Conveyor Assembly for a Vapor Deposition Apparatus

FIELD OF THE INVENTION

[0001] The subject matter disclosed hereinteslgenerally to the field of thin
film deposition systems wherein a thin film laysuch as a semiconductor material
layer, is deposited on a substrate conveyed thrtugBystem. More particularly, the
subject matter is related to a conveyor unit fa& msa vapor deposition apparatus that
is particularly suited for depositing a thin filmyler of a photo-reactive material on a

glass substrate in the formation of photovoltai¢)(fodules.

BACKGROUND OF THE INVENTION

[0002] Thin film photovoltaic (PV) modules (alsreferred to as “solar
panels”) based on cadmium telluride (CdTe) paireith wadmium sulfide (CdS) as
the photo-reactive components are gaining wide piaoee and interest in the
industry. CdTe is a semiconductor material hawdhgracteristics particularly suited
for conversion of solar energy (sunlight) to elety. For example, CdTe has an
energy bandgap of 1.45 eV, which enables it to ednmore energy from the solar
spectrum as compared to lower bandgap (1.1eV) sewhictor materials historically
used in solar cell applications. Also, CdTe cotssenergy in lower or diffuse light
conditions as compared to the lower bandgap mé&edand, thus, has a longer
effective conversion time over the course of a dayin low-light (e.g., cloudy)
conditions as compared to other conventional nmelteri

[0003] Solar energy systems using CdTe PV nexlubre generally
recognized as the most cost efficient of the cororally available systems in terms
of cost per watt of power generated. However, #uvantages of CdTe not
withstanding, sustainable commercial exploitatiod acceptance of solar power as a
supplemental or primary source of industrial oridestial power depends on the
ability to produce efficient PV modules on a largeale and in a cost effective
manner.

[0004] Certain factors greatly affect the a#fitccy of CdTe PV modules in
terms of cost and power generation capacity. Ba@mple, CdTe is relatively

expensive and, thus, efficient utilization (i.e.infmal waste) of the material is a
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primary cost factor. In addition, the energy casian efficiency of the module is a
factor of certain characteristics of the depos{@eIe film layer. Non-uniformity or
defects in the film layer can significantly decredle output of the module, thereby
adding to the cost per unit of power. In addititihe ability to process relatively large
substrates on an economically sensible commercad $s a crucial consideration.
[0005] CSS (Close Space Sublimation) is a knowommercial vapor
deposition process for production of CdTe modulesference is made, for example,
to U.S. Pat. No. 6,444,043 and U.S. Pat. No. 65658, Within the vapor deposition
chamber in a CSS process, the substrate is braoghth opposed position at a
relatively small distance (i.e., about 2-3 mm) ogifto a CdTe source. The CdTe
material sublimes and deposits onto the surfadbeosubstrate. In the CSS system of
U.S. Pat. No. 6,444,043 cited above, the CdTe mahisrin granular form and is held
in a heated receptacle within the vapor depositiweimber. The sublimated material
moves through holes in a cover placed over theptack and deposits onto the
stationary glass surface, which is held at the ksiapossible distance (1-2 mm)
above the cover frame. The cover is heated tongpedeature greater than the
receptacle.
[0006] While there are advantages to known @&fgesses, the systems are
inherently a batch process wherein the glass sibsis indexed into a vapor
deposition chamber, held in the chamber for adipieriod of time in which the film
layer is formed, and subsequently indexed out efdiliamber. The system is more
suited for batch processing of relatively smallface area substrates. The process
must be periodically interrupted in order to repdénthe CdTe source, which is
detrimental to a large scale production process.addition, the deposition process
cannot readily be stopped and restarted in a deedronanner, resulting in significant
non-utilization (i.e., waste) of the CdTe matedating the indexing of the substrates
into and out of the chamber, and during any stegesled to position the substrate
within the chamber.
[0007] Accordingly, there exists an ongoing cheéea the industry for an
improved vapor depositon apparatus for economidatgible large scale production
of efficient PV modules, particularly CdTe moduleBhe present invention relates to
a conveyor unit that serves this purpose.
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BRIEF DESCRIPTION OF THE INVENTION
[0008] Aspects and advantages of the inventidinbe set forth in part in the
following description, or may be obvious from thesdription, or may be learned
through practice of the invention.
[0009] In accordance with an embodiment of theention, a conveyor
assembly is provided that is particularly suiteddse in a vapor deposition apparatus
wherein a sublimated source material, such as CdTaeposited as a thin film layer
on a photovoltaic (PV) module substrate. The cgavassembly includes a housing
that defines an enclosed interior volume. A comwvey operably disposed within the
housing and is driven in an endless loop path withé housing, for example between
opposite sprockets, with at least one of the smtsckeing a drive sprocket. The
endless loop path of the conveyor includes an ufggethat moves in a conveyance
direction of the substrates through the assembig, @ lower leg that moves in an
opposite return direction. The housing includegsmmember that defines an open
vapor deposition area wherein the conveyor (and thusubstrate carried on the
conveyor) is exposed to sublimated source matasiahe conveyor moves along the
upper leg of the endless loop path. In a particelmbodiment, the conveyor is
formed from a plurality of interconnected slatsthneach slat having a respective flat,
planar, outer surface and transverse edge prdcfieb that, along at least the upper
leg of the endless loop path, the outer surfacelen§lats lie in a common horizontal
plane and define an uninterrupted flat support em@ffor a substrate conveyed
through the assembly.
[0010] Variations and modifications to the emlimoent of the conveyor
assembly discussed above are within the scopepndas the invention and may be
further described herein.
[0011] The present invention also encompassgapar deposition module
that incorporates a conveyor assembly in accordarite aspects of the invention.
For example, the invention provides a vapor demosimodule for deposition of a
sublimated source material, such as CdTe, as afilhinon a photovoltaic (PV)
module substrate that is conveyed through the vdeposition module. The module
includes a casing, and a vapor deposition headabfyeconfigured within the casing
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to sublimate a source material. A conveyor assgnsbbperably configured within
the casing below the vapor deposition head, anlddes a housing that defines an
enclosed interior volume. A conveyor is operaligpdsed within the housing and is
drivable in an endless loop path within the housinithe endless loop path has an
upper leg that moves in a conveyance directionsflestrate through the module, and
a lower leg that moves in an opposite return dimact The housing further includes a
top member that defines an open deposition areaeivhthe conveyor (and thus the
upper surface of a substrate supported on the gonvés exposed to the vapor
deposition head as the conveyor moves along therdeg of the endless loop path.
[0012] The conveyor may include a plurality ioferconnected slats, with
each slat having a respective flat, planar, outefase and transverse edge profiles
such that, along the upper leg of the endless padp, the outer surfaces of the slats
lie in a common horizontal plane and define an temmpted flat support surface for a
substrate conveyed through the module. The vappodgition head is configured on
the conveyor assembly housing such that sublimsdedce material from the vapor
deposition head is directed to the open deposé#tiea and onto the upper surface of a
substrate supported by the conveyor.

