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14 deposition. The cluster tool also generally includes a robot for transferring workpieces

15 between the chambers.

16 ‘ The processing of large glass substrates used for displays is in some ways similar
17 to the processing of other types of substrates such as semiconductor wafers. Such glass
18 substrates, however, are often larger than typical silicon wafers. For example, glass

19 substrates may have dimensions of 550 mm by 650 mm, with trends towards even larger
-C sizes such as 650 mm by 830 mm and larger, to permit the formation of larger dispiays.
21 The use of large glass substrates introduces complexities into processing that may not be
22 present when processing other types of substrates. For example, in addition to their size,
23 glass substrates used for displays are typically rectangular in shape. The large size and
24 shape of glass substrates can make them difficult to transfer from position to position

25 within a processing system when compared with smaller, circular-shaped substrates. As
26 a result, systems for processing glass substrates generally require larger chambers,

27 apertures, and transfer mechanisms. in addition, it is known to utilize large cassettes

28 holding approximately 12 substrates within the loadlock in order to supply a large number
29 of substrates to the processing chambers for batch processing operations. The need for
30 larger chamber sizes to handle large substrates, as well as the use of large substrate
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A cooling pla
19 substrate transfer, cooling and/or heating operations in an efficient manner.
20 One embodiment relates to a loadlock having a first support structure adapted to
21 support a first substrate and a cooling plate adapted to support a second substrate.
22 Another embodiment relates to a loadiock having a first support structure to
23 support one unprocessed substrate and a second support structure to support one
1 processed substrate. The first support structure is located above the second support
25 structure and an elevator is provided to control the vertical position of the support
26 structures. The loadlock also includes a first aperture to permit insertion of an
27 unprocessed substrate into the loadlock and removal of a processed substrate from the
28 loadlock. as well as a second aperture to permit removal of an unprocessed substrate
28 from the loadlock and ihsertion of a processed substrate into the loadiock. A cooling plate
30 having a surface adapted to support a processed substrate is also included in the
31 joadlock. The cooling plate may be designed to have multiple zones for preferentially
32 controlling the cooling rate of a processed substrate thereon. A heating device is also
33 provided in the loadlock above the first support structure. The heating device may be
34 used to heat an unprocessed substrate on the first support structure prior to inserting the
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30 having a surface adapted to support a processed substrate is also171 JUN 2004
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su rate H% K} thedogdiock systemer out si de of the I oadl ock. A processed
suliirate is Embodiments of the present invention also relate to methods including utilizing a
21 loadiock and‘ methods for processing substrates. One such embodiment relates to a
22 method for using a loadlock including delivering an unprocessed substrate to an upper
23 support structure in the loadlock through an opening in the loadlock. The opening is
24 closed and the loadlock evacuated to the desired pressure level. The unprocessed
25 substrate is transferred to a chamber outside of the loadlock. A processed substrate is
25 delivered from a chamber outside of the loadlock (such as, for example, a transfer
27 chamber or other chamber in a processing system) to a lower support structure in the
28 loadlock. The processed substrate is delivered from said lower support structure to a
29 cooling plate in the loadlock, and the processed substrate is cooled.
30 Another embodiment relates to a method for processing substrates including
31 delivering an unprocessed substrate to an upper support structure in a loadlock through a
32 first opening in the loadlock. The opening is closed and the loadlock evacuated. The
33 unprocessed substrate is delivered to a chamber outside of the loadlock through a
34 second opening in the loadlock. A processed substrate is delivered from a chamber
35 outside of the loadlock to the lower support structure through the second opening in the
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The1si ngl &SRS EHivered from said lower support structure to a cooling piate in said loadlock.

22 The loadlock is vented and the single processed substrate is delivered to a location

23 external to the loadlock and the transfer chamber. Another single unprocessed substrate
24 is delivered to the loadlock.

25 BRIEF DESCRIPTION OF THE DRAWINGS

26 Embodiments of the invention are described with reference to the accompanying
27 drawings which, for illustrative purposes, are schematic and not drawn to scale. |
28 Fig. 1 is a top schematic view of a cluster tool including a loadiock, transfer

29 chamber, and processing chambers according to an embodiment of the present invention.
30 Fig. 2 is a cross-sectional view of a portion of the loadlock of Fig. 1 in accordance
31 with an embodiment of the present invention.

32 Fig. 3 is a perspective view of a loadlock according to an embodiment of the

33 present invention.




21 substrate is delivered fromsaid | ower support structure to a coolingl JyN 2004
plate in said | oadl ock. 22 The |oadlock is vented and the single processed
substrate is delivered to a |l ocation 23 external to the |oadlock and the
transfer chanber. Another single unprocessed substrate 24 is delivered to
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| oadl ock cogé)or_\ent s of Fig. 6 when 9 assenbled together according to an

enbbdi mrerk"ed¢NtIPENYPBsent i nvention. 10 Figs. 7a-f illustrate a processing
SCheme i N accorigagLa Yetdpedtiveodo &f agiditiod oftd1eadidbdk pysteram ailoaczmtloan. 12
Fig. 8 is a perspective view of a portion of a dl ock systemin a

. \ por | 0
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odi nent of t resent invention. ) _
therein in accordance with an embodiment of the present invention.

18 Fig. 11 is a cross-sectional view of a cooling plate with a coolant-carrying channel
19 at a bottom portion of the cooling plate in accordance with an embodiment of the present
20 invention.

21 Fig. 12 is a cross-sectional view of a middle plate with a coolant carrying channel
22 therein in accordance with an embodiment of the present invention.

23 Fig. 13 is a cross-sectional view of a middle piater with a coolant camrying channel
24 at an upper portion of the middle plate in accordance with an embodiment of the present
5 invention.

26 Fig. 14 is a top view of a plate having a high emissivity area in accordance with an
27 embodiment of the present invention.

28 Fig. 15 is a cross-sectional view of a cooling plate and substrate support system
29 according to an embodiment of the present invention.

30 Fig. 16 is a top cross-sectional view of a cluster chamber according to an

31 embodiment of the present invention.

32 Fig. 17 is a top cross-sectional view of a cluster chamber according to an

33 embodiment of the present invention.
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phat e 54 TaB@lates 54, 56 and 76 are assembled to form the cassette 50. The cooling plate 52'1s

19 almost entirely located within the cassette 50. However, itis preferably not connected to
20 the cassette 50. Instead, flange portions 100, 102 of the cooling plate 52 are preferably
21 attached to a frame member 64 that surrounds the cassette 50. This structure enables
22 the cassette 50 to move independently of the cooling plate 52 by coupling the cassette to
23 an elevator 58 (Fig. 3) through shaft 128. By moving the cassette 50 independently of the
24 cooling plate 52, a substrate on supports 78, 80 within the lower slot 53 can be lowered
8 onto and raised off of the cooling plate 52 by moving the cassette.

26 In certain preferred embodiments, a substrate on the cooling plate 52 may be

27 cooled by positioning the cooling plate (with the substrate thereon) and the middie plate
28 56 very close to one another. By sandwiching the substrate between the cooling plate 52
29 and middle plate 56, the substrate can be cooled in an efficient manner. As will be

30 discussed in more detail later, both the middle plate 56 and the cooling plate 52 may be
31 water cooled and may have a high emissivity surface area.

32 : Progressive views of the loadlock 30 are illustrated in Figs. 3-5. The cassette 50
33 rmay include an opening 62 for viewing the cassette interior during operation. Fig. 4

34 shows the loadlock 30 of Fig. 3, further including the loadlock body portion or frame

35 member 64 surrounding the cassette 50. A window 66 may be provided for viewing the

&-



16 mddle plate 56 of the cassette 50. The |ower slot 53 may preferﬂ) E{
formed between 17 the mddle plate 56 and a cooling plate 52, above e{'“
| ower plate 76 of the cassette 50. 18 The plates 54, 56 and 76 are
assenbled to formthe cassette 50. The cooling plate 52 is 19 al nost

entirely located within the cassette 50. However, it is preferably not
cohnect eittartor opthe Gassete fueugh SoRningE2.cud, 2 PRRFEMAY PEIRERETEhIOT 25¢E5SKI8 t he
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po®i t i oninagtHeheaseowd 60@ganlbatievdad if It Hebemes bidatighed t héereetm)elya,nhle shaft n28ldl e
plate 28 56 very close Le nﬁﬁanot her, By sandw ching the substrate

be¥ween TRY PEJBTECHYCYINGC §355%%em0ddi e plate 56, the substrate can be
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| at er, boththe m ddl e plate 56 and the coolin | ate 5 ¥ 371?/ wat er
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bpgly por&drﬁﬂ d b@B@ﬁ]m@iﬂg%Wvéfé‘dﬂg gﬂrét@r‘éscsaﬁﬁét liﬁ)sECénoéuNVefu?lDW 66
may be prow or viewmng the - jun 2004

interior of the cassette
t h# ough dying m@s&ate heaiing. Mﬂoﬂﬂow flﬂé‘i plsgunelede pyheseddeams gt r““é”rte?e

i pkerior renove substrates. The el evator 58
rrgS be BfOBEg%%ﬁggﬁgﬂﬁﬁﬁwgﬂiﬁgé%ﬁ% 50 and used to nove the cassette 50
rwatuve to tﬁ@ 6adiustrgtesanpplategiviemar ¢eripicompprants i thadoadipfin’d n Fi g.
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cabset t eMSUAGSUG & ConnectT on SUch bne or more 6 connectors 130 and
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bgffglm g%{p:[éc%sogﬁw 8d8%f ?hOVBEdlogk ag?,% oapen%\efeés rﬂfﬁﬁﬁ LUne\hg?r%ﬁQler Qﬁéﬁb%l&r of

