending from one side to the other of
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The subst r at ghesubstrate catd 10hc| udes a substantially rectangul ar top plate
102 and anot her substantially rectangul ar bottom plate 104 nounted on

the top and botto fégﬁ ' ?f%fe % t §1§E§'§ Eiggaﬁ S 106,
Each- support rackrﬁi [ ﬁ’gﬁﬁ%gieﬁs wo atmcgf éée%c % el%‘,%?r%fa%e%g@ﬁ,ﬂ%
paral | el t50 amgaterlint K02, whéra the plosest kide yrackf 108 aft each| oft the sipport daclgh104 thetheack
108 5 I ncl udesg, t support, posts 1 12 infegral noyunted to g, to am
114 and a botseaie 4 B sty ot pEPBPRIGR M 0 P dieegrlog 402 The
rectangul ar fianRie rhdks 108 Sf BHRG¥ahie suddtedle SUPPDIP bdcks ABard BiBunted appréxiinhid§eSot Wo
rectangul ar side racks 108 with two tolgml'aearrs 114 and two bottom beans 116,

where the si cemrapet Sromoeach othes; g0 hah thei farthest sidnracle 408 fog cadhesubstratrsupapit eack
using the br 308 i Lﬁge? §pproximate1y 250 mm from the centerline 402. Also, each of the support rods

10 128 are approximately 150 mm long. Each of the support rods 128 are aligned paralle]l with
the centerline 400 at an offset of approximately 150 mm. Four support rods 128 are provided
to support each substrate 124. Thus, each of the support rods 128 are aligned parallel with the
side edges 124c and 124d, where two of the support rods 128 are co-linear and offset at
approximately 115-120 mm from the side 124c, and the other two support rods 128 are co-

15 linear and offset at approximately 115-120 mm from the other side 124d, for each substrate
124. As shown in Figure 4, two support rods 128a and 128b of each group of four are co-
linearly aligned along a line 404, which is offset from the centerline 402 of the substrate 124
by approximately 155-160 mm. Also, the other two support rods 128¢c and 128d are co-
linearly aligned along a line 406, which is offset from the centerline 402 of the substrate 124

20 by approximately 155-160 mm,

Figure 5 is a side view of the substrate carrier 100, showing each of the substrate
support racks 106 and the corresponding aligned support rods 128 for each of the slots 130.

Figure 6 is a side view of a support system for a substrate 600 according to prior art.

Two supports 602 and 606 were generally provided for supporting the substrate 600, where

25  the support 602 was placed along a support contact line 604 relatively close to one edge 600a,
and the support 606 was placed along a support contact line 608 relatively close to the other

edge 600b, of the substrate 600. Such a support method according to prior art allows the
substrate 600 to sag due to gravitational forces. Such sag is greatest at or near the center 610

of the substrate 600. As substrates become larger. including sizes of 650 mm by 550 mm, 700



110. The top plate 102 is nounted to the four top beans 114 and the bottom
‘plate 104 is 10 nmounted to the four bottom beans 116 using a plurality of
screws or any other suitable type of fasteni ng neans, so that the
support racWO9I3824re substantially aligned with each ot hePCTAIS97/01962 shown
in Figure 1, the substrate carrier 100 forns an open, box-like structure
havi ng an open front end 120 and afntoepen back end 122 for receiving
and supporting one or nore rectangul ar substrates, such as the

substrate 124. Only one _substrate 124 is shown for purposes of clarity, 15
it being ufeeby8erimms 850 swebiol05Awm, desnd s the substgtepget thinner,ifeomn 1 Apon tche

oloral 1y & St aherepechaginl s BF ¥ EHEHIG SeBHRRE T ey e, .
post 112 ofmmesiscedtiblete gaavitatinnt! forvek STHS Causéstindredyd {agping BOtHR sabstaics 660,
support arng 126 alj neg i n_an orthggonal  plane extending fromthe

bottomto tUPR SASEIRS T many reagopsy jIke sagyp the, pubsisaie 6QQ, indaees resispal 112
Each suppolheidWiilidf theold@NARAI a4 ﬁtﬂ@ﬁ@%h@yﬁ gad?& filmb OF LZR0s Rhetaf

extending fromthe correéspondi ng support post into the intertor of the
substrat e @mcessenatédds theh Kirndppinisturgraincdizomountel aéng the byrfak iagdiediomirnr one

ot her suppeort ar 1 on_the opposi t. uppo. ost 112 of the sane
si de rack ﬁﬁmﬁf%gsugﬂﬁﬁ* %%ﬁs mﬁsgs %ei&lﬁpg?gﬁ%ﬁ@gamgé?ﬁw%yﬂ&avbgﬁb top
and bot t omap @piesllyld% radfdof one micron. Such darfhgelofem bisyd B sEYHRRTG00"1O a1, 128
are provided, where each support rod 128 is nmounted 25 bet ween every two

al i gned suppeher, meregsed dikelwodof dagegsolerreases gpasall production yields ofthe substatesh
suppor jgar gpd.26 is preferably horizontally aligned with one other support
arm 126 of the adj acent side rack 108 of the sane support rack 106,
where the other support arm 126 is itself hori zontally aligned with
one ot her suppoFigumsiAlagl Thillusteate)p Sepport sysem posordipgtt thd psentfinvention of a

tor ebet we Sibstay FOZ Hdl A I3 o e A e B Spport it i 404, SE) e
W th each eptdvided foosuppérting thgsobsra®i 290! The support 702 is placed along a support contact
line 704 parallel to and at an offset from the edge 700a relative to a centerline 710 of the
15 substrate 700. Likewise, the support 706 is placed along another support contact line 708
parallel o and at an offset from the edge 700b relative to the centerline 710. Preferably, the
offset between the centerline 710 and the support lines 704 and 708 are equal. The particular
offset is determined by using a finite element analysis to define the discrete points or lines on

the substrate 700 to reduce sag. The support lines 704 and 708 represent the optimal support

