DYNAM C SYSTEM FOR VARI ABLE HEATI NG OR COOLI NG OF LI NEARLY CONVEYED
SUBSTRATES FI ELD OF THE | NVENTI ON [ 0001] The present subject matter rel ates
generally to systens for heating conponents conveyed therethrough, and nore
particularly to systens for heating linearly conveyed substrates, such as
‘gl ass substrates in the production of photovoltaic (PV) nodul es. BACKGROUND
OF THE I NVENTI ON [ 0002] Vari ous manufacturing processes require controlled
heati ng or cooling of conponents conveyed through a chanber with the intent

of achi eving a HYNAMIT SERPEVRROREV ARPABLE HEATINGGR COPOINGOE  An exanpl e
of such a process is the production of thin fil mﬁ&hotovoltalc (PV) nodul es

("panel s") wherein indivi ABRLYGCONYEMED SEBSIRA T hyveyed |inearly

through a pre-heat stage prior to deposition of a thin filmlayer of a
photo-reactive nmaterial onto the surface of the substrates. It is inportant

to obtain uniformheating of FHELIOFSKHRINYENTIQN to the deposition
process. No hform i L P QEESSE TN h%éiﬁ.@ as bow ng
of the subsﬂpgqlgs, no?ﬁ %G%F%ﬁ%gg%lsﬁr?on Oﬁtﬁgyﬁ%}e ayoerr, I nconsi st ent
film perf or rampeneptsapevdycd thereghrdughhand mére padichlady tontyisiehis Zahhestngl y af f ect
overal | perfornmpnce of .the PV | . (o i . 0w of
di screte sugglf?qgl'[cggv?yﬁggllt})gs atgs’ss %;53?1*‘8{ %%g&%éalﬁ :ﬂ% rgéigg?)%ﬁgqﬂri:‘g%g%@%er IS
prone to prqBurmpdulésenperature non-uniformties in the conponents. Such
non-uni fonnities may be the result of a conbination of factors, including
gaps or spaces that exist between the conmponents, noving the conponents
past stationary heating orBACHIGRQUND@RTHE IN¥ENTION- uni f or m conveyance

rates of the_ ¢ onen{s. Wth respect to gaps .betwe he. conponent s,
because theh@é s of %’ﬁ@“@é‘?ﬁ?ﬂf%ﬁ‘?’gg H’é?ﬁ%gs% %QCBPué[%F%’ﬁ%@gé’?g%?hgg conpar ed
to the intelfedmsnesisbbifeyéddioagh @ thdnitRr GRARB AR oftabedfigeuii®gnons have a
reduced thermal nmass and will heat or cool quicker as they are conveyed

past a st ead§ORHAYE PRREHE plang e cempenenty: Anganple o SPYPGHF thet eady- st at e
heating or g)%?fubtﬂﬂn SRR PhoiBvalRlc @5 Hibatie! Y paRIPPPRELR ihdVidhd) gRes

edge-induced tenperature irregularities. ]
substrates are conveyed linearly through a pre-heat stage prior to deposition of a thin
film layer of a photo-reactive material onto the surface of the substrates. It is
important to obtain uniform heating of the substrates prior to the deposition process.
Non-uniform heating leads to processing problems, such as bowing of the substrates,
non-uniform deposition of the film layer, inconsistent film performance properties,
and the like, all of which adversely affect overall performance of the PV module.
[0003] A continuous linear flow of discrete substrates through a steady-state
heating or cooling chamber is prone to producing temperature non-uniformities in the
components. Such non-uniformities may be the result of a combination of factors,
including gaps or spaces that exist between the components, moving the components
past stationary heating or cooling elements, and non-uniform conveyance rates of the
components. With respect to gaps between the components, because the edges of the
components have a greater surface area as compared to the interior or center region of
the component, the edge regions have a reduced thermal mass and will heat or cool
quicker as they are conveyed past a steady-state heating or cooling element.

Conventional steady-state heating or cooling chambers do not adequately compensate

for these edge-induced temperature irregularities.



[ 0004] Anot her potential cause of tenperature variances along the substrates

'is that, in certain systens, the substrates are rapidly conveyed into the
heati ng chanber such that a negligible time differential is created between

" when the leading and trailing edges of the substrates begin to be heated.

. Thereafter, the substrates are conveyed at a relatively constant speed

" through the chanber. This results in an increasing tenperature gradient

~along the length of the substrate as the substrate noves linearly out of
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- especially glass _substrates . conveyed throu at i r cooling chanbers
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[0007] In accordance with an embodiment of the invention, a system is
provided for variable heating or cooling of discrete linearly conveyed substrates
having a leading and trailing edge. The system compensates for temperature
variances that would otherwise be induced in the substrates from conveyance through
a steady-state temperature chamber. The system includes a chamber, and a conveyor
within the chamber to move the substrates through the chamber at a conveyance rate,
which may be a constant rate. A plurality of individually controlled temperature
control units are disposed within the chamber along the conveyance direction. The
temperature control units may be heating units or cooling units. A controller is in
communication with the temperature control units and is configured to cycle (i.e.,
decrease/increase or increase/decrease) output of one or more of the temperature
control units from a steady-state temperature output as a function of the spatial
position of the conveyed substrates within the chamber relative to the respective

temperature control unit. In this way, temperature variances in the substrates that



woul d ot herwi se be caused by novenment of the substrates through a constant
tenperature in the chanber are reduced. It should thus be appreciated that
the substrates are not heated at a constant, steady-state tenperature as

t hey are conveyed through the chanber. [0008]1n a particul ar enbodi nent of
the system the chanber conprises a plurality of aligned processing nodul es
in a photovoltaic (PV) nodul e manufacturing line, with each nodul e havi ng
at | east one tenperature control unit. For exanple, the processing nodul es
may define aynfigoRelisole Qs b thodbifibi 8Pk JuliieE Wrd AU ARk | N0 | [ ne and
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in the chanber downstream of the first processi ng‘drmdul e and in
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least one of the processing modules as a function of the spatial position of the

substrates relative to the module to compensate for a temperature gradient that would
otherwise be induced by conveyance of the substrate out of the first processing
module at the reduced constant conveyance rate.

[0009] A plurality of linearly spaced-apart edge detectors may be disposed in
the chamber downstream of the first processing module and in communication with
the controller to provide signals indicative of the actual spatial position of the
substrate relative to the cycled processing modules. With this embodiment, the
controller may be configured to decrease output of the cycled processing module upon
detection of a leading edge of the substrate reaching a first one of the edge detectors,
and to increase output of the module upon the leading edge reaching a downstream
edge detector.

[0010] In an alternate embodiment, the controller may be configured to cycle

output of the cycled processing module as a function of a calculated spatial position of



the substrate relative to the nodule. This cal culation may be based on the
conveyance rate (pre-defined or neasured) and known | ength of the
substrates. [0011] The i nvention al so enconpasses various mnethod enbodi nents
for heating or cooling discrete linearly conveyed substrates in a chanber
to decrease tenperature variances in the substrates. The nethod includes
conveyi ng the substrates at a conveyance rate linearly through a chanber
having a plurality of tenperature control units disposed therein along the
conveyancethﬁsubﬂtaitmlatiifm thainpditle. oThi$ edculwivp @tagtbe besed o tHe@ontsynhice | S cycl ed
froma stea te tenperat s a fungti t he actual or cal cul ated
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chamber. | %n??e?h?ﬁregmm%ﬁmsetdnﬁergﬁta}%ﬂétIcho ‘nagaﬁc%m} RhUffe cOntrol units

is controlled cal culating“the spatial "posit e ] eadl ng and
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[0012] In a system wherein the substrates are initially conveyed into the
chamber at an rapid conveyance rate and thereafter conveyed through the chamber at
a constant conveyance rate, the method may include cycling the output of at least one
of the temperature control units as a function of the spatial position of the substrates
relative to the units to compensate for a potential temperature gradient that would
otherwise be induced by conveyance of the substrates at the constant conveyance rate
after the initial rapid conveyance into the chamber.

[0013] The method may include conveying the substrates through the chamber
with a gap between the leading edge and trailing edge of adjacent substrates, and
sequentially cycling the output of the temperature control units as a function of the
actual or calculated spatial position of the leading and trailing edges of the substrates

within the chamber to decrease edge-induced temperature variances that would



ot herwi se be caused by novenent of the substrates through a steady-state

t enperature chanber. [0014] The net hod nay be used for control of a vacuum
chanber in a photovoltaic (PV) nodul e manufacturing |ine wherein the
tenperature control units are individually controlled heater units di sposed
in a pre-heat section of the vacuum chanber, or cooling units disposed in a
cool -down section of the chanber. [0015] Vari ations and nodifications to the
enbodi ments of the system assenbly di scussed above are within the scope and
spirit of theyl QYenkiaRe®Bm O of HE blRlratleBRTubR § dielB) §itB tenlfdfhhizt These
and ot her features, aspect’s and advantages of the presént invention wl|
beconme bett e¢chambeier st ood with reference to the foll owi ng description and

appended cl aj BRI E T waN;$] Oafd | and
enabl i ng di Zsafcop’gﬂure Oﬁhgﬁqgﬁ%i&ag%'u%lvf%ﬁnon’ inc u%l?ng tbﬁéint)gest node
t hereof , i s getovbbait (PV)maddute mpedidhirogtline whenein thé temgiersture ednsrobwits t o t he

appended dr i 1SVidulaﬁy \é\pnltr%néd heater units disposed in a pre-heat section of the vacuum

chamber, or cooling units disposed in a cool-down section of the chamber.

[0015] Variations and modifications to the embodiments of the system
assembly discussed above are within the scope and spirit of the invention and may be
further described herein.