the loadlock.
23 The lower plate 76 of the cassette 50 preferably has a support structure including
24 the supports 78, B0 thereon for supporting a substrate 82. The cooling plate 52, (located
25 above the lower plate 76) may include apertures 84, 86 through which the supports 78, 80
20 may extend to support the substrate 82 in the lower slot 53. The middle plate 56
27 preferably has a support structure including supports 88, S0 thereon for supporting a
28 substrate 92 in the upper slot 51. Above the middle piate 56 (and the substrate 92) lies
29 the upper plate 54 and heating device 94. The heating device 94 may include, for
30 example, a resistance element or a heating lamp. Alternative embodiments may omit the
31 upper plate 54 and/or the heating device 94.
32 As illustrated in Fig. 8a, the heating device 94 may fit into a recess in the upper
33 plate 54 so that it moves with the cassette 50 and is atways pasitioned close to the upper
34 support structure. Alternatively, the heating device 94 may be positioned above the upper
35 plate 54 as illustrated in Fig. 2 or at some other position in the loadlock. COne preferred
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11 define the |oadl ock chanber region. The top cover 70 and bottom dolvgyN 2084
may be any 12 suitable structure capable of maintaining appropriate vacuum
or other desired pressure 13 conditions and be capabl e of surviving

el evat ed tenperatures such as those encountered 4 during substrate heating.
The | oadl ock 30 may al so include a wheeled franme structure 74 15 for
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eldor nat egto dparediovenkabsmyedeah thdad lock through atmospheric opening 96 and door

21 68, and a transfer chamber robot (not shown in Figs. 7a-f) removes from and delivers
22 substrates into the loadlock through vacuum opening 98 and door 99. As seen in Figs.
23 7a-f. the cooling plate 52 is coupled to the frame 64 and does not move relative to the
24 openings 96, 98. The cassette 50 (which includes the lower plate 76, lower supports 78,
! 80, the middle plate 56, and the upper supports 88, 90}, is moveable relative to the

26 openings 96, 98.

27 A condition when there are no substrates in the loadiock is illustrated in Fig. 7a.
28 This may be the condition at the beginning of a processing cycle. In one embodiment, a
29 processing method includes supplying an unprocessed substrate 92 to the loadlock. As
30 shown in Fig. 7b, upper supports 88, 90 are aligned with the opening 96 and an

31 unprocessed substrate 92 has been inserted into the loadiock through an atmospheric
32 opening from the direction indicated by the arrow. Next, the atmospheric opening door 68
33 is closed, the loadiock is evacuated and the cassette 50 is raised to place the lower

34 supports 78, 80 through openings 59 in the cooling plate 52 and into alignment with the
35 vacuum opening 98 as shown in Fig. 7c. Vacuum opening door 99 is opened so that a
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operation such 7 as, for exanple, a tenperature in the range of
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3016 hown Arecessgd sy Smﬁﬁﬁ PreYifRfoR £8olgg ratfpt EFﬂa%FP%‘H Al sltEH beni ng 96
ang an 3}mé4.pfr2gqﬁ§,§§gpsubstrate 92 has been inserted into the |oadl ock
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art®w. Next, tiHg #d A8 shews @aéﬁmmwoa%fedésbst@e 9¢ hes JoPeq R rSh i ek
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t 29 35 \amswun] penprage e dSaDERIRAS ﬂ‘r‘-‘lWFr‘?ji thrqughyag ¥eeHWH 8REHGO &
Opéa]ned SQ/&ED% dbor 5915 élogéﬁ\la@@% chamber vented so that another unprocessed substrate

22 92’ may be pléced onto the upper support 88, 90 through the atmospheric opening, from
23 the direction indicated by the arrow, as illustrated in Fig. 7e. The venting may also be

24 controlled to promote uniform cooling of the processed substrate 82. The cassette 50

25 may then be raised to lift the processed substrate off of the cooling plate 52 and into

26 position to be removed from the loadlock through the atmospheric opening 96 in the

27 direction indicated by the arrow, as shown in Fig. 7f.

28 it should be appreciated that the above steps may be varied as desired and that
29 there are numerous different processing schemes that may be performed according to

30 embodiments of the present invention. For example, another processing embodiment

31 may include heating the unprocessed substrate 92 in the loadlock prior to transferring it to
32 the transfer chamber. In such an embodiment the heating step is carried out and the

33 heated, unprocessed substrate 92 is preferably delivered through the vacuum opening 98
34 to the transfer chamber prior to delivering the processed substrate 82 from the transfer
35 chamber to the loadlock.



1 processed substrate 82 can be delivered froma transfer (or ot her 1 1 JUN 2004
processi ng) chanber 2 (not shown) to the | oadl ock fromthe direction shown
by the arrow, and placed on 3 supports 78, 80. 4 The cassette 50 nmay then
be lowered to place the processed substrate 82 onto 5 the cooling plate 52
for cooling, as shown in Fig. 7d. Preferred enbodi nents may include 6

structures sU@hor@deRdifdd vivLoritRa db stk rsonarddiae cablrigyate! 52 sredifisirated in
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dihgect i op il Garfish sy AgiiaEtA¥d irPiSigs.| 8 &ed 0 adritdernBodiimgnt preferdibig inckaiies ng
may al so be 24 controlled to pronote uni form cool i ng of the processed

sdbst r at fowgputartping 48 gad fwo sentral pSBY t hen be raised to |ift the processed
sygstrate off 9 9tlln.ﬁtr5f%9|th@ﬁoﬂh<§4 @ftﬁg IGWé SuBpérts A6 grosmdritinsipgpone heeeroved
fromthe |oadlo throu e at nospheric opening 96 in q t|on
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nuirer ous rocessin enes t hat mag performed according to
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I dl ock ransferring it to he transfer chanber. In such an
e@bodi rreittcaﬁlbne ahdanimigr of grooves to4 isidesionge tapenttch the contact area between a
22 substrate and the surface of the cooling plate 52 to permit better temperature control
23 during cooling. For example, if more grooves 104 per unit area are located near the
24 periphery of the cooling plate 52 than near the center, an increased surface area of the
i) substrate will contact the cooling plate 52 near its center. [f the center is a heat
26 transmissive material such as, for example, a metal, then more heat will be transmitted
27 from the center of the substrate. The grooves 104 are designed to counter the thermal
28 losses, which typically occur more quickly near the periphery of the substrate. This leads
28 to a more uniform temperature distribution across the substrate during cooling. Inone
30 embodiment the grooves 104 may have a width of about 6 mm and a depth of about 1
31 mm. Other dimensions may be suitable for particular applications.
32 Embodiments may also include a one or more coolant carrying channels
33 incorporated into or attached to portions of a cooling plate and a middle plate in order to
34 remove heat from the plate quickly. The coolant carrying channels may be distributed
35 along the cooling plate as desired to yield different cooling characteristics for different
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33 heated, unprocessed substrate 92 is preferably delivered through thé JUN 2004
vacuum opening 98 34 to the transfer chanber prior to delivering the
processed substrate 82 fromthe transfer 35 chanber to the |oadlock. -9 1
1 JUN 2004 1 More detailed views of the cassette 50 and the cooling plate
52 are illustrated in 2 Figs. 8 and 9. The upper plate 54, mddle plate
56, land | endienpchthe mhﬁawg% ip SUigaTde Prayidecy B R ENITHIMIgARe e Perbutons 77,
79. The si, 7 g 7 her
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88, 90 are_rounded, whereas Fig. 9, the tips of the s rts 78,.,.80 are
P40 and 28 RBNED GRIPESE R 22 & Aedlinal GEvaRBa T B BE o) Caarege
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80. 16 Fig 9 illustrates the ggsltlon of the | ower sup s 78, 80 after
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surface. The 21 |ocation and nunber of ?rooves 104 is designed to control
I
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22 area 131 (and a smaller size than the plate 130). In certain embodiments, in order to

23 more uniformly cool the substrate it is desirable to not provide the high emissivity region
24 130 near the edges of the substrate 132. This is because the edges of the substrate 132
?5 tend 1o cool more quickly than its center area, so providing the high emissivity region 130
26 over the entire surface would lead to the edges of the substrate 132 cooling much faster
27 than the central area. Such non-uniform cooling can cause undesirable stresses and/or
28 warping of the substrate 132.