20  contact lines for the substrate 700. However, it has been determined that for any particular
substrate, a range is defined within which the amount of sag is reduced to an acceptable level
along the entire surface of the substrate, For example, two offset lines 712a and 712b on
either side of the support line 704, and two offset lines 714a and 714b on either side of the
support line 708, represent an acceptable range for each of the supports 702 and 706. Figure

25 7B is atop view illustrating that the supports 702 and 706 may extend along the full length of
the substrate 700.

A pair of supports 702 and 706 could be used within the substrate carrier 160 instead
of a group of four substrate supports 132. In this manner, a single support rod or beam
replaces each pair of support rods 128 and extends along the length of the substrate 124. The

30 supports 702, 706 are made of a similar material as the support rods 128, such as a plastic
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support arns_126 _and four correspondi ng support rods 128 ar iBh' in one
hori zont al pY’Sﬁé’?sm anot her ei ght support arnms 126 and? ougﬂ"%%q'2
correspondi ng support rods 128 are aligned_ in a second parall el

hori zontal plane, etc., formng a plural i'tl*}/"of parallel slots 130 (Figure
2) within the substrate carrier 100. Each group of eight support

26 d f di . ! h . '
P 126 Aol L SHRRR M, R bl Gl B il B
supports 13Z%uBdtRted 124, BekupSirtscL 705! aé¢ préfeehblyomede ckﬂﬁhérﬂbrl@ﬁtéh st RS PEEKe

124. . After one or nore substrates 124 are |oaded into the
substrat e cdrthedike] Fwo supnortiagns. s as two of the,supgerd arms; 126, agimaEnted ¢4 ¢jther end

engagenent aoﬁggﬂ%ﬂmelé,iaﬁgﬁgm 2856 F9RARHRH, tﬂéa%gg:?’"zl 3fhd 708 in the esired

provi ded for engagi ng onstraining the substr 4 1nto an ali1gned
posi ti on.5 Thaupportifibsitios fxsthe substratt i13hdn this mbesery ddip doursuch suppart emins are used

application, serjal .nunber ,08/563,134 entitled "Aligner for a
Substrate CJP‘?’F’&*‘?““”%&%W 27, 1995, having a conmon inventor and
havi ng a commbn assi gnee as the present disclosure, which rel ated

application i s hanebybstrate 124 showroin [Rigi8éseclds bypreffablye1$30. mm by 650 mm substrate
Figure 2 is a front, view of the substrate carrier 100 of E*gure 1. Figure 2

more cl ear | \baYing a thigkress ebapprorimately Grhma- | R hag pesndeteguingd, that the spbstgte 124

substrate s péaﬁ?ed 'gggm DR 1\5919513’

slots are inci!ud“'tesgl or sahdé’ﬁtéwﬁtgﬁﬁﬁgt t’ﬁ%m’m‘bstrgz{%s 1 41,}6&%‘:1?%&

al t hought 0t heangd regntensd -relatieento 2 nentestine perhllel argthathy 630wy sidef edgest BhesSOptindklso,
Figure 2 I Jlustrat nm. l.ear|. h ref erred _enhodi pent .. wher.e t he
rect angul ar Wéé lygﬁ.&ppgggmgpéﬁafé 174 “f%‘rl%ﬁgh&rlcfﬂ?‘ts\% gP%ng’es“ “55}‘#&56’2%
112, a top hwubskatel4an Fuihed Gixperithdntiioh 1hkS revElRd, 2hbweve) Wait NEasH stgpbt limecisudes

t hi cker support arms 200, and further jncludes support beans 202 .
mount ed bet ViEBHred fbanyaGeEPBRitSURRRM fegion BAt ived BERYIEI® 126 te ¢ither igie of the

addi tional rgaRaNupRdrt line. Thus, a parallel support positioned anywhere within this region results in
15  the sag being reduced to less than 1 mm along the entire surface of the substrate 124. For the
substrate 700 shown in Figure 7B, this region is defined between the lines 712a and 712b and

between the lines 714a and 714b. |

e

Experimentation has also revealed that the parallel support lines of contact need not

extend along the entire length of the substrate. In fact, the support lines may be broken into

20  discrete segments for a total of 35% to 50% of the full support line. For example, each of the

support lines of the substrate 124 are 650 mm in length. Each of the support rods 128 are

approximately 150 mm in length for a total of approximately 300 mm per support line of
contact, which is approximately 45% of each full support line of contact.