[0016] 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 DRAWINGS
[0017] 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:
[0018] Fig. 1 is a side plan view of an embodiment of a system in accordance
with aspects of the invention;
[0019] Fig. 2 is a side plan view of the embodiment of Fig.1 illustrating
advancement of the substrates through the system;
[0020] Fig. 3 is a side plan view of another embodiment of a system in
accordance with aspects of the invention;
[0021] Fig. 4 is a side plan view of still a different embodiment of a system in
accordance with aspects of the invention;
[0022] Fig. 5 is a block diagram of a conventional PID controller;
[0023] Fig. 6 is a block diagram and associated legend of a PID control loop
modified with a spatial modulated function to account for relative spatial location of
substrates within a temperature processing chamber;
[0024] Fig. 7 is a side plane view of a photovoltaic (PV) manufacturing

system incorporating aspects of the present invention; and,



[0018]Fig. 1 is a side plan view of an enbodi nent of a systemin accordance
with aspects of the invention; [0019]Fig. 2 is a side plan view of the
enbodi ment of Fig.1l illustrating advancenent of the substrates through the
system [0020]Fig. 3 is a side plan view of another enbodi mnent of a system
in accordance with aspects of the invention; [0021]Fig. 4 is a side plan
view of still a different enbodi nent of a systemin accordance with aspects
of the invention; [0022]Fig. 5 is a block diagram of a conventional PH)
control | er;[0025023] Fi Big. $isiapesspbitive kiedi cfgliecsystemnchf s @ci at ed | egend of a PM
control | oop
DETAILED DESCRIPTION OF THE INVENTION

[0026] 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 those skilled in the art that various modifications and

variations can be made in the present invention without departing from the scope or

spirit of the invention. For instance, features illustrated or 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 such

modifications and variations as come within the scope of the appended claims and

their equivalents.

[0027] Figs. 1 and 2 illustrate an exemplary embodiment of a system 100 for

heating or cooling discrete substrates 108 that are conveyed linearly through a

chamber 102. The substrates 108 have a leading edge 110 and a trailing edge 112 ina

conveyance direction 128 through the chamber 102. It should be appreciated that the

invention is not limited to any particular type of substrate 108 and has utility in any

manufacturing or processing application wherein it is desired to obtain a uniform

temperature profile along discrete, linearly conveyed articles. As described in more

detail below, the invention is particularly well suited for processing glass substrates in

a PV module manufacturing system.

[0028] The substrates 108 are conveyed through the chamber 102 by any

manner of suitable conveyor 132, such as a roller conveyor, belt conveyor, chain

conveyor, a combination of discrete conveyors, and so forth. The conveyor is

desirably controlled to convey the substrates 108 at a relatively constant conveyance

rate through the chamber 102. However, the present system 100 may also

accommodate varying conveyance rates, including stepped conveyance.

[0029] The chamber 102 is also not a limiting factor of the invention, and may

be any manner of enclosure that is suited for temperature-change processing of

substrates 108. The chamber 102 may be a single structure, as depicted in Figs. 1



nmodified with a spatial nodul ated function to account for relative spati al
| ocati on of substrates within a tenperature processi ng chanber; [0024]Fig.
7 is a side plane view of a photovoltaic (PV) manufacturing system

i ncorporating aspects of the present invention; and, DETAILED DESCRI PTI ON
OF THE | NVENTI ON [ 0026] Ref erence now wi || be nmade in detail to enbodinents
of the invention, one or nore exanples of which are illustrated in the
drawi ngs Each exanple is provided by way of explanation of the invention,
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through the chamber 102. The units 116 may be disposed over the substrates 108, as
depicted in Figs. 1 through 3, or below the substrates, for example if the substrates
108 are conveyed by an overhead conveyor 132. The type of temperature control
units 116 will depend on the function of the system 100. In a particular embodiment,
the system 100 is designed to heat the substrates and the units 116 are heater units 120
that contain one or more heater elements 122 (Fig. 3). The heater elements 122 may
be any type or combination of conventional heating elements, including resistive
heaters, quartz lamps, electron beam heaters, lasers, and so forth. Faster response
heating elements, such as quartz lamps, may be more useful with greater conveyance
rates of the substrates 108 through the chamber 102.

[0032] In an embodiment wherein the system 100 is designed to apply a
controlled forced-cooling to the substrates 108, the temperature control units 116 may
be any configuration of conventional cooling elements, including recirculating
refrigerant systems, gas systems, forced air systems, and the like. It should be
appreciated that the heater elements 122 may also be applied during a cooling process
to control the rate of cooling of the substrates.

[0033] The temperature control units 116 are individually controlled so that
their output can be cycled down and back up (or up and back down) as a function of

the relative position of the substrates 108 within the chamber 102. The “cycling” of



manner of suitable conveyor 132, such as a roller conveyor, belt conveyor,
chai n conveyor, a conbination of discrete conveyors, and so forth. The
conveyor is desirably controlled to convey the substrates 108 at a
relatively constant conveyance rate through the chanber 102. However, the
present system 100 rmay al so accom nodate varying conveyance rates,

i ncl udi ng stepped conveyance, [0029] The chanber 102 is also not a limting
etor of the invention, and nay be any nmanner of enclosure that h suited for
t enper at ur ehcinain &6 prp eehsle sippdy tumihsthe ahiesonld8 offTivendhanhebtht0?2 may be a
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plurality J%até‘ferq‘fﬁrteﬁs}céﬁgg’r“%e I 0@1?1‘3?% the @n%ﬁligg’é‘ﬁ]ﬂ’fiﬂ?gggg%ﬂ’é@e Ph t he
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RlaBiiraled 408 126 YJ 116 nSREChAC! uh0 Shlch ol th Abteblin®] 1 P o the

control units 116 are ose Inearly wthin the”chanbe

conveyanc e basitiecef thihedpps! 12T hEkef thmgubsiratesd 08+ bn adhes peosdsdthgepmtrddlet y acr oss t he
wi dth of t g,m‘gl}ﬁer . I r thyely uniform
t enper at ur 2% reat rr\:,\nltuﬂtttgg)rl @%ghrgl&%g?‘?%?%@e%%%@ogéﬁeﬁqg{%ﬁa%vg%gép?ryrlQc{r)ﬁgh t he
chanber 10zhrotgigheichiamber 2. fesyn dap 14 pposairougiathe tifietiseespemteszd®s, as

depicted i i.gs. : bel ow t.he .substrates, ,faqr ex le if the
Subst r at es Of bl emtuet BrBhipy e 2fhe B AALEE SUPRIA B GBen O S BR' O

t enper at ur effgoA¢ thelgap hi4 s 6eywinll thedappngtuezond) thefunitdtl 6 dvcyoled bik syst em
100. In a %arti cul ar enbodi nent, the system 100 is designed to heat the
substrates Bnd the units 116 are heater units 120 that contain one or nore

heater el ef@3th 122 I Hiogld 2)apprEbigted @it the t@etbimtdle’ 238 fpysede any type or
conbi nati on of, Cl nventional heati ng)fﬁ':mgrrent s, including resistive heaters,

quart z | anBERenE iy dP FRIOMPASS AN BRpRT ware and soffyvase,confEWRIONH St er response

heating el giféveShe Gl RactdYAddséribedMBRin. TRY chRenpD iR daedllek 1Y8 fnhy gr eat er
conveyance rates of the substrates 108 through the chanber 102.
encompass a central system controller that is in communication with individual sub-

controllers associated with each respective temperature control unit 116, and so forth.
[0036] Figs. 1 and 2 depict essentially the same chamber 102 at different
sequential times. In Fig. 1, the substrates 108 are at a relative position within the
chamber 102 and the temperature control units 116 above the spaced apart edges 112,
110 (gaps 114) are powered down (as indicated by the lack of shading below certain
units 116). In Fig. 2, the substrates 108 have advanced further through the chamber
102 and units 116 that were previously powered down have been cycled back up
while adjacent units 116 (in the conveyance direction 128) are cycled down. This
sequential cycling of the units 116 is coordinated with movement of the gaps 114
through the chamber 102.

[0037] It should thus be appreciated that the leading 110 and trailing 112 edge
regions of the substrates 108 are exposed to a lesser degree of the temperature-
changing effects of the temperature control units 116, which compensates for the

relatively faster heating/cooling of the edge regions due to the thermal mass variations



[0032] I n an enbodi ment wherein the system 100 is designed to apply a
controlled forced-cooling to the substrates 108, the tenperature control
units 116 may be any configuration of conventional cooling el enents,
including recirculating refrigerant systens, gas systens, forced air
systens, and the like. It should be appreciated that the heater el enents
122 may al so be applied during a cooling process to control the rate of

cogl [ ng o:‘lthe substrates. [0033] The tenperature control units 116 are

i ndi vi dual |y, 5%}% d [ t I wn and back u
(or up and b%lt eal ?aes‘%%r%ﬁf?l%ﬁlégﬁaﬁ?wﬁdgﬁrhe g?frgﬁer%%%p?fkgg%of t he P
substrat es 1@Bievéd foi the stlstreths hifers theyare Ftyenced ylgpughghe d‘fambphlﬁﬁ%nl ts 116 may

i ncl ude si urnin er relative
decr ease aﬂg{)&g rease%(()’g’t%al lflﬁ{ett%%ﬁ ;latglg% tfr&unl %11\%%'% .9‘?1% phase angl e
or Lmdul at ed\/aﬁnvseswmchmmmple)mqneeﬁlbiadinmndrdepmteﬂefmr exa,laplesn Fig. taheruni cati on
with each of t co nlts nsm ion |ines 130)
to sequenti &° P{}]el%f’éﬁgp Ti)é % fﬂ?lnto afilgvlgtfd e t\c?%nveyance

di IreC_tl on 12981;]saﬁteaad§¢mm Do a@fthddﬂBstﬁlmtIO&inopé)ﬂir(tUghmhe(ﬁhamba Kab&or at es 108
relative to the heater. control uni ter by .t he

posi tion of ?‘H’@pgo‘tj’&t“ﬁ‘f Paisi‘(?%iﬁ %ﬁ%"t‘\éﬂrﬂggtn?a%éhsfﬁg F#T]S%}W W‘\}iiﬂ? ds, the
control | er ]tﬁ§clﬁﬂfbkﬁﬁ)2tt$'ﬁetwltﬁegleadhg5wm%ﬂ(ﬁ’ﬁilﬁag"ll‘l\l tdpesmeeButstatts t he edges

112, 110 (gaps 114) through the chanber p 114 sges through
the ef fect i vaovedmpdiephamberidgae With edee é‘%"é? ﬁrf’ﬁ‘tdéd E’bﬁ‘?ﬁiB‘P"tﬂhﬁ% .aL‘fG t he gnl t

is cycled doyhrdifer thay cAlEHAE 8F aQtl RHEhWmSRIsh (§fabihg) ﬁﬁthre@@p gpp 114 passes
beyond die tenperature zone, the unit 116 js cyc|ed back
Alternatively, the controller may be provided with a pre-defined gap w1d 'value.