29 The top and bottom covers 70, 72 (Fig. 2) of the loadiock 30 may include flanges
30 116 and o-rings 118, which are used to mount the top cover 70 and lower cover 72 to the
31 loadiock frame member 64. Top cover 70 may also include infet/outlet vent 120, which
32 may include a gas delivery pipe or tube through which a gas may be delivered to the

33 interior of the loadlock. A variety of gases may be delivered to the loadlock depending on
34 the processing operation (cooling, annealing, preheating, ashing, etc.) to be carried out.
35 in certain embodiments, it is preferred that a cooling gas is delivered into the chamber
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28 | osses, which typically occur nore quickly near the periphery of tH& JUN 2004
substrate. This leads 29 to a nore uniformtenperature distribution across
the substrate during cooling. In one 30 enbodi nent the grooves 104 may

have a wi dth of about 6 nmand a depth of about 1 31 mm O her dinensions
may be suitable for particular applications. 32 Enbodi nents may al so
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2 aCross MofpsibaiRiuhl th o%QFiéférHsSotérﬁﬁ@&m_@nE 88 ik QDFdliediteMeOf an
enbodi mrent of a 3 cooling BI ate 106 i1 ncluding a nunber of grrooves 104 and a

co8 ant chempenby eertingdhe £D8Mber 3t tamdielivmrasidy S7TRPG. nitlogen [T 5oRlieg an
empodi ”E@Eh%e%ag??:%h%Es%%%%gidb% A% rQ%i@%é@%gloﬁre?é?ﬂda pi pe or

tube 112 as a cool ant carrying channel connect ec (permanently or
deBachableybadianerie nisot aleminsiude helivo @lanegsgheceolinmogas duecieritsdngrt fature and
engodi me ] WHES AE aRlrbenitybrasslst i n
cg%?)i ng gﬁ%mﬁﬁ g%%d;ﬂggg{ygdgassﬁ@?gg& ﬁéék%lﬁsﬁ?%g%%ﬁ% an gnbodi rrleﬁ of a
nifdl e plEDEC b4 &sk atingdhagubstrade, cyeh amtre prafesabhyehend ARYS onless.t hdpgiad a Fi g,

13.,illus . ' Of L odl | | ' or
Life 1258 22,8 2T B sifne aRhCieloR sLlB gt lade D e biXlrdeRiatf.
dgRachablpgjtictes dritetotpppmofe ddifermidiktiibatiopbages tHreughbit thedoadlaekneramagy. al so

inglud | | : i ddl | i ncludi ,
T e e
ghfm;( erelnt .;1. |I@Cﬁ:&éiﬁm$ef§g9ﬁ embamnie?xs,meiiloWeragpﬂm'{s #d, 80lexfendithiouglor ot h;ar

I Col or I Ni may .. C er e COool I ague 0 or I on
CReK O Sbplube ya e Reuns oS 5h " Rematie ek eis faf [AREH ohEALuRBR0 | Pt
baek to lehnaiHysddjadent to'thedosiintgplate itasd bf msdughgthalapedurepam theafooliny t he

cqoaling plate. c form.a _preferred hi em ssivity finis .

addel er atp@t%oéﬁﬁﬁ'é?rate%‘” Kggﬁ%l ‘E&Bc?'ﬁgeeg“q?"ra’pﬁ?@t. mi!l?é'c{ugre aexgﬁ?gﬁte"? g?aﬁga 80k f ace
of 8? pl att@ﬁ_lsaﬁm(gsygfe_ ﬂ§8t iﬁclﬁaifhtbidihlﬁ ophﬁﬁ'@inﬂﬁbﬁrﬁiﬁﬂﬁ m_whi?_dtreyrfzamereﬁflﬁ
contain a high em ssivi central area : . seen in fi e
hil§h eni 449 9Ne P E15E 9590\735ééZm‘E&P°¥rrpepialealﬁs'mg?fsmﬁe@a%ha Pﬁdrcgﬁée% a

t panspar glbstéate B thaluPpdssurfabh of tebsloling plalezamr ef erably has a | arger
size than the high emssivity 22 area 131 (and si ze .than the

pRdte 130). | PherembedimgptsanARincide iado%qlgg?hqvg\gacgggérlre%rts similar in some

22 ways to those illustrated in 8a, but including a single opening for transferring substrates in
23 and out of the loadlock and between the loadiock and a transfer chamber.

24 Several embodiments of cluster processing systems according to embodiments of
"5 the present invention are illustrated in Figs. 16 and 17. Fig. 16 illustrates a system 158
26 which, according to one embodiment, includes a supply of unprocessed substrates from
27 an unprocessed substrate cassette 162, which may be supplied to the toadlock 160 from
28 a substrate cassette and robot station 164 one at a time using a robot 166. The loadlock
29 160 may have a similar structure to the loadlock 30 shown in Figs. 2-4 Once an

30 unprocessed substrate is inside the loadlock 160, the loadiock 160 is evacuated and the
31 unprocessed substrate is transported to the transfer chamber 168 having a second robot
32 170 therein. Once inside the transfer chamber 168, the unprocessed substrate is

33 transferred between chambers for processing. In one embodiment, the substrate is first
34 transported to chamber 172 for heating, then back to the transfer chamber 168, and then
35 to another processing chamber 174, which may be any other type of processing chamber

-12-



23 nmore uniformy cool the substrate it is desirable to not provi dék?@qml‘
hi gh em ssivity region 24 130 near the edges of the substrate 132. This is
because the edges of the substrate 132 75 tend to cool nore quickly than
its center area, so providing the high emssivity region 130 z6 over the
entire surface would lead to the edges of the substrate 132 cooling nuch
faster 2%uchhesnfdresanete, matheanes vaguctepoeition (Y0 eharoludri aghesite! vapse

anc? bot { GieeaVre 1) E8nBRs, of I BRI heRlosk ROt PEHFRL i frop b I 2 oot

30 316 anchaenberngds, th&e&ub\amatehnarbae traesbotrtedrtmthrﬁtrartaéertab‘qarrmweﬁs #0d dmeh foower

-cover 72 to the 31 | oadl k f over al.so i ncl ude
T oo pesd e 153 MR e uRerart ce T bRe iy Y R R, L e

t hrpugh w}ﬁbﬁfaemg@@frmythbellnded:muﬁgm ¢rﬁmttlm tSGhel tErgfer%ambet h&s baadbﬂcio A
variety o as ivere othe lo epen 4 the

pr &essi n§ g‘iﬁﬂé* bﬁ‘t?o?rpﬁﬁssearﬁﬁ’ gfratRgnay ptﬁ ﬁtCPHEd '%g}ﬁqﬂﬁglog'f 369 to be
caryied Q%allng?rﬁaﬂ 12k 6 Pldcel whirthe itk 1601id ev&u@[édfeﬁ{d @y hhattalae plact eBg gas
is delivered into the chanber_-11 1 1 JUN 2004 1 on venting to aSSISt in

codl i ng dhprerstackel®Osa yenties: Onse ‘ﬁ‘?@“%@cﬂoirﬁ%etﬁlaapé %Erocp?%efde §ateiS ool i ng
gasgs f Orsdmemn aoB%dqaaeﬂpsé fbﬁ@iéﬁ@%ﬁe Nb gy, 1he pheesten siBdtete magr t

gases 3 includin ut not limted to argon and neon coul d al so be used

CetQ ai n etrﬁb@mquatf@m thejpadipgle 160 HFiRg meerO@Pt el puthfielivgrat eroperested
pregsur esg L%Etr%%%sgtﬁé‘17§%tﬁw@réi‘atﬂa'nt{ﬁqge” and 5 about 1-6 torr heli um In
od

one preferred e I ment, cooling gas is supplied to the 6 chanber
vel i ng the chamisher %mbgdlt!@ﬂhomptqgﬁ‘é%lﬁﬂjsmﬂﬂaﬁt*” RPME YA Sk 40 gl?élof ng 7
scheme hagbgen nﬂﬂgﬁ{e\ﬁﬁ Aid 18; eft tH(? bfrf?}romn?é?ﬁ of AR Gii? #RAldedgwoPref erred

8 enbodi nents may SO I Nnc i um al one as the cooling gas due to its
|rrte4rt natlua@omﬁo%rtm@emoce@m@lambqry17'ﬂtas welpreprg heatingrdemhiee 172

trat ear%etréi%%retfﬁlambtep 188 %%L’I‘\B ?t gfé) éﬂ@% THO eHEOGinRint espeaal ong the

Strate, even nore preferabl less. |If desired’™a 11 filter
12|:6 (Fi g. pazyculmyy Mﬂpometnl tbﬁ@docmeamg che beggrrigd Q%GUICblacﬂnédRroﬂléhPlr'tl q@8rbeout

?%3'9[}23 l{"g’Fﬁ}gq gg%?%:ﬁ%ﬁé H?d?ng sﬁtgst%i%jlgttﬁe F?ﬁ&ﬁhf gﬂzsqllésttrra'té&"tﬂé) sﬁ’%}m%@?ce by
ho1 gler 12Aclades atyrgérestatifrutielavisd mgrescassetta2 662, 176 fpmsm*wlw wipPeeseted

d t h
g pptds © HeibaalROIST P ror Bl Bh Mol etk el M 80 ¢ ' 16
ex2@ndi ngoadipeicet@o wsing the robot 167y @éralmemsdmtbﬁf thiiporegt inventgsemelir es i n
it % 382' QP@H%% Sﬁw'te%% gvitﬁﬁ] @%gﬁ%&;&&? QANLA uEhg sulf emBBBiniAtd) iGHEP B FBEdinBRY
to eliminate the heating chamber such as heating chamber 172 of Figs. 16 and 17. In

23 such a case an additiona! processing chamber 174 may be used if desired, and if only
24 one loadlock 160 is used, the system will have seven processing chambers. Depending
"5 on the desired processing steps and the platform used, any number of processing

26 chambers, loadlocks, and heating chambers may be used. Certain platforms may also
27 utilize more than one transfer chamber.

