AN ACTIVE VIEWPOIla DETECTION ASSEMBLY FOR SUBSTRATE DETECTION IN A
VAPOR DEPOSITION SYSTEM FIELD OF THE INVENTION The present invention relates
generally to the field of thin film vapor deposition systems wherein a thin film layer, such as a
semiconductor layer, is deposited on a substrate conveyed through the system. More
particularly, the invention is related to a detection system that detects the presence of the
substrates as they ane ACPVBEINGLYRORT\BDPDOEFRONtwSSHEMIINY. BAK KBFSORALEOF THE

INVENTION Production of t%@%q@@}@ml@i@ ABYR PP RSP JeteFfad to as "solar

panels") typically involves conveyance of a substrate, such as a glass panel, into and out of a

vapor depositio ﬁ‘l%'ﬁT I eég;la i film layer (generally recognized in the industry as
less than 10 umr;Fo a sé?n—lﬁgg%] uc ogﬁrga erial, such as cadmium telluride (CdTe), is deposited

onto the surface of the substrate, The deposition process may be any known pr%ces 3for

example a close S5atEsShb NN (e'ae) S§RIEMY o eI Yot dEBoWHSh on

system. V_i ewportgsemyiridoiss alit t_fjpic&lkexp sovidadhinethe wdlisof ltyer dsplpitiiadctiambers
or conveying stryggues QLR APRRSIAT KSR (UBRYBHITREH O RRAAST RIENRRIE, the

viewports may provide a means for visual inspection of rocess, or may be configured to
provide an inputddleGHirs Setipnikt Rt hfrBresearas &%é@@ﬁﬁ?%é@‘sﬁ‘@u’mvﬁ
conveyor speed tiatathidikeof bgseitonyerinnal viewports are, however, typically formed
from glass or a glass composition and are prone to condensation or build-up of the sublimated

material from thezdegasitionas canvaraNehanmeks. This situation requires frequent shutdown
of the system for removal and cleaning or replacement of the viewports. 1

Production of thin film photovoltaic (PV) modules (also referred to as “solar panels”)
typicglly involves conveyance of a substrate, such as a glass panel, into and out of a
Vapo£ deposition chamber wherein a thin film layer (generally recognized in the
industry as less than 10 um) of a semiconductor material, such as cadmium telluride
(CdTe), is deposited onto the surface of the substrate. The deposition process may be
any known process, for example a close space sublimation (CSS) system or chemical

vapor deposition (CVD) system.

Viewports or “windows” are typically provided in the walls of the deposition
chambers or conveying structures of the deposition system for any number of reasons.
For example, the viewports may provide a means for visual inspection of the process,
or may be configured to provide an input to control equipment that confrols various
process parameters, such as conveyor speed, and the like. These conventional
viewports are, however, typically formed from glass or a glass composition and are
prone to condensation or build-up of the sublimated material from the deposition or
conveyor chambers. This situation requires frequent shutdown of the system for

removal and cleaning or replacement of the viewports.



Shuttered viewports are known in the industry to protect the viewports from exposure to the
sublimated material. However, these devices arc of limited use because the shutters must be
closed to function, which renders the optical viewport inoperable. Roll-film viewports are also
known. These devices operate by providing a layer of transparent protective film over the
viewport optics. The film material is provided in roll form and, as the film becomes obscured
by condensate, tisaditercis\asvaneaftamiieinalsadhatyac ploant sestianoftiifais aesitiened
in front of the viewpRK oRfigey JNse.Asvites, ewever feduice, periogic mainienance apd
shutdown of the deposition system to replace the’film matenal. It is asotﬁnown {0 heat the

viewports to reduB@iriEs Bysdemdened lovanstion whidrigndrestihsonisalssirdgaringrable.

maintenance procedures. In this regard, various references describe heated viewpotts for
deposition chamiberié-bineygiprmentrkeferenoenis fihaskeddvicexepapte by ph&idat.aNgg:r of

5,129,994; 5,977n26aest %@@Mé@-ﬁ hehaRSEViRNRRIS dascind-R eSS FRIGIRAGHS,
r

however, are not pacgicula well suited for active sensing systems and have limited
functionality. AciBrdNgl hé&reisdle besnmss RbPaReh SRR Ry s f iR A At ANSE Sombly

that is particularlyhsuiiBddohaetiadeaiéteation of flibstratesiaedvefeshtiofahghiavpaparptics.

deposition systery, JhadHeSCRLRVENIONRTERIRSIR AfGalat ViR BRARACTRY JJRLRRIYes
this purpose. BRIEF DESCRIPTION OF THE INVENTION Aspects and advantages of the

invention will be SE§BYA TEPRssths tHE BMSHAhg description, or may be obvious from the
description, or may be learned through practice of the invention. In accordance with aspects
of the invention, &ridl Bsakoandnbettdheateveorietiopetuce the condensate levels and extend the

time between cleaning maintenance procedures. In this regard, various references
describe heated viewports for deposition chambers or equipment. Reference is made,
for example to U.S. Pat. Nos. 5,129,994; 5,977,526 and 6,367,415. The heated
viewports described in these references, however, are not particularly well suited for

active sensing systems and have limited functionality.

Accordingly, there exists a need for an improved viewport detection assembly that is
particularly suited for active detection of substrates conveyed through a vapor
deposition system. The present invention relates to a heated viewport assembly that

serves this purpose.
BRIEF DESCRIPTION OF THE INVENTION

Aspects and advantages of the invention will be set forth in part in the following
description, or may be obvious from the description, or may be learned through

practice of the invention.

In accordance with aspects of the invention, and embodiment of an active viewport
assembly is provided for use in detecting substrates conveyed through a vapor

deposition system. The viewport assembly includes a casing configured for mounting

2




assembly is provided for use in detecting substrates conveyed through a vapor deposition
system. The viewport assembly includes a casing configured for mounting 2 to a wall of a
vapor deposition module, for example to a side wall or top wall of the module. The casing
further comprises an enclosed chamber, an exterior side port, and an interior side port. When
mounted to a wall of a vapor deposition module, the exterior side port is external to the

module and the igtgripnde PR saBHMuNeRLIA Withshadnerirrafithe wpodkiE.FRE
example, the module may be moug#tild to the outside urfzac ofl;[he modtule, Wi&h thg intgrior
side port extendi’ﬂ&dﬂ‘}f’o%’ﬁ TR AT SRCHEB S PRSOtREST RE ASC MbTy Tither ThAUdES a

lens assembly dsposetbwstbénpine chdmbaoanddeteenditigontovireintenisitisil mpdrestieh that

the lens assemblyis;exnaseddn qonditions within the.medulgs Mmbeataislemengds cantigured
on the lens assembly within the chamber. For example, the heater element md?ﬁ??f%%ge
|

circumferentially SHBRHESHUAD MR 4he PFHOh brhimemdcasEmBRMAS: Bl
chamber. One ofrenmative transiiitterudbanddictivensitpha | witbethe misreonfidriped witbnthies

exterior side porpexternal of s GhATBR mb iR 2GS SOMAPRENLIS AARRS fsLaRsayially

aligned with the lensassembly. In this configuration, with an active transmitter at the exterior