The controller 118 may also receive a conveyor speed signal 134 from an actual speed
monitor or pre-defined speed input variable. Alternatively, with a pre-defined gap
width, the conveyor speed may be calculated with inputs from the edge detector 124.
Based on the gap width and conveyance speed, the controller can accurately calculate
the position of the gaps 114 as the edges 112, 110 move through the chamber 102 and,
thus, control the temperature units 116 as a function of the calculated edge positions.
In this embodiment, an actual conveyor speed signal 134 would compensate for
variances in conveyor speed.

[0039] In an alternate embodiment depicted for example in Fig. 3, the
controller 118 is configured to cycle the temperature control units 116 as a function of
detected actual positions of the edges 112, 110 as the substrates 108 move through the
chamber 102. With this embodiment, a plurality of edge detectors 126 may be
disposed linearly within the chamber 102 at a relative position to detect the presence
or absence of the substrates 108, and thus the presence of gaps 114 between the
substrates 108. The detectors 126 provide signals 136 to the controller 118. For
example, the detectors 126 may be active transmitters/receivers disposed along a wall
of the chamber 102 at a level that lies essentially in the conveyance plane of the
substrates 108. The presence of a gap 114 (absence of a substrate) allows
transmission of an active signal across the conveyor, and the absence or receipt of this

signal indicates the presence of a gap 114. Thus, the sequential



[0035] 1t should be appreciated that the term"controller” 118 is used
generically to enconpass any nmanner of hardware and software configuration
to achieve the desired functions descri bed herein. For exanple, the
controller 118 may enconpass a central systemcontroller that is in
conmmuni cation with individual sub-controllers associated with each
respective tenperature control unit 116, and so forth. [0036]Figs, 1 and 2
depict essentially the sane chanber 102 at different sequential Inmes. In
Fi.g. 1, thectSulishidedctisatibddf tiedetton 126 blideeapasial indfvatéd dfinfovielentc hanber

102 and the e rap ur.e tral.  unit 16 above the spaced apart edges 112,
110 (gaps f{h}egﬁﬁ at?&ﬂﬁ?séggd]é&ﬁheﬁ@t?‘ﬁé?@%’égo%y the |ack of shading bel ow
certain unifo®0]16) . ItBhduldbe abprecla:d I SHe@tce®rsl08 Mg\ aagManeedrfi trther
t hrough the chanber 102 and units 116 that_were previous power ed down

have been @§RYSSHPNBALKYGHCIYH: ingluding ddwred gafie Fequepeys faser; #rd emnaeiance

direction 142@}esaha chry oltRfard W opeling eRGQBHRBL RkheQh&hb&G 082S Th1E units 116 is
coordinated with movenent of the gaps 114 through the chanber 102, [0037]It

shoul d t huglelseordgp awy be agingledtenspitierisenivangnit ot daterts thesipnaheeiieaizd edge
regi ons of $ibsihE e 8dgkO8r RE &b@éﬁ%ﬁé%%@alI'f’a%éﬁ%ﬂ&}%@&ﬁﬁgﬁ'&&&&merat ure-

changing effects of the tenperature units conpensat es

for the reltsignel hatfrasseethronghthogspe bl ithdhoold alsade eddpesto@ifhgribe due to the
t her nal m%&e&g{s'nﬂy'b?%?si}io&h%ﬂ(gvetor}%elggﬁegsrubéhat rl%%l felll% ta?ened" and uni form

linear tenperature-p ITe 1s achieve e substrates 108 as they are
advanced t lembodjmentne chanber 102. [0038] Control of the tenperature control

units 116 e conf.i ed in various ways. For ampl e, in one enmbodi nent
depi ct ed fgarmétanpl gﬁfegiéf’glc{é?s %6nf%ea?sc?goﬁtpf%fvlegf’mﬁgégﬁn%l igr?xr‘i‘glp its 116 as
a functi on tlefdetecioad 126 Inadydnclpdesi Hiasod tabfand bedispdied laiga walgesthd 12, 110 as the
substrates 10 t hraqugh t he chanber, 102. For exanpl e active or
passi ve ed§%a"§’éj?gq2tesc?rtﬂtf%quﬁwngﬁge&ﬁ%%&%s‘ edges ogglﬁtﬁrﬁgﬁr%ﬁsﬁﬁ%n t he chanber
102 to det ®efledtiof of $iatibs ¢htd 4 Rappnich WillPrddubda dokespAARS samalltha isubst rat es nove

into the chanber, 102. Wth edge signals provided by the detector 124, the
control | er MFglyeL By F%"é’hﬁwl&t ual w dth di mension (spacing) for the gap

3“ 13& hAlv; |eL gumizyel Y, 1B 4fcpRlslctéh BRYeBRrdotibidRd M6 bhintuBhgadef i ned gap
plurality of individual elements 122, for example individual heater elements. These
elements 122 may be operated as a common group within any given unit 116, or may
be individually controlled within the unit 116 to provide even more refined
temperature control within any given temperature zone.

[0043] Fig. 4 depicts an embodiment of a system 100 wherein the chamber
102 is divided into a plurality of adjacently aligned modules. The modules may be,
for example, pre-heat modules 20 that precede a vapor deposition module 22 in a
vacuum chamber of PV module manufacturing line, as discussed in greater detail
below with reference to Figs. 7 and 8. The temperature control unit 116 associated
with each module 20 may include one or more independently controlled heater units
120 that increase the temperature of the substrates to a level sufficient for vapor
deposition of a thin film layer of semiconductor thereon in the vapor deposition
module 22.

[0044] The substrates 108 are conveyed via conveyor 132 into the first

module 20 from a buffer station/module 38 once pressure between the module 38 and
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The controller 118 may al so receive a conveyor speed signal 134 from an
actual speed nonitor or pre-defined speed input variable. Aternatively,
with a pre-defined gap width, the conveyor speed may be cal culated with
inputs fromthe edge detector 124. Based on the gap w dth and conveyance
speed, the controller can accurately calculate the position of the gaps 114
as the edges 112, 110 nove through the chanber 102 and, thus, control the
tenperature units 116 as a function of the cal cul ated edge positions. In

t hi s enbodi nen act ve n sate for
vari ances i "% 54 c?ngfff(%g eflﬁ egr °“%m@éeﬁ? g%l cted for
exanpl e in Fegtively cdri@ﬁnmﬁtzery@hdeeatelﬂ)ace me mndllpgmrmdmtth)e firgcineduld20 is
tenperature contr units 116 as a.f [ et ected actual tions of
the edges 112ﬁaf11 e pextsyhs e%‘l?ﬁ‘s%“ﬁ%ff"‘é“sf@ ﬂ?ﬁr)t{)‘gffe{ %‘ﬁ‘é%ﬁg lsﬁ%P@Pi&%eVe 02. Wth
this enbodi nemnbexed”)htd ted firkmfuleeZion ad:eﬁﬁ@/hlw’e?fat&ﬂﬁt eignifeatilysgresad | i nearly
within the chanber 102 at a rel atl\ﬁ_ﬁpomtl on% Ee%; t %re ence or
absence of ttha e ernsiant coaveygpce ralg @t th yubstmtes 10 g‘é‘?‘l’& m‘@iﬁ‘g? 91X het ween
the substratggnte, MR inifillCofRly85deQhte o R sitbstiesl S0SinBNaE SrsiBddile 20 Ry
controller 118. For exanple, the detectors 126 may be active

transmtter #ICQMW“SHS&HHW dinthefgtiatong SFgDH‘fca{‘qﬂl@até‘PﬂdjfﬂEf%‘le%z at a |evel
that lies e%’%ﬁ%teh ﬁ{ellé(adzr{aébltlb%n@%mﬁg/ CEIPE GNBe bestfrzh@rétﬂﬁs ot @ 108. The

presence of a senc a substrate) allows transm ssion of an
active si gnahbmted% hasecen eapidly indexedrintotthrefinghmede2Q it is tepconveptd athi s

si gnal indi 104Swithld i S99 Bk Rt
activation' gfgéa% I vat?%f)g‘?l&%fcg?ﬁ%g%tg?gg%gsr%%%%s %3"%‘? es an act ual SI ndi cati on
of novement ledlingfedgs ilsnd dhieradiipesigd 123 oﬂth@adlmeoumatr@dlresubmle% 102.
[0040] 1t sh be a ci.at.ed t t Any manner of’
active traniﬁézﬁ er/r gtél?{/eg?mngtn) gcﬂ #gﬁ?‘ﬁ ?hggbg 3em tr e;&bency | aser,
and ot her a@ﬁbgﬁateeleosme&thhmghdﬂnnodutds&ﬂandlarblpmgnq:mwdyﬂm@ecbbnfomonnent of

t he chanber ([102. The tors e dra smtl rt.receiver
uni t that - adPBepenevet Bloghe Perpe fireePameref 2 nBe bt SRS Botish o RER
substrates (E8hte spEndFBIOrdMUEinAthé RIBBIIES I@Mou@meanamemamgtesgd he signal

t hat passes throu ga s 114. 1t should al so,.be understopd that the

.th
det ect ors mi§rtioa- %B%S vall gosalh inasgpereasinafemperArferedigt PPe in alternate

embodi ment s je] BRAdd ih AR Bl ghshé&@cﬁ@dopdoﬁocyla@cep ARSOtheR “mm; aahe devi ces.
For exanple, the detectors 12 i nclude a bi ased tab and 3 di sposed

al ong a wal [vapsr depsitionapadale 22gthe éreﬂma &deq prationygfdhesugstipte Higan
edges of t h%re?&ép &,In{}'ﬁ:}a?lﬁe #08 the leading edge portion, which is detrimental to a uniform

deposition of the thin film layer on the surface of the substrate 108.