28 Selected embodiments of the present invention can provide one or more of a

29 number of advantages. For example, in certain embodiments, a single loadlock chamber
30 can be used for both cooling processed substrates and heating unprocessed substrates.
31 Various features also enable a large glass substrate to be cooled or heated quickly,

32 thereby increasing the throughput of the system. Various aspects of the loadlock design
33 may help o control the temperature of a substrate on the cooling piate to provide a more
34 uniform temperature across the substrate or to provide a particular temperature

35 distribution across the substrate. For example, the heating device 84 may in certain
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18 to a cooling plate 138 including one or nore novable arns 140 mhiEhJHﬁQW4
be lowered 19 into one or nore grooves 142 in the cooling plate 138 in

order to deposit a processed 20 substrate 82 on the upper surface of the
cooling plate 138. 21 O her enbodi nents may include a | oadl ock havi ng
conponents simlar in sonme 22 ways to those i Iustngéﬁﬁwin 6a,  but

i ntl udi yeodMeGtEbDHERA AYiNdR ceelRRSPEFFICAY SIASEIT &R tepgelftid®out of
teg ! Oadéii?t iBu?&]‘g]’aE}%E%%ﬂbEtpﬁe.l ;Bg(ﬂoﬂﬁglliﬁd‘fﬁ'neanﬂlé&ﬂr‘éfﬁépmmm riddISevae al

odi nents o uster process systens accordi ng to, enbodi rTEnts of -5
the pr esEhand/ovether oartiene of theusadlatke deatfram dae hagding fevice 340NgY b g

At AR Sy T SWoARE, or B0 ML 6l n BRESIS'EAL Re Mo aBRE! R | NC udes

supply o 0cess substra om an unprocessed substrate cassette
162, Wwhi ehbodisnene umEebingdhe outenedpend! the lsub cate gbmhigher Eemppsitfathen

cassette and robot. station 164 _on | i tcomfifessldie
| oadl ocktheé@d?%deﬁﬁ’ysﬁ \%e %'Jbéfrﬁ\%' Q.‘re s“{tgru%:# recgﬁg@t 1%6{dggfglcock %SOS sh%?/m I n
Fips. 2-theQubstrate c30Isytprsaniessizidg snbssk eftegigiedaiunes. deoeling the gdlesERIaBY, t he

| oadl ock 160 i s eyacuated and the . 31 unproce i.s transported
togt he t7 SHEFERe éﬁaﬁ%&e’i%‘@qﬁ%“vrﬁ?d“%"%%% Sr%ﬁﬁ? sé@%ﬁa&é %@tﬁﬁerei n. Once

i ngi de th@ohirairéen ahrairbembadifentshey dirgetartars smdustfdeabtremitae Bgating
transferred between chanbers for pr.qcessin L n ' ;

stst r at @eMen; Pe ?fourﬁgﬁ‘? FQH%?)BEWEJ“@@E@E%%%’Q#O f?‘%gg totﬁg%ggytri@gg% T(taé{selrﬁs Pack to
the trangberosdreeubitite oantle tbeling pdtets@. anot her processi ng chanmber 174,
which may be any other type of praqcessing chanber, - 04 such
ad2 for exanplredddiliohdhf %@F SVSWa'H&)%é"I i%ﬁci%fu%?%&%%é?gl@ap ysi cal
V@por  dgneshihh don{ MEMadba&el be SnifitartlyGhoner whambsing aAfuabsubistretet nent i n
a processing chanber 174, the substrate

may be.transport 0.t transfer
chanber aBSEHA@CEHSING e emhasiments of %&E?%ﬁ’ﬁ&%@ Fsr‘%mpﬁ%iﬁ’ ‘ﬁw Rubstrate
i §51 Ul | VioRERERPEGHgaARS thGiteiHoldify, féra@anin, i12esupsitritesint & eystemalaving
processi ng chanber 'to the transfer chapber 168 a{Id back. tg %?{ﬁ“ltgg%’mk
188. Thea prerasiedeaidingd2tsuasiEatanin thadepdincke b graydakesapRaximesely 540 1%5.

C?ﬁ' i NG RYsy LR 1Pbét @nhinbhel Bnihardl@okiod6thd subawamsaite trendadiagk attero
take place as the |oadlock 160 is vented. Once ve&isl %?eolé ’ionpl ete and the
piBcessetihasbeen apatedwhen ysinga &rhat pre orRaad saChsusale L85 ipl e, to about

1000, t : VLebrisidenaii embiardhtedér 160 usi n
P§C) Qﬁ?@%lﬂ‘afeﬁg§§gh§%§§érﬂr@eﬁﬁdh (e 184R 3 fem g

t he robot Ivered to a processed substrate cassette 1? t the

6
s2@ti on digamber voluioe Hisn 2iesdieckbaringe 2 piogtateassetis Vel ™e PIFEERe ways
Shin lar égco%ﬁitsh%foth the venting and removal of a processed substrate in a time of up to

22 about a minute, or more preferably about 30 seconds. In addition, certain embodiments
23 which have a heating element in the loadiock can heat a substrate quickly due to the

24 relatively small interior volume in the loadlock and because the substrate can be located
75 close to the heater. Preferred embodiments can heat the substrate in a time of less than
26 one minute, or more preferably about 30 seconds.

27 The faster venting, substrate removal, and/or heating time provided by selected
28 embodiments of the present invention offer several advantages. First, the throughput of
28 the system may, for certain types of processing, be higher. Certain embodiments can
30 permit a fast tact time, which is the time it takes one substrate to enter the system, be

31 processed, and then exit the system. Second, the need to use a robot having the

32 greatest speed possible (for unloading the substrates) may be reduced because the

33 system can have less down time. Using a slower speed robot may improve the reliability
34 of the processing system.

35 Depending on the processing steps to be carried out, it may in certain
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Fig. 16 is illustrated in Fig. 17. However, the enbodinent of F

includes two |oadlocks 160 and five processing chanbers 174, a;gﬁeﬂr1é?N2mL
one heating chanmber 172 and transfer chanber 168 having a robot 170
therein. This enbodi nent may be particularly useful when the processing

can be carried out quickly and throughput can be increased by supplying
norg subSémacbmmem mmeesmteeumhm 0 o usitrsiretedn thehigadipsk aharyrane mel lides a

| ar ger statlon nor e .cassettes 7
it s B P L L R K S Ko Gk e
It 2\% nIt ?ggcbﬁrg:ai;ﬁe latﬂletraﬁwg ef]rimediimm mk§ perfit nicse thaefbadistretesdo of ledatedinesent

I ncl ude a heate the | gad K. J-
entbdi menth§ 1034106163t 35 PELURS,| ée'ethgeﬁm%dﬁﬁ? Ltg’%ﬁé%%mﬁmvléﬁhﬂge?#gnch as
head i ng chaidrs a high tBfoubhpst delpit@Rdvidd fewed susufdneﬁmcaseysaamaajdalny ioogdime
processi ng chanber. 174 may be used if desired | oadl ock

166 s ustBan in rertai) sthahsyFteMsh 4¢E e5aVels. B’P%E@E%P%e%ﬂﬁ%ﬁ tgmﬁwgndl ng on
t he; desi r&%s%%&%%bﬁg l1r§ﬁw%ﬁ§acﬁ&§l’: ﬁnb?ap&éﬁafronﬁbyﬁm apiyximatdhe0 ebibstrates

proceSS|ng chanbers, Kk d h
pl & f or msintey Skste®. Wifh |1(F3?521§g‘|%%ﬂsa§ i E@dogﬂ?&'{] ?%%Q?%W‘%'am?aq’“gﬁé@%g%%aI "

embodi menss o iR PEiR L OUERLh O BiHR Ry REAhERDERE N4 b
of Tadvant aggs s'g@s ex'aéﬁrbtce In certain e)rfrﬁogl nenpgﬁea St::ﬁﬁ?gh«?)fggra?em o

chtlrber substriatesus de togdlosbtand beslinthehammiens €38 PAMRIL FaPp b stag oy 'toe”HbG
unﬁ‘Loces s 8& &b§§i gﬁteg.g:al lay il P wise ERREHT @\ssﬁ{eﬁpa%?@hgét@cérﬁdwgreméﬁécﬁ

trate eat ed qui ckl t hereby i
t htDughpuémbbditreatsyfsthe preseat iﬂ(ﬂa@tl%@éréécﬁﬂa'ﬁ !'fée%/ B&Yr;ﬁcé)%ggilﬂn "Pd}ﬁ?s may hel p
to,gontr oL, [ d S I, Bin F i HRAbEALS, Bln bliRafiAPLhdiBodt BheelsAbgras: de a
uni ¥ re ‘across e strate or to provide a particul ar
Ej emper ag zihethe crbltmatr rsykmm CranaEre s he $eenuralers maye/anensi Y gepgnaing@atheng
eyice cer n 0
colbng” ariarrdiends v ot shadpettn 0 S R BepERliRg F o eradipradiesifg
a 156lb3} raﬁt@ps Byid ¢t dwktiom giuehe thmtastannsedlanam}de!empé%’ o suUbHEAtRES. FEMEINpl at e
nd/or o ns of d
be t?@ﬁgﬁme{}@%o lgeé:r%s&n% |ngeJ1t? Jngglﬁgv g"ﬁightef ergr%lgg\rr&?@{p'to (!:Jgﬁtta!?g!r{é :31?594
tS ega;)ter at Ub@rtqod maﬁmﬁsyseﬁl‘ﬁ)mﬁt havihg abi2-keepitegcashelteointtbe lcadipsk. of t he
u rate at a er e t re, t a
subltrate, t heTgEggTa"‘érdﬁgg {:ti r?(aé(;ue""(itlgu nstt%}ec%gﬁg?fé%gﬁ %ﬂﬁgggmzjggmse Séss?fr ate
c ]99@ S, thihe grebétididm@ion k’@aﬂweab ti@é :oeadgmk tasdettes ssedOpaiamryothResyRignes as8ges

21 enables to loadlock to be fabricated from less material and to utilize smaller vacuum,

22 elevator, pow‘er components and the like. These smaller components can make the

23 system considerably less expensive than larger systems including multiple substrate

24 cassettes within the loadlock.