A substrate support system according to the present invention provides many benefits

25  for the support and processing of substrates, especially for glass FPDs. By minimizing the sag
of the substrates, the stresses within the glass and applied to the films are substantially
reduced, which increases the yield and performance of the substrates. The substrate is heldin a
smaller and more precise and predictable plane that assists automated processing equipment,

such as robotic pick and place units. Automated processing systems can operate at a smaller



support for the side racks 108. Each of the support arns 126 are

‘cantil evered, preferably being integrally nmounted to its
correspondi ng support post 12 and extending into the interior of the
substrate cwor972872400 of a corresponding sl ot 130. Thus, each/us$7dibe
support arns 126, 200 25 extend i nwards enough to support the substrates
124 closer to their centers, illustratediat | ocations 206. This is in
contrast to prior art support neans, which only supported substrates at

or near their side edges, thereby allowi ng the substrates to sag towards

t hei r cent end tighter tolerance efbstrain plade byd trur et erot aacemB0date 7 largerissbsratetplangl ar | y

true for |arger .and thinner substrates. Supporting the substrates 124
cl oser tom&f"@%’n? iPrOEETBe PS8 o Fi F’é@ﬁ'ﬁ f?u?eeg}.fcgg@ﬁcc‘\w%&&?erftntot franoxp a
preferred gikgdic®ah a tifed ogﬁ%&g%%g ggdn@pze,fi fitotit spdenk had G Alsplabd AR 204

by approxi mately . ( .
PCT/ US97/ O solgsirate a further distance to lift the substrate from its sagging position. Such incrd@sed

155-160.mm t i -\ 50Q ref.erabl. each of
the subdtr SiBlacBHeRAETEE atho Nt BePiulle Nebu g oo i PRyt R
support ar pequird6. Ruthsmoe, sificeathel Sib3tHate fdoés not sag udiOY PpBH sPGE bbRdpding to
rigidity while also bejng,_l ight i ght. However, any material providing

sufficient te Rfefrt ’;VVF‘B%’U‘SBG §esi S“'é’uﬂﬁ‘git?‘%%'g sigpificantly dpore Paprastiaiter to the
Al though  aliiH uRl RIPHEES of el bt tekeBy lﬁé,b&eé deﬁnahé;&,ﬁget:&p f br & ggge%%& 200

for supporting the substrates 124, um num |

cont act i ng aligmmengbstrate since there is an increased risk of

scratching the surface of the substrates. To reduce the risk of scratching
10 Although the system and method of the present invention has been described

in connection with the preferred embodiment, it is not intended to be limited to the specific
form set forth herein, but on the contrary, it is intended to cover such altematives,
modifications, and equivalents, as can be reasonably included within the spirit and scope of
the invention as defined by the appended claims.



the surfaces of the substrates 124, the are provided for
interfacing and supporting the suummﬂmu“mm lﬁmpart i cul ar, the
support rods_128 are nounted at the ends*of®10- t*he’support %&5%9%2 200

for interfactPPfB4substrates 124. Preferably, each suppor®
I's made of a plastic material with sufficient chem cal, abrasion and

X

mechani cal properties for I nterfacing the substrat es 124. In the
preferred enbodi nent, the substrates 124 are gl ass, so that the rods
support pref g[ abl y conprise a thernopl asti2,- such as pol yet her et her ket one
(PEEK) or th OF course, any material havi ng sufficient chem cal,
abrasi on and 15 nechanlcal properties nay be use Flgure 3
is a ndre det ai | el vi evsumstrate sippoRh ARRaratys ﬁ”ssuPE‘H‘%G Iﬁ’ﬁ'cP“FﬁEbsga*ﬁm%uhS%%
128 %% % e supports 132 shown in Figure 2. Cenerally, the
suppor rods ar hrcker than the support arns 126 and are

nounted to ext enda filsb weppan dod phsitionsd ppspporaons sill@ 61 & substrate algngcit first suppert
substrgtes 124, the efe{g@g nbodln@ 1%Ee $u Qrt arms 126
preferibly h%R?Eacﬁ 3 CERYRP G ok the 5 > whereas the support
rods 138 are rourhdséaaﬂd elq:pan rod posifiéried UBTBHRRC fhe Uthed (e &F B sulMiraie SAIGHY ¥

appr oxi mately 6.35 mm For the [owernbst support rm 200, a support
rod 128 is mm@@pp@@nﬁgﬁme@swdtvm@ﬁsm&ow@m@wmmme o h

the substrate 12 h

carri e? 100 of Flaélljeragtofewod[%up%rtm%xg&; 0‘?’ ?8%“%3’95%% vgﬁ&ﬁgnd:%%%?%e
substréte 12&1dlfasmaumingndnhe§umpaeoamemt el y 550mm ext endi ng bet ween
the sides of the substrg arrier ;100 he su stratel 4 has two sjde
edges ¥24c and e"”E?‘ﬂé% F‘E{feﬁ?"@ ‘9’“38?1‘(@ er"%ﬁf’éiyﬁﬁ"g
cent erjgi ne 4Q0 <R 49 {)&d&@kﬁﬂ%ﬁaté%ﬂtarﬁxﬁxmumamo&l@@fQECk of the substrate
carrier 100. The substra 124 also a front edge 124a and a back edge

124b and has a length of approximately 650 extendi ng between the front and

the b aqk of the 2. The substrate support apparatus of claim 1, wherein said at least one rod

2 support member comprises two cantilevered beams for each of said first and second support
3 rods, wherein said two cantilevered beams are mounted to respective ends of said first and
4 second support rods.

3. The substrate support apparatus of claim 1, further comprising:
2 a plurality of said first and second support rods and a corresponding plurality of rod
support members for supporting a corresponding plurality of substrates.

4, The substrate support apparatus of claim 3, wherein said plurality of rod
support members comprises two cantilevered beams for each of said first and second support
rods, wherein said two cantilevered beams are mounted to respective ends of a corresponding

S W N

one of said plurality of first and second support rods.