A he side

[0046] The system 100 may also be designed to compensate for the
conveyance-induced temperature variance discussed above by decreasing the heat
output of one or more of the heater units 120 as a function of the spatial position of
the substrate within the chamber relative to the unit 120 so that less heat is transferred
to the trailing edge portion as compared to the leading edge. For example, referring to
the embodiment of Fig. 4, an edge detector 125 is disposed at a first location within
the chamber 102 to detect the leading edge 110 of the substrate 108 being conveyed
from the first module 20. At this detection, the controller 118 may reduce the output
of the heater units 120 in the first module 20 (individually or as a group) by a set
amount (e.g. % reduction of the steady-state output), or even turn-off the units 120,
while the trailing edge portion of the substrate is conveyed through the first module

11



Defl ection of the tabs into a gap 114 will produce a correspondi ng signal

. that is received by the controller 118. [0042]Fig. 3 also depicts each
tenperature control unit 116 as including a plurality of individual

el ements 122, for exanple individual heater el enents. These el enents 122
may be operated as a common group within any given unit 116, or nmay be
individually controlled within the unit 116 to provide even nore refined
tenperature control within any given tenperature zone. [0043]Fig. 4 depicts

an enbodi Mot 19fhiPmanst, @R thAtheWags firflod b Be AR R8st WRgles Winkhged into a
plurality ned nodul es. The nodul es be, for exanpl e,

rrgf adj %centl y al ig ma i
pre- heat  notAdmg<£dgp] isachey & dennsireqrn pége dateples 137 eupwuiticdeter wiitsa vacuum
charber of 1BYider.a t%@ﬂgﬁﬁws%étgg%ﬂdhfb‘ﬁ’ gﬂﬁsé%éfcﬂﬁ%ﬂ{é dufbuBEERL €1 det ai |

bel ow with reference to Figs. 8 Th e€rature control unit 116

associ at ed bggterinita ¢ 20 sardynaiop®f theypatiabpasition ofithe substrated 08 redapye taltsnt | y

control | ed Jigalerie ol gg%gi i . f the substrates
to a | evel suf ?}IE(;CFG trgtﬁxg vé%?)rﬂ{ah%’ggg ?@?@éﬁ%&g&ﬁ?ﬁ %%ﬁ%% aéeylgr of

seni conductcompensatedéton. i n t he vapor deposition nodul e 22. [0044] The
substrates are ¢ ia c eyar 132 into the first nodule 20 from
a buffer st[aa@?])n/ rdeSF%O% i 8126016{%?5{115%&5 CB‘@P%%}hontpﬁ%ce ﬁ‘?g(’t:?gc‘gnd nodul e
20 i s equalin thedirsinwdaele £0s Ths pgosninhy also by sedplishedingtny oheomnmodul es 20 at a
relatively copstant .conveyan rate.. ce e initial position in the first
nodul e 20 f’%m{;l%%té"PQf eﬁ?‘%&?ﬁ%ﬂg@@ﬂ@%‘i g°§i1€e§‘fgrt8ta§f"i‘(f‘8f OFRSMFIf f er nodul e
38 is L api dinypeeaury fpi;bﬁ([b i(l;tmeruﬁesmlé's)los Eﬁ@ tb Eﬁwéjrarnsé inkeDdY b@o?@e}ﬂisiti@nconVe%/anﬁe
rate that i i gni fiLcant eater thap t const.ant conveyance rate of the
substrates cﬁaé‘%’e? ﬁéofffﬁ ﬁx?ﬂée’%ﬂm’%s B8y Q‘F Wl@’s‘% n ﬂterfgstimﬁ%#%qo conveyance
rate of thendubsaétaljesenlMB8dilode) ahio forthst nodul e 20 may be consi dered

" nstantangoous" inthat little to no significant heating differential

bet ween t h&¥8hdi ng 11ty exphodinpent piTg 4 the cempensation nroressinisentried by esul t s.
Once the sulsdionbolihdA8ullaDsiESBr theRibdred 109 itH R c?ré]{é%ﬁéa‘ie?hnﬁ@dm e 20,

it is then _conveyed at the constant conveyance rate o e ot her substrates
108 wi t h alyhiyiatheedpsdgisetars128, 128h dinpljeraatg embadimgris, thheontroBér|lilBg edge 112

of the adj gaeBt am i 108 .. [ I to Fig. 4, it
shoul d t hus ge gpp eglﬁat e%éh?%%{thgggmta Efge%smwg%% §£’ fu exraﬁlfp%’ béfitea
conveyance rate, spacing between substrates, substrate length, and so forth.

[0049] Fig. 4 depicts additional edge detectors 126 that may function with the

controller 118 in accordance with the processes discussed above related to decreasing
edge-induced temperature variances in the substrates. The different compensation
processes may be implemented concurrently in the chamber 102.

[0050] Control of the temperature control units 116 may be accomplished in
various ways. In a particular embodiment, the controller 118 may utilize a PID
(Proportional Integral Derivative) control algorithm that is modulated as a function of
spatial location and rate of speed of the substrates 108 through the processing
chamber relative to the temperature control units 116 to achieve any one or
combination of the temperature compensation processes described herein. A PID
controller is a generic control loop feedback mechanism that is widely used in
processing applications to calculate an “error” as the difference between a measured
process value (PV) (e.g., temperature) and a desired setpoint value (SP). The

controller attempts to minimize the error by adjusting the process control inputs. PID
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substrates 108 nove t hough the nodul es 20 and are progressively heated
bef ore bei ng conveyed into the vapor deposition nodule 22, the trailing
edge portion of each substrate spends nore tine in the nodul es 20 as
conpared to the | eading edge portion. This will result in an increasing
tenperature gradient being induced | engthwise in the substrates (in the
direction of conveyance). In other words, in the vapor deposition nodul e
22, the trailing edge portion of the substrate 108 will be at a greater
tenperature th he | i j ool ILReptal to a

uni form depc?é)ln cl“%?trrls %? c‘%ﬁg‘o@ﬂiuge%%? @h%éﬂ?g?e %)o\rll:(ﬂjtoﬁ'l;e1 dﬁ?%g%% of t 1‘% Substrate
108. [0046] Hpplimyishsem 100 may al so be designed to conpensate for the

conveyance- i ed tepperature.varianc iScu e_h asi ng the
heat out put [Q&Lﬁne or 5 & %hlo%ﬁagﬁ%%tog? ghnf?@%fgé&g‘g%aw ulﬁce‘?%lﬁ of the
spati al posiknb®h afd néeld@oshtsplaicd imddtdil eréihe Getaattyethe PED bitwd t 0 t he uni t
120 so that |ess heat is transferred to the traili edge poriion as
conpared t o H&EHREYPHES bER§SePaELF PAIRFGIS e Pé%?‘r"f’ﬂgp ¥ g%t‘ﬂ‘ggfé%ga?‘ﬁe nt of
Fig. 4, an qrg&rRetirqDINalddd ThesediahiiedarEombinad id pretidé aaanipolatedi t hi n t he
chanber 102 to detect the |eading edge 110 of he.supstra}e 108 bei ng

conveyed f r oriiete YV (8) ovtpediog the PI\Fontrpller a5 fupgtiop of e IR PMS| | or "118
may reduce tBgmout BitpoRiondlTe) M@t @lso UAliciS gdid®) rhdke$ Hehahpé Hithe@dpdie 20
(individually or as a grqggL bg a set anount (e.g. % reducti on_of the

st eady- st at éK’BOttbﬁ]tl% propprtienabie thepustest erraryalug fe(Dxbetween thisotROMKEP) r aj 1 i ng
edge portio £ S t t ! -nodul e

hi s nanner,%?ﬁén%gﬁﬁ?yggm%§g§Mio???gﬁ%¥§gﬁggﬁ§¥%%¥%?ﬁ%ﬁ%i&pdegree. When
the | eading edge 110 reaches the dbuwnst #eae{lddge detector 127, output of
the heater units 120 is returned to their steady-state condition. Thus, by
cycling the [gaspput of ThéiatpRR{IPvalikialss cAl4Y ‘@sset?) makestal changafio theugpat i al
position of the substrate 108 relative to. the.units, th§¥t?gg§rature

gradi ent t h&M¥adkatés mrepastionabio themagnivide aefl durationof thsissior By Wiqerating Mo ns at ed
for. [0047] letroshaplithe R ARRHHGHANLE IS0 HE B Sdkble MnteyrAGRAESTGEER]: not  occur in
the first nodul e 20. The process may al so be acconplished in any one or
conbi nati on of the other nodul es 20, witft the goal being to achieve a

uni form linear tenperature prof flue=d<t e e{ahdrates 108 prior to
conveyance into the vapor deposition c er 22. For exanple, the process
may be i npl ameRitdali (1) tikitacklenies PRdedseowitdamd séthented liathars et nodul e 20,

and so forth. [0048]1n the enbodinment of Fig. 4, the ¢ ensati on process
in control | éderpt deadyestatosresthat H‘“ecuésc‘f’lﬁléPmB%‘%f’{‘aﬁ'é’ﬁfy(ff’n?ﬁE?% ubstrates 108

relative tO[@dS@n%Cycl efh\ @Rl RiveUD) V8lud (a2 caNéEr-htte Ralas adeipetote 125, 127).

In alternate enbodi ments, the controller 118 may be confi gured Lo cal cul ate
the spati al op@yt @T¥hassfiaetionf theslope ehhscEor QNeF 1%6“%%\9%8&%‘@3 Kt e,

spaci ng bet yeen. subst pateg,. substrate length, and so forth. [0049]Fig. 4
-depi cts addit|oﬁaggehge(SZ%ectors 126 that, may function with the

Douﬁ == Kd:ﬁe(t)

1=

The derivative (D) term slows the rate of change of the controller output and reduces
the magnitude of the overshoot produced by the integral (I) term.