[0013] Variations and modifications to the emimoent of the vapor
deposition module discussed above are within tlopesand spirit of the invention
and may be further described herein.

[0014] These and other features, aspects amangabes of the present
invention will become better understood with refexe to the following description

and appended claims.

BRIEF DESCRIPTION OF THE DRAWING
[0015] A full and enabling disclosure of theepent invention, including the
best mode thereof, is set forth in the specificativhich makes reference to the
appended drawings, in which:
[0016] Fig. 1 is a plan view of a vapor depositsystem that may incorporate
embodiments of the conveyor assembly of the preseantion;
[0017] Fig. 2 is a cross-sectional view of atipalar embodiment of a
conveyor assembly in accordance with aspects ahtreation;

4



[0018] Fig. 3 is a partial perspective view aifmponents of the conveyor
assembly depicted in Fig. 2;

[0019] Fig. 4 is an additional partial perspeztview of components of the
assembly depicted in Fig. 2;

[0020] Fig. 5 is a partial perspective viewansf embodiment of the conveyor
slats in accordance with aspects of the inventoul,

[0021] Fig. 6 is a side view of the conveyorag. 5.

DETAILED DESCRIPTION OF THE INVENTION

[0022] Reference now will be made in detaietobodiments of the invention,
one or more examples of which are illustrated i@ tlmawings. Each example is
provided by way of explanation of the inventiont hmitation of the invention. In
fact, it will be apparent to those skilled in the that various modifications and
variations can be made in the present inventiohowit departing from the scope or
spirit of the invention. For instance, featurdasilrated or described as part of one
embodiment, can be used with another embodimentyitdd a still further
embodiment. Thus, it is intended that the presemention encompass such
modifications and variations as come within thepscof the appended claims and
their equivalents.