port, an active sitiFRASRS PAHEM e AhHRS ThaneriRRERe S UGR e RN Y desRtBish it Bt of
the interior port. Miihatbenddniigexptiad wheoatitancediizr iseatihimlexteXidreportekmadctiise

signal is conveyed throug fgﬁ[l&% h’ék%rég’sregq‘%ﬁ&%ﬁﬂll?&% AsRmP I)lg‘omame(,:%rﬁpa%r _a@glent

received by the receiver. Variations and modifications to the embodiment of the viewport
assembly discussey bbsisumiratabtrospldccEmadhet prting inldbridenasessmibidtrtner

described hereinsxidagsine MiOEhalse e NOKRPASSREWALIRIIMm Gt o dimenNs dhrMmeadiler taat
may be used in a vapor deposition system, wherein sybstrates are copve d through th
module. The mo%pd’l?é nrgﬁJ 1et?s1 %%%(yes\{llﬁb T]ag\ﬁﬁlg. f?lic,e{rg{#laﬁﬁé%g%%n&vglls: Xeg'tslgev&g. rﬁlgrfbe
opposite walls, secheeesdppo it Bindyvdiges 1ol tedpeaesempiis s prefigraémy ey is
housed within thgymesideanshisgoniigiregdestrpanspartLtisskRairatas ruahdhenrousing. A

first viewport ass n&%l is ounte%i the first ifle wall, and a secand viewpaort mply is

mounted in the SCEE grsiéfléo\'?%%l.t r:]ée%sr Bﬁ%m% Xndlg of the Interor pgﬁ' Wi &é/
configuration wherein a receiver is at the exterior port, an active signal is conveyed
through the interior port and lens assembly, into the chamber, and received by the

receiver.

Variations and modifications to the embodiment of the viewport assembly discussed
above are within the scope and spirit of the invention and may be further described

herein.

The invention also encompasses various embodiments of a module that may be used
in a vapor deposition system, wherein substrates are conveyed through the module.
The module includes a housing having first and second walls. These walls may be
opposite walls, such as opposite side walls or top and bottom walls. An interior
conveyor is housed within the module and is configured for transport of substrates
through the housing. A first viewport assembly is mounted in the first side wall, and a

second viewport assembly is mounted in the second side wall. One or both of these
3



viewport assemblies may be configured as discussed above. In a particular embodiment,
each of the viewport assemblies includes a casing mounted to a module wall, with the casing
further having an enclosed chamber, an exterior side port, and an interior side port that
extends through the respective wall. The viewport assemblies further include a lens assembly
disposed within the chamber and extending through the interior side port. A heater element is

configured on the{eRsoassesaalyiwithinythe chammbesd The disshy@wpsstassamblyphasan

active transmitter confjgured with exterior side port to transmit an active signal int
% 491’) B O, E Ilﬂ)q L(E]CS CIlQO a m08

he
chamber, througﬁ’%é) e S4EHS Iy,e and mto the mogule” uous?ncga%l\%lénr(alsn%e s&cond’ tlsﬁflde
wall. The secondwdbwpditthssesing itheUrtdtigantbeclopgsbditanbacondxtitienwidd patiradsm
receiver configurgd i iie R erRRIGRIPILIRKIRE e HIBRGINE SigRakicWhish.issRnugyed

through the interigr port and, lens assemhly, through the chamber, and received by the
v S R S R
discussed abovetheemwiihirsideepstopelaarsiiniteof theoirfigantiorndhellenaysiranhlytvéthidetberibed
herein. These ang,g{ligr. feaiuirgs @%ﬁ%a@%@%"@gt% 6&i0f RMIRERELIMEGRIOR Wilhe

become better understood with reference, to the following description and appended claims.

BRIEF DESCRIFPHBIF SerPRE BREINGA G andeaaminghicouebre Sronepisdss
invention, includiagdinblestdniod elth eredflei hssidg tidbwindh ehe peaifid sstidnwalhichbmsdcesd

reference to the gpRejfled AAHNES MW RICHIgnpbifi RIBRLYEN Qf YRARILSPOSILQE:

system that may incorporate enmibodiments of viewport assemblies in accordance with the
present inventiorFORREUEEHS L% T sHnRsTbIomtsalie derastivictigpal at8ighin somvserts of
viewport assembiigsuith dechredaomw indthaspreaablyinienigbnhe chamber, and received by the

receiver.

Variations and modifications to the embodiment of the vapor deposition module
discussed above are within the scope and spirit of the invention and may be further

described herein.

These and other features, aspects and advantages of the present invention will become

better understood with reference to the following description and appended claims.
BRIEF DESCRIPTION OF THE DRAWING

A full and enabling disclosure of the present invention, including the best mode
thereof, is set forth in the specification, which makes reference to the appended

drawings, in which:

Fig. 1 is a plan view of a vapor deposition system that may incorporate embodiments

of viewport assemblies in accordance with the present invention;

Fig. 2 is a top view of conveyor modules that incorporate embodiments of viewport

assemblies in accordance with the present invention;
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4 Fig. 3 is a side cut-away view of the one of the conveyor modules depicted in Fig. 2; and,
Fig. 4 is a cut-away view of a particular embodiment of a viewport assembly. DETAILED
DESCRIPTION OF THE INVENTION Reference now will be made in detail to embodiments of
the invention, one or more examples of which are illustrated in the drawings. Each example is
provided by way of explanation of the invention, not limitation of the invention. In fact, it will be
apparent to thoseiskilad, igdbeuadihatariausdensdicatiensvenst urialionsiasdas made in
the present inventign without departing from the scope or spirit of the invention. For instance,
features illustratéd%r described as part of one embodiment, can be used with another
embodiment to yield a still further embodiment. Thus, it is intended that the present invention
encompass suchFiadhifi SHbRETEvafamsrica rhadimentofifey s a1t Yppended
claims and their equivalents. Fig. 1 illustrates an embodiment of a vapor deposition system 10

that may incorpoliEAFAP HESSREMBNNOITOHE BE¥ENIHRRE with aspects of the invention,
particularly as components of various types of modules that make up the system 10. For

reference and arRefectexstandingliofamaiaviraiatnént embduiinietieobths énteviempart assamblies
100 may be used, Ine Sy Siemith £ fifsuhdsidf # et RSO IRlIRWEA DX B-JRIRNAT, way

description of particular embodiments of the viewpaort assemblies 100. The Ss%/ste_m Qis
configured for deffoRaREPS Phithgify saier- o LI PR REIL AU ISR uIL SBR G tHhte!d 2e
(referred to hereafiatas tsithistrakall}d Thehthbnt filex maipibemtoli feationslend firatiaye cof be

cadmium tellurd, (Gdfe), A mentanehdt 5 4R AlesogRizeRIn B Hake hig: fim

layer on a PV module substrate is generally less than about 10 microns (um). It should be
appreciated that Henjigtvplet Hstwsspfedugo brised prisseriked e Rartod Wrseahogment,

illustrated in Fig.cha lBetubaaywie sncoReimbediMin anyiauilahie piteesaibglinencomfigyred for
vapor depositionof 2, gAY SLPIR A SRR UE T3 AENGMRING A DRTR L4 S

come within the scope of the appended claims and their equivalents.