[0054] The proportional (P), integral (I), and derivative (D) terms are summed
to calculate the output (u(t))of the PID controller:

t d
ult) = MV(t) = K,e(t) + K, / elr)dr + Koze(d)
. .
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controller 118 in accordance with the processes discussed above related to

| decreasi ng edge-induced tenperature variances in the substrates. The

. different conpensation processes nmay be inplenented concurrently in the

. chanmber 102. [0050] Control of the tenperature control units 116 may be

~acconplished in various ways. In a particular enbodi nent, the controller

- 118 may utilize a PID (Proportional Integral Derivative) control algorithm

that is nodulated as a function spatial |ocation and rate of speed of the

, substr at es THa&onthol deoghis ttheedptothe Spdcii récl’iﬁ'é'i:gllits bﬁﬂhabi'défess Ibg alijnemiegyrper at ur e

~control units 1 tg achi eve any.. or .conbi nati on o e tenperature
conpensat i oorﬁﬁr‘%@ér?g@?nd@ ?f@é#‘ﬁg‘séﬁ’ ?ﬁh‘e/l(eP‘F?l?t"E‘Hﬂf’?’Hﬂﬁ BPPINSe.3 generic

control | ooproaektmknsaRanissRt ihatodptushgel y used in processing

calculate an "error" as the difference behnen a neasured

applications t € g .

prpgc ess va|[§%553 PV) (E'8gd is abdenbetiagra eyithdrernd) efesferdbackenpel lner thall ue (SP).
The controlghgr be"iﬁlFﬁméﬁth 10a dPsR ol RealifBor@obRg R¥stAs\dSivePdl dhffigh 0Cess
control inputs. PID controllers are commonly used for téenperature control

i n vari ous PResEEChambagWappnitedempmatire conisl Uity 165ur¢ eonirolitdoask di agr am of a
PI D controlgRhgal iohie pg': gfe?)?f’d\ﬂg’:-iﬂﬁﬂ erfPatRaRriAREs expl ai ned in

detail herein. Cenerally, ontrol algorithminvolves three separate

par armet er s :corveganse yprAncesdRig 4X A thetpagicitlat ergbalim¢rt depictadlintig &er i viat [ \(/e (D)
val ues. Thesge ' 0 ' L.hul ari.able (MW
() “out pu ety orlpfla IO AR I A RERHL G, PR IR RLEE RS © e
real m t he opergjur dsiadmadtiof By the apatiel foaition of thk keidtritgsiehitiye tethkesnis change to

th t put . ] i | .to.the.current err.or,value (e(t))
bet ween' ¢ hd! Serpeindip R pRYRed Wbt R AEHRATE 6 1R by ot unal e
pr opor t i onatandpad RID aatsfer fitptiorPG(s) ismdddﬁsal(vtrr]i)h:{@@ﬁa?lly'ﬁh@idlaﬂécﬁgfnaﬁer (1) value

I I1ed ' £ K. h to the o ut that (s
E)?ogs)gr 'f ?on CfléI?é%@ tﬁﬁgﬁ‘i@gﬁg‘i g’h@‘ggﬁ‘?‘tﬁ’ﬁ%ﬁu% éﬁtﬁ%s@gt?%% 1198 withindhe ating the
error over ptdcesingeHarfibir 1l 07 vhidhdmdy e déetcted b MnyPednibimdion of &lgegr al gain factor
Kr:

detectors 124 -127 in communication with the controller 118. The spatially
modulated transfer function G,(s) may be, for example, a ramp function that, when
triggered, combines with the output of the PID transfer function G(s) to change the
manipulated signal U(s) to decrease/increase the output of the temperature control
units 116 (e.g., a defined % decrease and subsequent increase) when the edges 112,
110 of adjacent substrates 108 are passing below the units 116, as discussed above.
[0056] It should be appreciated that the invention is not limited to any
particular type of feedback control, and that the modulated PID control algorithm
described herein is for exemplary purposes.

[0057] Figs. 7 and 8 illustrate an embodiment of a vapor deposition system 10
configured for vapor deposition of a thin film layer (generally less than about 10
microns (um)) on PV module substrates 14 that are conveyed through the system 10.
The thin film may be, for example, a film layer of cadmium telluride (CdTe). As
described in greater detail below, the system 10 may incorporate one or more of the
temperature control chambers 102 in accordance with aspects of the invention.
[0058] The system 10 includes a vacuum chamber 16, which may be defined

by any configuration of components. In the particular illustrated embodiment, the
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lout -=I e(r)d-r The integral (1) term accel erates process towards the
setpoint and elimnates the inherent steady-state error that occurs with
proportional -only controllers. [0053] The derivative (D) value (also called
"rate") makes a change to the output (M) as a function of the slope of the
error over tinme nultiplied by a tunable derivative gain factor 1Q Dont =
Kd-die (t) The derivative (D) termslows the rate of change of the

controll er output and reduces the nagnitude of the overshoot produced by

e, 291y PRI A ARG R BofdEels st

control |l er: inigraafer ti}tait bélbivt In genkxak (he) vaeuute chanbed it 6 mls(nég (:()ns1dered as the
section or portion of the system 10 wherein a vacuum is drawn and maintained for the
various aspects of the vapor deposition process.
[0059] The system 10 includes a pre-heat section 18 within the vacuum
chamber 16. The pre-heat section 18 may be one or a plurality of components that
preheat the substrates 14 as they are conveyed through the vacuum chamber 16. In
the illustrated embodiment, the preheat section 18 is defined by a plurality of
interconnected modules 20 that define a heated conveyance path for the substrates 14
through the vacuum chamber 16. Each of the modules 20 may include a plurality of
independently controlled heaters 21, with the heaters 21 defining a plurality of
different heat zones. A particular heat zone may include more than one heater 21, and
the heaters 21 may include multiple independently controlled heater elements, as
discussed above with respect to Fig. 3. The pre-heat section 18 is controlled as
described above such that the heaters 21 are cycled down and up as a function of the
relative position of gaps between the substrates 14 that are conveyed through the
preheat section.
[0060] Each of the preheat modules 20 also includes an independently
controlled conveyor 66. The heaters 21 and conveyors 66 are controlled for each
module 20 so as to achieve a conveyance rate of the substrates 14 through the preheat
section 18 that ensures a desired temperature of the substrates 14 prior to conveyance
of the substrates 14 into a downstream vapor deposition module 22.
[0061] The vacuum chamber 16 also includes a vapor deposition apparatus 24
downstream of the preheat section 18 in the direction of conveyance of the substrates
14. This apparatus 24 may be configured as a vapor deposition module 22 and is the
component configuration wherein a source material, such as granular CdTe material,
is sublimated and deposited onto the substrate 14 as a thin film layer. It should be
readily appreciated that various vapor deposition systems and processes are known in
the art, such as the CSS systems discussed above, and that the vapor deposition

apparatus 24 is not limited to any particular type of vapor deposition system or

process.
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a The control loop is "tuned" to the specific requirenents of the process
by adjustnment of the different gain values (Kp, Ki, I(d) to achieve an
opti mum control response. Various known methods exist for this "l oop
tuning."” [O0055]Fig, 6 is a block diagram (with | egend) of a feedback
control loop that may be inplenented in a systemfor heating or cooling
substrates conveyed through a processing chanber, wherein the tenperature
control units 116 are controlled as di scussed above to conpensate for

edge- i nducqgodgnper aThy Rictiah cRAGRS 1 O5lsEROMBYINGE]-¥Mi RB§AS24 Pig. 4). In the
particul ar enbodi nent. depicted_ in Fig. 6, a standard PID controller is

modul at ed 198 WAREEMHAS dhst@PUAeposiipraphBaratdir e taciipsatrdembodiment, the as a

function ofeodiliwiR@itoRl26RO& b @By 2h1utdiey SURSIEbAER bedIRbIWY Sndddlel e uni t's
116. As explained in the | egend providéed wth the block diagramin Fig. 6,

t he standard trpueh whaipkthe sulisirates 140#re Gpnypyddprien i teingdempydd feonsihat i al | y

nodul at ed r g i h fofol11 : el ative
position o%gl%ﬂgflg'u sétj‘%g% g%glé&@mést%ﬁ}? 1{1%%10;1& oceslggﬁtgx%'%%%g{e@l 102, which
may he det edthiuthpyacanm chambird4tin which theestbptratde hadngthe thiefilm a07 i n
conmmuni cat i_o: Wt cont . i ald d transfer
function 05‘?@3&%@%@%#%?1 %glz’iérlrt%? teh?epegn P g@f‘&‘?ﬁ“ﬂ‘z‘:’ﬁ%%’fng? Eglg%gu\%%gonoh[ ri ggered,
conbi nes widbin rdtepmartipthe solfstratee 148ding reansédefrorh thecystem 1G The tawlchange t he

mani pul at ed si gnal . U t o .decrease/incr e the output. of the tenperature
control uni"t¥® %f’gulf’%é%ﬂav"? 18‘2??’?1%@’3%"%@@%’%%”% '%ﬁ%@ﬂﬁ‘gﬁ?gi ncr ease)
when t he edgginchik'ond dOmorde indtpagiendy &nﬁsmeﬁi&ble%nghﬁ&b s&?,aniﬂﬂtﬁshj(fjig; zr?el owht he
units 116, .di scuss.ed ve. 056] 1t ou e reciated that the
vent i on Cetyiog S P Do B G sblmeebty Ayl So PR et oM of | and
that the maghud dh@EnddoBligittit 2y, ardd BOtitsPInElgSAdthRasIfife didepdndedtir exenpl ary
7 and 8 illustrate an enbodi nent of a 'rapor

. [ 0057] Fi gs., | :
32;22?? isonL’%‘}’&’Zﬂéﬂ’lﬁ‘%’g‘nﬁSlﬁF‘F@‘&raédlsF‘EfﬁedﬁéﬁﬁerWﬂléf?éch’é fodie-gF haa9rh il m 1 ayer

(gener al |'y db®# Sectibd ARPHE colBoBCds AR ribRIAbbvOSuck YhatBRLbSlirpURSS pot es 14 that
are conveyed through the system 10. The thin film my be, Tor exanple, a

film I ayer agfoyeladifewmandaip as piferstiomafithy relatiye gesitéon Weaps betercadhcer det ai |
bel ow, t he sayBLEM 410 B beAGRE ﬁ%&%ﬁy&@&h@ﬁcé&qéﬁ%&ﬁmﬁe%&ﬁ%er ature control

chanbers 102 1 n accordance with aspectts of the invention. 058] The system
10 i ncl ude$0043)acuurihelsasitre 10 2159 inghidesn erayeioe sybésni thetdis operably

disposed within the vacuum chamber 16. In the illustrated embodiment, this conveyor

system 16 includes a plurality of individual conveyors 66, with each of the modules in
the system 10 including a respective one of the conveyors 66. It should be
appreciated that the type or configuration of the conveyors 66 is not a limiting factor
of the invention. In the illustrated embodiment, the conveyors 66 are roller conveyors
driven by a motor drive that is controlled so as to achieve a desired conveyance rate of
the substrates 14 through a respective module, and the system 10 overall.