[0023] Fig. 1 illustrates an embodiment of pwadeposition system 10 that
may incorporate a conveyor assembly in accordante agpects of the invention,
particularly as a component of a vapor depositi@adute or component. The system
10 is configured for deposition of a thin film layen a photovoltaic (PV) module
substrate 14 (referred to hereafter as “substrat€he thin film may be, for example,
a film layer of cadmium telluride (CdTe). Althoudhe invention is not limited to
any particular film thickness, as mentioned, ig&nerally recognized in the art that a
"thin" film layer on a PV module substrate is gellgr less than about 10 microns
(um). It should be appreciated that the preseok@down system and process is not
limited to use in the system 10 illustrated in Figbut may be incorporated into any
suitable processing line configured for vapor dépmsof a thin film layer onto a PV

module substrate 14.



[0024] For reference and an understanding oemvironment in which the
present conveyor assembly may be used, the sy<devh Hig. 1 is described below,
followed by a detailed description of the convegssembly.

[0025] Referring to Fig. 1, the exemplary systd0 includes a vacuum
chamber 12 defined by a plurality of interconneatealdules. Any combination of
rough and fine vacuum pumps 40 may be configuretd thie modules to draw and
maintain a vacuum within the chamber 12. A pltyabf interconnected heater
modules 16 define a pre-heat section of the vacamamber 12 through which the
substrates 14 are conveyed and heated to a désmperature before being conveyed
into the vapor deposition apparatus 60. Each ef rttodules 16 may include a
plurality of independently controlled heaters 18hwhe heaters defining a plurality
of different heat zones. A particular heat zong malude more than one heater 18.
[0026] The vacuum chamber 12 also includesumapty of interconnected
cool-down modules 20 within the vacuum chamber d@rgstream of the vapor
deposition apparatus 60. The cool-down modules &fnel a cool-down section
within the vacuum chamber 12 in which the subss¢rdté having the thin film of
sublimed source material deposited thereon arevatiato cool at a controlled cool-
down rate prior to the substrates 14 being remdred the system 10. Each of the
modules 20 may include a forced cooling system ®ihes cooling medium, such as
chilled water, refrigerant, or other medium is pwapthrough cooling coils
configured with the modules 20.

[0027] In the illustrated embodiment of systd@, at least one post-heat
module 22 is located immediately downstream ofwhpor deposition apparatus 60
and before the cool-down modules 20. The post-meatlule 22 maintains a
controlled heating profile of the substrate 14 luhg entire substrate is moved out of
the vapor deposition apparatus 60 to prevent darwatfee substrate, such as warping
or breaking caused by uncontrolled or drastic tlastresses. If the leading section
of the substrate 14 were allowed to cool at an sice rate as it exited the apparatus
60, a potentially damaging temperature gradientlevdae generated longitudinally
along the substrate 14. This condition could teisubreaking, cracking, or warping

of the substrate from thermal stress.