[

5. The substrate support apparatus of claim 4, wherein each of said plurality of

-2 rod support members are made of aluminum.
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substrate carrier 100. The front and bac¢k edges *24a, *124b of the substrate

124 are prefvwo sisy4 aligned and centered relative to atans®to19:2
centerline 402 extending fromone side to the other of t he substrate
carrier 100. Preferably, the substrate support racks 106 are

aligned parallel to, but offset from the, 5 centerline 402, where the
cl osest side rack 108 of each of the suﬁp‘&rt‘ racks 106 to the

centefdline 402 i& nouTteeshbstrata suppbftSaiparafus ayfulami NedvRdryin 1§38 A hhd edohe
centerline 402. Tr&g ﬁ‘% si de racks 108 of both of the substrate
suppoft r acRPPUHEAS A mads B%i mat el y 150 mm apart from each
other, so that the farthest side rack 108 for each substrate support rack
106 is offset approximately 250 mmfromthe centerline 402. Al so, each of
the sdipport rods?.10 ThePSibstrate aunponxdpparates yof kiGmnin wiknegn skdcfirsobind Becond
suppokt rod 2 re aligne ar.al,lel. with the centerline 400 at an
offse? of a%?%%rgfo%ﬁf%ﬁ%ﬁu‘%?ﬁt%‘?mﬁlﬁm\é\%%%f“fbs?%ﬁs 128 are provi ded to
support each substrate 124. Thus, each of the support rods 128 are aligned
parallel wth the si de edges 124c and 124d, where two of the support

rods 128 are co-8%i neah suhydatesynpext apparatus for suppastiegstdeastaing subsate 2a substrdte om

the shde 124¢...angh ot her two support rods 128 are co- 15 I|inear and
of fset at appr%kl mf%xei § 115-120nm from the other side 124d, for each

o neh or G Of oL e B e ot o paulthgl 280
(6] ea gro 0 ur . a CO- near al l ghe on a I ne ,
whi ch¥i's of FELEPPOTE sRRaR: ine-RRralle) p And offSst Bom i centering of the subituate; by
approgi mat el y 15hird 8% f0th Alpprt 108 PoGHidtRE t6 2 Qftler G868 the &fbsEhidlaldgSd

are co- linearly aligned along a |line 6, which is offset fromthe
cent ePl i ne ¥¥ssonsksupprst cantpst lingtraraliel 10 and offset from paid aentarking of thessbshae; and

7 at least one rod support member mounted to each of said first, second, third and fourth

8 support rods and for mounting to the substrate carrier;

9 wherein said first and second support lines are determined by finite element analysis of

10 the substrate to support the substrate with a minimum amount of sag.

1 9. The substrate support apparatus of claim 8, wherein said at least one rod

2 support member comprises two cantilevered beams for each of said support rods, wherein said

3 two cantilevered beams are mounted to respective ends of said first and second support rods.

10.  The substrate support apparatus of claim 8, wherein said at least one rod

2 support member is made of aluminum.

1 11.  The substrate support apparatus of claim 8, wherein said first and second
2 support rods have a combined length of less than half of said first support contact line, and
3 wherein said third and fourth support rods have a combined length of less than half of said
4 second support contact line.

Serrk

12.  The substrate support apparatus of claim 8, wherein said first, second, third and
2 fourth support rods are made of thermoplastic.



Figure 5 is a side view of the substr showi ng each of the
substrate support racks 106 anﬂmﬂm“ﬁgﬂﬂml g aI i gned support
rods 128for‘§§?% the slots ) Figure 6 |sa5|de Vi ew
of a support § Bittor a substrate 600 according to prior af FT/USITO19G3,
supports 602 and 606 were generally provided for supporting the substrate
600, where 25 the support 602 was placed al ong a support contact |ine 604
relatively close to one edge 600a, and the support 606 was pl aced

al ong a support contact line 608 relatively-close to the other edge
600b, of the substrate 600. Such a support nethod according to prior art

al | ows t he $31bSt Th ibERLE up p&ﬁ%pdmxsbpczwlﬂﬁter Sapridu;ces. Such sag
is greatest at or near_the center 61 of the substrgt%@éoo As

substr a2 es becone? Phrglity ofispid| firsh sepond.Ahisd and dBBthnyvwpbyrt 3615 and) a Z@eesponding

WO 97/ 28724 frod bors &
PCT/ USS7/ O 1982"“1“3’ of rod support members for supporting a corresponding plurality of substrates. - 10-

nm by 1000 nm 850 mm by 1050 mm etc., and as the substrates get thinner,

from1l.,1 mmto etc e i nher ent chani ¢al strength of the
substrates decreadbs a‘ﬁds‘t Fre‘}‘]’ SUpPOTULRg. & geﬁl‘?@&’pt" [ubstyages I a spaced
gravitationake] relalivt fo aolSBEr, é&ﬁfhﬁﬁ%ed saggi ng of the substrates 600.