[0064] The system 10 also includes a feed system 48 (Fig. 8) that is
configured with the vapor deposition apparatus 24 to supply the apparatus 24 with
source material, such as granular CdTe material. The feed system 48 may take on
various configurations within the scope and spirit of the invention, and functions so as
to supply the source material without interrupting the continuous vapor deposition
process within the vapor deposition apparatus 24 or conveyance of the substrates 14

through the vapor deposition apparatus 24.
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by any configuration of conmponents. In the particular illustrated

enbodi nent, the vacuum chanber 16 is defined by a plurality of

i nterconnected nodul es, as discussed in greater detail below In general,

t he vacuum chanber 16 may be considered as the section or portion of the
system 10 wherein a vacuumis drawn and maintai ned for the various aspects
of the vapor deposition process. [0059] The system 10 i ncludes a pre-heat
section 18 within the vacuum chanber 16. The pre-heat section 18 nay be one

or a plurali f co nent.s.t [ ey are

conveyed thr@é%:ﬁ then‘\@gghﬂ@ﬁ‘a %‘Hg%%tgat%g%aaﬁenﬁ? ﬁaclal%{%%%({s@#g? (laoéé(g%g’gg‘lﬂrrent, t he

FLePegt f sect4®ﬂzhibﬂ nay inkhidenfod ekgm;ﬂ?,plhe:cﬂamleitjﬁlpp afﬂlt;ii/c:nmilmmorleybﬁﬁﬁ 'nlmﬁsn![ ﬁs 20
at define a.he conveyance or strates ro e

vacuum chanpBfiz ‘g{n%%a%tﬁerﬁ?' Q{?rﬂ énor‘}ﬁ%ﬁ Ihgl%e S}Bﬂ?ﬁ?ﬁ#ﬁﬁ éfﬁtecogv??ﬁ %hé?lf of

i ndependent | ghtr§ @aduus] lbedstieatdrnkat lupstiédnhof the viveamehsmBd 1defd theng a

plurality of_ different heat zones. fg\ggarti cul ar Eﬁgat zoneugea}y i ncl ude nore

than one hedllBjtrated embpdimeps theyacuumlogk stahign 34-ipelydes ajoad module 16, gependent | y

control | ed hggk&in & 01BRE Modds 38linBe g@boRbPMRVIahbe 6faBPRBidd 16l & 3. The
pre-heat section_ 18 is controlled as described_above such that the heaters

21 are cycl e@UEBWA-eaiitiahh vacyum pupRAOOiibepniigwed aithdhelopdmode ¢ fon of gaps

bet ween t he GuOSH AltREvakfuh 18], 8hEa SRR GV il vasitkh Sk ¥ Bhetgudct i on.

[ 0060] Each of the preheat nodules 20 also includes an independently

control | ed cuithibybuifeenodules8tie iceqase the vagwamds Hhedypdesmediad®tocont rol | ed for

-each nodul e } i 1 ) fes 14
&n %Eeilg?ﬁ% Iéa%u&rﬁ ﬁé\%)é\%%tﬁg?m&&\ﬁﬁﬂ GMI%I- ?6.0{/%&;{%25”23&%., %5@

t hrough the preh ctiron t ensures a desire erature of the
substrat es Ifpepilit valvasor comydyrefppatvalves) asatrstrablyt disposed batwesnghalloathst r eam

vapor deposic oo/ sS, 22 FQRSILITIE AR WITHENARRSE 30 hihortec] Ldes

vapor deposi appar a Wnstream section 18 in the
di recti on ofmainieisyanidetwdentthebugiehsibdae 88 addithe Thiwmmeghpmbert 16s Thdsemray be

configured as, a or depositio dule, 22 and is the ¢ onent.

confi gurat i d’ﬁlvﬁ%%f%ie ﬁeqé‘elg?@ayé“ém%ﬁ%?gﬁoforgﬁgtﬁeratgpeg?%ﬁﬂ’fag? &f8terial, is
subl i mat ed #adn epOwiititedluceihe sitdgatssibsintoathe vdchumschambdri 16 i & btepdwdgeer . | t
shoul d be readily .appreci ated_i hat vari ous vapo epqsi tjon systens and
processes ar“éanR?fydWB%B?Pdc"ﬁ’@elﬁta ?@6&#?@9%&%@&%3??@%{% scussed above,
and that thgoosspor depaddrinbMihl spRainmiddadigdng, on Btratlondliviabghni 8 any particul ar

type of vapor deposjition system or g)r ocess, L.
maintained in the vacuum chamber 16 by way of any combination of vacuum pumps

58, 56, and 60. In order to introduce a substrate 14 into the vacuum chamber 16, the
valve 62 between the load module 36 and buffer module 38 is initially closed and the
load module is vented. The valve 62 between the buffer module 38 and first pre-heat
module 20 is closed. The valve 62 between the load module 36 and load conveyor 46
is opened and the individual conveyors 66 in the respective modules are controlled so
as to advance a substrate 14 into the load module 36. At this point, the first valve 62
is shut and the substrate 14 is isolated in the load module 36. The rough vacuum
pump 56 then draws an initial vacuum in the load module 36. During this time, the
fine vacuum pump 58 draws a vacuum in the buffer module 38. When the vacuum
between the load module 36 and buffer module 38 are substantially equalized, the
valve 62 between the modules is opened and the substrate 14 is moved into the buffer
module 38. The valve 62 between the modules is closed and the fine vacuum pump

58 increases the vacuum in the buffer module 38 until it is substantially equalized
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[ 0062] The vacuum chanber 16 al so i ncludes a cool -down section 26
downstream of the vapo.r deposition apparatus 24. In the illustrated
enbodi ment, the cool -down section 26 is defined by a plurality of

i nt erconnect ed cool -down nodul es 28 t hrough which the substrates 14 are
conveyed prior to being renoved fromthe system 10. The cool - down nodul es
28 define a longitudinally extending section within the vacuum chanber 16
in which the substrates having the thin filmof sublinmed source nateri al
deposi t ed twigsBoadjadest prb-hewathdhir 200The divasXiuniéalheshieppbddens rate prior
to the substrates 14 being renoved fromthe system 1Q. The cool - down

modul es 28 A PTerlFat Iﬁa@g%%ﬁ'émwpewﬁt%ﬂvé@sgatﬁmwé igig thepse-heatodul e 28 May
i ncl ude ongn@fuld M. erhis}H6REEFAl fYr SRREIRIAe 4 68RLIAdnidMd hcd@n W th the
units 29 defining a plurality of different cooling zones. A particular
cool i ng zoﬁ@mﬁH? Pncl ude nore than one cooling unit 29, and the units 29

may i ncl udgoggghti pl eItisH@ﬁP%?fgc%}'ed%%; ﬁghﬂ&»@ d‘é{%ﬁhﬁ&ﬂh&t‘tﬁé‘&'ﬂ&t es @S

di scussed above with respect |?, e cool -down section 26 may be
control | ed l4vithisibe virsumagbamberd otill Mvs haveer gap betiween adiacent sbstrates cycl ed down
and up as g éwlﬁé'{o%sngh?%&%‘ rel ative position of gaps between the
substrates 14 of to ¢ ensate -for conveyance-induced tenperature

vari ances. [(@8$3] Thelnshsillestraidl cattodiment thed@poralepasitiomyapparstys24em t hat i s
operably di.sposed w.t:hi,n.the vacuum chanber 16. |n the i]lustrated

enbod munt HRE moHYE S Bk B MEARETEHE o thond GemPondeBiidRG vi dual
conveyor s @fivironirieht welsedin atthih figm obdiblimsd sourdeheataisd tseeh sk@CdIecikudi ng a

respective one.of the conveyars . 1.t _sho be pr eci.at ed at the tyre
o bont | gur SRR B0 BRPES SRy P E SRS o Cr PR SHRIFGE LR, e
Lormeyors et e gl el SRttt Lol

conveyors driven by a tQr drive that .S

desi red coﬁPﬁ@éaﬁ’c@g‘?fé’foréESoa‘ets tralgh 51 5 nelstoppeq ﬂrrlt?lpgwﬂgnﬂ&rﬁ%‘ll‘?% nodul e,
and the sysghefbvkofitiftioadl} thrbpAeHH nhbdiSY B4t TordbIRY Hifed: Raé.UfRs a feed system
48 (Fig. 8) that is configured with the vapor deposition apparatus 24 to

suppl y t he caipigsange tase glghggubpirates i anayhetin e sange of dor exampleadbghriadd CdTe
material, Jh§sd869bsyY3 ! g ' g Aty Wi thin the
scope and spi ? ict _of&%h%?ﬁ/%nam%ﬁégﬁ%e%gf F%ﬁi&lgﬁaﬂ%&kiﬁgﬁ %h%%lr}gant he source
mat eri al widtskronds ingvery mipate)rag af ‘pricteenitadingouent foafosubiipissi Inicon process

Wi thin the ! u of substrates 14
t hrough t hg%@g%%r%ggéﬁht’;ﬁg%&gﬁgg rat ﬁosr %g%% 16’%8%2}5%&?% ?wgual substrates
14 are i ni maahdrythpleadieglamwhtrajlirg sectahs oHthe eybstrates 14 in the conveyance

direction are exposed to the same vapor deposition conditions within the vapor

deposition module 22. All regions of the top surface of the substrates 14 are exposed
to the same vapor conditions so as to achieve a substantially uniform thickness of the
thin film layer of sublimated source material on the upper surface of the substrates 14.
[0069] The vapor deposition module 22 includes a respective conveyor 65,
which may be different from the conveyors 66 in the plurality of upstream and
downstream modules. Conveyor 65 may be particularly configured to support the
vapor deposition process within the module 22. In the embodiment illustrated, an
endless slat conveyor 65 is configured within the module 22 for this purpose. It
should be readily appreciated, however, that any other type of suitable conveyor may

also be used.