[0028] As diagrammatically illustrated in Fid.,, a feed device 24 is
configured with the vapor deposition apparatus®@Bupply source material, such as
granular CdTe. Preferably, the feed device 24idigured so as to supply the source
material without interrupting the continuous vapteposition process within the
apparatus 60 or conveyance of the substrates @dghrthe apparatus 60.
[0029] Still referring to Fig. 1, the individusubstrates 14 are initially placed
onto a load conveyor 26, and are subsequently mowedan entry vacuum lock
station that includes a load module 28 and a bufiedule 30. A “rough” (i.e.,
initial) vacuum pump 32 is configured with the loasbdule 28 to drawn an initial
vacuum, and a “fine” (i.e., high) vacuum pump 38canfigured with the buffer
module 30 to increase the vacuum in the buffer fe80 to essentially the vacuum
within the vacuum chamber 12. Valves 34 (e.g.eg@pe slit valves or rotary-type
flapper valves) are operably disposed between dhd tonveyor 26 and the load
module 28, between the load module 28 and the buoffelule 30, and between the
buffer module 30 and the vacuum chamber 12. Thebees 34 are sequentially
actuated by a motor or other type of actuating raeidm 36 in order to introduce the
substrates 14 into the vacuum chamber 12 in awigpmanner without affecting the
vacuum within the chamber 12.
[0030] An exit vacuum lock station is configdrelownstream of the last
cool-down module 20, and operates essentially werse of the entry vacuum lock
station described above. For example, the exitiwaclock station may include an
exit buffer module 42 and a downstream exit lockdaoie 44. Sequentially operated
slide valves 34 are disposed between the bufferureod2 and the last one of the
cool-down modules 20, between the buffer modulead@ the exit lock module 44,
and between the exit lock module 44 and an exivegpor 46. A fine vacuum pump
38 is configured with the exit buffer module 42 daa rough vacuum pump 32 is
configured with the exit lock module 44. The pun® 38 and valves 34 are
sequentially operated to move the substrates 14fotite vacuum chamber 12 in a
step-wise fashion without loss of vacuum conditiathin the vacuum chamber 12.
[0031] System 10 also includes a conveyor systenfigured to move the
substrates 14 into, through, and out of the vacehamber 12. In the illustrated
embodiment, this conveyor system includes a phyradf individually controlled
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conveyors 48, with each of the various modulesuiclg one of the conveyors 48. It
should be appreciated that the type or configunadiothe conveyors 48 in the various
modules may vary. In the illustrated embodimehg tonveyors 48 are roller
conveyors having driven rollers that are controlledl as to achieve a desired
conveyance rate of the substrates 14 through §pecéive module and the system 10
overall.
[0032] As described, each of the various maoslaled respective conveyors in
the system 10 are independently controlled to perfa particular function. For such
control, each of the individual modules may havassociated independent controller
50 configured therewith to control the individuahttions of the respective module.
The plurality of controllers 50 may, in turn, be @@mmunication with a central
system controller 52, as illustrated in Fig. 1. eTdentral system controller 52 can
monitor and control (via the independent contrsll&d) the functions of any one of
the modules so as to achieve an overall desirettupeeate, deposition rate, cool-
down rate, and so forth, in processing of the satest 14 through the system 10.
[0033] Referring to Fig. 1, for independent wohof the individual respective
conveyors 48, each of the modules may include aapner of active or passive
sensor 54 that detects the presence of the sudssttdtas they are conveyed through
the module. The sensors 54 are in communicatiath Wie respective module
controller 50, which is in turn in communicationtwthe central controller 52. In this
manner, the individual respective conveyor 48 maycbntrolled to ensure that a
proper spacing between the substrates 14 is magéntand that the substrates 14 are
conveyed at the desired constant conveyance nategh the vacuum chamber 12.
[0034] The vapor deposition apparatus 60 mike on various
configurations and operating principles within gs@mpe and spirit of the invention,
and is generally configured for vapor depositioraaublimated source material, such
as CdTe, as a thin film on the PV module substrates In the embodiment of the
system 10 illustrated in Fig. 1, the apparatuss6@ module that includes a casing 95
(Fig. 2) in which the internal components are com@d, including a vacuum
deposition head 62 mounted above a conveyor asged. It should be
appreciated that the casing 95 may include any eraohinternal structure 97 that
may support the conveyor assembly 100.
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[0035] Referring to Fig. 2, the module 60 ipidéed in greater detail. The
vacuum deposition head 62 defines an interior spac&hich a receptacle 66 is
configured for receipt of a granular source matdrat shown). As mentioned, the
granular source material may be supplied by a éesace or system 24 (Fig. 1) via a
feed tube 70. The feed tube 70 is connected tstabditor 72 disposed in an opening
in a top wall of the vapor deposition head 62. distributor 72 includes a plurality
of discharge ports that are configured to everdyrithute the granular source material
into the receptacle 66.

[0036] In the illustrated embodiment, at leaste thermocouple 74 is
operationally disposed through the top wall of theposition head 62 to monitor
temperature within the head chamber adjacent tireimeceptacle 66.

[0037] The receptacle 66 has a shape and aoafign such that end walls 68
of the receptacle 66 are spaced from end wallsf Tileodeposition head 62. The side
walls of the receptacle 66 lie adjacent to andlase proximity to the side walls of
the deposition head 62 (not visible in the viewrd. 2) so that very little clearance
exists between the respective side walls. With thinfiguration, sublimated source
material will flow out of the receptacle 66 as legdand trailing curtains of vapor 67
over the transversely extending end walls 68, deated by the flow arrows in Fig.
2. Very little of the sublimated source materiall Wow over the side walls of the
receptacle 66.

[0038] A heated distribution manifold 78 ismbsed below the receptacle 66,
and may have a clam-shell configuration that inetidn upper shell member 80 and
a lower shell member 82. The mated shell memb@rs83 define cavities in which
heater elements 84 are disposed. The heater dierBdnheat the distribution
manifold 78 to a degree sufficient for indirectlgating the source material within the
receptacle 66 to cause sublimation of the sourdemah The heat generated by the
distribution manifold 78 also aids in preventing tsublimated source material from
plating out onto components of the deposition H&adAdditional heater elements 98
may also be disposed within the deposition heatb62his purpose. Desirably, the
coolest component within the deposition head GBasupper surface of the substrates
14 conveyed therethrough so that the sublimatedceomaterial is ensured to plate
primarily on the substrates.