Such sagging is undesirable for many reasons. The sag in the substrate 600
i nduces resi dual abousing{resses within the gI ass as well as W|th| n the thin

| ayers gnd/or fil REOSESS 1B hat_ form
the mni ature ci rtg:rﬁu?ﬁs mun&b?gﬁéﬁésﬁ qu?pé’ge ; ©f §3h;s {‘J&ateatlongﬁrst
| ayer s Sof t hends sdosrnd support Sorndtt Msemsresmﬁmﬁ&és dffeacH fubekdtd)aaid Mkt Hansegndt 0

the thin |l a ers, whi ch
6 Y§ upport contact lines being parallel to and offset on either side from a centerline of each

7 substraie; and
8 at plurality of rod support members mounted to corresponding ones of said plurality of
9 support rods and mounted to said housing;
10 wherein said support lines are determined by finite element analysis of the substrates
11 to support each substrate with a minimum amoun: of sag.

15.  The substrate carrier of claim 14, wherein said plurality of rod support
2 members are integrally mounted on a substrate support rack, wherein said substrate support
rack includes two rod support members for each of said plurality of support rods.

16.  The substrate carrier of claim 15, wherein said substrate support rack includes
four rod support members for each substrate including two rod support members

corresponding to said first support contact line and two rod support members corresponding to

BN e

said second support contact line.

17.  The substrate carrier of claim 16, wherein said substrate support rack further
includes two side racks, each of said two side racks for mounting a respective two of said four
rod support members corresponding to said first and second support contact lines,
respectively, of each substrate, wherein said piurality of support rods are mounted between

W B W N e

said two side racks.



are typically in a range of one m cron. m mg m en caused the
'substrate 600 to fail. Furt her, r”" E "ﬂﬁﬂﬂgl [‘uood of damage
decreases overall production yields of the& sébstrates 10 600.
Figures 7A amdo7i72d | ustrate a support system accordi ng to rdreurement

i nvention of a substrate 700. Figure 7Ais a side view show ng two
supports 702 and 706, which are provi ded for supporting the substrate
700. The support 702 is placed along a support contact line 704

parallel to and at an offset fromthe edge 700a relative to a centerline
710 of the 15 substrate 700. Likew se, f#6ke support 706 is placed al ong
anot her support contact line 708, .to . and at an, offset from

.paral | el
the edge 700b rel1§ti v &hg Fbstrte E”éﬂ?’e‘?ﬂ‘ilaﬂ’g%ﬁb’_i’e’ﬁ“e@?@ off i e racks fugthers ot
bet ween themggﬁggﬁtgos@mom BRiRRAAkod b %oa&qblzgﬁ, Whéeif ¢ y'qf The

particul ar determned by using a finite elenent analysis to
define t he daid snppoet posisrars integrdllyrmasunded to said twiohof sgidifour mi supBot temberd woe
sag. The support.. lipes. 704 and 708 represent the optinmal support 20

cont a¢ Iinggheirﬁlrdcf’ﬂ%”gﬂ @?F\g:;gat%o_ However, it has been determined that
for any particul ar substrate, a range is defined within which the
anount of sag is reduced to an acceptable | evel al ong the entire

surface of the sdbstr &b sulsgptecsamins| of claigy 18 mderein said P! ofnepd7 supponin
ith id i Y/ i 7
e o i AP Bl A A5G0

for edh of ahdehesbgukp rdspectiOly,anfithe GEbstietegearrier2and whiGeinsfoar v said ipdurality of
illust atinguthat he su q{ts 70% aqg £06 may extend along the full length
of t hEROHIPISAEPropiged to support eac A pair of supports 702 and 706
could be used within the substrate carrier 100 instead of a group of
four substrate supports 132. In this manner, a single support rod or beam
repl aces each pair of support rods 128 and extends along the I ength of the
substrate 124. The 30 supports 702, 706 are nmade of a simlar material as
t he support rods 128, such as a plastic
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"PCT/ US97/ 01902 material with sufficient chem cal, abrasion and
mechani cal properties for interfacing the substrates 124. The
supports 702, 706 are preferably nmade of a thernoplastic, 3%%2E$ @EEK

or the |ike. WR#&8pport arms, such as i&@SOf the support dr %@, ar e
nmounted on either end of each of supports 702 and 706 for

mai nt ai ni ng the supports 702 and 706 in the desired 5 support position
for the substrate 124. In this manner, only four such support arns are used
rat her than eight for each substrate. The substrate 124 shown
in Figures 1-5 is preterably a 550 mm by 650 nm substrate havi ng a

t hi ckness of approximately 0.7 mmltahas been determ ned that the substrate
124 may B supported al ong supBbrts |ines separated by approxinately
315 mm from eath ot her 10 and centgred relative to a centerline parall el
with the 650 mm\si de edges. These opti nal support |ines support the
substrate 124 wit§y I ess than 1 mm sag'al ong tge entire surface of the
substrate 124. Further experjqrentati on has reReal ed, however, that each
support line is ~CeNterie in an acceptable support r&gign that is 25
mm w de, or 12.5 Mmo eiA henstde—of—+the ——opt e ort2line.
Thus, a parallel suppprt/gpo8iit = ~Lol R i6n results in
15 the sag being red ' surface ofthe
substrate 124. For th Lthis region
I s defined between tHe | §$e fhe |ines 714a
and 714b. ' r q::$ ®he paralle
support |ines of h Y1 engt h ods
the substrate. | :
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20 discrete segnents for a total of 35%to 50%of the full support |ine.
For exanple, each of the support lines of the substrate 124 are 650
nun in |length. Each of the support rods 128 are approxi mately 150 mm
in length fow@evsesl of approxi mately 300 nm per support | iB¢EEP7/01902
contact, which is approximately 45% of each fill support line of contact.