18



46, which may include, for exanple, the sane type of driven roller conveyor
66 that is utilized in the other system nodul es. The substrates 14 are
first conveyed through an entry vacuum |l ock station 34 that is upstream of

t he vacuum chanber 16. In the illustrated enbodi nent, the vacuum | ock
'station 34 includes a | oad nodul e 36 upstream of a buffer nodule 38 in the
direction of conveyance of the substrates 14. A "rough" (i.e., initial)

vacuum punp 56 is configured with the | oad nodule 36 to drawn an initial
vacuum | evel d a"fipe" (i Al i LQuiked Wt h
the buffer n[ggu e 38 IIJSQ??P@ % 8?23111? ﬂé%\%ac%ﬁ%q?gan?%g}% gg’@?eérfe%%%ﬂe%%& to
essenti al | y (g Sytacantimubesiybuppiyt the appatatus\2dovithnsootva mipgariall ib.a ivaineese 62 (e. g.
gate-type slit val.ves or, rotary-type fl apper valves) are opgrably disposed
bet ween t he %Sd‘ghmd%tﬁw%*}e V$8°ra%8°¥‘ﬁ°é' % ?H%TSL,OPQ’ ?welgg?cveveogﬁwt he | oad

nodul e 36 arngibitiaeeshytiranighnbelhoduld32. dndfebbiysead beaotuiihiting fetbub® 38 and

t he vacuum chapber, 16. These lves 62 are s entiall cruated by a notor
or ot her typ“ge Byention, Andiany S‘H@‘é%&fﬁ‘i t%‘ﬁﬁis N’aé’ﬁ’gére‘”tq%iatloﬁﬁpgﬁ &8V e

substrat es Iflatkdidl thtd e nycaleéwm chanber 16 in a step-w se nmanner wi thout
adversely affecting the vacuumw thin the chagber 16. 4]00616#3{"1@5 nor mal
oper ating cdAtTl; ons,Ina‘heﬁb’éF%r’Fq?}B%‘?d“G%I&ﬂRﬁs'f' cabsacHom? his@eipd BN acuum
chanber 16 Qe Wa¥uR thaber 36 HinBdhlR HoRhst AR OHPBSdpBsiti®Pmodilél2B0. 1 n
order to introduce a substrate 14 into the vacuum chanber 16, the valve 62

bet ween t he Thivepshisatiscstian3Qmay budafised hipena o mge pestibgitnoguley 32 haydedH and t he
| oad nodul e j -1k, ) Ih tfcBld & 38 and first
pre- heat no(jiulﬁg%g f’ég c@ﬁ@%ﬁ&%ﬁﬁa?@%@%@t gemlea% the | oad rodul e 36 and

| oad conveydndependestlyogeatreteddiedt zones, wildlicoshaga haing ener nagGhgaters. Yss

respective cOnt : into the
I oag m)ij\ljl eq%gfé&(ﬁﬁg %&tﬁosn %S%p%daﬁ]dlé%g F‘?@F %@aﬂ%\%@@g@?@r gﬁ‘%t% ﬁlgﬁhﬁfl %lg Isubst rate
14 is i sol atddit movésietol tapbstrbelt ined@6 32 Thbe pastrhtat vedule 32 manpaibda t hen dr aws

an initial vacu in.the |load dul e .36, ..0urin i j Lhe vacuum
‘punp 58 dr a\ﬁgméoli(‘}]gbﬁat?ﬁ?'ﬁipﬁ(’fﬁ?l%ftgg?‘f%ggat%n f}%e %?élge %}@%t?]at% !ﬁ"elg? d\yg(?:gﬁr?\ffget ween t he
| oad nodul e vaforalapbshishfngyduteditb pre3entalnmageatb sheesubitedtd, guchous alaipieglor t he val ve
bt or  modulESaE G U panER et Aele R Strree | G SRR he 11 ne
vacuum punp gSubftkeERSRse bil@wadas dbshat in Eleesshielrite bs editddahaSBodiné 22,ai t 1S
substantially equalized wth the adjacent pre-heat, nodule 20. The val ve 62

] L I
bet ween t he PRiFHall dapaging teaePcEigre aéleﬁb‘é{?mﬁgﬁﬁ?‘@raﬁfl lengpdmallydleped and t he
substrate i shdRY{Htd M TH@nBiiBn BHAY rdIREH Be Afdstraib biealihP G6MmIndrRARAt S f or
each substrate 14 conveyed into the vacuum chanber 16. [0067]It should be
appr eci at ed s#¢s8m t he above description that the substrates 14 within the
vacuum cha 6 wil 5 : 68 WReB1a isAesRibed MRSE k@hes due to
t he | oadi nﬁ%&&tess. %éoﬁggﬁ?%ﬁ%/eﬁg&}%gfr at ed enbodi rrer)te, the vapor
deposi tion &ppthedeaters 24 ajernyklgd down andbendse fapction offliegplativreposition of at es 14 are
exposed to i '%Egg Lt L [0 I of subli nmed
source nate ?Iz’aﬁ%,%g’geﬁgﬁ%%@b e,lg{ag{hggg%%?{:eetgbgﬁtﬁg{% t E‘I‘?Sgsé’gﬁi‘{unrface of the
substrates [@073The i ndlb exitvahusldcktstatipe 40 isdcoafigured doveystrdariebf the cogdh t he

vapor deposition nod 22 a .controlled constant |in d. In

ot her wor ds,do‘fvﬂéecgﬁlbg%'?gflg\gmg%gté e4'%nocg’f%léets Si)sﬁré%aigrm Hefa® %ﬁ@ﬁ?ﬁ&ehe nodul e
24, but noveacntlbéksativh\B4tdescpibehatidve. Radhaple2thaexiavannhiaklsetiohi near
rate. The cagnveyance, rate, of _the bstrates 14 may be in t nge of, for
exanpl e, abgﬁfna o iaP§§‘ég’t‘%eraY‘Eﬂﬂiﬂsire %nﬁﬁ P%ﬁea‘ﬁ\:eéltﬁ?m9£‘§6p 42d may be
brie-fly adisuslefthlfy@dpbratedlvafss §0a8 dipsee bawien the ®vfeymddulddrIndake a

"cat ch-up" ad{‘,ust ment -for the substrates. In a par%t?;tﬁul ar odinent, this
‘rate may be last ene of themmadules 28 dn the soolrdppassction 26, hytwespdhm et bise | eadi ng and
trailing segljiQRS2Qhd HEex HRR IMAURS41hd BRidRR tROANAYANREM 4PGIdQN are
exposed to the same vapor deposition conditions wthin the vapor deposition
nodul e 22. A¥if conagios A8 Affinervacyugppurnp $hiscopfiguredewithy herexiipuder taodglee exposed
to the same vapor conditions so as to achieve a substantially uniform

t hi ckness of the thin filmlayer of su%i mat ed source material on the upper
surface of the substrates 14. [0069] The” vapor deposition nodule 22 includes
a respective conveyor 65,




whi ch may he different fromthe conveyors 66 in the plurality of upstream
and downstream nodul es. Conveyor 65 may be particularly configured to
support the vapor deposition process within the nodule 22. In the

enbodi nent illustrated, an. endl ess slat conveyor 65 is configured within
the nodule 22 for this purpose. It should be readily appreciated, however,
that any other type of suitable conveyor nay al so be used. [0070] The vapor
deposition apparatus 24 is configured with a feed system48 (Fig. 8) to
cont i nuouslsg, SidREbYgH B BPPAhAEES cdffigihddwiBPIE 6Gt 8Bk Bloli@k 44.NTRe Manner so as
not to int errupt the vapor deposition process or non-stop conveyance of the
subst r at es P¥aPE il éégﬂldt"ﬁb’eﬁ%ﬂf' éﬂqilgltlaﬂﬁequ%té‘a(%ﬁﬁf@t‘%lﬂ&?@@e pbtea |imting
factor of they ideK sfidth) t@ﬁgv@«tﬂysmrét@sbﬂfoui e syc%aﬁrshéﬁb&% ipg devised to
supply the source material into the nodule 22. [0071]1In the illustrated
enbodi nent stea-yiessteshemwithong losoef v3onunscagdition adthin thﬁmuumwbamlmdém chamber 16
i mredi at el str ost - heat
section 30¥n%wt;e defﬂimrlllg%t %egéﬁgggﬁb%%gﬁﬂﬁgg&?eggtqy%?%ﬁleosg% egw ng a

heat er uni tby2phedity pfjntesabnnértadanidules, \iriﬁ.’eeahleafthumcrdulzslsmuygancl ude nultiple
i ndepende | e LN r nore

heat er s. Ai)ulﬁ&m‘gioﬁg%g&g °§%s é\gﬁ ﬁ%f(ﬁgi ! I?al(i)Isnraglcl)l?eﬁ/ey}Q ga of the
vapor deposssbclaued nrddpdnderﬂéontrdllenﬂ/mﬁgure@thbmmmd:orﬂtmhﬂhe impliktidhenl 32 The

post - heat mai ntains a c d eatl rofile of the substrate
e 1 the CRete o fisTPiedemiodls) df By ot RRk R b sEEl B Mhodul o 25
to prevent cdaﬁmgneaﬁoawlhfa&ubﬂtsyaéxﬁcommbrﬂsawﬂnma&gmFlgbVealﬁ ng caused by
uncontrol led or drastic rmal stresses. |f t adl(glegl sectjon of the
aubstr are SoLmae foaRelet S CRuBPer SR ey e Rl Ol o ¢ ho

nmodul e 22, 53) thofi@bilidns lof ¥nydsitRe e GnddeRP S Altb behi@lcadiodthll wasted be generated
| ongi t udi naI Iy along the substrate 14. This condition could result in the

substrate BPWAKINGETAG B¥hDEORessRg of dhersubirates 4 fypughdheysen@attheect i on 30 may

be contr ol k&froRers32ard Sbﬁgyﬂgﬁé’& oRbhafifiPfundiiR HaRtBhSoIRL 188 € cycl ed down
and up as a function of the relative position of gaps between the

subst r at es referenged gbesy imHigarlctrough 6 tngenirpldhpprethepfsagtiond 8¢ pashheat 0073] An exi t
vacuum | ocke gh284 9 éby g SRib %S BB LaR Mcrick s G8@Libeflown secti on