[0039] Still referring to Fig. 2, the heatedtdibution manifold 78 includes a
plurality of passages 86 defined therethrough. s&éhpassages have a shape and
configuration so as to uniformly distribute the kmlated source material towards the
underlying substrates 14.
[0040] A distribution plate 88 is disposed hvelthe manifold 78 at a defined
distance above a horizontal plane of the uppelasardbf an underlying substrate 14,
as depicted in Fig. 2. The distribution plate 88ludes a pattern of holes or passages
therethrough that further distribute the sublimatedrce material passing through the
distribution manifold 78.
[0041] As previously mentioned, a significanoriion of the sublimated
source material will flow out of the receptacle &b transversely extending leading
and trailing curtains of vapor. Although thesetauns of vapor will diffuse to some
extent in the longitudinal direction (direction @fnveyance of the substrates) prior to
passing through the distribution plate 88, it sbooé appreciated that it is unlikely
that a uniform distribution of the sublimated saunmaterial in the longitudinal
direction will be achieved. In other words, moffetlte sublimated source material
will be distributed through the longitudinal endsens of the distribution plate 88 as
compared to the middle portion of the distributiplate. However, as discussed
above, because the system 10 conveys the substfatesough the vapor deposition
apparatus 100 at a non-stop constant linear speedjpper surfaces of the substrates
14 will be exposed to the same deposition envirorintegardless of any non-
uniformity of the vapor distribution along the latglinal aspect of the apparatus 60.
The passages 86 in the distribution manifold 78 taedholes in the distribution plate
88 ensure a relatively uniform distribution of theblimated source material in the
transverse aspect of the vapor deposition appa&ius So long as the uniform
transverse aspect of the vapor is maintained, aively uniform thin film layer is
deposited onto the upper surface of the substigtes
[0042] As illustrated in Fig. 2, it may be desl to include a debris shield 89
between the receptacle 66 and the distribution folahi’8. This shield 89 may
include relatively large holes defined therethroiygh compared to the distribution
plate 88) and serves to retain any granular oiquéate source material from passing
through and potentially interfering with operatiof the other components of the
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deposition head 62. In another embodiment, theshatay be very small, or the
shield may be a mesh screen, so as to preventvevgrsmall granules or particles of
solid source material from passing through thelghie
[0043] Still referring to Fig. 2, the deposiiiohead 62 may include
transversely extending seals 96 at each longitudind thereof. In the illustrated
embodiment, the seals 96 are defined by compowénite lower shell member 82 of
the heated distribution manifold 78. In one embwmuht, these seals 96 may be
disposed at a distance above the upper surfade dubstrates 14 that is less than the
distance between the surface of the substrate;md4he distribution plate 88. The
seals 96 help to maintain the sublimated sourcenaain the deposition area above
the substrates. In other words, the seals 96 ptdhe sublimated source material
from "leaking" out through the longitudinal endstbe apparatus 60. It should be
appreciated that, in alternative embodiments, t#edss96 may be engaged against
opposite structure in the apparatus 60 and sewesdme function, as discussed in
greater detail below with respect to the embodino¢iiig. 3.
[0044] The embodiment of Fig. 2 includes a nim@ahutter plate 90 disposed
above the distribution manifold 78. This shuttéate 90 includes a plurality of
passages 94 defined therethrough that align wehptissages 86 in the distribution
manifold 78 in a first operational position of tlshutter plate 90 such that the
sublimated source material is free to flow throtigd shutter plate 90 and through the
distribution manifold 78 for subsequent distribatitrrough the plate 88. The shutter
plate 90 is movable to a second operational posiiberein the passages 94 are
misaligned with the passages 86 in the distributi@mifold 78. In this configuration,
the sublimated source material is blocked from ipgsshrough the distribution
manifold 78, and is essentially contained withia thterior volume of the deposition
head 62.
[0045] Any suitable actuation mechanism 92 rbayconfigured for moving
the shutter plate 90 between the first and secquetational positions. In the
illustrated embodiment, the actuation mechanismirfi2udes a rod 93 and any
manner of suitable linkage that connects the rotb9Be shutter plate 90. The rod 93
is externally rotated by any manner of mechanisratied externally of the deposition
head 62. The shutter plate 90 is particularly beia in that, for whatever reason,