Fig. 1 illustrates an embodiment of a vapor deposition system 10 that may incorporate
viewport assemblies 100 in accordance with aspects of the invention, particularly as
components of various types of modules that make up the system 10. For reference
and an understanding of an environment in which the present viewport assemblies 100
may be used, the system 10 of Fig. 1 is described below, followed by a detailed

description of particular embodiments of the viewport assemblies 100.

The system 10 is configured for deposition of a thin film layer on a photovoltaic (PV)
module substrate 14 (referred to hereafter as “substrate”). The thin film may be, for
example, a film layer of cadmium telluride (CdTe). As mentioned, it is generally
recognized in the art that a "thin" film layer on a PV module substrate is generally less
than about 10 microns (um). It should be appreciated that the viewport assemblies
100 are not limited to use in the system 10 illustrated in Fig. 1, but may be
incorporated into any suitable processing line configured for vapor deposition of a

thin film layer onto a substrate, such as a PV module substrate 14.
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Referring to Fig. 1, the exemplary system 10 includes a vacuum chamber 12 defined by a
plurality of interconnected modules. A plurality of interconnected heater modules 16 define a
pre-heat section of the vacuum chamber 12 through which the substrates 14 are conveyed
and heated to a desired temperature before being conveyed into a vapor deposition apparatus
60, which may also be a self-contained module. Each of the heater modules 16 may include a

plurality of independenily eonsolletdeaiaptahdsystih theifeateys definingmpbyaiibwefdiferent
heat zones. A pa@"‘%‘g‘gﬁgﬁt Tob dntorc anciide morg thag o Eregl aeer ﬁe&ﬁﬁe&%ﬁoﬁm _
deposition apparat‘ﬁs maﬁ'ta e'on vanous configurationd’ and perating prnciples within
the scope and spiriedieheariedneorpratdaissgaivaraflyhe onfigumechdmbon pa tiepsbsivivnbothe
sublimated source,mRatesial s Refed 181 RaRdRR ilnanthe LMuRediR §HQ§¥&§%®M- In
the embodiment oftthe sglsteg 10.jllustrated in Fé’ig. Egge ggp%ra us 60 gs_ a mo Hclgru%]af
includes a casing VIRt & RORAIRR ZRBHHEH & B dBhtANe FifcTadiF & st mase-
deposition head fulneé thathosterarsoimiesysr mezenshige Tipduvalitywiicteprnidentty2catswiledludes
a plurality of intergoRneied, ARALRURIAGIRS 2RI JhaiNBCHHRAEDBRDEA A ticular

downstream of the vapor deposition apparatus 60. The cool-down modules 20 define a
cool-down sectioR Wi R VAL BisvHich the substrates 14 having the thin

film of sublimed source material deposited thereon are allowed to cool at a controlled

cool-down rate pridPIYPR SESSIHORAPPARRING P EE T HHIONTC LY BeaRlions Y IpBniRe

modules 20 may priaktipiesaigizageceofo grlygieifbnmhe igieniaoalings pedidny, @uehasigbiled

water, refrigerant a%as or other mediym is g(rggged throuagh l(}(c:}lolingci:loils cortm l%red with the
0

modules 20. In th% |ﬁlrjgterpaqtsé Cembo m%grrlﬁt sysr em af?)n atjeastonre Sb%%-%ea ﬁ%réld%rfe 2is

located immediatB¥; Bedvistrbamates e Vafsradsdinton dppasausiamel) dHestrdrin thie. 1,

cool-down modulgs £5akie B -Derlnediilamrdaintains meentptiedieatine iRiilaRf the
substrate 14 until the eqtire (fubsll'r te is moved OLAt of the \/@g%r 6 dep%siaiatj?n apparatus 60 to
prevent damage 10 t58"SUBStrafs Sk As AN G B B cAPEBE by TSI 8t
drastic thermal stssswddy. If the leading section of the substrate 14 were allowed to cool at an
excessive rate as it exited the apparatus 60, a potentially damaging temperature gradient
would be generatiéd loagitudictatiybaiony) tiwe Subistiates ldubhis edniditioomeecie resollidisivn

breaking or Crac%u%st% %Hq}% fcgmumegge}%lb%p%§Sdownstream of the vapor deposition
apparatus 60. The cool-down modules 20 define a cool-down section within the
vacuum chamber 12 in which the substrates 14 having the thin film of sublimed
source material deposited thereon are allowed to cool at a controlled cool-down rate
prior to the substrates 14 being removed from the system 10. Each of the modules 20
may include a forced cooling system wherein a cooling medium, such as chilled
water, refrigerant, gas, or other medium is pumped through cooling coils configured

with the modules 20.

In the illustrated embodiment of system 10, at least one post-heat module 22 is
located immediately downstream of the vapor deposition apparatus 60 and before the
cool-down modules 20. The post-heat module 22 maintains a controlled heating

profile of the substrate 14 until the entire substrate is moved out of the vapor
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As diagrammatically illustrated in Fig. 1, a feed device 24 is configured with the vapor
deposition apparatus 60 to supply source material, such as granular CdTe. Preferably, the
feed device 24 is configured so as to supply the source material without interrupting the
continuous vapor deposition process within the apparatus 60 or conveyance of the substrates
14 through the apparatus 60. Still referring to Fig. I, the individual substrates 14 are initially

placed onto a Io@&gmxgyggpagt@n@oa{@ SUOSROMERI: ROURA I SRILY YaGMIPIOTE

station that includes a load module 28 and a buffer module 30. A "rough (i.e,, initial) vacuum
pump 32 is conflﬁﬁ?%‘%\ﬁﬁ‘l‘%%éﬂcﬂ‘i‘gﬁﬂ?é‘ oRdgrRRA THERSFvat, B?‘r}eaéir'ﬂ%“ﬁ’rﬁ’é‘"o(q e.,
high) vacuum putis38tiatedafiguead with theoblLiten modisiec3dttadicredskliheppactustin the

buffer module 3Q H?o%ﬁﬁ?l@'ﬁ&'%ﬁ&@ﬁé’ %%&B&Qu‘ﬁ%“gva&'éﬁt VA gmggrl&?glwaﬁhﬁsalong

maintained by any combination of roug fine vacuum pumps 40. Valves 3

gate-type slit val B?SFﬁfﬁr%tygél?lﬁ?iﬂéﬁ‘%Wé% r&?@‘o‘ﬁéﬁb‘f?‘&%&@@&‘@e‘?ﬁl@@ﬁ"{
conveyor 26 andfthe {rathanaghste 28, between the load module 28 and the buffer module 30,
and between the buffer module 30 and the vacuum chamber 12. These valves 34 are

sequentially actugied By.ametanPraifesding efaaluatag MEGEANST hilkedern it the
introduce the substrates 14 into the vacu champer 12ina ste WIS% ma