) Typical processing pressures used in the various chambers described above may
26 range from about 107 torr to several torr and vary depending on the chamber and the

27 process steps (PVD, CVD, etching, annealing, etc) being performed. It is generally

28 desired that the pressure difference between adjacent chambers be kept to a minimum or
29 controlled when adjacent chambers are in communication with each other in order to

30 minimize contamination.

31 Embodiments of the present invention also include other types of processing

32 systems such as linear systems in which a substrate may be transported from a loadiock
33 to one or more processing chambers sequentially and then to the same or another

34 loadlock, depending on the system layout.

35 It will, of course, be understood that modifications of the present invention, in its
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a substrate at a slower rate than the interior portions of the substlrlaglé 2004
may be acconplished in certain enbodinents by directed an anbunt of heat
fromthe heating elenent 94 around the edges of the mddle plate 56 to
contact the outer edge regions of the processed substrate on the cooling

late 52. In addition, the tine spent i ting du bstrate
(F:)odl i ng AAEOUTATRESH. M| PF BRPITAR! tpgﬁ?ﬁeo{l\‘ﬁ]e gﬁ r{; 'Sﬁaﬁétg?rﬁt% @gsﬁ&ﬂorter when

usiong a Qual,FHESE A §Iso%§§8iet fheﬂ ?Qéﬂé BEsibes Gpeedingautos thé patieuliar esent

i nvention, as conpared to using oadl ock having a Ianger casset

holdi ng, a‘ptphcaﬁwamé’i5§ucm21h§t§l§glt3¢ af e invyeption ghauid APHRR iMte b%H‘?sp&”ﬂ%’ ol d ng
12 substrates.in t i i 2 mnutes for the
sysat em tc?"\’}écﬁ{' %‘a%%hoﬁﬁ %iérdnbﬁ% %gﬁﬁ oag pﬁg%@é{r ates fromthe

| oadl ock after it has been vented mhen using a robot armto unload each
substrate. Certain enbodi nents of the present invention (which have a
considerably smaller interior chanber volune than a | oadl ock having a 12
substrate cassette therein) may preferably acconplish both the venting and
removal of a processed substrate in a tine of up to about a mnute, or
nore preferably about 30 seconds. In addition, certain enbodi nents which
have a heating elenent in the | oadl ock can heat a substrate quickly due to
the relatively small interior volunme in the | oadl ock and because the
substrate can be located close to the heater. Preferred enbodi ments can
heat the substrate in a tine of less than one mnute, or nore preferably
about 30 seconds. The faster venting, substrate renoval, and/or heating
time provided by sel ected enbodinments of the present invention offer
several advantages. First, the throughput of the systemmay, for certain
types of processing, be higher. Certain enbodinents can permt a fast tact
time, which is the tinme it takes one substrate to enter the system be
processed, and then exit the system Second, the need to use a robot having
the greatest speed possible (for unloading the substrates) may be reduced
because the system can have |ess down tinme. Using a slower speed robot may
inprove the reliability of the processing system Depending on the
processing steps to be carried out, it may in certain -14 1 1 JUN 2004
enbodi nents be desirable to have O or 1 substrate in the |oadl ock at any
one tinme. In other enbodinents, it nmay be desirable to have up to 2
substrates in the |oadl ock at any
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one tinme. Alternative enbodinments may permt nore than 2 substrat esm 9[]*??00&
| ocated in the |oadl ock at any one tine. Sel ected enbodi nents of the
present invention nmay achieve a high throughput despite having fewer
substrates in the systemat any one time than in certain other systens.
For exanpl e, one batch processing systemhaving a substrate cassette in
the | oadl ock may at certain tinmes have approximately 40 substrates in the
system with 1@usabst cCRARSED ISt he | oadl ock, 12 substrates in a heating
chanber, and 16 substrates being processed in the other system chanbers.
Mat chi ng the nunber of substrates in the |oadl ock and heating chanber can
permt 4snmoot h subst rat e tA18s@ber congisirgue to a symmetrical |ayout of the
system A system according to certain preferred enbodinents of the present
i nvent Pon may at cePtAPAPE] ReY have approximately 15 substrates in the
systemg with 1 in tRejrdeaph&estrudiurem saiblendmber iudgriiepted smsurostrsihstiatesn
in the other system chanbers. These nunbers may vary considerably dependi ng
on the4 confi gdiregticontast theithar i ous chanbers in the system Depending on
the exgct processing sesbPsupbest strfdeiufe AuaRt dhambed bedy addpted tfoasippert Anserti on
and renoval of substrates, certain enbodiments of the present invention
may hafe a hi gﬁéPStﬂ%M'WECEW%HW?W'BEr time period than a systemthat
havi ngsa 12- subst r atgidGaeSeipbén bfudtive tebadligoked dbevessaid banondisgppat struwdure,

| oadl ock dual substrate cassette of certaipn empodi -

i nventiBon rel ative 30 2/¢&trdagPyek 2aPestiay f’g%a'ﬂgréggs%%%‘stgsrtr@gtgf%gﬁd g{g? gérlr}spd

al so  gnabl es tohsacthRelretss tha shrbiritaabpsh strumurkend saitsecoed suppprisyucture
utilize smaller vacuum el evator, power conponents and the |ike. These
smal | 0 conpondM¥e IBYAISABKe the system considerably | ess expensive than

| ar gerqqsyst ems i ncl yfigangpiatd Rtiadiny burfateadapmed et suppothiatpnecessedsylsiidicock.
Typi cal processing pressures used in the various chanbers descri bed above
may ri@nge frofeBOwtanH0$ torr to several torn and vary depending on the
chanbeyz and the pr orgssting iedse (deiied #Ovle saitl Gihst ngppaatineal i ng, etc) being

perfornmed. It is generally desired that the pr r 1.ff WEH:
adj aceMt chanber s~ beVNEEHD Saig Sgeay Wﬁﬂ?ﬂ&}mgg[ﬁg?’ﬁ%ﬁ#eﬁm\%hﬁﬁgiig?g@%#@g n
chanbefss are i na&PLEPdRE cappdstiictiile Rasitiohébto support desubstpate ni mi ze
contam nati on. Enbodi nents of the .present invention also include other
types of processing systens such as |linear systens in which a substrate
may be 4t ransported f7om aa lcaadcreak in siaimohdurtier comerigng adisstiapgrivieavpetes to

Z;g? gnmtal gllloﬁt ?npder;[nnei}nnse?‘t%nto S PPrceised bt int& 3 Ao RENAMBOaI R 2t hE

3 processed substrate from said loadlock; and a second aperture adapted to permit
4 removal of an unprocessed substrate from said loadlock and insertion of a processed
5 substrate into said loadlock;

3. A loadlock as in claim 2, wherein said first support structure and said
2 second support structure are movable relative to said cooling plate.

4. A loadlock as in claim 3, wherein said cooling plate is attached to said
2 chamber body.
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It wll, of course, be understood that nodifications of the present 11 JUN 2006
I nvention, inits -15 11 JUN 2004 1 various aspects, wll be apparent to
those skilled in the art. A variety of additional 2 enbodinments are al so
possi bl e, their specific designs dependi ng upon the particular 3
application. As such, the scope of the invention should not be limted by
the particular 4 enbodinents herein described but s oulcﬂ be def i|n§ﬁ{ %% t he
claims.1 1 1 JUN 2004. WHAR logdigckpsinrsiaing; 1, whereimsaid SopI5I0P ??SERﬁFias‘i Mg Y 2 a
chanber, body; %P&E'Rbg Eﬁteﬁﬁﬁﬁgﬂﬁﬁu Shéttnt Shrtackdf 88l Gosiry st tbadyp sultqueed sid

a n r

support2 a subst e~ ect contact therewith; 5 a @ﬁ%?qg squort
struct@e in sabdinglatede pbudilsaid apeand supPAtpipHtEre 0 exen ¥3t1%9 ™ di rect
contact therewith; 7 said first support structure being di sposed above said
second support structure; 8 an elevator to control a posit,i

: _ . rltlll 0 g}) s%ied sai
first support structbure ahtbadiackiascaaien 3. durthessemprisng adnigqls PSS PRYECDS i
first support struct ' etolela SHRRRAIstrBEFET Ur e 10 nove in
unison;” 11 a ¢ 'B?tiSHBH%fgﬁé%rﬁang&%ng a r;urface adapted to support a
processed substrate 12 thereon; and 13 a heating device | ocated above said

first support; 19 wher einy palfbeR 8 §GlaintpRiticreif biadouliey giutedncioddsutdagh one
sai d cooling plate when sai d second support st_ructrqre. |3 goskéggno% to
support2 a substalighmentstictuse exgadiog knesefram ags saifhmiddip plR Cudsh Al #8F Y a
first aperture & idte! 200k alRAmMenpsLtss ettesdingtircan e
I nt o sdi dl oadl Og%%ﬁﬁ{;?qs@:retgﬁg\?gfcﬂﬁr?ﬂg&% sgrﬁg%lésdséed su%?t rate fromsaid

| oadl ock; and asasbcaolidg@@eture adapted to permt 4 renoval of an
unprocessed substrate from said | oadl ock and insertion of a processed 5
substrate into said |oadlock; 1 3. A |oadlock as idnf reign sai d

.cl aim e
first support struct®ire afdpasigdcy asin slaitdAdVREBHHAY g?‘ﬁﬁ‘@?ﬁ'%gtr%gemvabl e

relative to Sa!&n%??i]emgaﬁh%gd!eﬁlaq’e. A loadlock as in claim3, wherein said
cooling plate i§ attached to sal

9. A loadlock as in claim 6, wherein said middle plate includes a cooling

2 layer and an insulation layer.