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the sublimated source material can be quickly aaslilye contained within the
deposition head 62 and prevented from passing girdo the deposition area above
the substrates 14 or conveyor assembly 100. Tlag be desired, for example,
during start up of the system 10 while the conegimmn of vapors within the
deposition head chamber builds to a sufficient eedo start the deposition process.
Likewise, during shutdown of the system, it may tesired to maintain the
sublimated source material within the depositioach&2 chamber to prevent the
material from plating out on the conveyor or otbemponents of the apparatus 60.
[0046] Referring to Figs. 2 through 4, varicembodiments of a conveyor
assembly 100 are illustrated. In Fig. 2, the cgoveassembly 100 is contained
within the module casing 95 and is disposed belwwiapor deposition head 62. As
described in greater detail below, the conveyoembdy 100 may, in a desirable
embodiment, be modular in construction and incladeousing 104, as depicted in
Fig. 3. The housing 104 has been removed in tbe waf Fig. 2 for sake of clarity
and explanation.
[0047] Referring to Figs. 3 and 4 in particultre housing 104 defines an
enclosed interior volume (at least around the sihektop) in which the conveyor 102
is contained. The conveyor 102 is driven in anlesglloop within the housing 104,
with this endless loop having an upper leg that@sam a conveyance direction of the
substrates 14 through the vapor deposition headr&®a lower leg that moves in an
opposite return direction. The housing 104 inctud¢op member 110 that defines an
open deposition area 112. Referring to Fig. & tpen deposition area 112 aligns
with the vapor deposition head 62, particularly thetribution plate 88. As can be
seen in Fig. 3, the upper surface of the substfbteare exposed to the distribution
plate 88 in the open deposition area 112.
[0048] Conveyor 102 includes a plurality ofardonnected slats 130. Each of
the slats 130 has a respective flat planar outdase 132 (Fig. 5) and transverse
edges. Referring particularly to Fig. 6, it candeen that each of the slats 130 has a
leading transverse edge profile 135 and a tratlingsverse edge profile 136. In the
illustrated embodiment, the trailing edge profig61s inclined or slanted with respect
to vertical. The leading transverse edge profdé has a camfered or double-angled
profile, as is particularly seen in Fig. 6. Thadag edge profile 135 cooperates with
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the trailing edge 136 of an adjacent slat 130 stoadefine a tortuous non-vertical
path through the adjacent slats 130 along the ulmgeof the conveyor 102. This
tortuous path inhibits sublimated source materiainf passing through the conveyor
slats 130. Still referring to Figs. 5 and 6, indae seen that the adjacent slats 130
along the upper leg of the conveyor define a fidénar surface whereby the outer
surfaces 132 of the slats lie in a common horizgritane and define an uninterrupted
flat support surface for the substrates 14 convegieaugh the assembly. This flat
support surface prevents bowing of the glass safilestrl4. In addition, the flat
conveyor surface, in combination with the transeezdge profiles of the slats 130
discussed above, prevent back side coating of thstiates 14 with sublimated
source material.
[0049] Referring again to the housing constacii04 depicted in Figs. 3 and
4, it can be seen that the open deposition areanlth2 top wall 110 has a transverse
dimension (relative to the conveyance directiornihef substrates 14) that is less than
the transverse length of the underlying slats 1i80essence, the open deposition area
112 defines a "picture frame" around a completigy planar surface of the conveyor
102 in its upper leg of travel. The flat surfaafided by the upper surfaces 132 of
the slats is "uninterrupted" in that at no locatwithin the open deposition area 112
can a vertical line be drawn through the surfages described above, even at the
transverse edges 135,136 of adjacent slats 13Qrahsverse edge profiles define a
non-vertical tortuous path that inhibits sublimatedurce material from passing
therethrough.
[0050] Referring particularly to Figs. 3 andthe housing 104 includes end
walls 108 and side walls 106. The end walls 1@ walls 106, and top wall 110 are
connected to each other by a tab and slot arrangenteerein tabs 114 on one wall
engage within slots 116 on another wall. Pins éh8age through the tabs 114 to
retain the components in a connected assemblyasarly illustrated in Fig. 4.
This embodiment is particularly useful in that mecical fasteners, such as screws,
bolts, and the like, are not necessary to assethélbousing 104. The components of
the housing 104 simply slide together and are minngosition relative to each other.
Assembly/disassembly of the housing 104 for maemer or other procedures is a
relatively easy process in this regard.
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[0051] The housing 104, and conveyor 102 coethitherein are configured