\ nner WItl&(()HI
affecting the vacu?ﬁ?fv@ﬁ‘?ﬁfq‘ftfﬂlé PRSP0 OARRRY SRUSETSE Sta‘flon is %ronlfdgured <
downstream of tRecfasbbocheldved drvdhel@2as anuﬁgp@rhwsaestsemmﬂly therggencse afttlentry

vacuum lock statiof e SHURGH AR AUESahEXRMVRIS: slago%a/ %M@&%'&Fbm}é ipglude

an exit buffer module 7 42 and a downstream exit lock module 44. Sequentially operated
valves 34 are di5ESREBBERRE MRS TRE: lrﬁ&fﬁ}ég}h@%?’ﬂ?atﬁé“fa@% one of the cool-down
modules 20, between the buffer module 42 and the exit lock module 44, and between the exit
lock module 44 Al aefessinectntigy dr s, indidigihsiintpuMproaintiedNmitssdomerrirstxit
buffer module 420aR8@ 1180V HiBsBYRLP isve@NHGUAE vt vianexitdeck rtiod et 4.

et T e g DR
vacuum chambeputa 32 is configured with the load module 28 to drawn an initial vacuum, and a
“fine” (i.e., high) vacuum pump 38 is configured with the buffer module 30 to
increase the vacuum in the buffer module 30 to essentially the vacuum within the
vacuum chamber 12, which is maintained by any combination of rough and fine
vacuum pumps 40. Valves 34 (e.g., gate-type slit valves or rotary-type flapper
valves) are operably disposed between the load conveyor 26 and the load module 28,
between the load module 28 and the buffer module 30, and between the buffer module
30 and the vacuum chamber 12. These valves 34 are sequentially actuated by a motor
or other type of actuating mechanism 36 in order to introduce the substrates 14 into

the vacuum chamber 12 in a step-wise manner without affecting the vacuum within

the chamber 12.

An exit vacuum lock station is configured downstream of the last cool-down module
20, and operates essentially in reverse of the entry vacuum lock station described

above. For example, the exit vacuum lock station may include an exit buffer module
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System 10 also includes a conveyor system configured to move the substrates 14 into,
through, and out of the vacuum chamber 12 and the entry and exit vacuum lock station
modules (26, 28, 30, 42, 44, 46). In the illustrated embodiment, this conveyor system includes
a plurality of individually controlled conveyors 48, with each of the various modules including
one of the conveyors 48. It should be appreciated that the type or configuration of the

conveyorlsI 48 in the Mﬁfig%mgwﬁﬁ éﬁ@ilMdéﬂrr}]hd&th‘elﬂJU@éﬁi‘&g&iﬁmbﬁf&m@ﬁl%m@scw\é%éors
48 are roller conveyors having driven rollers that are controlled sq as to ieve a,desi
conveyance rate g‘g?ﬂ%egu%tg‘f?g%‘%ége%hléﬁf%wlfh}gaﬁélgﬁg%ﬁi‘l\%%eoo J% 3%%? 1RSYS g‘?lnei%g’
overall. As describaeeeribh offthenvatita s motibkesxdnockespddtivé, codbeporenithetrisjatem 10

are independently,cantralied {QPeHOAR R RATECUIRHHNCHARNF RS SBHB uRAGK: A dhe
individual modules may have an associated independent controller 50 Confﬁ%ﬁd therewith to

h
control the individtid RHiBRLT hetPSdhilghe dREER R IR T BPL SR SR BB PRKay, in
turn, be in communidatidd. withe poepsral,s3& texh edver GHeard 2¢ qustitiakyr apechtier! Foagmbyel the
central system copallelS2 Gan JPalutoland cpmHR:(Maithe dngenendenbranirlp e Yrthe

functions of any one of the modules so as to achieve an gverall desired heat-up rate,
deposition rate, CESEHBRANTHE" FHhIa for i ShBERESHY of the substrates 14 through the
system 10. Referring to Fig. 1, for independent control of the functions performed by the
modules within tHeydeartl asesteshidesrifipareiionsTteihesnti oo axeiin Ble setivarsdidgntsentrol
of tgelreSpeftige GRMAY QR 48t @P@lﬁﬂn@&ﬂ%%ﬁmmihﬁl&aﬁg \éﬂdx\ﬁeﬁna%)ﬁﬁda%hfﬁ}ﬁﬁeﬁhe
modules include active-sensing viewport ass ies 100.that detect t resence of the
substrates 14 ast atelﬁ’/na?lé) é;ug%s\%égz(\]g théi(glj% h%%%io%’uﬁ%. "H%Set%tgég %%?Fg"sgi’ﬁo%a?ec?ﬁ‘ veyor
communication visidmeirdsgesctiphuits weiedinidodkdy smtebidirogveynusiin wiheachidation

with the central copiraliersadieiitDisiMABREL URe doRlKiak se IPQEIVE ORI 4Bmambe
controlled to ensure that a gro er spacing between {gh,e substrates 14 iT maintained fn?/% that

the substrates 148 ESAVESHAISP AL e SHRGYSH At BSnTRVER S TRIE MRS LG th uum
chamber 12. It shijudtlaze ambrdoiated tieatahe yisvddontcasdientohesymapdyang sk forelteysother

control function rglafegt g iRg Vel eruR St QYEI U NEE: 1 Fiph2sandAdlsirate

a system wherein various viewport assemblies 100 are configured with the respective
conveyor system&psebrthe srspastyoradiscatthisutirse 1294 the modules discussed

above with respect to Fig. 1. In this particular embodiment, the conveyor systems 48 include a
plurality of adjacé¥itSestisprsssacholieiis Yadonsanedelassad respeshiveyayBseratadhesystem 10

conveyance diregHomdgse R eshYI [Lia & eenin foiidul iR afREiBS. (e drigicR candelV Bl
assembly 100 is rgsé;}gted ori:é% ?ach o[ the égpgsne side wall§eg{O6 far sPectlve mo le.

These viewport a5saRbIMSLIE) TROSHS 28 e S it 1P B T AiRS R R 1 158 SR aPBottom

walls of the modutmfignies dhtenpvathbisttormtiehhariddavidud] doeetiosislefthdl . respective module.

The plurality of controllers 50 may, in turn, be in communication with a central
system controller 52, as illustrated in Fig. 1. The central system controller 52 can
monitor and control (via the independent controllers 50) the functions of any one of
the modules so as to achieve an overall desired heat-up rate, deposition rate, cool-

down rate, and so forth, in processing of the substrates 14 through the system 10.