10. A loadlock as in claim 1, wherein said first support structure comprises a

plurality of pins and said second support structure comprises a plurality of pins.

11. A loadiock as in claim 1,

wherein said first support structure includes outer supports and inner supports,
wherein when a substrate is positioned on said first support structure, said outer
supports are adapted to contact an outer portion of the substrate and said inner
supports are adapted to contact an inner portion of said substrate, and

wherein said second support structure includes outer supports and inner
supports, wherein when a substrate is positioned on said second support structure,

said outer supports are adapted to contact an outer portion of the substrate and said

© 0 ~N @ 0 Bk~ W N

inner supports are adapted to contact an inner portion of said substrate
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2 chamber body. 1 1 JUN 2004 1 5. A loadlock as in claim1, wherein shi JUN 2004
cooling plate has a plurality of 2 openings extending froma bottom surface
of said cooling plate to a top surface of said 3 cooling plate to permt
sai d second support structure to extend therethrough. 1 6. A loadlock as in
claim3, further conprising a mddle plate between said 2 first support
structure and said second support structure. 1 7. A |loadlock as in claim®,
wher ei il sai d cool i ngi2pl atA ldadokkide s cain taghereinsaidzlevaiqyiheeritionied ety gaid
extending therefromand said mddle plate includes at | east one 3 opening
si zed tj; acpom%ﬂgq%&gg’rd at | east one alignnent structure extending from
4 said cooling plate. 1 8. A loadlock as in claim7, wherein said first
support, structure is,, 2 ¢ . ai i I e Qg ihASs
in cl a|1_m 6, wherein 1ssai d %%%gﬁ%ﬁgfgf%ﬁﬁnglﬁﬂ gghg'a@o%lbﬁngga{a% I?g‘%r aglg%gtnya
i nsul atd on | ayef opéBingdsizedidd ek said seeorel aippod strugtereshay eder therediirodgpor t
structuy e conprises. a Lural it LAs and said second support structure
conpri _Lsges a pl lﬂ@oluf gloné Ct%'?%sal.d %Oﬁg ai‘%‘r oadl ock as in claim1, 2 wherein
azld fi r\?\;1 supporll;) structure includes outer supports and inner supports, 3
erei en a substyate |} |t I G Tl Rure,
said outer 4 support 4aar eAZO&gﬁ’tﬂé%g?@&%Sﬁ?a‘@fér%R sg@?t?tség)l‘g%’??%%&%g#?he _
substrate and swiudturesare sizedsoppeert s giase sabisipate Haviog adertaraulashppp Bcluding a

portion, of said_ s ﬁs rate: r.ej i ﬁgﬁﬂq support structure
i ncl udé out erqg'i'ﬂtj 8&?@8 ﬂﬁ?ﬁ‘ﬁ’gra\o@%s‘ﬁ%@o"??ﬁ,%ﬁ erel rrjlal‘v\,hen a substrate is

pgsi:igned on said second support structure, 8 said outer supports are
adapted to cont act out gr rii Qr . 1= i } I
suppor t5. ar o adapt ed't o caiAReK s dhit PIuANASCREHENgAGE e sdbprtnBioupoly
JUN 20 1 12. adgaomdiaitioadock,sai grisriniet pastioned alosgiador peiapes! spyl loadlock.
positioned bel ow said 2 cooling plate. 1 13. A loadlock as in claiml,
wherein said cooling plate includes a plurality 2 of openings sized so
that sai d second suppirt Atgagitcycempesingxt end t her et hr ough

2 a chamber body,

3 a first support structure in said chamber body adapted to support one
4 unprocessed substrate,
5 a second support structure in said chamber body adapted to support one
6 processed substrate,
7 said first support structure being disposed above said second support structure;
8 an elevator to control a vertical position of said first support structure and said
9 second support structure;
10 a first aperture to permit insertion of an unprocessed substrate into said
11 loadlock and removal of a processed substrate from said loadlock;
12 a second aperture to permit removal of an unprocessed substrate from said
13 loadlock and insertion of a processed substrate into said loadlock;
14 a cooling plate including a surface adapted to support a processed substrate
15 thereon, said cooling plate being positioned below said second support structure when
16 said second support structure is supporting a processed substrate; and
17 a heating device located above said first support; and
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3 without contacting said cooling plate. 1 14. A loadl ock as in claifrh JUN 20084
wherein said first and second support 2 structures are sized to accept a

gl ass substrate having a rectangul ar shape including a 3 length of at

| east 650 mMmand a width of at least 830 mm 1 15. A loadlock as in claim
1, further conprising a gas inlet adapted to supply 2 a gas to said

| oadl ock, said gas inlet positioned along a top surface of said |oadlock. 1
16. A4Boadl ock conpreirsiddlg: plate betvesearssid firslortppors sugtpiesandssicheRONE SHERI r e
in sai% chanbegvpagy adapted to support one 4 unprocessed substrate; 5 a
secon& support “structure in said chanber body adapted to support one 6
processed substrate; 7 said first support structure being di sposed above
sai d sqcond support UGk oGy B ANISKCHA WAErdiDs S0 BbEIR ¥ Mididelat least
position of said first support structure and said 9 secOnd support .
struct@re; 10 ankistrsttuspertending thergiomand $aid eriddie platsf inglHdemptriees $88 @PeNing
substrate into 52,4, a%ébnhlﬁggeltg %Fid%@%a@?%\/ﬁ}ucﬂﬂe @x@ﬁﬁiﬁﬁ?r%ﬁfjsa‘i&’ BSdiingdtghaté r om
sai d | oadl ock; °rZ“a° §e€on aperture to permt renoval ©of an unprocessed
substrate fromsaid 13 |oadlock and insertion of a processed substrate
into sagid | oadl ock; 34 a i i b : did 0
supporﬁ a processed1§ubsg$§§ékggg?hﬂ%$g%ﬂgM@%F%gg%gﬁ#%gagﬁg?gﬂ%gﬁng
posi ti @ned bel annsaited wesaihohidsiigopletet st ruct ure when 16 said second support
structure is supporting a processed substrate; and 17 a heating device

| ocat ed above said first support; and -19 11 JUN 2004 18 a mddle plate

bet weent said first si@porA loathook s ineclaindl6; aihereie said aniddlp piate inclugles AQeting e.
1 17. | oadl ock as i.n_clajmy erein said cooling plate includes at

| east éb one sﬁ?ﬁ%fﬂ?@néiﬁgﬁé%%;eﬁﬂerefron1and said mddle plate includes
at | east one opening 3 sized to accommpdate said at | east one structure

ext endi1ng from sai d gool W%aﬂ!a@ﬁﬁg pg,oclegsin@giiggglsgséqaﬁ&,icgnﬁ}@ihm 16, wherein

said first support structure I's connec sald mddl e plate.

2 a chamber body defining a first aperture on a first side surface and a second
3 aperture on a second side surface,
4 an upper support structure adapted to support a display substrate;
5 a middle plate connected to said upper support structure;
6 a lower support structure adapted to support a display substrate;
7 a lower plate connected to said lower support structure;
8 a single cooling plate positioned in said chamber, said single cooling plate
9 being positioned between said middle plate and said lower plate;
10 a heating element disposed above said upper support structure;
11 an upper plate positioned above said upper support structure;
12 wherein said upper plate, middle plate, and lower plate are connected to each
13 other so that said upper plate, middie plate, and lower plate can move together in a
14 vertical direction independent of said cooling plate; and
15 wherein said heating element is positioned on or above said upper plate.