for drop-in placement of the assembly 110 in thpovadeposition module 60. A
plurality of braces 166 are attached to the sidiswl®6 and extend through slots in
the top wall 110. These braces 166 define a ptyraf lifting points for raising and
lowering the assembly 100 into the casing 95 of wApor deposition module 60.
When maintenance is required, the entire convegserably 100 is easily lifted from
the module 60, and a spare assembly 100 is redwdifyped in to replace the removed
assembly 100. In this way, maintenance may bewtgd on the removed assembly
100 while the processing line is returned to servidhis keeps the vapor deposition
line running in parallel with maintenance tasksheTconveyor assembly 100 sits on
registration points within the casing 95 so that different conveyor assemblies 100
are easily installed and removed.
[0052] Referring to Fig. 3, the top wall 110fides an entry slot 120 and an
exit slot 122 for the substrates 14 that are coestaynder the vapor deposition head
62. The clearance at these slots 120, 122 repseaguotential source of leakage of
the sublimated source material from the vapor déposarea. In this regard, it is
desirable to keep the clearance between the uppkrce of the substrates 14 at the
entry and exit slots 120, 122 to a minimum. Plagmbers 124 may be configured
with the top member 104 for this purpose. Thes#epimembers 124 may be
adjustable relative to the top wall 110 and esaéytdefine a seal with the substrates
14 being conveyed thereunder. It should be apmietithat any manner of sealing
structure may be utilized in this regard.
[0053] The top wall member 110 may also cooieeraith the vapor
deposition head 62 to add additional sealing. é&@mple, the seals 96 discussed
above at the longitudinal ends of the vapor dejwrsihead 62 may engage against
sealing surfaces 126 defined by the top wall 1T0is sealing arrangement ensures
that the sublimated source material that passesghrthe distribution plate 88 is
maintained in the open deposition area 112 of gperhember 110 and does not
escape at the interface of the conveyor assemiflyat@ vapor deposition head 62.
[0054] Referring again to Figs. 2 and 3, thenayor assembly 100 may
include any manner of additional functional compusewithin the housing 104. For
example, any number or configuration of heater eleim 158 may be configured
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within the housing 104, or between the housing #dd the casing 95. Any
configuration of thermal shields 160 may also betamed within the housing 104.
Referring to Fig. 4, the shields 160 may includesta62 that extend through the side
walls 106. Pins 164 may engage through the talsec¢are the shields 160 in place
relative to the housing 104.
[0055] Tracks 144 are disposed along the ufgzeof the conveyor 102 and
provide a running surface for the conveyor rollaas, discussed in greater detail
below. The tracks 144 may include tabs 145 thed aktend through the side wall
106 and are engaged by pins 147.
[0056] The conveyor 102 may run in its endllessp path around sprockets
138 that are rotatably supported by the housing widlls 106. The sprockets 138
include teeth or cogs that engage with the conveyiters 142. At least one of the
sprockets 138 is a driven sprocket, while the op@agprocket is an idler sprocket.
Typically, the upstream sprocket 138 serves agditbe sprocket.
[0057] In a particular embodiment, the conveglats 130 are interconnected
by link assemblies 140. These link assemblies 148y take on various
configurations. A particularly unique configuration accordance with aspects of the
invention is illustrated in Figs. 5 and 6. In tleisibodiment, the link assemblies 140
include inner and outer link plates 146, 148. &ull142 are contained between the
plates 146, 148 by respective axles 150. The &88sserve to interconnect adjacent
inner and outer plates 146, 148 at the respeativgitudinal ends thereof, and to also
rotationally support the rollers 142 between thatgd. Each of the inner and outer
plates 146, 148 includes a tab 152 that extendsidjfir a slot in the slats 130. These
tabs 152 have an undercut (seen in Fig. 5) sudhafter insertion of the tabs 152
through the slots, the plates 146, 148 are shift&dive to the tabs slats 130 to ensure
that the slats 130 cannot be pulled from the pladés 148.
[0058] Referring to Fig. 5, one end of the axi®&0 has an enlarged head that
prevents the axles from being pulled through tla¢gsl 146, 148. The opposite end of
the axles 150 protrudes through the outer plat8s Pdclip 156 attaches to the end of
the axles 150, and extends between two axles. , The<lip 156 has a longitudinal
length that is essentially the same as one of ldteg 146, 148, and does not inhibit
travel of the link assemblies 140 around the sptsck38.
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[0059] This written description uses examples disclose the invention,