Referring to Fig. 1, for independent control of the functions performed by the

modules within the overall system configuration 10, including for example individual
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Referring still to Fig. 3, a first set of the viewport assemblies 100 may be provided at the entry
end of a module, and a second set of the viewport assemblies 100 may be provided at the exit
end of each module, as illustrated in Fig. 2. These sets of viewport assemblies 100 may be
spaced apart a distance that is essentially the same as or slightly less than the length of one
of the substrates 14 conveyed through the system. As depicted in Fig. 3, the opposed
viewport assennbé@ﬁﬁé;%g M@%&W@&@éﬁ@p@ﬁ@n@h@weroyﬁr%ﬁmrﬁ%aw%&mm@ird
respective walls su t a sepsin | etween the assembli traverses the
horizontal plane 3t ?ﬂ%}lc%he\fév ﬁg@%}%@j@ ERampEn ﬁ’lvt]felvevljé)r%t%sc?fpngﬁﬁ %%Oe?%}tngtﬁee%@ﬁveyor
consists of a plunatisynot adjdbermipstispodddavitesy 244 aeitvered pheenetiheanothdeindibhidual

rollers, the viewpart aggemblies. 10 mavnhe.pasiianed sejaat thaxensioaudis dd6axdends
through the space between two adjacent rollers, as particularly jllust ateéjbg}gl . 2. Thys,

referring to Fig. 35 il &R HEHIRLiRdy '{lffaf‘fﬂgabr‘éoé‘éﬁ‘f Etas PR Y block
or deflect the activéisitpabidiyativdérenmseyibiett naegive dopetilet v ttrewiethpor passesidkes 100.

In this particular GQAgIRALARNG-2PPANEGIALAEERMAS HlO0ARY 9 ARREMRIY L% the

configured with an active S|?nal receiver is an indication that a substrate is fositioned at the

location of the a<KERSAIBITHT. WO RELSHEHWPUEH Ko SIHEENFBEPshd 4hd pBSHIBN S the
viewport assemhligseddf2dthatatt wecsigprabwehbshessmml/ iecedvd falongy thibeaximitinkefldfion

between the ass eE&Qel(ﬁg &‘g%ﬂ&w‘{‘?ﬁw 'ﬁg@pg\,@gﬁg &&g@@prate has moved and is no longer

at the position of the assemblies 100. This transmitted/received signal will result when there is

a space between adjacent ends of the serially conveyed substrates 14, and the length or
duration of the s%lﬁ%ilaéﬁi}dbg éﬁ“ﬁ%ﬁf%aﬁosﬁ Sé%ﬁ)rgglgrr%lpé’%fﬁ)él & vaé)é)rl? tﬁsesesTJ%iéetsra es % 1f the
signal indicates trafigveed padinglive tesperi adljevsysulszticnss484 of elmdityr ebagpreart then

the control systemoa@dor tha individuabmedusmayadiust tharlivipasreatdofitherreapective

conveyor system 48 for that particular module to adéust the spacing. Tlge sens s&%(is t46 IS
non-horizontal inPATEEHRfs PediRsel {B9canvEYSE &I Ho AP PARR6F P EBSr (or
substrate 14 cardagosedtiodlaondéyha) arStilerefe congejostigirBestighoul ¢ dvecappre distadthat

the transverse, nanhorzanialsensing axisg 46 May-Ha6 Yl NAIAURRAYS 063

example, the viewport assemblies 100 may be mounted relative to the module side walls 106,

or to a side wall T8GR pER BEHHPRPAN YR HALTCIS6 abadeipritive Brdtandisie
sensing axis 146vitwpog asshnslissemiil] ustratechire Figbddithennicheparhasseobitestdpuate

mounted flush agdyeal agaIStANGSES AR S0RNIN I ISR RHES sl cisposed

at a non-horizontal angle so as to achieve the non-horizontal sensing axis
Referring still to Fig. 3, a first set of the viewport assemblies 100 may be provided at
the entry end of a module, and a second set of the viewport assemblies 100 may be
provided at the exit end of each module, as illustrated in Fig. 2. These sets of
viewport assemblies 100 may be spaced apart a distance that is essentially the same as
or slightly less than the length of one of the substrates 14 conveyed through the

system.

As depicted in Fig. 3, the opposed viewport assemblies 100 may be disposed at upper
and lower vertical positions on their respective walls such that a sensing axis 146

between the assemblies 100 traverses the horizontal plane of the conveyor 48. For
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10 146, as described in greater detail below by reference to the embodiment illustrated in Fig.
4. Fig. 4 illustrates an embodiment of a viewport assembly 100 that includes a casing
structure 102 that may be defined by any combination of housing or structural components. In
this particular embodiment, the casing 102 includes a number of components that may be
configured with seals 132 between the various components. The casing is configured for

mounting to a waliR1efia teRrebsERRaitig A eosksBras R ONe higy B8O RNty

discussed above X&t%sre%sl?cg?‘ EOLELB it HeVISW %8{&%55%@?}}1%%94%91 arenot limited 1o any
particular location SR & moduie. For exampl€, a'pair of the viewpor Sssemblies 101 nPay be
configured with trestopbgsd! BOmeam Wwalksitprednesdiig, the thesisigl@xisal ko 106 edsatghltheas

depit}ted in Figs. Epééédb%éJéaﬁ @@ai%ja&%tf%ﬁhe%,s @d“h{blaﬁﬁgﬁﬁt_l‘}hQMfeéoﬁ%- iﬁgi.szsham}b@[( 108
may unction as a secondary.vacuum confinement chamber. in the event o vacuum Into
AR 0ekifn aPb SE8 e BBBRoTHE it

the casing 102, 2% G1ERE e grlée??élr et ' RRRFCTRE g’sﬁhb 4 BEYUIsRSF thalatdsan

exterior side portdy) .bldvls pordefiect ishtexttiviorsignahahdt it |onsadt ol drel et rivwsitletlsf the
wall 104 to whichyiggHashasbiibhe @ enalisideRark s ranig wedniiiddiec assitdp for

receipt of any suitable manner of active transmitter or receiver 118. In the illustrated

embodiment, thistRAAsAYithSAERBRIZ M 99 §RHIRMISE P AR AR DR S B b B Gt ahUIisegP B
receiver 120 thatthrainsuhitsrge iepeditesdal ibbe dptitasighiticnteembest ©0thaschambgrakOBt A

lens 126, which may ;iR IpGURINGHERS JoRORS CARTGHEHIINING SISHR KIGRAY10 to

aid in the transmission or receipt of the respective active signal. This lens 126 may be
positioned betwe¥iH'sE3ISMigEC KR JRAF BT BS Lol S I dRS WA iss SOhIRPEY
having a first endiatigirigorhibahdssdispasetawithoncthamch&mheich@d. dihaoppsisite efidhef the

lens assembly 1_]a‘%s'e§nrbei§e‘§"!166'. V“iﬁtl%’:u%ﬂs'rﬂ 8%&9&%%%%9%&%?{{ ¥E&1€%§ﬁ@9 d9e LN poLt is
interior" in that it extends through the module wall 104 16 which the casing 102 is mounted
between adjacent ends of the serially conveyed substrates 14, and the length or
and 11
duration of the signal may be an indication of proper spacing between the substrates
14. If the signal indicates that the spacing between adjacent substrates 14 is too little
or too great, then the control system 50 for the individual module may adjust the
driving speed of the respective conveyor system 48 for that particular module to
adjust the spacing. The senses axis 146 is non-horizontal in that it is transverse to

(i.e., crosses) the horizontal plane of the conveyor (or substrate 14 carried on the

conveyor).