26. This exit stdtion oper at es essentlaly in‘reverse o e entry
vacuum | ockersinat i on 34 descrl bed above For exanple, the exit vacuum | ock

Stat ! on A0gh ! YAl B UL RLoIRGY B d oF 04 s ARMRRLESRI X1 L | oK

nodul e 44. entiallTy o era ‘ed va are |s ose he buffer
nmodul e 42 emreydréb] aash oﬁhemoﬂulbhaaymdluﬂ@mﬂﬂannar dﬂaetwmmlpamio}an section 26,

PeLveen (. Gk a5t JROML 25 BRSNS EH L hOck IRGULS fid beLeen

conf i gur edthsinidiuleh @he xdnkord 8 hrin B(ﬁﬁiﬂhlﬁcatlon with the module controller 52,
which is in turn in communication with the central controller 54. In this manner, the
individual respective conveyor 66 may be controlled to ensure that a proper spacing
between the substrates 14 is maintained and that the substrates 14 are conveyed at the
desired constant conveyance rate through the vacuum chamber 16. The sensors 68
may also function as the detectors 126 described above with reference to the
embodiment of Fig. 3.
[0076] 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,
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42, and a.rough vacuum punp 56 is configured with the exit |ock nodul e 44.
,The punps 58, 56, and valves 62 are sequentially operated (essentially in
reverse of the entry lock station 34) to nove the substrates 14 out of the
vacuum chanber 16 in a step-w se fashion wthout |oss of vacuum condition
Wi thin the vacuum chanber 16. [0074] As nentioned, in the enbodi nent
illustrated, the system 10 is defined by a plurality of interconnected
nodul es, with each of the nodul es serving a particular function. For

control purposes, .each of the indjvidua dul es .may hav n.Aassoci at ed
i ndependent ﬂe@ma?m?‘ﬁ’f” : r‘é’fr’n’f‘i%ﬂb%&“f"ﬁhortg\gﬁetskﬁﬁ'gu%:oﬁ r'oS’f1 oé&?ndi vi dual
functi ons ofexifiples &6 pReaided & teoitie the Boaspeplf trealdimy ifoheydocibdedinetnml 52 may, in

turn, be in comunjcation with a_centrgl syst cqontrol l.er 54,. as
illustrated "fﬁ’i"eﬁﬁébat ?n%#?e‘%{n? g}eeimq@fﬁ“%%ﬁﬂ%q ‘ﬁ%‘fns’ﬁf ‘g WﬁWﬁ? or and
control (Vi aqhiRglehtREGRGENERheORith @islietmtiblalifférbecel BORI thORRrablanguagesone of
the nodul es so as to achieve an overall desired conveyance rate and
processi ng of theyeiggipst r at es 14 t hrough the system 10. The controllers 52
~and 54 may al one or conbination function as the controller 118 referenced
above in Figs. | through 4 to control the pre-heat section 18, post-heat
section 30, and cool -down section 26 in accordance wth the principles
descri bed herein. [0075] Referring to Fig. 7, for independent control of the
i ndi vi dual respective conveyor 66, each of the nodul es may include any
manner of active or passive sensors 68 that detect the presence of the
substrates 14 as they are conveyed through the nodule. The sensors 68 are
in communication with the nodule controller 52, which is in turnin
ccomuni cation with the central controller 54. In this manner, the

i ndi vi dual respective conveyor 66 may be controlled to ensure that a proper
spaci ng between the substrates 14 is nmaintained and that the substrates 14
~are conveyed at the desired constant conveyance rate through the vacuum
chanber 16. The sensors 68 nay al so function as the detectors 126 descri bed
above with reference to the enbodinent of Fig. 3. [0076] This witten
description uses exanples to disclose the invention, including the best
node, and al so to enable any person skilled in the art to practice the

i nvention, including maki ng and using any devices or systens and perform ng
any incorporated nethods. The patentable scope of the invention is defined
by the clai ns,
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and may include other exanples that occur to those skilled in the art. Such
ot her exanples are intended to be within the scope of the clains if they

i nclude structural elenments that do not differ fromthe literal |anguage of
the clains, or if they include equivalent structural elenents with
Substantial differences fromthe |gjaiglg | anguages of the claims, CLAI M
What is clainmed is; 1. A systemfor variable heating or cooling of discrete
I'i neanhkaGoRMEN&fissubstrates that conpensates for tenperature variances in
the substrates, sald system conprising: a chanber; a conveyor within

sai d chambeg B&&erﬁ?&fr@aﬁiggeﬂégﬁﬁq’ (Zrtaéé‘z%lirt@BP&%gﬁginga@%i@%e@éug@trS@Q\l’@éfanCe

rate, the substrates ing a I edge edge relative to
L o RRRERGH I OB AILHF SapTcSa e AeREtes, Sa1 syl iy of

i ndi vi dual lachmgmharol | ed tenperature control units di sposed within said
chanber al ong the conveyance direction; and, a controller in
communi cat iaeonweydr vithirdsaie chanbento enaverthe slibsiratassthrasigh gaidshamber atra

g ? 2; ijgséhteéyatnee eate/ the QUbSRHePha iRy Qleba}ﬁgﬁz‘(’:dgb gﬁa g?ﬂ;f(iiﬁ%;@dgg {aélg%weft@mt a f
- : u [ S i osition o

t he cgcr?\ﬁﬁ%g'cé§E§ﬁ°§?@éﬁ%\nﬁ%@;&§®?’8€chanber relative tg sai d Itoerrper ature

R Lt e G e

chamber along the conveyance direction; and,

a controlier in communication with said temperature control units, said controlier
configured to cycle output of said temperature control units from a steady-state temperature
output as a function of the spatial position of the conveyed substrates within said chamber
relative to said temperature control units so as to decrease temperature variances in the

substrates caused by movement of the substrates through said chamber.

2. The system as in claim 1, wherein said chamber comprises a plurality of aligned
processing modules in a photovoltaic module manufacturing line through which the
substrates are linearly conveyed, with each said module comprising at least one said
temperature control unit.

3. The system as in claim 2, wherein said processing modules define a pre-heat
processing section and comprise controllable heater units in communication with said
controller, whereby heat output of said heater units is cycled as a function of the spatial
position of the substrates as they move through said processing modules.

4, The system as in claim 3, further comprising a buffer module preceding said pre-heat
processing section, said conveyor configured to rapidly convey the substrates from said
buffer module into a first one of said processing modules at a rapid conveyance rate,
wherein the substrates are subsequently conveyed at a reduced constant conveyance rate,
said controlier configured to cycle output of at least one of the processing modules as a
function of the spatial position of the substrates relative to said processing module to
compensate for conveyance of the substrate out of said first processing module at the
reduced constant conveyance rate.

5t The system as in claim 4, further comprising a plurality of linearly spaced-apart edge
detectors disposed in said chamber downstream of said first processing module, said edge
detectors in communication with said controller to provide signals indicative of the actual
spatial position of the substrate relative to said cycled processing module.
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2. The systemas in claim1, wherein said chanber conprises a plurality of
al i gned processing nodules in a photovoltaic nodul e manufacturing |ine

t hrough which the substrates are linearly conveyed, with each said nodul e
conprising at |east one said tenperature control unit. 3. The systemas in
claim2, wherein said processing nodul es define a pre-heat processing
section &nd cURVSEE 8% M Fam anynerei gaidiconiples 1s ¢priigHed Ao dagrease iPw fai d
cont r ol |said cycleerprbgessmgtmadulguporodetscetion di@déadingieddesofitbe syhstratk macking a
functi onir&fonh séiﬁ%TdPé'def&ﬁiré,'éﬁa t8inchdtRe VBRI bPEAE cided HRY¥edSHEMbARIOUIN

bt 1 of - NN RPARGdeas eadipor SoeESHl Beclidhiiect  on, sai d conveyor

configured ta,rapidly conye he substrate romsaid ffer module into a
Frrst Sora of “Uis et eS ELiai 4amrele Sap Whtalst ~%°6ﬁ9§fax%éyﬁjeaf"étf’u'v§fé?l§% h
t he subdrreeassinganeciuigasadiinstien gf @ ealodgled spatial poaitior etthe sHbstepte reldivedg ance
rate, sajaltl oeridrpwbdedsingenddugglir ed to cycle output of at |east one of the
processi ng nodul es as a function of the spatial position of the substrates
relative to said processing nodule to conpensate for conveyance of the
substrate out of said first processing nodul e at the reduced constant
conveyance rate. 5. The systemas in claim4, further conprising a
plurality of linearly spaced-apart edge detectors disposed in said chamber
downstream of said first processing nodule, said edge detectors in

communi cation with said controller to provide signals indicative of the
actual spatial position of the substrate relative to said cycled processing
nodul e. 6. The systemas in claimb5, wherein said controller is
configured to decrease output of said cycled processing nodul e upon
detection of a |eading edge of the substrate reaching a first one of said
edge detectors, and to increase output of said cycled processing nodul e
upon the | eadi ng edge reaching a downstream edge detector. 7. The system
as in claim4, wherein said controller is configured to cycle output of
sai d processing nodule as a function of a calculated spatial position of
the substrate relative to said cycled processing nodul e.
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