including the best mode, and also to enable ansopeskilled in the art to practice the
invention, including making and using any devicessystems and performing any
incorporated methods. The patentable scope ahttemtion is defined by the claims,
and may include other examples that occur to tisbdeed in the art. Such other
examples are intended to be within the scope otlhiens if they include structural

elements that do not differ from the literal langeaof the claims, or if they include
equivalent structural elements with insubstantiiecences from the literal languages

of the claims.
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CLAIMS:

1. A conveyor assembly (100) for use in a vappadition apparatus wherein
a sublimated source material is deposited as ditimron a photovoltaic (PV) module
substrate (14), said assembly comprising:

a housing (104) defining an enclosed interior way

a conveyor (102) operably disposed within saidsimy to be driven in an
endless loop path within said housing, said endtegs path having an upper leg that
moves in a conveyance direction, and a lower leg thoves in an opposite return
direction;

said housing further comprising a top member (1@i@jining an open
deposition area (112) in said upper leg of saidemsdoop path; and,

said conveyor comprising a plurality of intercooteel slats (130), each of said
slats having a respective flat planar outer surfd@2) and transverse edge profiles
(135, 136) such that, in said upper leg of saidemsdloop path, said outer surfaces of
said slats lie in a common horizontal plane andnde&n uninterrupted flat support
surface for a substrate conveyed through said ddgem

2. The conveyor assembly (100) as in claim 1,reihesaid transverse edge
profiles (135, 136) of said slats (130) define uus non-vertical path to sublimated
source material along said upper leg of said esdtep path.

3. The conveyor assembly (100) as in claim 1,reinesaid slats (130) are
interconnected by link assemblies (140) at oppdsigitudinal ends of said slats,
said link assemblies having rollers (142) configuteerewith, said rollers running
along tracks (144) disposed within said housintgast along said upper leg of said
endless loop path.

4. The conveyor assembly (100) as in claim 3,reinesaid link assemblies
(140) comprise inner and outer link plates (14@)14aid rollers (142) supported by
an axle (150) between said inner and outer linktepla said axles further
interconnecting inner and outer link plates of edjg said slats, said link plates
further comprising tabs (152) that engage througts sn said slats (130) to secure
said slats to said link assemblies.
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5. The conveyor assembly (100) as in claim 1,reihesaid housing (104)
defines and entry slot (120) and an exit slot (1&)a substrate (14) conveyed
through said assembly, said slots defined by ptembers (124) attached to said top
member of said housing, said top member furthenuohef a sealing surface (126) for
engagement by a vapor deposition head (62) arcaidddgposition area.

6. The conveyor assembly (100) as in claim 1,reihesaid housing (104)
comprises a plurality of wall members (106, 108)airslotted, slip-fit engagement
wherein tabs (114) on one said wall engage in $id6) in an adjacent said wall, and
further comprising removable pins (118) extendihgtigh said tabs to secure said
slip-fit engagement.

7. A vapor deposition module (60) for depositof a sublimated source
material as a thin film on a photovoltaic (PV) mdsubstrate (14) conveyed through
said vapor deposition module, comprising:

a casing (95);

a vapor deposition head (62) operably configurdthim said casing to
sublimate a source material;

a conveyor assembly (100) operably configured iwitfaid casing below said
vapor deposition head, said conveyor assemblydugbmprising

a housing (104) defining an enclosed interiouvs;

a conveyor (102) operably disposed within saidsimg to be driven in
an endless loop path within said housing, saidessdloop path having an upper leg
that moves in a conveyance direction, and a loegthat moves in an opposite return
direction;

said housing further comprising a top member YXEdining an open
deposition area (112) wherein said conveyor is sggdo said vapor deposition head
as said conveyor moves in said upper leg of saitkes loop path;

said conveyor comprising a plurality of intercented slats (130),
each of said slats having a respective flat plan#er surface (132) and transverse
edge profiles (135, 136) such that, in said uppgrdf said endless loop path, said
outer surfaces of said slats lie in a common hateoplane and define an

uninterrupted flat support surface for a substcateveyed through said module; and,
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wherein said vapor deposition head is configunedsaid conveyor assembly
housing such that sublimated source material fraid sapor deposition head is
directed to said open deposition area and onto @rerusurface of a substrate
supported by said conveyor.

8. The vapor deposition module (60) as in clainwlierein said conveyor
assembly (100) housing is configured for drop-iacpiment in said casing (95), with
said vapor deposition head (62) configured on saigveyor assembly within said
vapor deposition module.

9. The vapor deposition module (60) as in claimviierein said slats (130)
are interconnected by link assemblies (140) at spppdongitudinal ends of said slats,
said link assemblies supporting rollers (142), saiters running along tracks (144)
disposed within said conveyor assembly housingadtlalong said upper leg of said
endless loop path.

10. The vapor deposition module (60) as in cl&@mwherein said link
assemblies (140) comprise inner and outer linkepldl46, 148), said rollers (142)
supported by an axle (150) between said inner atet dink plates, said axles further
interconnecting adjacent inner and outer link @atsaid link plates further
comprising tabs (152) that engage through slosaid slats to secure said slats to said
link assemblies, and clips (156) that attach taeelt said axles.
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