Still referring to Fig. 3, it should be appreciated that the transverse, non-horizontal
sensing axis 146 may be achieved by various means. For example, the viewport
assemblies 100 may be mounted relative to the module side walls 106, or to a side
wall 106 and a top or bottom wall, at an angle so as to achieve the transverse sensing
axis 146. In the embodiment illustrated in Fig. 3, the viewport assemblies 100 are
mounted flush and vertical against the side walls 106, with the internal optics being

disposed at a non-horizontal angle so as to achieve the non-horizontal sensing axis

10



into the interior of the module, and is thus exposed to the conditions within the module. In this
regard, the interior side port 112 may include an elongated tubular shape having a length
sufficient to extend through the wall 104 and into the interior of the module. In the illustrated
embodiment, the lens assembly 114 includes an elongated tube 122 that is fitted into and
sealed to the interior surface of the side port 112 via an elastomeric circumferential seal 130.
In a particular emedigneetritee bR AS2NALPB R HIRItEHEE Wah&Rnsnnd anSted is
disposed within the tyube 122 generally adjacent to the end of the tube 122 that is located
within the chambeP108. This lens 124 may serve to focus the active signal that is received or
transmitted by the active element 118 (receiver or transmitter). It should be appreciated that
the interior of theltdh® 1Bstdes,anunbedinge o culirverih sSHBRlE JABiteh&aldsh afeshedule
to which the assemislyrts npuhtedndn thisdkdmaddbhengubalinbaisibsoufr deusiagenalsmeyudiffuse
into the tube 1220@9190‘;1? gs.tolgl%ﬁ?s %g!;&cm T '?xﬁﬁo%ﬁﬁen“é’m%‘J%llﬂ'é“‘?o‘é’q}{iﬂxﬁ%‘qe&uﬁﬂﬁer of

assembly 100 inopefable. To prevent condensation of the sublimated source material onto the
lens 124, a heatéPBRMRA hr6masoprorapiigtrbBER gt HIPPtREE ISR 1I08 SAPREIRKS
assembly 114. InTacparics srcenmgodimenhilustiigies inwkiy 164 tTe: Repsedepesiant hddule,
includes a circumferential rin ter 138 that encircles the.tube 122 around a.partion of the
length of the tubes%ka%slﬁ%?,uo gs(bﬁ%elgr?g@?fﬁ u|Ssser(|5r_1agg %ngﬁ’ér' {ﬁge&aglﬁ)élr}br%el%grﬁg ?Ig
resistive heater, aiseRYlistHEP sirtaes Enietiogaieerisrismoqaden 08 supphedl detfaileot the

lens assembly 1}ithatipchedpsthsdamsidbowbic i shagtainerhahadpraneratisia aiBctive

for preventing sublimated source material f lating onto. the lens 124. The fube 122 has a
sufficient axial Ieﬂgg%ﬁngu‘é e’t%rat{1 e %Ivé%f%rln{;egr%gs)rené’ld Oalssdg gtes% |(§iegrs1t%1§<1|1§lgdistance from
the heater element 116 to prevent damage the seal 130. It should be recognized that a
defective seal beliEG Mfd (ABEIEs A BRrB FRERBF A Jote SRS ey AR08 dum
breach. Howevescexeharif thisunecenfinanent ciihatehambesviSohouchessestitialty thetcasm
secondary vacuy cmgl%ég ﬁo%}@'&g%iygéwm leak through the interior side port 112. In
this case, the seals cooperating 12 with a secondary lens 126 associated with the active
element 118 would constit n additional vacuum barrier. In order, to peripdically determine
hether a vacuu IR Hal BB e SR80 400 PR Tl o it
check ports 134 malebit isriovitestom theeesisiorgsil@2f the wall 104 to which it is attached. The

exterior side port 110 is configured with a recess 140 for receipt of any suitable

manner of active transmitter or receiver 118. In the illustrated embodiment, this
transmitter/receiver 118 may be, for example, a fiber optic transmitter or receiver 120
that transmits or receives a fiber optic signal into or out of the chamber 108. A lens
126, which may be a focusing lens, may be configured within the exterior side port
110 to aid in the transmission or receipt of the respective active signal. This lens 126

may be positioned between seals 132.

The viewport assembly 100 includes a lens assembly 114 having a first end or portion
that is disposed within the chamber 108. The opposite end of the lens assembly 114 is
received within an interior side port 112 of the casing 102. This port is "interior" in

that it extends through the module wall 104 to which the casing 102 is mounted and
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As discussed above with respect to the embodiments of Figs. 2 and 3, it may be desired to
dispose opposite ones of a pair of the assemblies 100 so as to transmit/receive an active
signal that is transverse and non-horizontal with respect to the horizontal plane of a conveyor
within a module, as particularly illustrated in Fig. 3. Referring to Fig. 4, this may be
accomplished by orienting the lens assembly 114 within the chamber 108 and interior side

port 112 at a nonihQrizentabaaole. hentitadonside RE LdRmawinkiudadnangladiRare for
receipt of the tube 122 with the opposite end.of the tube 122 being, angularly disposed, within
the ring heater 1980 1 HoarL 26 T A1 B @ H o BN SRAMber
108 via any suitablepsthacinge snatissnffiiviephiatetiad iBEugh theviikb ! Oftvsdoaitithd amterior of

e s gLl el e sk iy I Sers0l0)
relative to a wa , yet allows for a non-harizontal sensing axis refative e interior o
the modulo. 1t shOTRENESHBFA2AMB AT O SLLB B R0 R Phitch 5 24

particular sensind BtivieipleslastaingranclyeuodefégrbstalitBOany sypetioflactwbsiensas te tebeiver,

such as a radio fregugRey.(RiuhRY S8 0 188Gy Stem, fiber optic system, and the like. The
active sensing component 118 (either a receiver or a transmitter) may include a port 128 for

supply of power gelggrlggnd ting sianals from. ar.to the active element 118. The active
element 118 ma?ge remodgéf@ppe%gsi‘\?letrﬁi I\]/lv}t eirg}ﬁ?el% gggrgﬂloafﬁr%c\?@% tl;?]etﬁ%a-eoﬁte%elé‘rl\%peort

110 so that the adfvdheleinbostiedvBbinapraghsinbe sEificabisiend dEh M e Tdmbastihe
assembly 100 frogatieeswadl 104 . id\sesoarar ilensiked mpaydaonesandispo sedavithis the

exterior port 110 iy segls 13 432, This confiquration permits emoval of heactive
component 118 from the exterior por while maintaining vacuum integrity of trie chamber