21. A loadlock as in claim 20, further comprising a processed display
substrate on said lower support and an unprocessed display substrate on said upper

support structure at the same time.
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1 19. A loadlock as in claim16, wherein said niddle plate includes 41 JUN 200,
cooling 2 layer and an insulation layer. 1 20. A |oadlock for processing
di spl ay substrates, conprising: 2 a chanber body defining a first aperture
on a first side surface and a second 3 aperture on a second side surface;
4 an upper support structure adapted to support a display substrate; 5 a
m ddl e pl ate connected to said upper support structure; 6 a | ower support
structure adapted to support a display substrate; 7 a |lower plate
connected to said | r su r LT ey sy ' rise
posi ti Jned in said ?g;nbzpf @Bglgfglagéslrn;%%@ @Ogﬁeﬁ"g‘;ﬁ%{lgbgp%ggggﬁﬁ%@épgﬂﬁ?i oned
bet wee2 sai d mgikdlse pl ate and said | ower plate; 10 a heating el enent

di sposed above said upper support structure; 11 an upper plate positioned
above sai d upper support structure; 12 wherein said upper plate, mddle

pl ate, 1and | ower pl @3e arfeloadioniees eclzin 2hvhereirBsajd Wepersy/PPAAaNd 7 IWer

plate, .mddle plate, and |ower._. € ind PrecthfaMisF sHamal
direct ifon i ndeﬁ@ﬁﬂ%%?tr"b UER A %lg%ﬁonaﬁggﬂaa{@%l&a%%gqéﬂ% agrn gi nesalﬂg heatdib%g
el ements i s posiifidigdiegla tength ofod daest §50 chnuppba widttaobat least 830 mmoadl ock as in
claim 20, further conprising a processed display 2 substrate on said | ower

support and an unprocessed display substrate on said upper 3 support
structure at the sarm. ti neload@ek s in daib 20)uther 20mprsin® agied dretaediagas ai m

20, wherein said displ subst rat es. ri 2 glass. 1 23. A loadlock as
in clai‘m 20, mﬁé’PB#yngaécﬁﬁs ﬁ%&'nglﬂgﬁgﬁgﬁ%ﬁgggai d lower 2 support
structures are sized to accept a glass substrate having a rectangul ar shape
3 including a | ength of | east 650 .1 i : itbERSS

24. A loadl ock as irfl aia%‘r*ofgf%ck3?f%%gmc?ﬁgfrﬁ?:{mﬁg%gr%é%g?'maet e?r?gggdfgsg%ml%
suppl y,2 sai d gasidgdphiet.i ncl uding heliumgas. 1 25. A loadlock as in claim
24, further conprising a filter disposed adjacent to 2 said gas inlet. 1
26. A loadlock as in claim20, further conprising an el evator coupled to.
said 26. A loadlock as in claim 20, further comprising an elevator coupled to said

1

2 lower plate and adapted to move said lower plate, said middie plate and said upper
3 plate in a vertical direction, wherein said cooling plate is stationary when said lower
4

plate, said middle plate and said upper plate are moved by said elevator.

1 27. A loadlock as in claim 20, wherein said middle plate includes a cooling

2 layer and an insulation layer.

28. A loadlock as in claim 20, wherein said upper support and said lower
support structures each comprise a plurality of supports adapted to support a display

substrate in direct contact therewith.

29. A substrate processing system as in claim 20, wherein said lower
support structure includes inner supports and outer supports, said outer supports being
located closer to a periphery of said lower plate than said inner supports, and wherein
said cooling plate includes a plurality of openings therein sized to permit said inner

supports and said outer supports of said lower support structure to extend

D h bk W N =

therethrough.
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2 lower plate and adapted to nove said |lower plate, said nmiddl e platd lafiéN 2004
said upper 3 plate in a vertical direction, wherein said cooling plate is
stationary when said lower 4 plate, said mddle plate and said upper plate
are noved by said elevator. 1 27. A loadlock as in claim20, wherein said
m ddl e plate includes a cooling 2 layer and an insulation layer. 1 28. A

| oadl ock as in claim20, wherein said upper support and said |lower 2
support structures each conprise a plurality of supports adapted to support
a dispjay 3 substr%e RS tCOFr\%ﬂE'ﬁ t therewith. 1 29. A substrate
processing systemas in claim in said |ower 2 support structure

i ncl ud2s i nner supp@nhamaerd outer supports, said outer supports being 3

| ocated closer to a bas extthd@Rg BiréfrdrANgid SupRAst S,
and wherein 4 sai dagogm% l%hae(\éMia\%%al%llrldéI h‘?}é\g ngp ur)él i tggof openi ngs therein
sized 40 permadanecﬂtasumeortﬁ Ssmtﬁpwhsﬁa@ndsgldlfbambﬁér supports of said | ower
support structure tgQ ﬁi% 5 Js;ldélooﬂ 20 doskiopd téh

| oadl otk conpri si ng Cgéln?bq%te%)éepla%cg%wa owem eFatae ha\;lqog 60ura ity o
supporés extendu:omptalsmlgm‘mmvawdnom saip poppost Stwctatﬂ%lmaéhc ”Q;Bgfﬁ)‘ﬂﬁ‘“g'"glangl e
substrate in said chanber ! &g&éfﬁ-ﬂé R Sidioarts BReheihg freal d
cooling plate ngll'fy (g’r?é’grtwe%ﬁ%%@géphlgﬂgh%laﬁé F'Zg& su ratg f%lﬁ)lj% sai d sup%ort
structgre, sai glanddm'lrarrpgateltcaeﬂemmmlemlnmggfa 7 plurality of apertures

t heret jrough that a W teSitet r\qé,%goﬁ{gghsg §@1t§i
| ower plate to exteﬁdn?ﬁlsspg?t%%gﬁ#@&lﬂgm%g %I ate r@w '-th§ @ ur al |pt
supponps ext enditegdibgdroat 1seid) mwiedplstqop@amsd TQ@GW@QPEB sybstratea sgidnin

pl at e ,adapted t o, acc n said mddle 11 plate

poSi t|1gned abof?%tes%? ﬁ%@g@laﬁh\éegg %?gaﬁ‘% S%I d lower plate being spaced apart
from apd bel ow sai dssiddbwerplate deing spaced A@rsfzond andhelowait eolig P %@Qpl ty
of supports extendi ng from prsQ@ dAehehd fropdait Bdet SugpeMe i n
a verﬁscal directi oﬁ |n ep ag Phg’}lwémf gFrltsng b até; 01 31. Ioadl ock as
in clagm 30, wbemglaldapmddio micatel lirea pérdica cixrnctiqme@ep@ﬁdemt qfﬁé'Gloé’Pi'%p flgyer

t her eon.

31. A loadlock as in claim 30, wherein said middle plate includes an

2 insulation layer thereon.

32. A loadlock as in claim 30, wherein said middie plate and said lower plate

2 are connected to each other and adapted to move together in a vertical direction.

33. A loadiock as in claim 32, further comprising an upper plate positioned
above said middle plate and coupled to said middle plate and said lower plate so that

said upper plate, middle plate and lower plate move together in a vertical direction.

34. A loadlock as in claim 30, further comprising a heating element

2 positioned above said middie plate.

35. A loadlock as in claim 30, further comprising an elevator connected to

2 said lower plate and adapted to control a vertical position of said lower piate and
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1 32. A loadlock as in claim30, wherein said middle plate and said 1 budN 2004
plate 2 are connected to each other and adapted to nove together in a
vertical direction. 1 33. A loadlock as in claim32, further conprising an
upper plate positioned 2 above said mddle plate and coupled to said

m ddl e plate and said |ower plate so that 3 said upper plate, mddle plate
and | ower plate nove together in a vertical direction. 1 34. A |oadlock as
in claBm 30, f phurdligy ofsuppoitsivhie at theaainadimel sicberoling piatss femainrei afiedeesispd
m ddl e, pl ate. 1 ggo A |l oadlock as in claim30, further conprising an

el evat 3r connebPEMo 2 said | over pl ate and adapted to control a verti cal
position of said |lower plate and -22 1 1 JUN 2004 3 plurality of supports
while at the same ti saj j -at NS b3 oL ;
posi t1on. 1 36 A | 950l oakoRdBRk sE B WARRITSIA Bdalol I0SNERE) B8bw id
positi aned bel bwesailade. 2 | ower plate. 1 37. A loadlock as in claim 30,
wherein said plurality of supports includes 2 outer supports and inner
supports, said inner supports positioned closer to a center 3 region of
the | ower plate tham7sai i loatieck sslppainsi0, Whagin gaid plsalitaefsuppoteinsiudes

system.conprising: 2 at |east aone ocessin r nber
connecfed to Sgp%raypqacggsqndd%erﬁpgg Ss?%'é' r}%ﬁg;gbfo;m}%anﬁﬂ@daﬁpgﬂz%gccgﬁ@
conneced to sadglor bRthsfi@rergimeatien, sagbouded ppgbosk conprising: 5 a chanber
body; 6 a first support structure in said chanber body adapted to support

7 a substrate in direct contact therewith; 8 a second support structure in
sai d chanber body adspt edh substrtequpasingaystebstanairsingnh di rect cont act
therewi ith; 10 a tran§Lel%rt argerture.toctFn nsfer a substrate between said
transf@ 11 chanber S7a Y WOFTRNSER™ED said first support structure

bei ng @i sposed above tsaristershamber cahBestag posdid st leasttane@rocessiag chp@par 6rdt o

cont r0I4 a position %floggliag( éénrn%&ea ltl(p ngcri Eraﬁéfgpﬁa%beer,%% loadlock comprising:

5 a chamber body;
3] a first support structure in said chamber body adapted to support
7 a substrate in direct contact therewith;
8 a second support structure in said chamber body adapted to
9 support a substrate in direct contact therewith;
10 a transfer aperture to transfer a substrate between said transfer
11 chamber and said loadlock;
12 said first support structure being disposed above said second
13 support structure;
14 an elevator to control a position of said first support structure and
15 said second support structure,
16 a cooling plate including a surface adapted to support a
17 processed substrate thereon, said cooling plate surface positioned
18 between said second support structure and said first support structure in
19 said loadlock when a processed substrate is positioned on said cooling
20 plate surface; and '
21 a heating device located above said first support,
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15 said second support structure; 16 a cooling plate including a surfhdéN 200
adapted to support a 17 processed substrate thereon, said cooling plate
surface positioned 18 between said second support structure and said first
support structure in 19 said | oadl ock when a processed substrate is
positioned on said cooling 20 plate surface; and 21 a heating device

| ocat ed above said first support; -23 1 1 JUN 2004 22wherein said second
suppor2 structure extends thr odgreisadid segusioiuppgrt siragtereiidandsdhrgugl e8)dd
supponty i s positioned to PRAIURBLBHE sudpd i€ pSdthisidab Rupp € &S Si ng
syster%%as in claim 38, \Aﬁgglg{lb(rjpléstgi é%at eas?t oﬁ%&p%prlogessi ng chaﬁ%er
inclu@ds at | east one chambs#tratsel ected fromthe group consisting 3of a
physi cal vapor deposition chanber, a chenical vapor deposition chanber, an
4et ching chanber, and a heating chanber. 140. A substrate processing system
as in dlaim39, furt3er dosghstreierngocassPgsystemas i glaim Bt whergpptald atiaastone
includi,ng: 3a first_.raob del i ve ed il PdleQfr kLR Bshshitif
up subétrat es PF%Cr%Sﬁ'E%iCﬁLT%%dﬁ@% e?é %A%Fggés@%%ﬁbe&%ﬁ%r@fgcessgd e?lib%‘?r ate i
cassettie to supphyphysipsl vapersieposititys thanolees, &tlersighldaperdipesition ghamber aneast
one prqcessed substrate casset ; processed substrates from 8said
| oadl oCk. 141. ﬁycg'ﬂl%?e}}aﬂbee?’p ?c%@%aﬁ'ﬁa%gjg/@?erm as in claim40, further
conprising a 2second robot to transfer a substrate between said | oadl ock
and sai,d transfer chanber, 142 . A r I QCESSENGaSY StheM FhprsthdCari M
38, furlt her conpri sing a%%"ibsggtﬁp%%&g%'ﬁ%&%g%t%'Egﬁgnl oadl ock. 181??. QZA
substrat e procesting) sapsttatersasply statidrainoiudig: wher ei n sai d gas supply
2conprises helium 144, - [ SRS uS s @ thatbs from
wherei i sai d gas supapllrf/t r?%‘?)tlr{rg%gﬁ‘%rrgﬁée){h% & Sggrﬁ#%gen. Ppickugsis

r'Ses um an
4 said loadiock;
5 at least one unprocessed substrate cassette to supply unprocessed substrates
6 to said loadlock; and
7 at least one processed substrate cassette to accept processed substrates from
8 said loadlock.
1 41, A substrate processing system as in claim 40, further comprising a
2 second robot to transfer a substrate between said loadlock and said transfer chamber.

42. A substrate processing system as in claim 38, further comprising a gas

2 supply coupled to said loadlock.

43. A substrate processing system as in claim 42, wherein said gas supply

2 comprises helium.

44, A substrate processing system as in claim 42, wherein said gas supply

2 comprises helium and nitrogen.
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11 JUN 2004 1 45. A substrate processing systemas in claimd44, wherk] dUN 2004
said gas is 2 supplied to said |oadlock at a nitrogen partial pressure of
754-759 torr and at a helium 3 partial pressure of 1-6 torr. 1 46, A
substrate processing systemas in claim38, wherein said cooling plate 2
includes a plurality of openings extending froma bottom surface thereof to
a top 3 surface thereof, said openings being sized to permt said support
structures to extend5. 4 Ahebstdie prapessing aysderopem plgn AhoViRieiR$alaas s

openi ngs and i nner._openi-n [ : ' i i dd ehl.gser
o a pori pher afuRPigs o Raslci f s Aok aNERL MRS PR BSERR dchitgrh Les)
substrat e procpstangesysé eil-6dorpri sing: 2 at | east one processing chanber;
3 a transfer chanber connected to said at | east one processi ng chanber; and
4 a | oadl ock connected to said transfer chanber, said |oadl ock

conpri$ing: 5 a singbe shhsbsdte prueesing spstemtassn clainn 38 evkereingaid eryliag plate
substrate 6 |ower support structure; .7 t i ¢ heyer said
si ngl e2subst rat"@'”ﬂﬁf)érpﬁga'g‘éBE)%?ecmnsgcsre&%etn&ﬁ'g’ fﬁd@%?&ﬁémss?”é%ﬁgaﬁt ra’?ﬁ@ | ower
supporg struct yireice tAer@of; eakiiopgniphsibeingisizpd segermit ssad suppedditiveiresia extend
positioned to 10 accept a single .substrat | g sl bsitpb &

| ower 8upport TEE W@Ftﬁaéd Ok ségg?ﬁ%g%‘%é%é&gaﬁ ﬁégr%dgg%}ﬁpgﬂzlg 'bell ow sai d
si ngl essubst r abgeniddgs beme positipradrctoset ol pentievdh esgiaradicsaid pigledhan paie irdee

| ower support struycture is 13 supporting a substrate; 14 a | oad/ unl oad

apert uPe t hr ou§PEUAPTh an unprocessed substrate 15 may be | oaded into said
| oadl ock and through which a processed 16 substrate may be unl oaded from

said | oadl ock; 17 a  transfer erture thr xgﬂh)q n unprocessed
substrdte may 18 b&del Wgﬁ&pp&o eggllhg sﬁ%{g | oC '?QGSai d transfer chanber
and thpough 19 whi clat Rapt oegeseststglzbembee may be delivered fromsaid
transf %r 20 Chanbera tFa%s e?lcqar%wggrdéo%ﬁle(éted ?ésélfd gat I\%%&I o%g%ocessing chamber; and

4 a loadlock connected to said transfer chamber, said loadlock comprising:
5 a single substrate upper support structure and a single substrate
6 lower support structure;
7 an elevator to raise and lower said single substrate upper
8 support structure and said single substrate lower support structure;
9 a cooling plate disposed in said loadlock and positioned to
10 accept a single substrate from said single substrate lower support
11 structure, said cooling plate being positioned below said single substrate
12 lower support structure when said single substrate lower support structure is
13 supporting a substrate,
14 a load/untoad aperture through which an unprocessed substrate
15 may be loaded into said loadiock and through which a processed
16 substrate may be unloaded from said loadlock;
17 a transfer aperture through which an unprocessed substrate may
18 be delivered from said loadlock to said transfer chamber and through
19 which a processed substrate may be delivered from said transfer
20 chamber to said loadlock;
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21 a heating el enent disposed above said single substrate upper 22 l&p{%rml’
structure; and 23 a mddle plate disposed above said cooling plate and

bel ow said 24 heating elenment. 1 48. A substrate processing systemas in
claimd47, wherein said single 2 substrate upper support structure is
connected to said mddle plate. 1 49. A substrate processing systemas in
claim48, further conprising a gas 2 inlet to supply a gas to, sai.d

| oadl 8tk. 1 50. A substrate pPd€etrg elgmepidignasgd aBﬂVE'c?aé‘? gm@ﬁ%‘é?tsiuﬁp%i d
| oadl ggk 2 includes a tgg?ﬂgtﬁﬁg,re;%idd gas inlet being |ocated al ong said
top surface of said 3 |loadl'ock. 1 51. A substrate processing system as i.

cl ai m238, wherein sai d si ngl e aMiddiBgYate diEPegskaboys spigceoltg vlgtEe A SN st
a pl urzgl ity of supports ﬁé&ﬁlﬂlé\ﬁeﬁtrom said 3 mddle plate, including

i nner “supports and outer supports, said outer supports being 4 |ocated
closer to a periphery of said mddle plate than said inner supports. 1 52.
A substrate processi,Ag s j 2l f RER 42 ONRYrEDi 93¢ éindlever 2
pl at e E‘o whi ch sai d4§i ng?&:&@%@?ﬂéﬁgg%@é@sﬁéﬂgsgﬁ% structure is cond':lect ed,
said | Gwer 3 pbuatsrabeiprer soppar Prustire i eRnedrd IcRY MgFIBPRH%, wherein said
single substrate lower 4 support structure includes a plurality of
supports extending fromsaid |lower plate, 5 including inner supports and
outer dupports, sai 690uté\rsmtw@rﬁr@w@@ﬂﬁ@y?ﬁ%eﬁséﬁlC@Ir@ﬁ@rf“ftBer%’"ﬁ’rﬁ@lgiap%aesry
of said | ower LG, i ports, and wherein said cooling

pl ate 97 i ncl uﬁlégttgsgwgli@%& %é‘ag%gﬁgﬁ'gs therein sized to permt said

i nner supports and said 8 outer supports of said | ower support structure to

extend 1t heret hrough.gg A substrate processing system as in claim 49, wherein said loadiock

2 includes a top surface, said gas inlet being located along said top surface of said

3 loadlock.

1 51. A substrate processing system as in claim 48, wherein said single

2 substrate upper support structure includes a plurality of supports extending from said
3 middle piate, including inner supports and outer supports, said outer supports being
4 located closer to a periphery of said middle plate than said inner supports.

52. A substrate processing system as in claim 51, further comprising a lower
plate to which said single substrate lower support structure is connected, said lower
plate being positioned below said cooling plate, wherein said single substrate lower
support structure includes a plurality of supports extending from said lower plate,
including inner supports and outer supports, said outer supports being located closer to
a periphery of said lower plate than said inner supports, and wherein said cooling plate

includes a plurality of openings therein sized to permit said inner supports and said

™ N N bW N -

outer supports of said lower support structure to extend therethrough.
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