A substrate support systemaccording to tp @r esent invention provides many
benefits 25 for the support and processing of substrates, especially for

gl ass FPDs. By mnimzing the sag of the substrates, the stresses
within the glass and applied to the filnms are substantially reduced,
whi ch increases the yield and perfornmance of the substrates. The substrate
is held in a @smal l er and nore precise and predictable plane that
assi sts autonat ed fMrocessi ng equi pnent, such as robotic pick and
pl ace units. Autoég\fd processi ng systens can operate at a smaller
WD 97/ 28724
PCT/.US97/ 01902 -12-
and tighter toler e a
| ar ger substrate her
reduce the liftin carrier.
In prior art§for
substrate a fjurth
position. Sugh i n cost
si nce robot s havi ed.
Furt hernore, isi @ tem
according to -
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the present invention, the edges of each substrate are significantly nore
“perpendicular to the bottom and top surfaces of the substrate,

t hereby better defining the |location of the edges for 10
Al t hough t he™8&®8%tand net hod of the present invention haslgggﬁﬁﬁescribed
in connection with the preferred enbodinent it is not intended to be
limted to the specific formset fagyfgherein, but on the contrary,
it is intended to cover such alternatives, nodi fi cations, and
equi val ents, as can be reasonably included within the spirit and scope of
the invention as defined by the appended cl ai ns. WO

97/ 28724

PCT/ US97/ 01902 - 13 -
Cl ai s 1 1. A substrate support atus for supporting
at | east one substrate in a substrate 2 carf conprising: 3

a first support rod positioned to support one side substrate along a
first support 4 contact line parallel to ang yet—Faim a
centerline of the substrate; 5 a sego $upportfjrod

posi tioned to suppori_the 0Ot ket—ai-te—ai—fna: ong a6

second support contact |ine parallel sa centerline of

the substrate; and cﬂ
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| east one rod support nenber nmounted to each of said
‘first and second support rods 8 and for nounting to the substrate
carrier, wherein said first and second sup are
det er ni ned b9”@9ﬁp?€‘elenent anal ysis of 10 t he substﬁ%%%ué%mgﬁaport

the substrate wth a m ni rum anount of sag. : The
substrate support apparatus of claiml1, 4(?&?& n said at | east one rod 2
support nenber conprises two cantil evere eans for each of said first and
second support 3 rods, wherein said two cantil evered beans are

nmounted to respective ends of said first and 4 second support rod‘-§":lr1
1 3. The substrate support apparatus of claim1, further_s

conprising: 2 a plurality of said first and second support"\j)
rods and a corresponding plurality of rod 3 support nenbers for
supporting a corresponding plurality of substrates. 1 4. '._L
The substrate support Bpp@atus of claim3, wherein said plurality of <f0dc>2
support nenbers conprigaeggfwo cantil evered anm; fogo eachNof said &i ré?r._eaad

second support 3 crogs, wherein séﬁd t e&gtl gever beans dfe B &S
nmounted to respectlvece of a corresp:andl 4,;, one\of sai d 8l uEE By
of first and second suppswt rods. é Bhe substBat & [ H
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1 6. The substrate support apparatus of claim mhereln
sai d flrst amp yesod 2 support rods are made of the‘ﬁﬂﬂﬁg 1
7. The substrate support apparatus of claim 1, wherein said flrst and
second 2 support rods each suppogs/tae entire length of the
substrate. 1 A su te support apparatus for
supporting at |east one substrate in a substrate 2 carrier,
conprising: 3 first and second support rods positioned to
support one side of the substrate along a 4 first support contact

line parallel to and offset froma centerline of the substrate; 5
third and fourth support rods positioned to support the other side of the

substrate along 6 a second support contact line parallel to and
offset fromsaid centerline of the substrate; and 7 at | east
one .rod support nenber nounted to each of said first, second, third and
fourth 8 support rods and for nounting to the substrate carrier; 9
wherein said first and second support lines are determned by finite
el enent anal ysis of 10 the substrate to support the substrate with a
m ni rum anount of sag. 1 9. The substrate support
apparatus of ckaim 8, wheri& i S RO '{)ort menber
conprises two :antilevereg st —S PO 1oty wher ei n
said N
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3 two cantil evered beans are nounted to respective ends of said first
"and second support rods. I 10. The substrate support
apparatus of claim8, wherein said at | east one rod 2 support nenber
i s made of alWePmsms 1 11.  The substrate s‘(?ﬂp()&?%m”"
apparatus of claim8, wherein said first and second 2 support rods

have a conbined |l ength of | ess than half gédﬁgid first support contact
[ [ [ [ h support rod pave a
Jils

line, and 3 ein said third and

conbi ned | en§bfa of || és thansbgl of said 4 second suppqrt, cogopct

l'i ne. 1 The astrat e SuppC apPa 4SO | 24 m 8,
e 606

wherein said fir
of thernopl aStzé(fZ V@ﬁ@%\)

15
-1 13. The subst r(ﬁﬁlﬁﬁ)oAtRﬁparat us of claimS8, further
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L2 a plurality of said first, second, third and fourb&)supp rt
rods and a corresponding 3 plurality of rod support nenbe 6@?'