108. Power for thlchsageie|danepition g-ofiskiteotamyitbithéheirmgedelstde M88cmby Fessubpliedl

through a port 142Jaakds m@ﬁeﬁé@t@we%%ﬁﬂl&h?ea@aﬂw%mn@ mﬁﬁge%mtﬂ@awﬂ@zh
present invention also encompasses a module for use jin a vapor deposition system, such as
any one of the m%%fkufg% oﬁ%ér’? t%eoéltgﬁg?/ Citt feSpuch {8 B g’?ﬂ 1%&?%8@ 8??818@%59 of
the viewport assemptiebld.00drpeyenr demicesatitin tfehie vebitioatedsruescamdaakoh therledule
may include a hopsging (l&fiRing.AhINEIALYASYHRISRACE Wit e BOHIBO 18R BRTRING,HrSt
and second side walls 106, as depicted in Fig. 3. An interior conveyor is housed within the

module. In the illGSERRY ErfoBHtratic RS eBayat htieies 12 bien ity Sesistatemeas
extend betwgen ﬁhduﬂmd;ﬁécsiﬂ&wai@ forgthensp O3B difaa amhgteathe]tdbmmm gi‘pﬁhe apoetide
housing. Various grbegiments:af Aoy IBWRALARS B0 AlY: 199, INrfLSardARGS: Wit ASPREts.pf the

invention may be configured on the walls 106 (or in the top and bottom walls) in order to
sense the preser?éé”%ﬂl%lkﬂsréﬂétéVBf‘%E‘%t%t?&Yé’Wﬁ?ﬁH‘ﬂ?éergfﬁaﬂfe‘%ﬁé‘%rt b eatieh of
_the as.semblies 1090hd g viriberRdessspbign %e&axa&m@d@ésﬂm,smﬁh& iimidﬁlmfﬂﬂed at
including the bes} ade. andaleni(o fAARIc ARy PesAN. S \efin e arh e Drages 1,
invention, including ma ing and using arPy devices or systems and performing any
incorporated metheiesth& patentable scope of the invention is defined by the claims, and
may include other examples that occur to those skilled in the art. Such other examples are
intended to be withintthe E¥bpe of thfif dtainasiid thegtinokidthstthe rlastoeiennents tBatidat mot
differ from the litgrad (anguage.Ridhe Haimse. AeddnavniBruds RPHNRIRALIHECHEAERI§ReNtS

with insubstantial differences from the literal languages of the claims. ,
It should be recognized that a defective seal between the tube 122 and the interior side

port 112 would result in a vacuum breach. However, even if this were to occur, the
chamber 108 would essentially act as a secondary vacuum chamber to contain any

vacuum leak through the interior side port 112. In this case, the seals cooperating
12



14 WHAT IS CLAIMED IS: 1. An active viewport assembly for use in detecting
substrates conveyed through a vapor deposition system, said viewport assembly comprising:
a casing configured for mounting to a wall of a vapor deposition module, said casing further
comprising an enclosed chamber, an exterior side port, and an interior side port; a lens
assembly disposed within said chamber and extending through said interior side port; a heater

element configurgeon Said 18RS ASSe B R WARINSHMENRMBRIeARE 118 wrREBhamackye

transmitter or an active signal receiver configured with said exterior side port external of said
chamber, said trdfdifigrel GrraRditeienxially aligned with and spaced from said lens assembly.
2. The viewport assembly as in claim 1, wherein said lens assembly comprises a tube and a
lens disposed withirpsigidteuberiadisalbe slgirminehivhstier chansher sk satspusremaye the

disposed concentiappENehsaied BaRR 56 AsnterSHuRIMNInsailchl8RSI 34 may be provided in the
casing 102.

As discussed above with respect to the embodiments of Figs. 2 and 3, it may be
desired to dispose opposite ones of a pair of the assemblies 100 so as to
transmit/receive an active signal that is transverse and non-horizontal with respect to
the horizontal plane of a conveyor within a module, as particularly illustrated in Fig.
3. Referring to Fig. 4, this may be accomplished by orienting the lens assembly 114
within the chamber 108 and interior side port 112 at a non-horizontal angle. The
interior side port 112 may include an angled bore for receipt of the tube 122, with the
opposite end of the tube 122 being angularly disposed within the ring heater 138. The
ring heater 138 may also be angularly disposed within the chamber 108 via any
suitable structure or insulating material 136, or the like. This particular embodiment
is advantageous in that it allows for ‘relatively flush mounting of the casing 102
relative to a wall 104, yet allows for a non-horizontal sensing axis 146 relative to the

interior of the module.

It should be appreciated that the viewport assembly 100 is not limited to any
particular sensing principle, and may be configured with any type of active sensor or
receiver, such as a radio frequency (RF) system, laser system, fiber optic system, and
the like. The active sensing component 118 (either a receiver or a transmitfer) may
include a port 128 for supply of power and for conducting signals from or to the
active element 118. The active element 118 may be removably received within the
recess 140 provided in the exterior port 110 so that the active element can be replaced
or serviced without having to remove the assembly 100 from the wall 104. A

secondary lens 126 may be operably disposed within the exterior port 110 with seals

13



3. The viewport assembly as in claim 2, further comprising an elastomeric seal disposed
between said tube and said interior side port, said seal spaced from said heater element a
distance sufficient to prevent thermal damage to said seal. 4. The viewport assembly as
in claim 1, wherein said interior port has an axial length sufficient so as to extend through the
wall in the vapor deposition module on which said viewport assembly is mounted, said lens

assembly comprisif3g aﬁﬂ@%&iﬁ@&&%ﬁ E'Pnﬁ?s‘%ﬂx@%@%@%%%@l@ |€<§}§p@i§39931@§ ‘ffﬂﬂfﬂlﬁﬂ'd
tube at a location so as to bi withi n said chamber wew(égort assembly as in claim

1, comprising an SLEUE REASANE E&Wﬁmﬁg\mﬁﬂ‘%ﬂ“@%gﬂﬁ@ﬁ HBPEEd Pansmit an active
signal into said chamber, through said lens assembly, and into the vapor deposition module.

6. The viewport a%%‘@?ﬁlg‘ry the heateaiptrreriohhprisier i threrisig hentre défvanobrigidisdvith

said exterior sidetpodgandatgarthioisecaive anmativatsigitanduaieddme Geitkieos
assembly, through said chamber, and through said exterior side port. 7. The viewport

assembly as in chan are_iéﬁmﬁe&@aa}pagm%d%hs@aeslammmfgpw%migast&aerwisbo%ﬁién
chamber. 8. The viewport assembly as in Eem 1, wh n saldébns assemb
oot at & noy T SO AT At P P SENES S1s TALIeots fahidnts et

non-horizontal sigdideansmitteditbnowd iz vapepdepesitbiienddilennavghidhnsaidvitlewlport

assembly is moupiggd£hat @r&%&%lalmﬂz@atﬁldalﬁ@%% heidbsata.capvRYRGIRUalihe
vapor deposition module. 9, A module for use in a vapor deposmon system, wherein

substrates are coRSRYBHFGUIHANS Pidtiiiie, CHahIBaIE L ARTpsrSe: side walls 106, as

depicted in Fig. 3. An interior conveyor is housed within the module. In the
illustrated embodiment, this conveyor includes a plurality of rollers 144 that extend
between the module side walls for transport of a substrate 14 through the module
housing. Various embodiments of a viewport assembly 100 in accordance with
aspects of the invention may be configured on the walls 106 (or in the top and bottom
walls) in order to sense the presence or absence of a substrate within the module at the

particular location of the assemblies 100.

This written description uses examples to disclose the invention, including the best
mode, and also to enable any person skilled in the art to practice the invention,
including making and using any devices or systems and performing any incorporated
methods. The patentable scope of the invention is defined by the claims, and may
include other examples that occur to those skilled in the art. Such other examples are
intended to be within the scope of the claims if they include structural elements that
do not differ from the literal language of the claims, or if they include equivalent
structural elements with insubstantial differences from the literal languages of the

claims.
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a housing, said housing comprising first and second walls; an interior conveyor within
said housing and configured for transport of a substrate through said housing; a first
viewport assembly mounted on said first wall, said first viewport assembly further comprising

a casing moypfedritssaidAjfayay. said casing further comprising an enclosed chamber, an
exterior side port, and an interior side port that extends through said respective wall; a lens

assembly disposed, withinsaighchasmbst Aaehexiending-theah saisintsrionide priigReater
element CO”U%&%%%%%'QLL?J&% 9&&9@@%@@@%&?&@&&%@6“ and, one of an active

transmitter or an active sighal receiver configured with said exterior side port external of said
chamber, said trangmiligy QFgGelVRF AXiRNANINRH wahéﬁﬁsidﬁpm fremisaitdlensngsasiably.
10. The modulg 3s1p Slaimi e HARREGOMRKRIRG AiSEERNM YRR RGPl mounted to said

second wall, said second viewport assembly further comprising: a casing mounted to

said second wall, sajghcasingiiydRes-caMmpician AR ase kARG BR LU IR PO,
and an interior side port that extends through said second wall;

a heater element configured on said lens assembly within said chamber; and,

one of an active transmitter or an active signal receiver configured with said exterior side port
external of said chamber, said transmitter or receiver axially aligned with and spaced from said lens

assembly.

2. The viewport assembly as in claim 1, wherein said lens assembly comprises a tube
and a lens disposed within said tube at a location within said chamber, said heater element disposed
concentric around said tube so as to surround said lens.

3. The viewport assembly as in claim 2, further comprising an elastomeric seal disposed
between said tube and said interior side port, said seal spaced from said heater element a distance
sufficient to prevent thermal damage to said seal.

4, The viewport assembly as in claim 1, wherein said interior port has an axial length
sufficient so as to extend through the wall in the vapor deposition module on which said viewport
assembly is mounted, said lens assembly comprising a tube disposed with said interior port and a
lens disposed within said tube at a location so as to be within said chamber.

5. The viewport assembly as in claim 1, comprising an active transmitter configured with
said exterior side port to transmit an active signal into said chamber, through said lens assembly, and
into the vapor deposition module.

6. The viewport assembly as in claim 1, comprising an active signal receiver configured
with said exterior side port and aligned to receive an active signal conducted into said lens assembly,
through said chamber, and through said exterior side port.

7. The viewport assembly as in claim 1, further comprising a leak check port in
communication with said chamber.

8. The viewport assembly as in claim 1, wherein said lens assembly is disposed at a
non-horizontal angle relative to said casing so as to receive or transmit a non-horizontal signal
transmitted through a vapor deposition module in which said viewport assembly is mounted that
crosses a horizontal plane of a substrate conveyed through the vapor deposition module.

9. A module for use in a vapor deposition system, wherein substrates are conveyed
through said module, said module comprising:
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a lens assembly disposed within said chamber and extending through said interior side port; a
heater element configured on said lens assembly within said chamber; and, one of an
active transmitter or an active signal receiver configured with said exterior side port external of
said chamber, said transmitter Qr Le.ceiver axjall}llra%lgg ed wiéqvg]%d spaced from said lens

a housing, said Sing comprisin S secon " . .
assembly; whéréinan' actve S|g?1a? i® cor%/eyed etween said first and second viewport
assemblies, the actiye signal PAsSINGHIrQHALSaid IEKRRSIAS BPHLRI 6NATRGL SRS
lens assembly .of each of said firSt and second viewport assemblies. 11. The module as

. . I ousing;. . . . . .
in claim 10, wherein sgid lens assembly in said first and second viewport assemblies

comprises a tube 294 |R0adlsagsesl WADIRSRILLIG £, aa5RPR Wlhin: said ehiprer, s2id

heater element diséposed concentric around said tube so as to surround said lens.
com%rl Ing . . ) .
The module as In claim 11, further comprising an elastomeric seal disposed between said

tube and said interipg aide ATkl R iFRk GO SREonshY EMRPELASRSI IR -Rald aRalrpased
from said hegley el dieiane sHlEB0L IPISYEI snal dallagr o spd seal

13. The module as in claim 1 erein said interior port in each of said first and second

viewport assemblieg fas, a1 Ak A CIENLRMAS IR PXIRAGHNIRUER SAAKESHSINEor;

wall, said
a heater element configured on said lens assembly within said chamber; and,

one of an active transmitter or an active signal receiver configured with said exterior side port
external of said chamber, said transmitter or receiver axially aligned with and spaced from said lens
assembly.

10. The module as in claim 8, further comprising a second viewport assembly mounted to
said second wall, said second viewport assembly further comprising:

a casing mounted to said second wall, said casing further comprising an enclosed chamber,
an exterior side port, and an interior side port that extends through said second wall;

a lens assembly disposed within said chamber and extending through said interior side port;
a heater element configured on said lens assembly within said chamber; and,

one of an active transmitter or an active signal receiver configured with said exterior side port
external of said chamber, said transmitter or receiver axially aligned with and spaced from said lens
assembly;

wherein an active signal is conveyed between said first and second viewport assemblies, the
active signal passing through said interior side port, said chamber, and said lens assembly of each of
said first and second viewport assemblies.

11. The module as in claim 10, wherein said lens assembly in said first and second
viewport assemblies comprises a tube and a lens disposed within said tube at a location within said
chamber, said heater element disposed concentric around said tube so as to surround said lens.

12. The module as in claim 11, further comprising an elastomeric seal disposed between
said tube and said interior side port in said first and second viewport assemblies, said seal spaced
from said heater element a distance sufficient to prevent thermal damage to said seal.

13. The module as in claim 10, wherein said interior port in each of said first and second
viewport assemblies has an axial length sufficient so as to extend through said respective wall, said
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lens assemblies comprising a tube disposed with said interior port and a lens disposed within
said tube at a location within said chamber. 14. The module as in claim 10, wherein said
first and second viewport assemblies comprise a leak check port in communication with said

chamber. g'sss-grb\glleran%grwpensalﬁglgtc alg]s]'% Wh%{g d?r%qu}rsg % §?e%g%g;§g§\/g%ﬁn said
assemblies z%r s ose non-(g] rlzcgf [ F ane relative to salda?lrst and second walls such

ation witnin sai
plane of said conveyor within said housing.

that said actlve Slgnaolccrosses a norizontal
16. The module as j claim, 15, wherein said ¢onyeyar 9.;9 m% mé%wéwpg&%@&me%paﬂ

n
rollers, said first and sec a\{(lewrport assem ies diSPOSE at said active signal passes
seal unic |on

through said corﬁ’veyoreﬁetweeﬁ) aof acent said roliers.

15. The module as in claim 10, wherein said first and second viewport assemblies are
disposed in a non-horizontal plane relative to said first and second walls such that said active signal
crosses a horizontal plane of said conveyor within said housing.

16. The module as in claim 15, wherein said conveyor comprises a plurality of spaced
apart rollers, said first and second viewport assemblies disposed so that said active signal passes
through said conveyor between adjacent said rollers.
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