4

supporting a corresponding plurality of substrates. 1

A substrate carrier for supporting a plurality of substrates in a spaced
2 relatlonshlp relative to each other, conprising: 3 a
housing; 4 a plurality ot}support r ods positioned to support
bot h si des of

contact |ines gﬁgpﬁiﬁggipeﬁﬁgldgg 3%°£§% rﬂ? 2 d flrst andagecond
6 suﬁ;houttmgnﬁ‘rchﬁcsaegmg:\es bei ng parall eI to and of fset on either side
froma centerl rRE %Brc?ﬁ}%@ a flrs§%§§é ld¥ tﬁé‘ e§ent invention, théfe
plurality of roa Su to caorreéspondi ng ones of sald
plurality if pu:@uded a Sgbﬁﬁp@rsﬁpﬂﬂﬁéﬁpm fmp@anwl@aﬁ Q@e ﬁ‘glje?tﬁgla

wherein said, s%ggp %lnes are determned by finite elenent analysis of the
substratesaff' rish support each substrate with a m ni rum anount of sag.

1 alfixst suppdterodugesitisiddao Gapoit &he @fde of aisubstrd, alotiges fishsuppord
plurality of rod Sl;@ﬁort 2 menber.s arg}ﬁi ntegrally nounted on a
substrat e ewasdine P to gidatisst froma ¢enistiins of WeaustBpor t 3 rack

i ncl udes two r%dse%&mogifp&%ﬂ?m?%ﬁmﬁe& &b R liheSgthd d@aeisiabxhtsﬁbs%fazesa&@oit

r ods. 1 e subst carrier of claim15. whérein
sai d subst geatral sappmptaontactdink piratd tocead offset ﬁrom saidgentertineiofsheppmbstraterantber s f or

Said firat rihﬁpslsfc'tﬁogﬁfc%a%%%%ﬁgf”t#@%"%ﬁ%ﬁﬁtﬁw%a“& LEPPIERRa: no
to 4 b IS RHaE th (B IABSTte GafEract |ine. 17. The
substrate carrier of claim16, wherein said subst ratfe_support rack, f %rt her
wherein said first and second support lines are determined by finite element analysis o
the substrate to support the substrate with a minimum amount of sag.
In accordance with a second aspect of the present invention, there
is provided a substrate support apparatus for supporting at least ope substrate in a substrate
carrier, comprising:
first and second support rods positioned to support one side of the substrate along a
first support contact line parallel to and offset from a centerline of the substrate;
third and fourth support rods positioned to support the other side of the substrate along
a second support contact line parallel to and offset from said centerline of the substrate; and
at least one rod support member mounted to each of said first, second, third and fourth
support rods and for mounting to the substrate carrier;
wherein said first and second support lines are determined by finite element analysis of

the substrate to support the substrate with a minimum amount of sag.
In accordance with a third aspect of the present invention, there
is provided a substrate carrier for supporting a plurality of substrates in a spaced

relationship relative to each other, comprising:

a housing;

a plurality of support rods positioned to support both sides of each substrate along first
and second support contact lines on respective sides of each substrate, said first and second
support contact lines being parallel to and offset on either side from a centerline of each

substrate; and




2 I ncludes two side racks, each of said two side racks for nounting a
respective two of said four 3 rod support nenbers corresponding to
said first and second support contact |ines, 4 respectively, of each
substrate, wherein said plurality of support rods are nounted between 5
said two side racks. -17-

20. A substrate support apparé?us for supporting at | east one substrate

in a substrate sin flrst unlngto
the substr at ¢ BRNFLF G SHBE: HeBfermmenad st Par i 8RR ot wddRy R, 27 1
of poi ntss‘iypemg;daaﬁdmsﬁmﬁuomdhodsinge on a surface and substantially offset

froma peri pheral .edge of the substrate; a second support for
mounting to t hwheseinseid SYRPOR dines aze dmwpféshﬁﬁraﬁé&meat alysisof therfubstialsst r at e
at a plurgl Fﬁﬁe@fﬂﬁ ort line on the surface and
substantlalﬁuéyr%gtase%b romthe per| p %%e of the substrate, wherein the

first and secom segppiEnts mﬁltnp@%uirt}Eaﬁp\é&ﬁ bat theWpidbeh® MRRHL {RY- there
is provided a substrate support apparatus for supporting at least one substrate in a

substrate carrier, comptising:

a first support for mounting to the substrate carrier and positioned to support a
substrate at a plurality of points along a first support line on a surface and substantially
offset from a peripheral edge of the substrate; and

a second support for mounting to the substrate carrier and positioned to support the
substrate at a plurality of points along a second support line on the surface and substantially

offset from the peripheral edge of the substrate, wherein the first and second supports

support the substrate with reduced sag.
In accordance with a fifth aspect of the present invention, there

is provided @ substrate support apparatus for supporting at least one substrate in a
substrate carrier, comprising:

a plurality of first supports for mounting to the substrate carrier and positioned to
support a substrate at a corresponding plurality of points along a first support line on a
surface and offset from a peripheral edge of the substrate; and

a plurality of second supports for mounting to the substrate carrier and positioned to
support the substrate at a corresponding plurality of points along a second support line on
the surface and offset from the peripheral edge of the substrate, wherein the first and

second supports support the substrate with reduced sag.
In accordance with a sixth aspect of the present invention, there
is provided a substrate carrier for supporting a plurality of substrates in a spaced

relationship relative to each other, comprising;:

a housing; and

a plurality of supports mounted to the housing and positioned to support each
substrate at a plurality of points along first and second support lines on a surface and

substantially offset from a peripheral edge of each substrate to support the substrate with

reduced sag. REPLACEMENT SHEET
30 JUL 1999




21. The substrate subport' apparatus of claim 20 wherein '
second support lines are determ ned by finite el enent anal“ Mlﬂwg ","I
C y §

substrat e. 22. The substrate support apparatus o a

wherein the first and second support |ines support opposite sides of the
substrate. 23. The substrate support apparatus of claim 20,
wherein the first and second support’lines are parallel to and offset from
a centerline of the substrate. 24. A substrate support apparatus
for supporting at |east one substrate in a substrate carrier,

conpri si ng: a plurality of first supports for nounting to the

substrate carrier and positioned to support a substrate at a correspondi ng

ol el 1 of Dougt o A\ QB S, SHRALL 1 MbofPi ST ML PO

supports fbstraelcdriiagcémapisigg:substrate carrier and positioned to support
the substrate at _a correspondi ng[_ plurality of points along a second support
line on the sur¥ 8&8 SHARPTHATSBOURtINGT0; he SHBStralh earEier @pd@osfiongtetosSHPPR A e,

‘é‘ggf ein tNenldie bt 2PHrIRG VTDoIHPBRNES ALPRRdort i SYRSLIALE M SibstAHMRLd
offset from a peripheral edge of the substrate; and
a second support for mounting to the substrate carrier and positioned to support the
substrate at a plurality of points along a second support line on the surface and substantially
offset from the peripheral edge of the substrate, wherein the first and second supports

support the substrate with reduced sag.

21. The substrate support apparatus of claim 20, wherein the first and second

support lines are determined by finite element analysis of the substrate.

22, The substrate support apparatus of claim 2¢, wherein the first and second

support lines support opposite sides of the substrate.

23.  The substrate support apparatus of claim 20, wherein the first and second

support lines are parallel to and offset from a centerline of the substrate.

24. A substrate support apparatus for supporting at least one substrate in a

substrate carrier, comprising:

a plurality of first supports for mounting to the substrate carrier and positioned to
support a substrate at a corresponding plurality of points along a first support line on a
surface and offset ﬁ;om a peripheral edge of the substrate; and

a plurality of second supports for mounting to the substrate carrier and positioned to
support the substrate at a corresponding plurality of points along a second support line on

the surface and offset from the peripheral edge of the substrate, wherein the first and

REPLACEMENT SHEF |
S0 JUL 1999

second supports support the substrate with reduced sag.




18 25. The substrate support apparatus of cl ai '
first and second support lines are determned by finite eﬂa m Hrm l
24

t he substrate. 26. The substrate support apparatug of ciaimm 24, «
wherein the first and second support |ines support opposite sides of the
substrate. 27. The substrategsupport apparatus of claim 24,
wherein the first and second support lines are parallel to and offset from

a centerline of the substrate. 28. A substrate carrier for
supporting a pParal ithg substeatmsunparteappanatus ofiaimd2 4 svhersin b fipst aad se¢opd t o

each ot her rLSLNge. - . | .ng,; lurality of
supports rsw%p%&ggw%g}e{‘!%g (l)nlfgibljfgtﬁ%t}r%%ve%gegl?ﬁ%ﬂsgsdoqt}éeSs“&ﬁ%%tfg‘t each substrate at

a plurality of points along first and second support lines on a surface and
substantially offset_ froma peripheral edge ?t each substrate to_ suppaqrt
c

the substrate #fth rldgsubraiggppport apparatuggp_f aimped, Sulsaein dhe fisgh 9pd second
appar at uséﬁ’éyoﬁ{clﬁ{eg%@ort%&{ﬁe@i& %ffﬂersﬁ st'Pa?é.j second support lines are
y fini el efren

det erm ne analysi's of a substrate.

27.  The substrate support apparatus of claim 24, wherein the first and second

support lines are parallel to and offset from a centerline of the substrate.

28. A substrate carrier for supporting a plurality of substrates in a spaced
relationship relative to each other, comprising:

a housing; and

a plurality of supports mounted to the housing and positioned to support each
substrate at a plurality of points along first and second support lines on a surface and
substantially offset from a peripheral edge of each substrate to support the substrate with

reduced sag.

29.  The substrate support apparatus of claim 28, wherein the first and second

support lines are determined by finite element analysis of a substrate.

30.  The substrate support apparatus of claim 28, wherein the first and second

support lines are positioned at respective sides of each substrate.

31.  The substrate support apparatus of claim 2g, wherein the first and second

support lines are parallel to and offset from a centerline of each substrate.

REPLACEMENT SHE:
30 JUL 1999
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The substrate support apparatus of claim28, wherein the fifog c%ﬂ/.
tratte.

“second support lines are positioned at respective sides of each subs

31.

second support lines are parallel to and offset froma center

The substrate support apparatus of claim28, wherein th e
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(57) Abstract

A substrate support apparatus for supporting one or more substrates (124) in & substrate camrier (100} to achicve a minimum amount
of substrate sagging. A first support rod (128) supports one side of & substrate along & first support contact line and a second support rod
(128} supports the other side of the substrate along & second support contact Jine, Rod support arms (126) provide support for each of the
support rods. The first and second support contact lines are offset on either side of a centerline of the substrate, where the particular offset
is determined by finite clement analysis of the substrate to achieve a minimum amount of sag. Each rod support amm preferably includes
two cantilevered beams mounted on either side of each of the support rods. Also, a plurality of support rods and corresponding rod support
members are provided for supporting as many substrates as necessary in the carrier.




